Panh gia hiéu qua hé thong cung cap nuéc néng
dung bo thu nang lugng mat troi két hop véi bom nhiét

Ta Van Chuong, Nguyén Nguyén An*
Truong Pai hoc Bach khoa Ha Noi

Ngay nhan bai 29.1.2015, ngay glii phan bién 4.2.2015, ngay nhan phén bién 16.3.2015, ngay chap nhan ding 27.3.2015

Bai bio trinh bay viéc xdy dung mét phwong phap danh gia hiéu qua ciia hé thong san xuit nuéc néng
dung bd thu ning lwgng mit troi (NLMT) két hop véi bom nhiét (Iip dit tai khach san Thé gi6i xanh, TP
Nha Trang) dwa trén cac s6 liéu hoat dong ciia hé théng. Trén co sé phan tich hoat dong ciia hé thong di
xac dinh dwoc cac dai lwong cin do va xdy dung dwoc mét hé thong do, thu thap so liéu tw dong. Thong
qua cac s6 liéu thu thap dwoc, cac chi tiéu diic trung cho hiéu qua sir dung ciia hé thong nhu: mirc dd tiéu
thu ning lwong, phan b nz'mg lwgng, lfhﬁ nz'u}g tiét kiém ning ll,l’(_)’ng, mirc 'd(f) giam phat thai CO,... da
dwgc xac dinh. DPay la co s¢ dé phat trién va toi wu hoa cac hé thong san xuat nwéc néng twong tu trong

twong lai.

Tie khéa: by thu ndang lugng mat troi, bom nhigt, nang lwgng, nhi¢t dp, phat thai CO,,

Chi s6 phan logi 2.11

EVALUAION OF THE EFFECTS OF HOT WATER
PRODUCTION SYSTEM USING SOLAR COLLECTOR
COMBINED WITH HEAT PUMP

Summary

The paper presents the development of a method to
evaluate the effect of hot water production system using
solar collector combined with heat pump (at Green World
hotel, Nha Trang) based on the operation data of the
system. On the basis of analysing the system operation,
the parameters to be measured in the system have
been determined, and a measuring and data collecting
system has been built. Through the collected data, the
indicators characterising the efficiency of the system
such as energy consumption, energy distribution, energy
saving capabitity, CO, emissions reduction, and so on of
the system have been determined. These results provide
a basis to develop and optimise other similar hot water
production systems in the futute.

Keywords: CO, emission, energy, heat pump, solar collector,
temperature.
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Bdng cac ky hiéu sur dung

P Nhiét dung riéng ding ap ciia nuée qua bom nhiét kJ/kg.K
p.sol | Nhiét dung riéng dang ap ctia nudce qua bd thu NLMT kJ/kg.K
Cp.sd Nhiét dung riéng dang 4p ciia nudc dua di st dung kJ/kg.K
EF,(, . | Hé sé phat thai CO, trong san xuét dién kg/kWh
sz Khéi lugng co, kg/ngay
Pe Cong suét tiéu thu dién cia hé théng kWh/ngay
Qsd Nhiét luong dung san xudt nuéc nong kWh/ngay
Q;,p Nhiét luong cung cip boi bom nhiét kWh/ngay
Q‘m, Nhiét luong cung cip boi NLMT kWh/ngay
t/w,;,, Nhiét d nudc vao bom nhiét oC
thp,g,(, Nhiét d nude ra khoi bom nhiét oC
thp.tb Nhiét dj trung binh ctua nudc qua bom nhiét oC
t e Nhiét do nuéce lanh cap vao hé théng oC
tsd Nhiét do nude nong di sir dung e
tth Nhiét d6 trung binh ctia nude qua hé tlléng ocC
tso[,in Nhiét do nudc vao bo thu NLMT °C
tmmm Nhiét d6 nudce ra khoi b thu NLMT °C
txo[,lb Nhiét d§ trung binh cua nude qua b thu NLMT C
I/hp Thé tich nuéc qua bom nhiét m’/ngay
Vsol Theé tich nude qua bd thu NLMT m’/ngay
Vsd Thé tich nuéc nong st dung m’/ngay
pn,hp Khéi lugng riéng cua nude qua bom nhiét kg/m?
p,,"m/ Khéi lugng riéng ctia nuée qua bd thu NLMT kg/m?
pn,xd Khdi luong riéng ctia nudce dua di st dung kg/m?




