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NGHIEN CUU TONG QUAN VE GIAI PHAP KY THUAT
TIET KIEM NANG LUONG CHO HE THONG HVAC

RESEARCH ON OVERVIEW ENERGY SAVING TECHNICAL SOLUTIONS FOR HVAC SYSTEMS

TOM TAT

Hé thng HVAC ¢ vai tro quan trong trong doi song, san xuét cia con nguoi
va cling Ia ngudn tiéu thy nang lwgng chd yéu. Do do, viéc tiét kiém duoc vai
phan tram chi phi nang Iveng cho hé thong HVAC cling ¢6 y nghfa I6n. Bai bdo
nay, trinh bay nghién clu tong quan cac giai phap ky thuét tiét kiém nang lrong
cho hé thong HVAC va kha nang tiét kiém ctia cac giai phap. Tl do, gilp ching ta
06 thé lya chon duoc giai phap tiét kiém nang Irong phl hop voi hé thang HVAC
cu thé.

Tir khoa: Hé thong HVAC, tiét kiém nang lueng, gidi phap ky thuét.

ABSTRACT

HVAC systems have an important role in production, the life of human and
consumption and its consumes energy sources mainly. Therefore, just a few
percent savings in energy costs for HVAC systems also have great significance.
This paper presents, research on overview energy saving technical solutions for
HVAC systems and the possibility energy saving of solutions. We can help select
energy saving solutions matching specific HVAC systems.
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1.DAT VAN BE

Hé théng swéi am, thdng gi6é va diéu hoa khdng khi
(HVAC - Heat, Ventilation and Air Conditioning) déng vai
tro quan trong trong ddm bao diéu kién séng, sv thodi mai
cho con nguoi dé séng, sinh hoat va lam viéc. Hé thong
HVAC la mét trong nhitng nguoén tiéu thu nang luvgng l6n
trong céc toa nha.

Theo [1] gan 50% nhu cau nang lvgng dwgc st dung
cho viéc cung cép tién nghi nhiét trong nha & cac tda nha
thuong mai. O My, hé théng HVAC chiém hon 50% nang
lvong st dung cho céc toa nha [2]. O Australia, 70% dién
nang tiéu thu trong cac tdoa nha khéng phuc vu nhu cau &
la st dung cho hé théng HVAC [3]. Tai An D9, cac hé théng
diéu hoa khéng khi chiém 32% lvgng dién tiéu thu trong
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cac toa nha [4]. Tai HOng Kong, diéu hoa khdng khi va hé
thong lam lanh chiém 33% vao nam 2006 [5]. Hon 70%
nang lwong tiéu thu trong cac toa nha la dé st dung cho hé
thong lam mét & Trung Bong [6].

Viéc phat trién hé thong HVAC trong khu dan cu, toa
nha thuong mai, céng nghiép da dan dén sy gia tang I6n
trong s dung nang luvgng, dac biét trong cac thang mua
he. Vi vay, chi can tiét kiém dwoc vai phan tram chi phi nang
lvgng trong cac hé thong HVAC da mang lai hiéu qua kinh
té - xa hoi to Ién nhu: giam chi phi tién mua dién, giam
lvgng khai thac nhién liéu hoa thach, giam 6 nhiém moi
trwong do qua trinh s&n xuat dién tir nhién liéu hoéa thach
gayra,...

Bai bao gidi thiéu cac giai phap k§ thuat nhdm nang cao
hiéu qua sir dung nang lvong va tiét kiém nang lvgng cho
hé thong HVAC. Qua d6 gilp chdng ta ¢ cai nhin tong
guan vé tiét kiém nang lvong trong hé théng HVAC va hiéu
gua cla tlrng giai phap mang lai.

