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NGHIEN cUu UNG DUNG CO CAU LAM LANH BAY HOI VA TACH
AM BANG CHAT HUT AM TRONG PIEU KIEN CUA VIET NAM

L& Chi Hiép
Trudng Pai hoc Bach Khoa — Pai hoc Quéc Gia TP.HCM
(Bai nhdn ngay 06 thdng 2 nam 2002, hoan chinh sita chita ngay 01 thdng 4 nam 2002)

TOM TAT: Trong xu thé tiét kiém ndng lugng va bdo vé¢ moi truong, da va dang co nhiing
thay ddi ddang k€ trong ky thudt diéu hoa khéng khi. M@t trong nhitng thay déi dé la viéc ng
dung cong nghé lam lanh bay hoi va tdch dm bdng chdt hit dm dé diéu hoa khéng khi cho
nhiing toa nha [dn, tap trung nhiéu nguoi nhu nha hdt, hoi truong, siéu thi ... H¢ théng nay
dugc ditng d€ thay thé cho hé théng diéu hoa khong khi sit dung mdy lanh ¢ mdy nén hoi vén
hao t6n rdt nhiéu ndng lugng. Bai bdo trinh bay cdc két qud nghién ciu Iy thuyét hé théng
lam lanh bay hoi va tdch dm béng chdt hit dm trong diéu kign ciia Viét Nam thong qua viéc
xdy dung mé hinh todn hoc ciia cdc qud trinh dién ra trong hé théng. Trén co sé dé, sé tién
hanh cdc thi nghiém trén mdy tinh nham xdc dinh cdc théng sé co bdn phuc vu cho viéc thiét
ké& hé théng, dong thdi — két hgp vdi cdc thi nghigm vé ndng lugng mdt troi — dua ra cdc dé
xudt cu thé vé viéc sit dung ndng liugng mdt troi dé cung cdp nhiét cho h¢ thong.

1. GIOI THIEU CHUNG

Nhugc di€m cd bin clia hé thong diéu hoa khong khi 1am viéc véi may lanh c6 mdy nén
hoi 12 hao t6n rdt nhiéu ning lugng. Ly do, do dic diém cla hé thdng, cin phai truc tiép
gidm nhiét do cla khong khi xudng thap hon nhiét d6 diém dong suong trudc khi cdp vao
khong gian can diéu hoa khéng khi. Bén canh nhugc diém hao t6n rit nhiéu ning lugng,
viéc cung cidp diy di khong khi tudi theo y&u ciu cho nhitng khéng gian réng 16n tip trung
nhiéu ngudi nhu nha hat, hoi trudng, siéu thi .. ciing 12 vain dé cin phdi lvu ¥. Chinh vi
nhiing d4c diém da néu, trong nhitng nim gin diy, d€ diéu hoa khong khi cho nhitng khong
gian néi trén, ngudi ta c6 xu hudng chuyén qua st dung cong nghé lam lanh bay-hoi va tich
4m bling chat hiit im. Do cong nghé nay khong ddi hdi phai trire ti€p ha nhiét do khdng khi
xudng thap hon nhiét d6 di€ém dong suong, cho nén ning lugng ding d€ van hanh hé thdng
gidm di dang k€. Pic biét, do chdt lam viéc 1a khong khi, cong nghé nay td ra rat thich hgp
cho nhitng khéng gian can cung cép lugng gié tuoi 16n va cong nghé nay hoan toan khong
gdy hai cho mdi trudng. |