Dat van de

Ning luong ding cho san xudt nudc nong ludn
chiém ty 18 16n trong cic toa nha ciing nhu cac ho
dan cu [1, 2]. Vi vay, viéc st dung nang luong hi¢u
qua trong san xuat nudc nong cd dong gop khong nho
trong viéc giai quyét van dé an ninh ning lugng va
rong hon 14 van dé bién d6i khi hau. Cé nhiéu phuong
phép nang cao hi¢u qua su dung ning lugng trong san
Xuit nude nong dang duoc ap dung hién nay. Trong
d6, n6i bat nht 1a phuong phap sir dung bo thu NLMT
két hop voi bom nhiét vira dwoc nghién ctru va dang
ap dung tht nghiém tai khach san Thé giéi xanh, TP
Nha Trang. Pay 1a mot khach san 4 sao voi quy mo
201 phong nghi khach san va 27 can ho du lich cao cip
duoc bd tri trong mdt toa nha cao 21 t?mg toa lac tai
s6 44, dudng Nguyén Thi Minh Khai, TP Nha Trang,
tinh Khanh Hoa [3]. Dé tao co s& cho viéc phat trién va
nhan rong hé théng san xuat nudc nong theo phuong
phap vira néu, nhimg danh gia, phan tich khoa hoc vé
hiéu qua ctia hé théng dang thir nghiém 1a can thiét.
Mo ta hé thong

Hinh 1 1a so d6 nguyén 1y cia hé thdng san xuét
nuée nong dung bd thu NLMT két hop véi bom nhiét
(sau ddy duoc goi 1a hé thdng), duoc xdy dung phuc
vu cho nghién ctru nay. Trong d0, hé théng gdbm 2 phan
chinh (két néi song song véi binh chtra nude néng 30
m?), 14 cac bd thu NLMT cau tao tir cac dng hip thu
NLMT kiéu chan khong va phan cic bom nhiét du
phong. Ngoai ra, cac thiét bi khac nhu: bom nudc, van
mot chiéu, van chin, cam bién nhiét do, luu luong ké
da duoc lép dat dé dam bao hé théng hoat dong.

i |
* (W) Luu lugng k¢
Nuoc noéng ) .
sirdung (1) Cém bién nhiét do Nude lanh cip

Hinh 1: so do nguyén Iy hé thong san xudt nuée nong
ding bé thu NLMT két hop véi bom nhiét
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Vé nguyén 1y hoat dong, khi c6 blrc xa mit troi,
nhiét nang hip thu duoc tai cac bo thu NLMT cua
hé théng s€ lam tang nhiét d§ cua nudc. Khi do tang
nhiét 6 du 16n, cac bom nude tuan hoan cua hé théng
NLMT s€ hoat dong, nho d6 nhiét ndng hép thu duoc
¢ cac by thu NLMT s€ dugc tich vao trong binh chira
nudc nong. Truong hgp nhiét nang thu dugce tir NLMT
khong dép tmg di cho nhu cau sir dung, cac bom nhiét
s€ dugc kich hoat va nhiét nang ma né tao ra cling
dugc tich vao binh chtra nudc noéng dé dap tmg nhu
cau st dung. V6i nguyén ly hoat dong néu trén, hé
théng c6 kha nang cung cip nudc ndng trong moi diéu
kién thoi tiét véi cac thong s6 ki thuat nhu & bang 1.

