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The paper introduces an alternative refrigeration system using the
silica-gel/water pair driven by industrial waste heat or renewable
energy sources such as solar energy. Based on a thermodynamic
simulation of an adsorption cooling system, the relation of the system
efficiency and the temperature of the heat sources was conducted. The
results showed that the temperature of supply heat source for the
system should be stable at around 80 °C, and the cold heat source
should be about 30 °C. With a given operating condition, the chilled
water outlet temperature was about 10 °C, the specific cooling
capacity (SCP) was about 268.2 W/kg silica gel, and the coefficient of
performance (COP) was about 0.45.
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Bai bao gigi thiéu m6 hinh mot hé thdng lam lanh thay thé c6 thé van
hanh dugc bai ngudn nhiét thai cong nghiép hoic cac ngudn ning
lugng tai tao nhu nang lugng mat troi. Dya trén viéc mo phong nhiét
dong luc hoc mot hé thdng 1am lanh hip phu st dung cip cong chat
silica gel/nude nghién ciru da chi ra sy phu thudc cua hiéu suat cong
tac vao nhiét do caa ngudn nhiét cap. Két qua nghién ctru da chi ra
rang, nguon nhiét cung cip cho hé théng hoat dong can duoc dam
bao 6n dinh ¢ nhiét d6 khoang 80 °C, nhiét d6 ngudn lanh khoang 30
°C. O diéu kién hoat dong nhu vay, nhiét 6 trung binh cua nudc lanh
tao ra dat khoang 10 °C, cdng suét lam lanh don vi (SCP) dat khoang
268,2 W/kg silica gel, va hé s6 1am lanh (COP) dat khoang 0,45.
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1. Gigi thiéu

Néng lugng va moéi truong 1a nhimg yéu t6 lién quan dén nhau xuyén sudt moi hoat dong cua
chlng ta trén trai dat. Van dé nay dang la chu dé quan trong va pho bién trong linh vuc nghién
ctru nang luong ngay nay. Theo thong ké, tong mirc tiéu thy nang lugng trén thé gioi du kién sé
tang 71% tor nam 2003 dén nam 2030. O Viét Nam, tde do tang trudng tiéu thu dién hon 12%
mdi nam, vi thé vao nam 2025, tong cong suét tiéu thy dién & nudc ta s& phai ting 1,5 lan cong
suit hién tai. Luong nang lugng ti€u thu cho lam lanh chiém 30% téng lugng dién ti€u thu trén
thé gidi va 32% & Viét Nam [1].

May lanh va diéu hoa khong khi dong vai tro quan trong trong xa hoi cong nghiép hién dai,
chung mang lai sy thoai mai cho cudc séng con ngudi. Tuy nhién, cac hé thong nay lai duoc cho
1a nguyén nhén cua viéc phat thai cac loai khi nha kinh, ciing nhu tham gia vao viéc lam giam
tang ozone tryc tiép hodc gian tiép.

Cong nghé 1am lanh hap phu khi - ran (solid adsorption) 14 su thay thé an toan cho may lanh
nén hoi hién nay. Cong nghé nay khong sir dung cac chat khi gay hiéu tmg nha kinh va sir dung cac
ngudn niang luong tai tao nhiét do thap nhu nhiét thai ctia cac hé thong cong nghiép hodc ning
lwong mit trdi [2]. Uu thé va sy phat trién cua chu trinh hip phu dugc nghién ctru rong rdi boi
Meunier [3], Saha va Kashiwagi [4]. Nhiéu cdp chéat hap phu da duoc sir dung trong cac hé thong
1am lanh/bom nhiét hap phu [5]-[10]. Tuy nhién, rét it cip cong chat c6 thé duoc sir dung phu hop
ngudn nhiét thai chat luong thap, dic biét 1a cac ngudn nhiét thai co nhiét d¢ thap hon 100 °C.

Trong [11], [12], cac tac gia d4 trinh bay két qua nghién ctru vé chu trinh hip phu sir dung cip
vt liu silica gel/nude véi nhiét d6 ngudn nhiét cip 80 °C va ngudn nhiét thai 30 °C.

