KHOA HQC - CONG NGHE

TAP CHf ISSN: 1859-316X

KHOA HOC CONG NGHE HANG HAI

L_JOURNAL OF MARINE SIENCE AND TECHNOLOGY-

NGHIEN CUU KHA NANG SU DUNG NANG LUQNG TAI TAO
CHO HE THONG LAM LANH KIEU HAP PHU TAI VIET NAM
STUDY ON THE POSSIBILITY OF USING RENEWABLE ENERGY FOR
ADSORPTION COOLING SYSTEM IN VIETNAM
THAM BQI CHAU
Vién Co Khi, Truong Dai hoc Hang hai Viét Nam
*Email lién hé: chautb.vck@vimaru.edu.vn

Tom tit

Sir dung ndng lirong tai tao cho hé thang 1am lgnh
la xu huéng dwoc quan tdm nghién ciu hién nay.
Mgt thay thé hizu ich cho cac hé thong lam lgnh
tiéu thu dién nang théng thuong la sir dung cac hé
thong lam mdt ma trong dé cdc chu trinh 1am lanh
hédp phu duwoc két hop véi cac bg thu nhiét mat
troi. Uu diém chinh cua céc hé thang 1am lanh si
dung nang lwong mat troi la sy phu hop cuia nhu
cau lam mat va cieong dé birc xg mdt troi trong
vung khi hdu moa he ¢ Viét Nam. Bai bao tdp
trung nghién cizu tinh kha thi cua viéc sir dung
ndng lwong mat troi cho chu trinh 1am lgnh hdp
phu ma trong d@é cdc chdt hdap phu méi duwoc sir
dung. Tinh toan Iy thuyét cac qua trinh xdy ra
trong cac thiét bj cia hé thong ciing sé duwoc dé
cap tdi trong bai bao nay.

Tir khoa: Nang hrong téi tao, diéu hoa khong khi,
lam lgnh hap phu, chat hap phu.

Abstract

Using renewable energy for air conditioning
systems is a trend of current researches. A useful
alternative to conventional power-consuming
cooling systems is the use of cooling systems in
which the adsorption cooling cycles are combined
with residential solar collectors. The main
advantage of solar-powered cooling systems is the
suitability of cooling needs and solar radiation
intensity in summer climates in Vietnam. This
paper focuses on studying the feasibility of using
solar energy for the adsorption cooling cycle in
which new adsorbents are used. Theoretical
calculation of the processes occurring in devices
of the system will also be mentioned in this paper.

Keywords: Renewable energy, air conditioning,
adsorption cooling, adsorbent.

1. Giéi thiéu chung
Nhu cau 1am lanh va st dung cac san phdm lam
lanh ngay cang gia ting cung véi qué trinh mé rong

san xuat, sy phét trién cua xa hoi va anh huong cua
bién d6i khi hau. Phuong phap lam lanh phd bién hién
nay la sir dung may lanh nén hoi boi két ciu nho gon
va hiéu qua 1am lanh cao. Tuy nhién, cac hé théng nay
sir dung cac mdi chat cong tac thudoc ho CFC hoic
HCFC (R12, R22,...) gay hiéu ttng nha kinh va pha
hay ting ozone. Bong thai, khi hoat dong, cac hé
thong nay tiéu thu mot luong 16n nang lugng dién -
dén 30% tong luong dién san xuit duoc trén toan thé
gi6i [1]. Theo Co quan Ning lwong Québc té (IEA),
nam 2017 khoang 64,5% tong lugng dién ning cua thé
gidi duoc san xuat tir dt chay nang lwong hoa thach.
Diéu nay dan t6i suy kiét nguon tai nguyén thién nhién,
gia tang lugng khi thai gay hiéu tng nha kinh, mc d6
néng 1én toan cu va suy thoai méi truong tu nhién.
Do d6, nghién ctru (tng dung céc cng nghé lam lanh
méi, c6 thé hoat dong véi cac ngudn ning luong tai
tao dé thay thé dan cho may lanh nén hoi la mét trong
nhiing van dé cap thiét cua thé giéi dwong dai.

