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TOM TAT

Trong bai bdo nay, mdt moé hinh tham s tap trung duoc sii dung dé khdo sdt ddc tinh va hiéu
sudt nhiét ciia hé thong lam mdt bang hdp phu sii dung ndng lugng mat troi. Két qud mo phéng chi ra
rang, hé thong nay cé thé cung cdp mot cong sudt lam mdt don vi cuc dai 212 W/kg va hiéu sudt dat
khodng 0,31. Anh hudng do su thay ddi nhiét d6 ciia nguon nhiét theo thdi gian chiéu xa ciia mt troi
dén hiéu qua lam mat cua hé thong ciing dugc khdo ctiu.

T khéa: Diéu hoa khong khi; Lam lanh hdp phy; Nang ligng mdt troi.
ABSTRACT

In this article, a lumped parameters model was used to study the thermal performance of a
solar-powered adsorption cooling system. The simulation results shows that this system can provide the
highest specific cooling power of 212 W/kg and the coefficient of performance is 0.31. In addition, the
influence of the variation of temperature of the heat source due to the solar irradiation on the cooling
efficiency of the system was also investigated.

Keywords: Air conditioning; Adsorption cooling; Solar energy.
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Hinh 1: S0 do bo tri hé thong lam mat hdp phu st dung nang lugng mdt troi
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Cong nghé lam lanh hép phu khi - rdn
(solid adsorption) dugc xem la mot sy thay thé
an toan cho chu trinh mdy lanh nén hoi hién
nay. Cong nghé lam lanh hép phu khong chi
loai bd viéc sti dung khi gay hi¢u ting nha kinh
ma con st dung cac nguon nang lugng tai tao
nhu nhiét thai nhiét d¢ thap hodc nhiét mat troi
[1]. Uu thé va sy phat trién cta chu trinh hép
phu dugc nghién ctiu rong rai bdi Meunier [2],
Saha va Kashiwagi [3]. Nhiéu cap chat hap phu
da dugc st dung hé théng lam lanh/bom nhiét
hép phu. Tuy nhién, rat it cdp c6 thé lam viéc
dugc véi cac ngudn nhiét thai thap, khi nhiét
do6 dudi 100°C.

Trong [4, 5] trinh bay két qua nghién
ctiu vé chu trinh hdp phu st dung cédp vat liéu
silica gel/nudc véi nhiét do nguon nhiét 80°C
va nguén lam mat 30°C.

Bai bao nay trinh bay viéc thiét 1ap mo
hinh tham s6, m6 phong va khao sat su thay déi
cac dac tinh nhiét dong cting nhu hiéu suit cta
hé thong lam lanh hép phu lam viéc véi nang
lugng mat troi.

2. PHAN TICH NHIET PONG LUC HOC
HE THONG

So do nguyén ly ctia mét hé thong lam
lanh hap phu sti dung nang lugng mat troi dugc
trinh bay nhu trén Hinh 1. Hé thong bao gom
cac thanh phan co ban nhu thap tan nhiét, bd
hép phu nang lugng mat troi, bau hap phu (Al,
A2), bau ngung, dan bay hoi va hé thong duong
ong dan. Nguyén ly hoat dong cua hé thong nay
dugc trinh bay chi tiét trong [4].

2.1. M6 hinh toan

Phuong trinh can bang ning lugng cho
bo thu nang lugng mat troi dugc xac dinh theo

cong thic (1), (2) va (3):

d |. ]
d_-[ JLZL ﬁf:c.ic p_ij" £ J> = r?scA scI:c ( 1 )

+ m :cC BIe [T)m_'r.n - T}m_rcm J

Trong do, n _1a hiéu qua hap thu bic
xa mat troi phu thudc vao nhiét do moi truong
xung quanh T__, cudng do bilic xa mat troi I va
nhiét do trung binh ctia nuéc néng tuan hoan

trong 6ng T, dugc x4c dinh theo cong thic:

—_ e 2
T -T Tw_T:zm
n. =K,-K, [Mj_Kz {MJ 2)

1

V6i Ty, 1a nhiét do trung binh ctia nuéce
néng xac dinh theo cong thiic.

T =0,5(T,, ., +7,

hw ,sc,out )

Cudng do btic xa mét troi thay déi theo
thoi gian I(t) tinh tit ldc mat troi moc (t ) dén
khi mdt troi ldn (t ) theo cong thuc:

I(t)=1,,,sin (%_;i’))j (3)

Trong do, I la cudong do biic xa mat
troi 16n nhat trong ngay.