Bang 1: théng sé kjj thudt ciia hé thong san xudt nude nong
dimng bg thu NLMT két hop véi bom nhiét

TT Thiét bi Théng s Gia tri
Loai 6ng hap thy Kiéu thity tinh chan khong
Kich c& éng ® 58 mm, L1750 mm
I | Bo thu NLMT S Iuong ng hip thy 1350 dng
S6 Iugng bg thy NLMT 2706
Dién tich bé mat hdp thy
179 m?
tuong duong
N Cong suat 20 kW
2 Bom nhiét -
S6 lugng 5 cdi
Dung tich 30 m?
Binh chira .
3 o ) N Polyurethal, khoi lugng
nuéc nong Céch nhi¢t R .
riéng 30 kg/m’, day 90 mm

Qua trinh hoat dong cua hé théng phu thudc truc
tiép vao diéu kién thoi tiét (nhu: nhiét d6 mai truong,
cuong do buc xa mit troi...). Ty theo diéu kién thoi
tiét va nhiét d6 ctua nude trong binh chira nudc nong
ma hé thong c6 thé hoat dong trong cac trang thai sau:
cac bd thu NLMT va bom nhiét cung hoat dong, chi
cac bo thu NLMT hoat dong hodc chi cac bom nhiét
hoat dong. Khi van hanh thuc té, ca 3 trang thai hoat
dong cua hé thdng néu trén déu co thé xay ra, trong d6
trang thai chi cac b thu NLMT hoat dong thuong gap
khi troi ning, con trang thai chi cac bom nhiét hoat
dong thudng xay ra vé dém hodc sang sém khi nhiét do
nude nong trong hé thong thap ma NLMT khong co.

Phuong phap danh gia

Nang lugng nhiét can thiét d€ san xuat nudc nong



dap tng nhu cau sir dung cua hd tiéu thu dugc xac dinh
thong qua thé tich nudc st dung va nhiét do vao - ra
cua nudce theo cong thirc (1).

Qsd = _tnc) (1)

sd 'pn,sd 'Cp,sd (tsd

Trong d6, thé tich nudc néng st dung V_, va nhiét
d6 nuéc lanh cap vao hé thong ¢ cling nhu nude nong
di str dung 7, 1a nhiing dai luong c6 thé do dac truc
tiep thong qua hé thong thi nghiém, con khoi lugng
riéng p,  vanhiét dung riéng dang ap C,,,cuanudc da
st dung la nhfrng dai lugng vat ly phu thudc vao nhiét
d6. Mot cach gn dung c6 thé xac dinh p, ,Va C , theo
nhi¢t do trung binh ctia nudc qua h¢ thong theo cong
thuce (2).

{ = tnc + tsd
th
2
Mat khac, theo phan tich hoat dong cua hé théng,
nang lugng nhiét dung dé¢ san xuat nudc nong nay la
tong hop cua nhiét nang thu dugc tir hoat dong cuia cac

bd thu NLMT va cac bom nhiét xac dinh theo cong
thae (3).

Qsd

2)

= Qsol + th (3)

Trong cong thire (3), nang luong nhiét cung cap boi
b thu NLMT dugc xac dinh baoi cong thic (4).

— 4
Qsol — " sol 'pn,sol 'Cp,sol (tsol,out - tsol,in) ( )

Q 1a phan nang luong cung cap bai bom nhiét, nd
co the dugc tinh dya trén co sé can bang nang lucmg
trong thiét bi ngung tu giita nwdc va moi chit lanh vé
phia nudce theo cong thirc (5).

Q V Ion ,hp® p hp (thp out thp,in) (5)
Tuong tu nhu trén, ta cling xac dinh dugc nhiét do

trung binh cua nudc qua bd thu NLMT va qua bom
nhiét theo cong thirc (6) va (7) tuong tng.

t ,. +t
tsol B — sol,in 2 sol ,out (6)
th Y= thp,in + thp,out (7)
v 2
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Mot trong nhitng uu diém ndi bat ciia hé théng 1a
kha nang giam phat thai CO,, mot loai khi c6 hai d6i
v6&1 moi truong. Phat thai CO ctia h¢ thong c6 thé xac
dinh dugc dya trén lugng dlen nang ti€u thy ctua hé
thdng va hé sd phat thai CO, trong san xuat dién theo
cong thtre (8).