V& cd bén, hé thdng 1am lanh bay hoi va tdch 4m bing chit hiit m bao gém 2 phin
riéng biét nhau 12 phin Iam lanh bay hoi va phin Iam gidm d6 chifa hai ctia khong khi. D&
thue hién qué trinh 1am lanh bay hdi, c6 thé st dung sd dd loai tryc ti€p, loai gidn tiép va
loai hén hgp. Trong so dd loai truc ti€p, khdng khi s& nha nhiét hién va nhin nhiét 4n, tudng
ing nhiét do khong khi s& ha xudng con d chita hdi thi ting 1én, do d§ chita hoi gia ting
nén so dd ndy khong thich hgp vdi diéu kién khi hiu cda Viét Nam. Trong sd db loai gidn
ti€p, khong khi 1am viéc — hay cdn goi 1a khong khi s cAp — chi nh2 nhiét hién, nhiét hién
do khong khi sd cdp nhd ra s& dugc dong khong khi thif cdp nhan vao & dang nhiét 4n do qu4
trinh 1am lanh bay hoi di€n ra & phia dong khong khi thit cdp, do d6 nhiét do clia dong khong
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khi 1am viéc gidm xudng con dj chita hdi thi dudc gilf khong d8i. Trong so db loai hdn hdp,
théng thudng ngudi ta bé trf cd cdu lam lanh bay hdi loai gidn ti€p trude, sau d6 mai dén cd
c&u 1am lanh bay hdi loai truc ti€p. Can phdi thdy rd ring, cd ciu lam lanh bay hoi néi
chung khd thich hgp cho cdc ving ¢6 khi hau néng va kho. Pdi véi cdc viing ¢ khi hiu néng
va &m nhy Viét Nam, cAn phai nghién cifu tim ra loai sd do thich hgp. Cang vdi cd ciu lam
lanh bay hdi, yéu ciu 1am gidm d6 chi¥a hdi c6 trong khong khi dugc thuc hién bing chat hit
£m. C6 hai loai chat hit 4m : chat hit 4m rdn va chat hit ém 16ng. Hién nay ngudi ta thudng
diing chat hiit ém 16ng hdn vi — so vdi chat hiit £m rin — chat hiit 4m 16ng c6 vu di€m 1a : chi
bling céch thay d6i nhiét do va ndng do cia dung dich, c6 thé thuc hién qué trinh hit Am va
gidi phong 4m mot céch rdt d& dang. Chat hit £m 10ng tu™ng duge ding 12 dung dich
H,0/LiBr va dung dich H,0/CaCl,. LiBr ¢6 tinh 6n dinh cao va .5 khd ning hit 4m kha
dang k€&, tuy nhién gid cd hoi dit. CaCl, c6 gid ré hon, tuy nhién dic diém lam viéc cla
dung dich H,0/CaCl; bi phu thudce vio ndng d6 dung dich va trang thdi ctia khong khi & diu
viio, khi ning hit im cda dung dich CaCl, c6 kém hon vi ap suit hoi nudc trén bé mit hoi
cao hon so vdi trudng hgp cla dung dich H,O/LiBr .

Cong nghé tich 4m bling chat hit &m c6 wu diém 16n 14 c6 thé s dung cdc ngudn
nhiét c6 nhiét th& thap dé€ hoat dong trong qud trinh gidi phong 4m. Chinh dic diém nay tao
ra kha ning st dung ndng ludng mit trdi trong cac hé thong lam lanh bay hdi va tdch Am
bing chat hit 4m.

2. MO HINH TOAN HQC

Phan nay trinh bay mot s8 phudng trinh cd bdn da dugc st dung trong qud trinh xdy dung
mé hinh todn hoc ciia cdc qud trinh dién ra trong hé thong.

Goi ip 12 enthalpy cia dung dich so vdi gid tri gdc tai nhiét do t,, i, 12 enthalpy ciia dung
dich tai nhiét d6 t, va cp 12 nhiét dung riéng clia dung dich, ta ca

ip=cp(t- to ) +1ipo

Khio sit Control Volume cda thap tich &m véi dién tich mat cdt 1m? va chiéu cao AH,

trén cd sd can biing chat ta vit dudc :
AGp = G,.Ad

Vi Gp va G, 1dn lugt 12 luu lugng khdi Iugng (kg/m”.s) ciia dung dich 16ng va clia khong
khi di qua thdp, Ad 1a do bién ddi d6 chita hdi ciia khong khi khi di qua thap. Ung vdi
Control Volume da néu, tif phudng trinh truyén chat ta vi€t dugc :

G,.Ad = -py.My.a. AH

Trong d6, p 12 khi lugng phén ti cla hdi nuée, My 1a luu lugng mol ctia hoi nudc
(kmol/mz.s) va a 12 hé s& dic trung cia Control Volume (m*/m”).

Goi dym va dwmi lan lugt 12 ham lugng hoi nude tinh theo mol (kmol hdi nuéc/kmol khdng
khi) c6 trong khdng khi va co tai bé mit giao ti€p dung dich-khong khi, k, 12 hé sO truyén
chat vé phia khong khi_(kmol/m®.s), ta vi€t dudc :

My, = kq.In[(1-dpi)/(1-dn)]