2. PHAN LOAI CAC GIAI PHAP KY THUAT TIET KIEM
NANG LUONG CHO HE THONG HVAC

Trong nghién cru nay, nhém tac gia phan loai cac giai
phéap ky thuat tiét kitm nang lvong cho hé théng HVAC
nhv hinh 1.
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Hinh 1. Phén loai cac gii phap kj thuat trong nghién ctu
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No6i dung ti€p theo clia bai bdo, nhdm tac gia sé di tim
hi€u, nghién ciu cong nghé, kha nang tiét kiém nang
lvgng cho hé théng HVAC cula cac giai phap.

3. GIAI PHAP SU DUNG CONG NGHE BAY HOI LAM MAT

Cong nghé bay hoi lam mat cung cdp nhiét qua viéc
trao d6i nhiét &n clia m6i chat (nwdc). Tuy nhién, nhiét do
thdp nhat cta hé thong co thé dat duwoc dén l1a nhiét do
bau uot ciia khdng khi bén ngoai. Nhiét do khéng khi cung
cdp sau khi lam mat bang hé théng bay hoi lam mat nam &
gan vuing bién tién nghi nhiét. Va co thé tang Ién vai do
trén qua trinh cung cap vao phong, khi dé nhiét d6 s& nam
ngoai vung tién nghi nhiét. Do vay, phai két hop hé thong
bay hoi lam mat vai mot hé thong HVAC dé cai thién hiéu
sudt clia hé thdng HVAC va dam bao cac yéu cau veé tién
nghi nhiét theo tiéu chuan. Giai phap nay dwgc chia thanh
hai loai; (1) s dung trong giai doan lam lanh khéng khi
cung cép; (2) st dung dé giai nhiét dan nguwng cla hé
théng HVAC.

3.1. S dung trong giai doan lam lanh khéng khi cung
cap

Khalajzadeh va cs [7] nghién clru céc trang théai nhiét
cla hé thdng bay hoi lam mét gian tiép (IEC) khi két hop véi
b6 trao doi nhiét dia nhiét va bd dan dng lam mat (CCU),
mé hinh duoc thé hién & hinh 2.
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Hinh 2. M6 hinh hé thdng IEC két hop b trao ddi nhiét dia nhiét va CCU [7]

Trong hé thdng nay, nwéc lam méat cung cédp cho bo
CCU tir bo trao d6i nhiét dia nhiét dé lam mat khéng khi
trwée khi vao bd IEC. Két qua cho thay, hé thdng cé hiéu
qué cao ma van dap (rng duoc diéu kién tién nghi nhiét.

Vakiloroaya va cs [8] nghién cttu kha nang tang hiéu qua
cho hé théng bay hoi lam mat bang cach tich hop céc thiét
bi trao déi nhiét khéng khi - khéng khi va dan lanh voi qua
trinh bay hoi lam mét truc ti€p (DEC). Trong hé théng nay,
ban dau khdng khi dwoc lam lanh téi trang thai yéu céau
thich hop (khong can bd sung dé dm & giai doan sau).
Trong giai doan dau, bé trao doi nhiét khéng khi - khéng
khi duoc st dung dé lam gidm nhiét d6 bau kho ctia khong
khi vao dan lanh. Diéu nay co6 thé dugc thuc hién nho sy
trao doi nhiét gitra ludng khong khi hdi trong nha va khéng
khi cung cdp bén ngoai. Giai doan sau, khéng khi ti€p tuc
dwoc lam méat & dan lanh. Dan lanh dwoc cung cip nuéc
lanh tir thap lam mat. Sau d6, khong khi di qua hé théng

DEC dé dat nhiét do thdp hon. Do dé, trong hé thong nay,
nhiét do thap nhat thu duoc cé thé thip hon so véi nhiét
dd bau uwét ctiia khdng khi bén ngoai. So sanh véi thdng s6
duoc giam sat cia mot hé théng lam mat trung tam |13p dat
tai toa nha thuong mai thuc té trong diéu kién tiét kiém
nang lugng va nhiét nang cho thay, hé théng nay cé tiém
nang tiét kiém nang luvgng 1én dén 52% ma van duy tri
dwoc cac diéu kién tién nghi nhiét trong nha.