G, =P.EF,, (8)

Trong do, EFco,, la h¢ sO phat thai CO, trong san
xuat dién. Theo [4], trong nganh nang lugng nudc ta,
cac nha may dién than dong gop 54% phat thai CO,,
cac nha may dién khi dong gop 40% va trung binh moi
kWh di¢n phat thai 0,62 kg CO,. Mot diém quan trong
la hoat dong ctia h¢ thong san xuat nudc nong dung bo
thu NLMT két hop voi bom nhiét luén thay ddi phu
thudc vao didu kién moi truong. Dé danh gia hiéu qua
hoat dong cua hé théng mot cach chinh xac can phai
¢6 nhiéu sb liéu thuc nghiém Ung voi cac trang thai
hoat dong khac nhau cua h¢ théng. Do d6, cac sb lidu
thuc nghi¢m can dugce do dac va luu gitr dé xu ly. pé
lam duogc diu nay, toan bo cac thiét bi do, nhur bé tri
tai hinh 1, duoc két ndi véi mot hé théng tw ghi s lidu,
cho phép ghi nhan sy thay ddi cua cc thong sd 1am
viéc nhu: nhiét d§ nudc lanh cép vao hé théng t ,nhiét
d6 nudce nong di str dung t , nhi¢t d§ nudc vao bo thu
NLMT t_,, , nhi€t d§ nude ra khoi bo thu NLMT L
nhiét do nuée vao bom nhiét t » nhi¢t do nude ra
khoi bom nhigt t, the tich nuorc nong su dung V_,
thé tich nudc qua bo thu NLMT V_ va thé tich nu(rc
qua bom nhiét V, voi tan suét 10 s/lan.

Két qua

Trén co s¢ phan tich va tinh toan cac sb liéu thuc
nghiém tur hé théng do va tu ghi s6 lidu, mot sb dic
tinh lam viéc thé hién hiéu qua lam vi¢c cua h¢ théng
da duoc xac dinh:

Tiéu thu ning lwong ciia hé thong

Theo cong thirc (1), dé tinh toan tiéu thu nang luong
ctia hé théng can co cac thong so: thé tich nude nong
st dung V_, nhiét do nude lanh cép vao hé théng t ,va
nhi¢t d0 nuGe nong di sir dung t .. Yéu cau quan trong
do1 voi hé thong san xuat nude nong 1a phai dép tirmg du
100% nhu cau cta ho tiéu thy, do d6 san lugng nudc
nong cua hé théng ciing chinh 14 lwong nude néng ma

61



h¢ ti€u thu st dung. Luong nudc nay thay ddi theo nhu
cau sir dung timg ngay va duoc thé hién & hinh 2. Theo
do, trong thoi gian khao sat, san lugng nudc nong cua
hé théng dat gia tri cyc dai la 38,4 m*/ngay va cuc tiéu

la 2,48 m3/ngay.
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Hinh 2: san heong nwede nong ciia hé thong trong thang 1.2014

Sau khi thu thép va xu 1y cac s6 liéu, ta xac dinh
dugc nhi¢t do trung binh ctia nudc cép va nudc ra cia
hé thong theo timg ngay. Két qua cac gia tri nhiét do
nay dugc biéu dién ¢ hinh 3.
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Hinh 3: nhiét d trung binh ciia mrée cdp va nuwde néng
duwa di su dung trong thang 1.2014

Theo hinh 3, nhiét 40 trung binh ctia nudc lanh céip
theo ngay it thay doi (thip nhat la 24°C va cao nhat
1a 27°C). C6 diéu nay l1a do nhiét d6 mdi truong tai
TP Nha Trang tuong d6i 6n dinh. Nhiét d6 trung binh
nuée lanh cép tinh trong ca thang 1a 25,9°C. Nhiét do
nuée néng dau ra dua di sir dung phu thude vao nhu
cau st dung, thoi tiét va ché do didu khién va co gia tri
trung binh trong thang 1a 50°C.