Phuong trinh cin bang nang lugng cho
bau hap phu dugc xac dinh theo cong thtic (4)
va (5):

d
4. {(WMCPM +WSC5 + ngcry )Tbed} =

+ W C d_‘i’(rm -T,,) @

+m fC 7 (T bedin r bed out )
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_ _ _ _ U4, ,

Tbea"puf - Tbed U (Tbedjn _de ) 29 L nC (5)
I

Trong dd, § = 0 hodc 6 = 1 khi bau hap

phu lam viéc trong qua trinh giai hdp thu va
hép thu.

Phuong trinh can bang nhiét ctia bau
ngung dugc xac dinh theo phuong trinh (6) va
(7):

c% {(Wm 3C st TV 0, )T o } =

dq g dq :
_L Wcon E +W5Cr=v E (Tcon o Tbed) (6)

+m f ;conc I (Tcon Jin N Tcomom )

—UA
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Feon™ f

Phuong trinh can bang nang lugng ctia
dan bay hoi dugc xac dinh theo phuong trinh
(8) va (9):

%{(WW&MCMM +W@W=fcri )TM} =

d d
aw e ‘&(T -7,) ®
con dt 5 ry dt ava con

+m f_mwc f (T chillin  * chill out )

U4,
Tfkm:ﬂﬂf = Teva + (Tc}rh’i:fn o Tem ) eXp ﬁ (9)

Fchill ™~ f

Can bang khoi lugng moi chat lam lanh
trong hé thong dugc xac dinh theo thtic (10):

w, dg d
evap.r = _WS { qa + &J (10)

dt dt dt
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Toc do hap phu va giai hdp phu moi
chat trong bau hap phu dugc xac dinh theo
cong thtic (11) va (12):

BT
} —q | (11)

A =A +AT +AT*+AT’
B, =B,+BT +BT*+BJ’

dg 15D, 2| [P(T)
a & |7 nw)

Trong do,

(12)

Ap suit bao hoa P_ tinh theo cong thic
Antonie, cdché s6 A, va B dugc trinh bay trong [6].

2.2. Hiéu suit cua hé thong

Cong suat lam mat don vi (SCP, W/
kg) va hé s6 1am lanh (COP) 1a cac thong s6 co
ban, thudng dung d€ danh gid hiéu suit ctua hé
thong lam mat hap phuy, 1an lugt dugc xac dinh
theo cong thiic (13) va (14).

t
,!( chill pc}mi )( chill in - Tchm‘,ouf )dt

Mt

5 cycle

t
,[ ( chill Cp cm) ( chillin T chill.out )dt
0

l(m cp,)(T —Tm_m)dz

SCP = (13)

COP = (14)
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Bdng 1. Thong so thiét ké ciia hé thong:

Tham s6 Tén goi Gia tri Tham s6 Tén goi Gia tri
A Dién tich bo thu nang 20 m* W_ . | Khéiligng bau ngung 24.28 kg
lugng mat troi
U, . Hé s6 trao d6i nhiét 2014W/m?K m Luu lugng nudc 1.3 kg/s
ctia bd thu nang lugng noéng/lam mat
mat troi
A, Dién tich bau hap phu 2.46 m* W, Khai lugng silica gel 47 kg
trong bau hip phu
U, Hé s6 trao d6i nhiét 1724.1W/m?*K weva Khéi lugng nude ban 50 kg
bau hap phu dau trong dan bay hoi
W, Khoi lugng 6ng ctia 51.2 kg m_ Luu lugng nudc lanh 0.7 kg/s
thiét bi trao déi nhiét
W, Khéi lugng phin cua 64.04 kg h, Nhiét &n héa hoi ctia |  2.6*10°J/kg
thiét bi trao d6i nhiét nudc
- Dién tich dan bay hoi 1.91m? « Nhiét hdp phu 2.81*10° J/kg
" Hé s6 trao d6i nhiét | 2557.54W/m>K e Héng s6 khi 4.62*10* J/kgK
dan bay hoi
W,_. Khéi lugng dan bay 12.45 kg D Hé s6 khuéch tan 2.54*10* m*/s
hoi (6ng dong)
A Dién tich bau ngung 3.73 W/m’K R, Ban kinh hat Silicagel |  0.35*10° m
Bdng 2. Diéu kién lam viéc ctia hé thong:
Tham s6 Tén goi Gia tri
T, Nhiét d6 nu6c [lam mat 30°C
chin Nhiét d6 nuGc lanh 15°C
L. Cudng do buc xa l6n nhat 724 W/m?
T . Nhiét do mai trudng 16n nhat 37.5°C
eyle Chu ki lam viéc 840 s
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Hé thong cac phuong trinh trén dugc
giai theo phuong phép s6 v6i sy ho trg ciia phan
mém MATLAB. Khi bat ddu qua trinh giai, cac
gia tri ban dau dugc gia dinh va cac phuong
trinh nang lugng dugc giai theo trinh ty giai
hép phuy, ngung tu, thiét bi bay hoi va hap phu.
Céc thong so6 thiét ké va van hanh ctia hé thong
lam mat hap phu, st dung trong nghién ctu
nay, dugc cho trong Bang 1 va Bang 2. Tham
sO thoi tiét tai Viét Nam dugc tham khéo trén
Solcast API Tookit [9]. Su thay d6i clia cudng
do btic xa mat troi va nhiét do mai trudng theo
thoi gian chiéu sang, tt 6:00 AM dén 18: 00 PM,
dugc trinh bay trén Hinh 2. Cudng d¢ btic xa
16n nhat 1a 724W/m?. Nhiét do 16n nhat trong
ngay la 37.5°C.

Radiation (‘u"u’;‘mz]

Temperature ( C'C]

5 s 10 2 ” 15 18
Time (h)
Hinh 2. Nhiét do moi trudng va cudng do biic xa
theo thdi gian

3. KET QUA VA THAO LUAN

Hinh 3a, trinh bay profile nhiét d¢ dau
ra clia nudc noéng, nudc lam mat va nude lanh.
Su thay d6i cta cac thong s6 dong luc hoc cua
bau hép phy, bau ngung va dan bay hoi theo
nhiét d6 méi trudng va thoi gian chiéu sang
dugc cho trén Hinh 3b. Nhiét d¢ trung binh
cta nudc lanh cung cép cho lam mat c6 thé dat
khoang 13°C.
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Temperature (°C)
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Time (h)

(a)

Temperature (°C)
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Time (h)

(b)
Hinh 3. Nhiét do ddu ra ciia cong chdt theo thdi gian

P (Wikg)

SC

3 8 10 12 14 16 18
Time (h)

Hinh 4. COP va SCP cua hé thong theo thdi gian
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Hinh 4, trinh bay két qua mé phong cho
cac thong s6 danh gia hiéu suat hé thong SCP
va COP. Tti d6 thi, c6 thé thiy rang, hé thong c6
thé lam viéc hiéu qua khi nhiét d6 ngudn nhiét
dat trén 60°C (sau 10: 00AM). Cong suat lam
lanh riéng SCP tang lén dén 212W/kg khi nuéc
ndng dat gid tri I6n nhat. Hé s6 lam lanh dat gia
tri 16n nhat COP = 0.31. Cac chi s6 nay giam
nhanh sau 17: 00 PM, khi chu4n bi két thuc thoi
gian chiéu sang trong ngay.

5. KET LUAN

Bai bao trinh bay viéc thiét lap mot mo
hinh tham s6 st dung trong phan tich, thiét ké
va mo phong hé¢ thong lam lanh hap phu lam
viéc v6i nguon nang lugng mat troi.

Tu két qua mod phong, hé thong lam
lanh hép phu bing nang lugng mat trdi c6 thé
lam viéc hiéu qua trong khoang thoi gian tui 10:
00AM dén 17: 00PM. Nhiét do nuéc lanh trung
binh dat khoang 13°C. Hiéu qua chuyén d6i
ndng lugng COP 16n nhat ctia hé thong dat 0,31
v6i nang sudt lam lanh riéng c6 thé dat 212 W/
kg. Do d6, c6 thé st dung cac hé thong nay cho
muc dich diéu hoa va lam lanh vao ban ngay dé
giam thi€u dién ndng tiéu thy, tranh qua tai cho
hé thong cung cdp dién.

Két qua bai bao nay c6 thé st dung dé
tham khao khi thiét ké, ché tao cac hé thong
lam lanh hép phu st dung nang lugng mat troi.
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