Ta cling c6 :

dym = d/(d+pe/1a) = pw/Pi

Trong d6, pw v p, 1dn lugt 12 phan 4p sudt cda hai nude va dp suit tdng. Hé s6 truyén

chat k, dugc xdc dinh nhu sau :
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ka = 1,195.Ga{ds.Gu/[pa(1-810)] ) 6.5 0667
Vi : G - Iuu lugng khdi lugng clia khdng khi, kg/s
ds — dudng kinh tuong dudng cda nhiing vat lén trong thdp
Ha — d0 nhdt dong hoc ciia khong khi
€Lo — khodng trong van hanh
Sc — tiéu chudn Schmidt
Tur cdc phuong trinh da néu, ta viét dugc :
-Gy.Ad = (pwk,aAH)In[(1-dyg)/(1-diy)]
Goi Mp 1a Iuu lugng cia dung dich & bé mit giao ti€p (kmol/m’.s), ta c6 :
Mp = kpln[(1-cL)/(1-cLi)]

Trong d6 kp 12 hé s truyén chit vé phia pha 1ng, ¢, va cy; 1dn lugt 1a ndng do mol ciia
nudc trong dung dich va néng do mol ciia nudc trong dung dich tai bé miit giao ti€p (kmol
nude/kmol dung dich). Ta ¢6 :

kD k(pD/l-lD)C
Vi : pp,pp — khdi lugng riéng (kg/m?) va khdi lugng phén tif ciia dung dich, c 12 ndng d6
mudi ¢6 trong dung dich (kg/kg dung dich). Gid trictiakla :
k = 25,1(Dp/ds)(ds.Gp/pa)™*.Scp™?

Trong bi€u thic trén, Dp 12 hé s& khuéch tin ciza pha 16ng, py 12 d6 nhét dong hoc cia
dung dich va Scp 1a tiéu chudn Schmidt vé phia dung dich. K&t hgp cdc phudng trinh di néu,
ta vi€t dugc :

dyi = 1 = (1-dw)[(1-cL)/(1-cei)]p/*y

Goi g, va o, 1a mat d6 dong nhiét va hé s6 tda nhiét doi luu vé phia khong kh1 ta VA t,; 12

nhi€t do khdng khi va nhiét do khong khi tai bé mat giao ti€p, ta c6 :
Qa = 2. (tu — ta)
o'y = pw.My.cw/[1 — exp(-py.My.cy.a/0r,.2)]

V6i: 0ty =1,195.G,.Ca{ds.Ga/[ta(1 - £10)1}1 . (pta.Calha) 57

Phuong trinh cén biing nhiét vé phia khong khi :

Gada — Ga(ia + Aly) + Gu.Ad[Cy(ty — o) + 1) = op.a(t, — t,;).AH

Khi bé qua nhiét phdn wing, gradient nhiét do cia dung dich khi di qua thdp dugc xdc dinh
nhu sau :

Atp/AH = (Ga/Gp.cp){(Ca + Cw-d)(At/AH) + [Cu(ta-to)+1o](Ad/AH)
- [eo(tp-to)+is](Ad/AH) }

3. SO PO LUA CHON VA KET QUA TiNH TOAN

Pic di€ém cla khi hdu Viét Nam 1a khd néng va &m. De ¢6 ¢ sd Iwa chon sd dd, chiing
toi xem trang thdi tiéu chudn cla khéng khi ngoai trdi 1a # = 32 °C va @ = 85%, khong khi
trong khong gian can diéu hoa la t = 25°C vd ¢ = 60% Do d6 chifa hdi clia khong khi khd
cao cho nén khong thé ding cd cdu lam lanh bay hoi loai truc ti€p, ma chi c6 thé ding co
cdu 1am lanh bay hoi loai gidn ti€p (hinh 1). P& tin dung khong khi thai ra tr khong gian
cdn diéu hoa, ta nén sit dung mot phan lugng khong khi nay dé lam khong khi thit cap cho
cd cdu 1am lanh bay hoi loai gidn ti€p, phdn con lai duge ding d€ hoa tron véi khong khi
twoi va cdp lai vao hé thong.