St dung cac két qua vé luu luong nudc nong sir
dung ¥, , nhi¢t d§ nudc lanh cép vao hé théng t. va
nhi¢t d nudc nong di str dung ¢, nhu trén, cong thirc
(1) giup ta tinh dugc tiéu thy ning luong cua hé thong
san xuit nudc nong. Két qua tinh toan trong thang
1.2014 dugc biéu dién ¢ biéu do (hinh 4).
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Hinh 4: tiéu thu ndng lirong ciia hé thong trong thang 1.2014

Céng sudt tiéu thu dién ciia hé thong

Cong suat tiéu thu dién 1a mot thong sé ky thuat
quan trong cua hé théng va 1a co s& dé so sanh, danh
gia mirc do tiét kiém niang luong ciia hé thong. Cong
suét tiéu thu dién cta hé théng san xuat nudc néng
chinh 1 cong suat tiéu thy dién ctia h¢ théng bom nhiét
va c6 thé xac dinh thong qua s6 chi cta cong to dién
ghi lai. Thoi gian hoat dong ctia bom nhiét trong hé
thong thay doi theo timg ngay phu thudc nhu ciu tiéu
thu nude nong va diéu kién thoi tiét, do do cong suat
tiéu thy dién ctia hé thong ciing thay d6i theo ting ngay
(hinh 5). Theo s6 liéu thu thap dugc, cong suét tiéu thu
dién dung dé san xuat nudc nong cua hé thong 16n nhat
1a 140 kWh/ngdy va nhé nhat 1a 0 kWh/ngay, ng v&i
ngay NLMT du dap tmg nhu ciu st dung.
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Hinh 5: cong suat tiéu thu dién thuc té cia hé théng
trong thang 1.2014
62



Phén bo ning lwong sir dung trong hé théng

Dic trung cta hé thong 13 ning luong dung dé san
xudt nudc nong duge cung cap boi hai ngudn, d6 1a cac
b6 thu NLMT va hé thong bom nhiét. Viéc xac dinh
chinh xac timg thanh phan 1a co s& dé danh gia muc
do tiéu thu dién cling nhu cac chi tiéu kinh té, ky thuat,
moi truong khac cua hé thong.

Theo (1), tiéu thy nang luong cua toan bo hé théng
da duoc xac dinh. Do d6, ta chi can xéac dinh phén nang
luong dugc cung cép tir cac bd thu NLMT hodc bom
nhi¢t. Theo cong thure (5) va st dung cac sb liéu thuc
nghiém thu thap dugc trong qua trinh hoat dong cua
hé thdng ta co thé xac dinh phan ning lugng cung cap
tir bom nhiét, tir d6 d& dang xac dinh phan niang luong
cung cap tir NLMT. Két qua phan bd ning luong nay
duoc thé hién & hinh 6.
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Hinh 6: phdn b6 nang lwong si dung trong hé thong trong thang 1.2014

Hinh 6 thé hién phan b NLMT va ning luong bom
nhiét trong hé théng cap nude noéng trong thang 1.2014.
Trong thang nay, ty 16 NLMT dé gia nhiét nuéc nong la
53,75%. Véi nhiing ngay nhiéu nang (ngay 30, 31), ty
1¢ nay 1a 100%, c6 nghia 1 hé théng bom nhiét khong
can hoat dong ciing dam bao nhu cau sir dung nudc
noéng cua hd tiéu thy.