Dé co thé sir dung cac nguén nhiét c6 nhiét do thip hon (khoang 50 °C), cac hé thong lam
lanh hap phu 2 cap va 3 cap da dugc phat trién va gioi thiéu trong [4], [13], [14]. Tuy nhién, cac
hé théng nay c6 hiéu sudt twong ddi thip, day chinh la ly do ma cac h¢ théng nay hién chua duge
thwong mai héa va g dung trong thuc té. Nham khac phuc nhiing han ché néu trén, Pons va
Poyelle [15] da phat trién mot chu trinh hoan khoi (mass recovery) cho mdy lanh hép phu hai
bau. Nhitng nghién ctru sau d6 cho thiy rang may lanh hap phu lam vi€c v6i chu trinh hoan khéi
da cai thién dang ké hiéu qua lam lanh, nhat 1a khi ngudn nhiét cip c6 nhiét 6 tuong dbi thap
[16], [17].

Bai bdo nay tap trung vao viéc mod phong va nghién ctru anh hudng cia nhiét do ngudn nhiét
cip dén hiéu sudt cuia hé thong lanh hap phu sir dung nang luong mit troi trong diéu kién khi hau
& Viét Nam.

2. Phan tich nhiét dong luc hoc hé théng
2.1. Nguyén ly hoat dgng ciia hé thang 1am lgnh hdp thu

So do nguyén ly hé thong lam lanh hép phu sir dung nang luong mat troi dugce trinh bay trong
Hinh 1. HE thong co ban nay gdm co bdn thanh phan chinh: bau ngung, dan bay hoi, budng hap
phu chira day chat hap phu va van tiét Iwu. Chu trinh nhiét dong luc hoc cua hé thong dugc hoan
thanh boi bon qua trinh lién tlep (i) gia nhiét trudc, (i) giai hap phu, (iii) 1am mat trudc va (iv)
hap phu. Su phu thudc ciia ap suat cong chat lanh vao nhiét do trong chu trinh lam lanh dugc thé
hién trén Hinh 2. Trong qu4 trinh gia nhiét trudc (qua trinh 1-2), budng hap phu dugc cach ly véi
bau ngung va dan bay hoi. Nudc nong tur by thu nang luong mat troi tuan hoan qua bau hap phu
lam cho hoi nudce thoat ra khoi chat hap phuy, ap sut trong do tang lén. Khi ap sut trong bau hap
phu vuot qué 4p suét trong bau ngung (Pc), van thong gitra bau hap phu va bau ngung ma ra, hoi
cong chat 1am lanh tir biu hip phu s& di sang bau ngung va qua trinh giai hép phu bat dau (qua
trinh 2-3). Trong khoang thoi gian da dugc dit trude cho qua trinh giai hap phy, 4p suit trong bau
hap phu dugc duy tri gan nhu khong déi. Khi qué trinh giai hdp phu két thiic, van thong giita bau
hép phu va bau ngung s& dong lai. Lic ndy trong bau hap phu s& dién ra qué trinh 1am mat trudc
(quéa trinh 3-4). Nudc néng tir bo thu ning lwong mit troi nglmg tuan hoan qua bau hap phy, thay vao
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do 1a vong tuan hoan clia nudc lam mét tir thap tan nhiét. Nhiét do trong bau hap phy giam xubng,
lam giam 4p suét trong d6 t6i ap suat cta dan bay hoi (Pe). Lic ndy van théng gitra bau hip phu va
dan bay hoi mé ra, hoi cong chat 1am lanh duoc sinh ra trong dan bay hoi di vao bau hép phu bét dau
qua trinh hap phu (qua trinh 4-1). Trong qua trinh hip phu, budng hap phu duoc 1am mat lién tuc boi
nude 1am mat. Mot chu ky cong tac duge hoan thanh khi qua trinh hip phu két thac.

N R Thp
AN B6 thu Bau . tan
N nang lvong | hae Van tiét nhiét
mat troi P luu -

S Dan —> Nudrc

bay hoi |« lanh

=

Hinh 1. So @6 nguyén Iy hé thong lam mat hap phu

st dung ning litong mat troi Hinh 2. Do thi logP-T ciia chu trinh lam lanh hap phu

Hoi cong chit 1am lanh tir bau hip phu di sang bau ngung s& dugc ngung tu thong qua qua trinh
nha nhiét cho nudc lam mat bau ngung. Cong chat lam lanh long tur bau ngung qua van tiét luu gian
né 1am cho 4p suat va nhiét do cua cong chat giam xudng (qua trinh tiét leu C-E). Cong chat 1am
lanh di vao dan bay hoi nhan nhiét cua nudc lanh thong qua qua trinh bay hoi, luong hoi nay sé
duogc hap phu boi chat hip phu trong bau hap phu nhu dwgc mé ta trong qué trinh hap phu (4-1).