Khandelwal va cs [9] danh gia tiém nang cla viéc gidm
tiéu thu ndng lvong clia mot hé théng lam mat trung tam
bang cach két hop véi cong nghé bay hoi Iam mat téi sinh.
Phuong phap nay da duwoc gidi thiéu béi Lahoti va cs [10],
dugc thé hién & hinh 3. K&t qua cho thay, hé théng dé xuit
da tiét kiem dwoc 15,69% nang lwgng so véi hé théng c.
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Hinh 3. H& thdng lam mat trung tAm két hop v6i cdng nghé bay hoi lam mét
téi sinh [10]

Delfani va cs [11] nghién ctu anh huéng cla viéc két
hop cac bd IEC véi hé théng diéu hoa khong khi dén lvong
dién tiéu thu. Trong hé théng nay, khong khi dwgc lam mat
bang bé IEC trudc khi vao dan lanh nhw hinh 4. K&t qua cho
thay, khi st dung bd IEC c6 thé gidm nhiét tai dén 75%, dan
dén gidm lugng dién nang tiéu thu 55% cho hé théng diéu
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Hinh 4. Hé thGng bay hoi gian ti€p trong hé thng diéu hoa khdng khi [11]
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3.2. S dung dé giai nhiét dan nguwng ctia hé théng
HVAC

Céac hé thdng diéu hoa khéng khi st dung may nén hoi
co khi tiéu thu mét lwgng 16n dién nang. B6i v6i cac hé
théng diéu hoa khéng khi st dung dan ngung lam mat
bang khong khi khi nhiét do khoéng khi lam mat dan ngung
tang dén nhiét do tai bé mat dan ngwng thi khéng khi lam
mat khong thé nhan thém nhiét thai nén viéc tiang chi s6
hiéu qua nang lugng (COP) sé gap nhiéu khoé khan. Khi
nhiét do ngung tu giam, ap suat ngung tu gidm cho phép
may nén khdng chay thuong xuyén, qua dé sé tiét kiém
dugc dién nang sir dung dé chay may nén. Giai phap bay
hoi lam mat khéng khi trwéc khi vao dan ngwng giai nhiét
gio sé lam tang kha nang gidi nhiét, qua dé nang cao hiéu
quad, ti€t kiém nang lvong cho hé théng.

Hajidavalloo va Eghtedari [12] tién hanh danh gia, do
lwdng hiéu qua clia bd lam mat bay hoi 1dp thém vao dan
ngung lam mat bang khéng khi & nhiét dé mai truong dén
49°C (hinh 5). M6t hé théng tuan hoan nwéc gdm mot bom
nuéc, mot binh chira, dudng 6ng cung cdp nwéc cho tdm
dém bay hoi & phia truéc dan ngeng lam mat bang khoéng
khi duoc 1ap thém vao dan ngung. Nuéc duoc cdp cho tdm
dém qua cac voi phun nho, khi khong khi lam mat di qua
tdm dém lam nuéc trong tdm dém bay hoi, khéng khi lam
mat gidm nhiét do va di vao dan ngung. Khéng khi nhan
dwoc nhiéu nhiét thai hon tr dan ngwng lam ti Ié nén cla
may nén giam dan dén giam dién ning tiéu thu. Két qua
cho thay, nang lugng tiéu thu gidm dén 20% va chi s6 COP
cai thién khoang 50%.
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Hinh 5. M6 hinh I&p thém hé thong bay hoi lam mat khong khi trude dan
ngung gidi nhiét bang khdng khi ciia hé théing digu hoa khong khi [12]

Yu va Chan [13] tinh toan chi s COP cla hé thong lanh
lam mat dan ngung bang khéng khi st dung phun suong
lam mat khdng khi truée khi vao dan ngung (hinh 6). Két
gua uéc tinh gidm 18% dién nang tiéu thu hang nam so voi
hé thong ci.
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Hinh 6. Dan 8ng va voi phun 1am mét dan ngung gidi nhiét bang khong khi
clia mat hé thong diéu hoa chiller[13]