May lanh hap phu duoc cong ddng khoa hoc thé
giGi xem 1a mot giai phép tiém nang cho may lanh nén
hoi vi n6 c6 thé hoat dong tryc tiép voi cac ngudn
nhiét thip nhu ning luong mat troi, khi xa tir dong co,
ning luong dia nhiét,... Bén canh d6, méi chit cong
tac sir dung trong may lanh hap phu phan 16n 1a nhitng
chit ¢6 sin trong ty nhién nhu Hoi nuée, Amoniac,
rugu Methanol,... it hodc khong doc hai voi moi
truong [2].

Anyanwu va cong sy [3] phét trién mot hé théng
lam lanh hap phu sir dung ning lugng mat troi theo
diéu kién khi hau Nigeria. Cac hé théng tuong tu duoc
Aghbalou va cong su [4] thiét lap ¢ Tay Ban Nha,
Tangkengsirisin va cong su [5] thiét 1ap & Nhat. Pons
va cong su [6] thiét ké va thir nghiém mot may lanh
hap phu diing trong san xuit nuée da. Allouhi va cong
su [7] tinh toan cap vat liéu hap phu - bi hip phuy tdi
uu cho hé thong lamg lanh hip phu & Morocco. Trong
[8] trinh bay viéc phat trién va thir nghiém céc cap vat
lisu hap phu méi nhu AC/Hydrogen, Zeolite/COs,
Zeolite/N,, AC/CO:;...

Viét Nam c¢0 vi tri dia 1y, dac thu khi hau nhiét dai
gi6 moa tao nén cac ngudn nang luong tai tao doi dao

SO 86 (11-2021)



TAP CHi ISSN: 1859-316X

KHOA HOC CONG NGHE HANG HAI

-JOURNAL OF MARINE SCIENCE AND TECHNOLOGY-

va da dang, c6 thé khai thac dé san xuét niang luong
nhu thuy dién, dién gio, dién mat troi, sinh khdi, dia
nhiét, nhién li¢u sinh hoc,... Hung va cong su [9] thiét
ké va thir nghiém mot may lanh hap phu sir dung niang
luong mat troi trong didu kién khi hau khu vyc Da
Ning. Mot thiét ké khac ung véi diéu khién khi hau
khu vuc Thanh phd HS Chi Minh, dwoc thyc hién boi
Qudc va cong su [10]. Mot diém chung & ca hai cong
trinh trén 1a két qua thir nghiém khong dugc cdng bé.
Trong [11] tién hanh md phong dap tng ciia may lanh
hip phu lam viéc véi 5 cap vat liéu hap phu - bi hap
phu khac nhau. Két qua tinh toan cho diéu kién khi
hau khu vuc Thanh phé H5 Chi Minh chi ra rang cip
vat liéu Silica gel-Water cho hiéu qua cao hon c4, cé
thé sir dung cho phét trién cac hé théng 1am lanh hap
phu ¢ Viét Nam.

Trong bai bao nay, tac gia trinh bay dic diém ciu
tao, nguyén ly lam viéc, két hop véi md phong nhiét
dong luc hoc, tir d6 dua ra nhirng luan ¢t ban dau vé
kha ning sir dung ngudn ning lugng mit troi trong
viéc phat trién cac hé thong 1am lanh hap phu trong
diéu kién khi hau ¢ Viét Nam.

2. Mo hinh va phuong phap tinh

2.1. Nguyén ly hoat déng ciia hé thang lam lanh
hap phu

B3u ngung Th,ap
tan
2 g nhiét
nang lwong Biu bay hoi
mat tréi -

Nudc lanh

Hinh 1. So d@é nguyén ly hé théng lam lgnh
sw dung nang lwong mgt troi

So d6 nguyén ly cua hé théng 1am lanh hip phu st
dung nang lwgng mat troi duoc mo ta nhu trong Hinh 1.
Hé thong nay bao gdm céc phan chinh: Thap tan nhiét,
bo thu ning lwong mat troi, bau ngung, dan bay hoi,
céc bau hap phu (A1/A2), van tiét luu ndi bau ngung
v6i dan bay hoi, hé thong duong 6ng dan va cac van
diéu khién.