2.2. M6 hinh toan
Mo hinh,toén hoc cua hé théng lam lanh hép phu duogc xdy dung dua trén cén bﬁng nang
lugng va khoi lugng cua hé.

Gia str nhiét do, 4p suat va nong do hap phu trong bau hap phu 1a dong nhat. Phuong trinh can
bang nang lugng cho bau hap phu duoc biéu dién theo cong thirc:

d
dt {(W C +W908 +VVquT.,v),I;76d} -
dg dg
QsIW dt + W, s‘cr U dt <T(zm _q;md) (1)
+m C (Tb(’d in j;md‘(mt)
-UA
bed
7;)ed,out :Z;)f’d + (%ed,m _jg)ed)exp[ m.C J (2)
I

Trong d6, 5 = 0 hodc 6 = I khi bau hip phu lam viéc trong qua trinh giai hap phu va hap phu.
Gia str trong tu ddi v6i thiét bi ngung ty, ta c6 phuong trinh cin bang nhiét cia thiét bj bay
hoi nhu sau:

% {(I/Vcon,MCcon,M I/Vcon r Cr ) con } =
d d
-L I/Vcan % + VVSCT,’U %(]:,’On - 7;)6’[1) (3)

+mf,co7lof (T’con,in - Tcon,out)
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Tenan = Ton * (Tonin = Ton) exp( — ] @)
’ m

fcon T f
Coi nhiét d6 va ap suat dong nhat trong toan bo dan bay hoi, cAn bang nang lugng cua dan bay
hoi ¢6 thé dugc biéu dién bang cac phuong trinh sau:

d
E {(I/Vwa,MCeva,M + VVeua r07 l) eua} =
dq
-LW —4(r T 5
con dt s T dt ( eva con) ( )
+mf,chille (Tchm,m - Tchm,out)
-UA
Tc illout Teva + Tc il in — Teva eXp —eua (6)
hillout = e ( hill, ) [ mf.cmzzCJ
Can bang khéi lugng méi chat 1am lanh bén trong thiét bi bay hoi c6 thé duge danh gia bang
. aw,
biéu thirc sau: % =-W, [ddi; + C%l] (7)
Téc d6 hap phu duoc xac dinh theo cong thirc: % = kasp(q * —q) (8)
kasp = D -E RT
Trong do: W= eXp( af ( )) (9)
D, =15D / R
Can bang khi lwong hoi hap phu duoc x4c dinh boi phwong trinh (B-S-K) nhu sau:
BB
P (T,)
gt = AA- (10)
r(%,)
— 2 3
Trong do: Ad =4y + AT+ AT + AT (11)

BB =B+ BT +B,T* + B,T®
Ap suét bdo hoa tinh theo cong thirc Antonie va cac hé sé Ai va B duoc trinh bay trong [11].
2.3 Higu sudt ciia hé théng

Qua trinh cong tac cua hé thong lam lanh hap phu duoc danh gia boi hai thong s6 quan trong
la cong suét lam lanh riéng (SCP) tinh bang W/kg va hé s6 cong tac (COP). Cac thong s6 nay
dugc xdc dinh thong qua cac phuong trinh (12) va (13) dudi day. Ciing cén luu y rang thanh phan
cong sut tiéu thu cho bom nude néng, bom nudc lam mat va bom nudc lanh 1a nhé va nhu vay
céc thanh phan nay da dugc bo qua trong phuong trinh can bang ning luong.

t
I(mchzllcp( hall )( chill in - Tchill,out ) dt
scp =20 (12)

t
s cycle

(mchLlle(hzll )( chillin ~— Tchill,out ) dt

t
I(mhw Op )( hw,in Thw.,out )dt
0
T hop cac phuong trinh (1) - (13) hinh thanh mé hinh toan hoc cia hé thér}g lam lanh hép
phu da dugc mé ta ¢ trén. Nghiém cia hé phuong trinh nay chinh l1a cac thong so nhiét dong luc

c—_

COP = (13)
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hoc cuia hé théng. Hé phuong trinh vi phén nay co6 thé dugc giai bang cac bo giai phuong trinh
khac nhau tiy theo géi phan mém dugc sir dung tuong tmg voi cac diéu kién bién va diéu kién
ban dau xac dinh. Trong bai béo nay, céc tac gia sir dung phan mém Matlab dé giai hé phuong

trinh ndy theo trinh tu dugc trinh bay trén luu do thuat toan Hinh 3.