4. GIAI PHAP BDIEU HOA KHONG KHi BIA NHIET KET HOP

Cong nghé dia nhiét két hop duva trén thuc té la long
trai dat c6 nhiét dé nhat dinh, vao mua hée nhiét dé thap
hon nhiét dd khéng khi, vao mua déng nhiét dé cao hon
nhiét do khong khi. O ché dd lam mat, nhiét hoat dong
dwoc cung cdp tir mot bo tan nhiét trong long dat noi cé
nhiét dé thap hon nhiét dd khdng khi bén ngoai, & ché do
swdi am, nhiét swai sé dugce lay tlr nhiét do trong long dét,
noi nhiét dd cao hon nhiét dé khong khi bén ngoai.

Theo Hwang Y. va cs [14], COP clia bom nhiét dia nhiét
(GSHP - Ground Source Heat Pump) cao hon so véi bom
nhiét ngudn nhiét khéng khi la 74%, do gidm nhiét do
ngwng tu trong hé thdng GSHP. Theo [15], khi so sanh hé
théng GSHP véi bom nhiét ngudn nhiét khong khi cho mét
toa nha, két qua cho thay trong khi chi phi ban dau cho
GSHP cao hon so voi bom nhiét ngudn nhiét khéng khi
nhwng chi phi van hanh ctia GSHP ¢ thé giam duoc 55,8%.
Céc thiét bj trao ddi nhiét dia nhiét c6 chi phi 1&p dit cao,
lam tang chi phi ban dau ctia hé théng 1én 20-30% [16] va
chi phi von ban dau tang tir 30-50% so véi hé théng dung
ngudn nhiét khong khi [17].

Magraner va cs [18] danh gia hiéu suat nang lvgng dai
han bang thuc nghiém ctia moét hé théng bom nhiét dia
nhiét v6i dv doan tir mét bién phap thiét ké str dung cong
cu tinh toan TRNSYS. Hé théng dia nhiét bao gdbm mét bom
nhiét nwdc c6 thé dao chiéu vai cong sudt lanh danh nghia
la 159kW va cong suét sudi dm (nhiét) danh nghia la
19,3kW, mot thiét bi trao d6i nhiét thang ding va hé théng
thay luc. BO trao déi nhiét thang dirng dwoc tao thanh bai 6
16 khoan sau 50m trong mot ving dét hinh chir nhat, véi 2
16 khoan & canh ngén va 3 16 khoan & canh dai. Hiéu qua
nang lugng bom nhiét dia nhiét duoc tinh toan bang cach
str dung cac phép do tic thoi nhiét do, lvu lvgng va dién
nang tiéu thu. Két qua cho thay, hiéu sudt danh nghia cta
bom nhiét la dai lwgng anh huéng Ié6n nhat dén cac dw
doan hiéu suat nang lvong.

Gasparella va cs [19] dua ra mot hé théng lam mat két
hop mét bom nhiét dia nhiét véi mot bd xi ly chat hat am.
Trong thiét ké nay, hé théng hat am clia dwdng 6ng khdng
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khi théng gio co thé diéu khién nhiét do6 vao mua hé trong
khi b trao ddi nhiét dang 16 khoan dwoc st dung dé dap
(rng tai lanh hop ly. Vao mua déng, bd x& Iy &m cé thé hoat
déng & mrc nhiét dé cao hgp ly cho phép va nhiét an hoi
nhiét. K&t qua cho thay, tiét kiem nang lugng so cép
khoang 30% moi ndm so véi hé théng HVAC thuong voi
cung cdp nude nong bang dét khi ga va lam lanh bang may
lam lanh nén hoi. Hé thong dwgc trinh bay & hinh 7.
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Hinh 7. So do két hop clia hom nhiét dia nhiét va bd x Iy chat hit 4m [19]