Kha nang tiét kiém nang luong ciia hé thong

Uu diém chinh ctia hé thong 1a kha nang tiét kiém
nang lugng. Vi vay, trong qua trinh hoat dong cua hé
thdng can tinh toan, phan tich, danh gia chi tiét vé chi
tiéu tiét kiém nang lugng cua hé thong, 1am co so dé
so sanh v&i cac hé thong san xuat nuéc nong khac. Dé
danh gia muc do tiét kiém ning luong cua hé thong, ta
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so sanh hé thong véi phuong 4n san xuit nudc nong
thay thé thong dung khac 1a phuong an ding dién tro.
Hién nay, phuong 4n nay van duoc sir dung rong rai
do ¢6 wu diém 1a chi phi dau tu twong ddi thap. Trong
phuong an sir dung dién tro, khi gia thiét hiéu suat bién
d6i dién thanh nhiét 1a 100% thi cong suat dién can
thiét ciing chinh bang cong suét nhiét ciia hé thong.
Két qua so sanh giira hai phuong an dugc thé hién &
hinh 7.
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Hinh 7: so sanh mirc tiéu thy nang liwong ciia hé thong
V6Gi phirong dn cap nhiét bang dién tré, thang 1.2014

Theo hinh 7, tiéu thy dién trung binh ctia hé thong
san xuat nudc néong dung bo thu NLMT két hop voi
bom nhiét chi bang 10,6% phuong an str dung dién tro.
Va trong ngay tiéu thy dién cao nhét, ty 1& nay ciing
chua tdi 20%. Tir ddy c6 thé thay kha ning tiét kiém
nang luong 16n cia hé thong.

Mucc dp giam phat thdi CO, so voi dung phwong
phdp truyén thong

Viée san xudt va sit dung cac ngudn ning luong
truyén thong nhu dién ludn kém theo viéc phét thai
ra khi CO, gay hi¢u (mg nha kinh. H¢ thdng san xuat
nuée nong st dung NLMT két hop v6i bom nhiét tiéu
thu it ning lugng dién dong nghia véi viéc phat thai it
CO,. Theo cong thirc (8), luong phat thai CO, trong hé
thong ty 18 thuan véi dién ning tiéu thu, do dé hinh 7
ciing thé hién ty 1¢ CO, ma h¢ théng phat thai so v6i
dung phuong phép dién tré truyén thdng. Ngoai ra, sir
dung cong thirc (8) ta dé dang xac dinh dugc luong
giam phat thai CO, cta hé thong. Két qua luong giam
phat thai CO, nay dugc thé hién trén hinh 8.
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Hinh 8: lugng giam phdt thai CO, cua hé théng
50 V&i dimg phirong én truyén thong, thang 1.2014

Theo két qua tinh toan thé hién trén hinh 8, trong
thang khao sat, luong giam phat thai CO, cua h¢ thong
la 8744,5 kg.

Két luan

Céc tac gia da xay dung dugc mot hé thong do va
tu ghi sb liéu cho hé théng san xudt nudc néng béng
NLMT két hop véi bom nhiét. Trén co s& phan tich,
xu ly cac s6 liéu thuc nghiém thu dugc, cac tac gia
da tién hanh danh gia hiéu qua cta hé thong san xuat
nudc noéng st dung bd thu NLMT két hop voi bom
nhiét trén mot sb chi tiéu nhu: mirc do tiéu thu nang
lwong, phan bd niang luong, kha ning tiét kiém ning
lwong, giam phat thai CO,... Két qua thu duoc, khi so
sanh v6i phuong 4n san xuat nudc nong bang dién trg,
tiéu thu dién trung binh cia hé thong giam con 10,6%
va lugng giam phat thai CO, cua hé thong la 8744,5
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kg/thang. Qua d6 cho thay uu diém vé sir dung ning
lwong mot cach hi€¢u qua cling nhu khia canh bao vé
moi trudng cua hé thong san xuat nude nong st dung
bo thu NLMT két hop v6i bom nhiét.

Dic trung ciia hé thong san xuat nude nong ding bd
thu NLMT két hop véi bom nhiét 1a hoat dong cua nod
phu thudc vi tri dia ly, mua, diéu kién moi truong. .. bé
két qua nghién ctru thyc nghiém c6 ¥ nghia ing dung
cao thi thoi gian thyc nghiém, thu thap s6 liéu phai du
16n, t6i thiéu 1a 1 ndm. Do d6, can tiép tuc duy tri hé
thong do va tu ghi s6 liéu dé thu thap thém sb lidu 1am
co so dir liéu thyc nghiém dé mé rong pham vi nghién
clru sau nay.
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