Nhip diéu kién lam viéc va
théng s6 thiét ké (Bang 1)
Tinh ean béng hép phu (phwong trinh 10-11), te
&6 hép phu (phuong trinh 8-9), can bing nang
luong (phuong trinh 1 -2) trong bau hép phu

Pung Sai

Qud trinh
hap phu

X

Tinh can bing nang lrong va
can béng khdi lrong & dan bay
hoi (phwong trinh 5-7)

Tinh can bing ning lweng va
cin bing khéi lwong & dan bau
ngung (phwong trinh 3-4)

%

Tinh cdc théng sé: COP, SCP
(phuong trinh 12, 13)
In dé thj Tchill, Tbed, Thw, Tcond...

[ /

Hinh 3. Luu do thudt todn mod phéng hé thong 1am lanh hap phu

3. Két qua va thao luan

Bang 1. Thong 56 thiét ké va diéu kién lam viéc ciia hé théng

Tham s Tén goi Gia tri

Abed Dién tich trao d6i nhiét cua bau hap phu 2,46 m?
Ubed Hé sb trao d6i nhiét bau hip phu 1724,1 W/m2K
W Khéi lugng thiét bi trao ddi nhiét 51,2 kg
Aeva Dién tich dan bay hoi 1,91 m?
Ueva Hé sé trao dbi nhiét dan bay hoi 2557,54 W/m2K
Weva Khéi lwong dan bay hoi 12,45 kg
Acon Dién tich bau ngung 3,73 W/m2K

Ucon Hé sé trao ddi nhiét bau ngung 4115,23 W/m2K
Weon Khéi lugng bau ngung 24,28 kg
My, Luu lugng nudc nong/ lam mat 1,3 kg/s
Weq Khéi luong silica gel trong bau hip phu 47 kg
Wy eva Khéi lugng nuéc ban dau trong dan bay hoi 50 kg
Mehill Luu lugng nudc lanh 0,7 kgls
Rp Ban kinh hat Silica gel 0,35x10° m
Tew Nhiét do nude lam mat 30°C
Thw Nhiét do nudc néng (60 ~90) °C
Tenin Nhiét @d nudc lanh 14 °C
teycle Chu ki lam viéc 900 s

Dé don gian héa mé hinh nghién ctru dit gia thiét nhu sau: nude nong thu dugc tir bo thu ning
lwong mat troi dugc chia trong binh nudc néng cd dung tich da 16n nén cé thé gia st nhiét do
ctia ngudn nong 1a 6n dinh. Vai cac thdng sb thiét ké duogc cho trong Bang 1, cac truong nhiét do
tai clra ra cia nudc nong, nude 1am mat va nudc lanh cua hé thdng 1am lanh nay da duoc tinh
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toan va thé hién trén Hinh 4.

%0 0.6 350
80 Thed 05 300
-~ ° ——Thw,in 250
O 60 0.4 )
| = = Tcond,in = 200 =
ey a0 | ——Tcond § 0.3 150 E—
Ty o= e S —T chill, out 0.2 2
=4 — - =Tchill,in 100
20 . —A—SCP
10 F 01 50
0 : : : 0 0
0 450 500 1350 1800 50 60 70 30 90 100
Thoi gian (s) Nhiét dé (°C)
Hinh 4. Nhiér d6 tai cira ra cua cong chat Hinh 5. COP va SCP cua hé thong theo nhiér do
va buong hap phu theo thoi gian nguon nhiét

Tir s6 liéu Hinh 4 cho thiy, trong diéu kién hoat dong on dinh, nhiét d trung binh ctia nudc lanh
tao ra tir dan bay hoi trong chu trinh 1a khoang 10 °C ting véi cac diéu kién lam viéc da cho. Cong
suat 1am lanh riéng SCP dat khoang 268,2 W/kg silica gel va hé s6 cong tac COP 1a khoang 0,45.