Inalli va Esen [20] phan tich hiéu sudt cila mot GSHP
nam ngang v&i R22 la moi chét lanh cho ché do sudi &m.
Anh huéng ciia cac thong s6 hé théng khac nhau nhu
chiéu sau 1&p dat bo trao ddi nhiét va ty Ié dung dich nwoc
chdng dong trong lvu lvgng nuwdc chay da dwoc kiém tra
trén COP clia hé théng. COP trung binh ctla GSHP duoc xac
dinh 22,66 va 2,81 & tuong 'ng 1m va 2m dd sau.

b) So 6 hoat déng miia ddng

5. GIAI PHAP SU' DUNG HE THONG TiCH TRU NHIET

Hé théng tich trlr nhiét nham muc dich gidm chi phi
nang lvgng st dung cho hé théng HVAC & thoi ky cao diém
xubng. Nang lwvgng dé lam mat duoc lvu trlr & nhiét do
thap hon 20°C, nang lvgng dé swai am duoc lvu trir & nhiét
doé trén 20°C [21]. Hé thong tich trir nhiét lam mat duwoc
phan loai theo cach thirc truyén nhiét nhw hinh 8.

Tich trlr nhiét bang va nwdc lanh |a hai loai ph6 bién
nhat, trong hé théng nay da, nwéc lanh dugec tich tri trong
bé dé phuc vu lam mat toa nha trong thoi gian dién cao
diém. Toan bd hé thong tich trir nwdc lanh c6 thé lam giam
lvgng dién tiéu thu cho lam mat trong gid cao diém bang
80-90% so voi hé théng lam mat théng thuong [22]. Hé
thong tich tri* nhiét khdng nhat thiét phai ti€t kiém nang
lvong nhwng ¢é thé lam giam dang ké chi phi nang lvong.
Theo Chaichana va cs [23], khi so sanh hé thong lam méat
thong thwong va hé thong lam mat cé tich trir nhiét cho
thay, hé thong co6 tich trir nhiét cé thé lam giam 5% miic
tiéu thu nang lwvgng nhwng cé thé tiét kiém dén 55% chi
phi dién ning lam mat mdi thang.

Rahman va cs [21] trinh bay tinh kha thi vé k¥ thuat va
kinh té clia hé théng bé tich tri¥ nhiét trong mot toa nha &
vuing can nhiét d6i Queenland (Australia). Ho thay rang, hé
thong tich trir nhiét két hop voi hé thdng lam mat khoéng
khi thong thuong la lva chon pha hop, tiém nang tiét kiém
nang lugng cé thé 1eén dén 61,9%.

Hé thdng tich tri lanh cling duoc st dung cho muc dich
phan phdi khéng khi, cho phép lam mat bang khong khi &
nhiét d6 thap hon, diéu nay lam gidm 30-40% nhu cau dién
do quat va tiéu thu nang lvgng [24]. Van dé nay da duoc
Stritih va Butala [25] trinh bay trong m6t thi nghiém lam
mat toa nha sr dung tich tri lanh trong vat liéu chuyén pha
vao ban dém. Trong hé théng nay, str dung paraffin tich tri
lanh va ndm trong 6ng gi6 dé khong khi tich trir lanh vao
ban dém. Vao ban ngay, khong khi néng qua 6ng gi6 va
dwoc lam mat do sw tan chay cla paraffin. Kt qua cho thay,
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phuong phap nay ¢é thé giam nang lwong can thiét lam
mét cho tda nha.

Nagano va cs [26] dé xuat hé thdng diéu hoa khong khi
lam mat san, trong do6 vat liéu tich trir nhiét an dang hat
duwoc st dung la cac hat bot thay tinh véi sap paraffin. Nhu
hinh 9, trong hé thdng nay, nhiét dd khdng khi cap vao tlr
du6i san khdng gian diéu hoa gidm xuéng nho cac hat tich
tri® nhiét. K&t qua moé phéng cho mot toa nha van phong
chi ra rang 89% tai lanh lam mat hang ngay cé thé dwoc
tich trir moi dém bdi hé théng st dung mot tdm day 30mm
hat tich trir nhiét.
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Hinh 9. M6 hinh Iam mét san bang t&m tich trit nhiét bot thy tinh va sép
paraffin [26]