Chu trinh nhiét dong luc hoc cua hé théng lam lanh
hap phu dugc hoan thanh bai 4 qué trinh lién tiép: (i)
tién giai hap phu, (ii) giai hip phuy, (iii) tién hap phu
va (iv) hap phu lan luot cho bau hap phu Al va A2.
Trong cé4c qué trinh nay, &p suét va nhiét do cua cong
chat 1am lanh thay di va phu thugc vao nhau. Hinh 2
biéu di&n sy phu thudc cuia &p suét vao nhiét do cong
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chat lanh trong cac quéa trinh cua chu trinh 1am lanh
hap phu.

logP 4

P, 1

>
max T

Hinh 2. P4 thi P-T cia chu trinh lam lgnh hdp phe [11]

Trong qué trinh tién giai hip phu (qué trinh 1-2),
bau hap phu (Al hoic A2) dugc céch ly voi bau ngung
va dan bay hoi. Nudc ndng tur bo thu nang luong mat
troi tuan hoan qua bau hap phu 1am cho hoi nuée (cong
chat 1am lanh) thoat ra khoi chat hap phy, dan dén &p
suét trong bau hap phu ting 1én. Khi ap sut trong bau
hip phu vuot qua &p suat trong bau ngung (Pc), van
thdng giita bau hap phu va bau ngung mo ra, hoi cong
chat 1am lanh tir bAu hap phu s& di sang bau ngung va
qué trinh giai hip phu bat diu (qué trinh 2-3). Trong
khoang thoi gian da duoc tinh toan va dat trudc cho
qué trinh giai hap phu, &p suét trong bau hap phu dwoc
duy tri gan nhu khong doi. Khi qua trinh giai hip phu
két thlc, van théng giira bau hap phu va bau ngung
dong lai. Cung thoi diém nay nude néng tir bo thu
nang lwong mat troi s& nging tuan hoan qua bau hap
phu ma thay vao d6 l1a nudce lam méat tir thap giai nhiét
dugc cho tuan hoan qua bau hap phu va qua trinh tién
hap phu (qué trinh 3-4) s& din ra. Nhiét d6 trong bau
hap phu giam xudng, lam giam &p suét trong d6 toi 4p
sut ctia dan bay hoi (Pe). Lic nay van théng giira bau
hip phu va dan bay hoi mé ra, hoi cong chét 1am lanh
duoc sinh ra trong dan bay hoi di vao bau hip phu va
bat ddu qua trinh hap phy (qué trinh 4-1). Trong quéa
trinh hap phy, lugng nhiét sinh ra dwoc lién tuc lay di
béi nuge lam mét. Mot chu ky cdng tac hoan thanh
sau khi qua trinh hap phu két thic. Trong so d6 nay,
hai bau hap thu duoc sir dung mot cach tuin hoan.
Trong thoi gian ¢ bau Al didn ra qué trinh giai hip
phu thi & bau A2 dién ra qua trinh hap phu.
2.2. M6 hinh toan

M6 hinh toan hoc cua hé théng lam lanh hip phu
duoc xay dung dua trén can bang niang lwong va khéi
luong cua hé.