Cong suét lam lanh riéng SCP va hé ) cong tac COP phu thudc rit manh vao nhiét do cua
nguodn nhiét cap. Két qua cac gia tri SCP va COP khi thay ddi nhiét do cta ngudn nhiét cap tir 60 °C
dén 90 °C véi diéu kién c6 dinh nhiét 6 dau vao ciia nudc lam mét va nude lanh, duge thé hién trén
Hinh 5. Ttr db thi cho thdy, gi4 tri ciia SCP ting tuyén tinh tir 121,28 1én 307,27 W/kg silica gel khi
tang nhiét do ngudn nhiét cap tir 60 dén 90 °C con dat gia tri cao nhét trong khoang 75 dén 90 °C.
Diéu nay hoan toan phti hop véi gia tri dé xuat ban dau cho nhiét o ngudn nhiét cp 1a 80 °C.

4. Két luan

Bai bao trinh bay vé dic diém ciu trac, nguyén 1y 1am viéc ctia hé thong 1am lanh hip phu -
mot hé théng lam lanh thay thé tiem nang, dang nhan dugc su quan tdm cua cac nha nghién ctru
trong linh vyc nang lugng. Nghién ciru da thyc hién md phong nhiét dong luc hoc cho mot hé
thdng 1am lanh hp phu véi cip cong chit hip phu silica gel — hoi nudc, voi ngudn nhiét cip co
nhiét d6 nam trong khoang tir 60 dén 90 °C. Két qua cho thay, cong suat 1am lanh riéng ting ciing
v6i nhiét do ngudn nhiét cap, con hé s cong tac COP sé& dat gia tri 16n nhét (khoang 0,45) & nhiét
d6 nguon nhiét cip xung quanh gia trj 80 °C.

Nhiét d6 trung binh cua nudc lanh tao ra dat khoang 10 °C ung véi cac diéu kién 1am viéc da
cho. O nhiét d6 nay phu hop voi nhiét d¢ ciia cac dan lanh ciia hé thong diéu hoa khong khi thong
thuong hién nay. Tir d6 c¢6 thé két luan hé thdng 1am lanh hip phu hoan toan phu hop véi diéu
kién khi hau ¢ Viét Nam.

Két qua bai bao nay co thé sir dung dé tham khao khi thiét ké, ché tao cac hé thong 1am lanh
hép phu st dung cac ngudn nhiét thai cong nghiép va ning luong mit troi.

Loi cam on
Nghién ctru nay duoc tai trg boi Truong Pai hoc Hang hai Viét Nam trong dé tai ma so:
DT20-21.37

DANH MUC KY HIEU

Ky hiéu Pon vi Tén goi
Abed m? Dién tich trao ddi nhiét ciia bau hap phu
Ubed W/m2K Heé s trao doi nhiét bau hap phu
W kg Khdi lugng thiét bi trao d6i nhiét
Acva m? Dién tich dan bay hoi
Ueva W/m2K Heé sb trao doi nhiét dan bay hoi
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Ky hiéu Pon vi Tén goi
Wevam kg Khéi luong dan bay hoi
Acon W/m2K Dién tich bau ngung
Ucon W/m2K Hé s6 trao ddi nhiét bau ngung
Weonm kg Khéi luong bau ngung
My ka/s Luu lugng nude néng/ lam mat
Weva kg Khéi luong nude ban du trong dan bay hoi
Mehill ka/s Luu luong nudce lanh
Cs JIkgK Nhiét dung riéng cia nudc
Ct chill JIkgK Nhiét dung riéng cta nudc lanh
Cry JIkgK Nhiét dung riéng cua hoi nude
Cpwm JIkgK Nhiét dung riéng cua thiét bi trao d6i nhiét
Cs JIkgK Nhiét dung riéng cua Silica gel
hrg Jkg Nhiét 4n hoa hoi cta nuée
Qst Jkg Nhiét hap phu
R JIkgK Hing s6 khi
Ea J/kg Nang luong kich hoat
Dso m?/s Hé s6 khuéch tan
L kJ/kg Nhiét an hoa hoi
Rp m Ban kinh hat Silica gel
Tew °C Nhiét d6 nudc lam mat
Thw °C Nhiét d6 nude néng
Teh,in °C Nhiét d6 nude lanh
tcycle S Chu ki 1élm ViéC
Toed °C Nhiét d6 bau hip phu
Teond °C Nhiét d6 bau ngung
Teva °C Nhiét d6 dan bay hoi
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