Céc tinh todn cho thdy - trong diéu kién clia Viét Nam — lugng 4m cin phai tich ra khdi
khong khi 1a khd 16n, vao khodng trén 14 g hoi nudc / kg khong khi khé, chinh vi vdy ta nén
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chon dung dich H,O/LiBr d€ 1am nhiém vu tdch 4m. Sau khi tdch &m, ham lugng nwdc c6
trong dung dich s& ting 1én. P& 1am cho dung dich c6 khd ning hit #m nhu Iic ban ddu, cdn
phdi thuc hién qué trinh gidi phéng &m ra khdi dung dich. Céc két qud nghién citu thuc
nghiém [1] khing dinh, trong diéu kién ciia Viét Nam néi chung va ctia t/p H6 Chi Minh néi
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Hinh 3 trinh bay toan b co cdu tich 4m bao gém bd phén gidm 4m va bo phdn gidi
phéng 4m.
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Hinh 3. Cd cdu tdch 4m bing chat hiit 4m 16ng

Céc nghién cttu 1y thuy€t va thuc nghiém [2] cho thdy, dung dich H,O/LiBr hoan toan c6é
thé ddp ng cdc yéu ciu vé tdch 4m trong diéu kién cla Viét Nam. Trén cd sd md hinh todn -
hoc di néu & muc 2, mdt s6 thi nghiém tinh todn da dugc thuc hién trén mdy tinh. Bang 1
dudi day trinh bay céc sd liéu vé do sut gidm dd chita hoi Ad (g hdi nudc / kg khdng khi kho)
ctia khong khi khi di qua b phan gidm 4m md ta & hinh 3.

Bing 1
D¢ sut gidm dj chita hoi ciia khdng khi khi di qua bd phan gidm dm
lam viéc voi dung dich H,O/LiBr
Nhiét dé dung dich,"C 25 30 35 40 45 50 55
Ad, g/ kg 18 Lie 16,8 152 13,8 12 9,7

Ciéc k&t qud tinh todn cho thdy, ddi véi dung dich H,O/LiBr, khi di qua b phin gidm dm
thi nhiét d6 dung dich c6 thé ting thém dén 10°C, trong khi d6 nhiét dd khong khi gia ting
khong ding k&, néi chung khdng nhiéu hon 2°C. Hinh 4 trinh by dd thi bi€u di&n sy bién
d6i nhiét d6 clia dung dich va clia khong khi khi di qua bd phén gidm 4m & dang thdp, trong
trudng hgp nay chiéu cao cla thdp 12 7 m. D€ ddm bdo nhiét d6 dung dich dugc gitt 6n dinh
khi di vao thdp va dé ddm bao hiu qud cta qué trinh 1Am gidm Am, cin phai ti€n hanh cdc
bién phdp gidi nhiét cho dung dich. Do dnh hudng clia qué trinh gidi phong am trudc do,
nhiét dd dung dich di vao bd phan
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Hinh 4. Su bi€n ddi nhiét do ctia dung dich va cta khong khi khi di qua

b6 phén gidm dm dang thdp.

gidm 4am hdi cao hon so vdi gid tri can biing v4i mbi trudng. Trong diéu kién ctia thanh phd
H4 Chi Minh, gi4 tri d6 vao khodng gan 35°C.

So v4i yéu cdu sut gidm do chita hdi di néu & trén, tir cdc s liéu & bang 1, ta thdy néu
nhiét d6 dung dich HO/LiBr di vao thdp khodng 35°C thi hoan toan ¢6 thé théa mdn yéu
cdu. Trong trudng hgp nay, ndng do dung dich H,O/LiBr dugc chon 1a 60 %.

Cic nghién ctfu vé kha ning cdp nudc néng biing ning lugng mat trdsi [1] cho thay, trong
diéu kién cia t/p H Chi Minh, cong suit binh quan cda 1m® collector vao khodng 0,375 kW.
Diéu nay khing dinh c6 thé st dung nang lugng mat tdi d€ cdp nhiét cho qud trinh gidi
phéng 4m. P& dam bdo hiéu qua cia qud trinh di&n ra & bo phan gidm &m, cin lvu § 4 s8
L/G, c6 nghia 1a tf sd gitta luu lwgng dung dich 1éng va Iuu lugng khong khi di qua bd phan
gidm d4m. Bang 2 trinh bay mot vai s& liéu thi nghiém tinh todn vé dnh hudng clia ti s6 L/G
dén do sut gidm do chita hdi Ad clia khong khi khi di qua thdp (ndng do va nhiét d cila
dung dich H,O/LiBr lan lugt 1a 60 % va 30°C).

Bang 2

Ti s6 L/IG 0,5-1 0,75 1 1951 19 1175 2 4251 29 1239

Ad, g /kg 12. 11381154 | 162 | 168.1 17 | 17,1 1172 |.17,2:] 17,2

Tir k&t qua clia bang 2, ta thi'y khong nén ting ti s6 L/G vugt qud 2,25 vi diéu d6 khong
gitip ich gi cho viéc gia ting do sut gidm d§ chifa hoi cia dong khdng khi lam viéc.