SO 68 (11-2021)



KHOA HQC - CONG NGHE

TAP CHf ISSN: 1859-316X

KHOA HOC CONG NGHE HANG HAI

Gia str nhiét do, ap suat va ndng do hap phu trong
bau hap phu 1a dong nhat. Phuong trinh can bang ning
lwong cho bau hap phu dugc biéu dign bai cong thic
(1) va (2) [12]:

d
a{(mMCpM + msCs + msqcr,v)j;)ed} =
dg dg
stms E + 57715 v E (Tem - jz)ed) (1)

i, (T -7 )

bed,in bed,out

Jwbcd,out

U4,
= Tb(zd + (I;Ed,m - Tbed ) exp W (2)
i
Hé s6 & = 0 khi trong bau hap thy dién ra qué trinh
giai hap phu va & = 1 khi trong bau hap phu dién ra
qué trinh hip phuy.
Tdc d6 hap phu duoc xac dinh theo cong thirc [12]:

% = kasp(q* —q) ®)

Trong do:
kasp = D, exp(—Ea / (R T))
D, =15D,, / R

S

(4)

Luong hip phu can bing dugc xac dinh boi
phuong trinh (B-S-K) nhu sau [12]:

Bﬁ‘
P ()|
¢ =4 ——= (5)
P(1,)
Trong do:
A=A + AT+ AT® + AT® ©)

2 3
BS = BO + BIT + BQT + B3T

Ap suét bdo hoa cua chit cong tac Ps(T;) tinh theo
cong thirc Antonie, cac hé s6 Ai va Bi xac dinh tir thyc
nghiém boi Saha va cac cong su [13].

2.3. Higu sudt ciia hé théng

Qué trinh cong tac cua hé théng 1am lanh hip phu
duoc danh gia boi hai thong s6 quan trong la cong suat
1am lanh riéng (SCP, W/kg) va hé s 1am lanh hay hé s6
cong tac (COP). Gia thiét rang cong suét tiéu thu cho
bom nudc néong, bom nudc lam mét va bom nuédc lanh
la nho va nhu vy cac thanh phan nay da duoc bo qua
trong phuong trinh can bang ning luong. Cac thong sb
nay dugc xac dinh boi céc cac phuong trinh (7) va (8):
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Sop = _Yena_ )
s cycle
cop = e ©)

in

Trong d6: Qeva 1a nhiét lrong hép thu dwoc tir dbi
tugng duoc lam lanh trong qua trinh bay hoi ¢ dan bay
hoi va Qin 12 nhiét luong cap vao cho bau hip phu
trong qua trinh giai hap phu. Qeva Va Qin dugc xac dinh
theo céc cong thie (9) va (10):

t
_fa[de
Q.. = | Ms[dt] dt ©)

t

ads

ads
Qin = J- mcp,f (Tbed,in

t

‘des

- ]zed,out) dt (10)

3. Piéu kién khi hau & Viét Nam

45

T
T, Hb Chi Minh
T,, H& Chi Minh | |

T T
T Da Néng
TH ba Nang

!
- = =T, _HaNoi
40 - - = =T, HaNoi

[
[

Nhiét do (°C)
w
o

Thoi gian (thang)

Hinh 3. Nhigr dg trung binh cao nhat va thdp nhat
trong nam 2019 [6]

Viét Nam nam & khu viac Pong Nam A, véi khi
hau nhiét déi gi6 mua. Nhiét do trung binh cao nhét
(Th) va thap nhét (T.) theo thoi gian dwoc biéu dién
trén Hinh 3. Tir két qua trén do thi cho thiy nhiét do
trung binh cao nhat ¢ khu vuc phia Nam nhu thanh
phb H) Chi Minh & khoang tir 30 + 35°C va nén nhiét
d6 cao nay quan sét thiy dwoc trong ca nam. Trong
khi @6, nhiét 6 & Ha Noi va Pa Nang chi cao trén
30°C trong khoang tir thang 5 dén thang 9 [14].