Nhu di néi & trén, ddi vdi cd cdu lam lanh bay hdi loai gidn ti€p, nhiét lugng ma dong
khong khi lam viéc — hay dong khdng khi sd cdp — nha ra chi bao gdm nhiét hién. Hinh 5
trinh bay db thi t-d cla qud trinh bién ddi trang thdi ciia khong khi khi di qua bd phén gidm
4m (qud trinh 1-2), va qud trinh bi€n ddi trang thai ctia khong khi khi di qua cd cdu lam lanh
bay hoi loai gidn ti€p (qud trinh 2-3). PE 18y di phu tdi nhiét 4n va nhigt hién cia khong
gian can diéu hda, nhiét d§ va dg chita hoi ctia diém 3 phdi nhd hon nhiét d va d§ chia hoi
ciia diém 4, trong d6 diém 4 bidu dién trang thdi cda khong khi trong khong gian cdn diéu
hoa.
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Hinh 5. Bién doi trang thdi ciia khéng khi dm

Cdc nghién citu chi ra ring, gid trj t; khong thé nao nhd hon nhiét do nhiét k& udt ting vdi
khong khi & trang thdi 4, c6 nghia 12 khong thé nhd hon 19°C. Trong khi dé, tir cdc sd liéu &
bdng 1, gid tri nhd nhét cha d; 12 8,7 g / kg khong khi khé.

Trén cd sd cdc s6 liéu da néu, ta c6 thé x4c dinh duge viing bién ddi trang thai ciia diém
3, tifc 12 trang thdi khong khi cin dugc x{ Iy trudc khi cip vao khong gian cin didu hoa. Nhu
vdy, nhiét d6 cia di€ém 3 bién ddi trong khodng tit 19°C d&n 25°C, con do chita hoi ciia diém
3 bi€n ddi trong khodng tir 8,7 g/kg dén 12 g/kg. Ung véi trang thdi t6i han 19°C va 8,7 g/k,
ndng suat don vi d€ gidi phong phu tdi nhiét trong khong gian cin didu hoa 1a 13,5 kJ/kg
khong khi khé va hé sd RSHF tudng tng 1 0,45.

4. KET LUAN

Trén cd sd nhitng k€t qud da néu § trén, c6 thé k&t ludn ring viée ing dung cd cdu lam
lanh bay hdi va tich 4m biing chit hit Am trong diéu kién ctia Viét Nam 13 hoan todn ¢ tinh
kha thi. Viéc dp dung hé thdng ndy dé€ diéu hoa khong khi cho nhitng khong gian ¢ phu téi
Idn, c¢6 nhiéu ngudi, c6 yéu cdu cao vé lugng gi6 tudi va c6 hé s6 RSHF nhd s& mang lai
nhitng 1gi ich vé mat moi trudng va ti€t kiém dién ning. Khi thi€t k& hé thdng can luu §
nhitng s3 liéu da dugc xdc dinh va trinh bay trong muc 3. Cd cdu lam lanh bay hdi va tach
am biing chat hit m dng dung trong diéu kién Viét Nam nén ¢6 cdc dic di€m sau :

- Chat hit 4m 16ng duge ding 1a dung dich HyO/LiBr vdi ti 56 L/G nén trong khodng tit
1,75 dén 2.

- Gidi phéng &m biing nudc néng mit trdfi véi nhiét do trung binh khodng 60°C, cong’
sudt cip nhiét trung binh ctia collector vao khodng 0,375 kW/mZcollector.

- Cdcdu lam lanh bay hoi thugc loai gidn ti€p, trong d6 khong khi hdi duge sit dung mot
phan lam khong khi thit cdp, mdt phin lam khong khi hoa tron vdi khong khi tudi.
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STUDY ON THE APPLICATION OF EVAPORATIVE COOLING AND
DESICCANT SYSTEMS IN CONDITIONS OF VIETNAM

Le Chi Hiep
University of Technolgy — Vietnam National University HoChiMinh City
(Received 06 February 2002, Revised 01 April 2002)

ABSTRACT: Due to the current trend of energy saving and environmental protection, there
have been changes in air conditioning engineering design. Among them, evaporative cooling
and desiccant systems applied in large and crowded spaces such as theatres, conference
rooms and supermarkets, building,... are considered as the main solution used to replace the
vapour compression systems which require higher energy consumption. The article presents
the simulation of processes taking place in evaporative cooling and desiccant systems, based
on the simulation of some main properties that have been determined in the conditions of
Vietnam.
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