Cung voi nén nhiét do trung binh cao la thoi gian
néng trung binh cao hon so véi cac thang khac trong
nam. D) thi trén Hinh 4 cho thay gio ning trung binh
& thanh phd HS Chi Minh cao trong khoang 150 gio
tir thang 1 dén thang 4. Tuy nhién tir thang 5 dén thang
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Bing 1. Thong sé thiét ké va diéu kign lam viéc

Tham sb Tén goi Giatri
Aped Dién tich trao ddi nhiét ciia bau hip phu 2,46m2
Ubed Hé sb trao ddi nhiét bau hap phu 1724,1W/m2K
W Khéi lwong thiét b trao ddi nhiét 51,2kg

Weg Khéi lugng silica gel trong bau hip phu 47kg

Wweva Khéi lugng nudce ban dau trong dan bay hoi 50kg

Rp Ban kinh hat Silica gel 0,35x10°m
Tew Nhiét do nudc lam mat 30°C

Thw Nhiét d6 nuéc ndng 80°C

Teh,in Nhiét do nude lanh 14°C

teycle Chu ki lam viéc 900s

9 thoi gian ning lai giam xudng con khoang 120 gio.
Tai Ha Noi va Pa Néng thoi gian ning cao trong
khoang tir thang 5 dén thang 9 ¢ muc trén 150 gio.
Dic biét Ba Néng c6 thoi gian néng trung binh Ién tgi
250 gio tai thang 5.

= = =Ha Noi
Da Néng

i)

2 H® Chi Minh | |
e
=
3 200
o
c
=4
=150
f=
-

L '
< 100 ,
=) ’
o K ,
:2 50 F S~ -
c

0 ‘
2 4 6 8 10 12

Thoi gian (thang)

Hinh 4. Gié' ndng trung binh trong niam 2019 [14]

Véi diéu kién nhiét do va thoi gian nang trung binh
cao nén nhu cau vé diéu hoa khdng khi & nudc ta ngay
cang ting trong thoi gian gan day dan dén viéc ting
tai cho hé théng ludi dién quéc gia. Ngoai ra, & cac
khu vuc ndng thén, mién ndi, hai dao, nhirng noi
khong c6 dién, nhu cau lam mat va dac biét 12 san xuat
nuée da dé bao quan mot sé dwoc pham hozc thyc
pham 1a khéng thé dap tmg duoc. Sir dung nang luong
mat troi trong cac hé thdng lam lanh hip phu la
phuong an kha thi va hoan toan c6 thé dap tng dugc
nhu cau trén.

4. Két qua va thao luan

Vi céc thong s6 duoc cho trong Bang 1, dé giai
céc phuong trinh (1) - (10) ta gia thiét nhu sau:
- Nudc néng thu duoc tir bo thu nang lugng mat troi
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duoc chira trong binh nude nong coé dung tich da 1on
nén cé thé gia thiét nhiét do cua ngudn néng 1 6n dinh;

- Nhiét 6 cua ngudn lam mét 12 6n dinh;

- B6 qua ton thit nhiét tir biu hap phu ra méi trudng;

- Qua trinh bay hoi va ngung tu tai bau ngung va
dan bay hoi & diéu kién ap suat khong doi.

Hinh 5 m6 ta thay di cua nhiét d6 bau hdp phu
Al, A2, nhiét d6 cua nudc nong va nudc lam mét vao
va ra khoi hé théng theo thoi gian.

Tir d6 thi biéu dién nay ta thiy rang: Nhiét do cua
bau hap phu Al, khi dwoc lam mat, giam dan, do
chénh léch nhiét do gitra nuéc lam mét vao va ra
(AT =T, in — Teoue) 160 nhét 12 15°C va giam dan
khi nhiét d6 cua bau hap phu giam xudng. Dong thoi
nhiét d6 bau hap phu A2 ting dan. Thay doi nhiét do
trong cac bau hap phu Al va A2 dién ra theo chu ki.

Hinh 6 dudi day biéu dién sy thay doi ap suat trong
bau hip phu theo nhiét d6. Trong qua trinh giai hap
phu &p suat trong bau hap phu duoc duy tri bang véi
&p suit cua bau ngung 1 4144Pa, con trong qué trinh
hap phuy, 4p suit duoc duy tri bing véi 4p suat cua dan
bay hoi 1a 1650Pa.

Vi cac thong s6 da chon trong Bang 1. Hé s6 lam
lanh caa hé théng (COP) tinh theo cong thuc (9) va
nang suit 1am lanh riéng cua hé thdng (SCP) tinh theo
cdng thace (10) ¢6 gia tri tinh dugc trong Bang 2 sau:

Bing 2. Két qua md phéng

Tham

< Tén goi Gia tri
SO
COP  Hésb lam lanh 0,48
SCP  Nangsuétlamlanhriéng  249,1W/kg
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= = =BauA1 Th,
BauA2 — — -Tc,

Tc
vid
Th
v

Nhiét do (°C)
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Thoi gian (s)

0 100 200

Hinh 5. Nhiét dg ciia bau hdp phu, nwéc nong
va nwdc lam mat

4000
3500
S 3000
S
3
32 2500
Q
<
2000
1500 ; s s s s
30 40 50 60 70 80

Nhiét d6 (°C)
Hinh 6. Pé thi logP-T chu trinh 1am lgnh hdp phu

5. Két luan

Bai bdo da trinh bay nay cau tao, nguyén ly 1am
viéc va tinh toan cac qua trinh xay ra trong cac thiét
bi cia hé théng 1am lanh sir dung hai bau hip phu,
thuc hién viéc téng hop va phan tich cac di liéu thong
ké vé diéu kién khi hau & Viét Nam trong nhitng nim
g?ln day.

Tir két qua mod phong, ciing véi tinh sin ¢ cua cac
cap chat hap phu /bi hip phu (cong chit 1am lanh) nhu
Khoéng silic /Hoi nudc, Than hoat tinh /Rugu Methylic
hogc Than hoat tinh /Ruou Etylic, ... ¢ thé két luan vé
tinh kha thi trong viéc tan dung ning lugng mat troi dé
van hanh cac hé théng 1am lanh hip phu ¢ Viét Nam.
Dic biét, khi két hop cac hé théng nay véi cac hé théng
lam lanh st dung may nén hoi s& tao thanh céc hé théng
¢6 hiéu qua cao, than thién véi moi truong.

DANH MUC KY HIEU

Ky hiégu Donvi  Téngoi

Aved m?2 Dién tich trao ddi nhiét ciia bau
hap phu

Ubed W/m2K  Hé sb trao ddi nhiét bau hip phu

Ww kg Khéi lugng thiét bi trao di nhiét

Aeva m? Dién tich dan bay hoi
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Ueva W/m2K  Hé sb trao ddi nhiét dan bay hoi
WevaM kg Khéi lugng dan bay hoi
Acon W/m2K  Dign tich bau ngung
Ucon W/m?K  Hé sb trao di nhiét bau ngung
Weonm kg Khéi lwong bau ngung
Mw kgls Luu lugng nude ndng/ lam mét
Wweva kg Khéi lugng nude ban dau trong
dan bay hoi
Mehill kals Luu lugng nudc lanh
Ct J/kgK Nhiét dung riéng cua nuGe
Ct.chill J/kgK Nhiét dung riéng cua nu6e lanh
Crv JkgK Nhiét dung riéng cua hoi nugc
Cpm JIkgK Nhiét dung riéng cua thiét
bi trao ddi nhiét
Cs J/kgK Nhiét dung riéng cua Silica gel
hrg Jkg Nhiét 4n héa hoi ciia nuéc
Qst Jkg Nhiét hap phu
R JkgK Hang sb khi
Ea J/kg Nang lugng kich hoat
Dso m2/s Hé sb khuéch tan
L kJ/kg Nhiét 4n hoa hoi
Rp m Ban kinh hat Silica gel
Tew °C Nhiét do nude lam mat
Thw °C Nhiét do nuéc nong
Teh,in °C Nhiét @6 nudce lanh
teycle S Chu ki lam viéc
Toed °C Nhiét d6 bau hip phu
Teond °C Nhiét d6 bdu ngung
Teva °C Nhiét @6 dan bay hoi
Loi cam on

Nghién ctru nay duoc tai trg béi Truong Pai hoc
Hang hai Viét Nam trong dé tai ma sb: DT20-21.37.
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