Huang va cs [27] nghién ctru hiéu suat nhiét cia “pin” sk
dung trong tich trir bang cda hé théng diéu hoa khéng khi
nhw mét bo lam lanh phu. Trong thiét ké, bé chira bao gom
céc 6ng cb canh, bd nap va thiét bj trao déi nhiét, cac bé
chira chira day nwéc. M6i chat R22 nhiét do thap di vao
thiét bi trao d6i nhiét va thuc hién trao ddi nhiét véi nuwéc.
Sau khi trao déi nhiét véi moi chat R22, nudc trong bé tré
thanh dang bang tich trlr va la bd lam lanh phu cho hé
thong diéu hoa khong khi. Két qua cho thay, hé thong nay
c6 thé cung cap hon 28% cong suét lanh va COP tang 8%.
6. GIAI PHAP SU' DUNG HE THONG THU HOI NHIET

Trong hé thdng diéu hoa khong khi trung tam, lugng
khong khi tuoi cap vao phong phu thudc vao néng doé chat
6 nhiém trong nha, théng thwong ty 18 khéng khi tvoi cap
vao khoang 10 + 30% [28]. Luong khdng khi twoi cip vao
phong cé thé chiém khoang 50% ton that nhiét [29,30]. Hé
thong thu hoi nhiét duoc st dung véi muc dich tan dung
nhiét thai, giam chi phi van hanh bang céch trao déi nhiét
gitra khong khi thai lanh va khdng khi tuoi cap. Viéc trao doi
nhiét nay cé thé duoc thic hién nho cac thiét bi dang tdm
cd dinh, banh xe quay, 6ng nhiét, cuén day/dan chay vong.
Nhiét va 8m phuc hdi dugc co thé tiét kiém khoang
70 + 90% ning luvgng va duoc st dung dé lam mat, khit &m
khong khi twoi [31].

Nasif va cs [32] nghién cru viéc tiéu thu nang lvgng
clla mot may diéu hoa khong khi két hgp mot b trao doi
nhiét entanpi/mang v&i may diéu hoa khdng khi théng
thudng. Ho théy rang, véi khi hau &m w6t nang lugng
hang nam cé thé tiét kiém dwoc khoang 8% khi st dung
b6 trao d6i nhiét mang.
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Anh hudng ctia bd thu hdi nhiét théng gié dén nang
lrgng tiéu thu cho lam lanh va swéi &m hang nam da duoc
Rasouli va cs [33] nghién c(ru tai 10 tda nha van phong. Két
qua chi ra rang c6 khoang 20 + 40% nang lvgng tiéu thu dé
lam lanh va swdi &m hang ndm cé thé tiét kiém duoc.

Delfani va cs [34] tién hanh danh gia thuc nghiém bén
loai diéu hoa khong khi: loai thir nhéat, dan lanh lam lanh
khdng khi trong phong, ty 1é khong khi tuoi cap 30%, khdng
thu hoi nhiét; loai thi hai, khong khi dwgc lam mat triée khi
vao dan lanh bang thiét bi trao d&i nhiét, sau khi qua dan
lanh khéng khi di qua phan thir hai clia thiét bi trao d6i nhiét
dé tang nhiét do; loai thi* ba, khong khi hdi duwoc str dung dé
lam mat so bd khdng khi bén ngoai trwéc khi vao dan lanh;
loai th? tw, str dung thiét bi thu hoi nhiét dé lam mat khéng
khi bén ngoai. K&t qua cho thdy, loai tht tv tiéu thu it hon
loai th* ba 32% nang lvgng & vang néng am, loai thi hai
tiéu thu nang lvgng it hon loai thir nhéat 12%.

Wallin va cs [35] so sanh ba hé théng st dung thiét bi
thu hoi nhiét thdng gié c6 cac cudn day & Stockhom (Thuy
Dién): i) hé théng thu hoi nhiét c6 cac cudbn day, ii) hé
théng thu hoi nhiét c6 cac cudn day trang bi thém bom
nhiét 3 tang on/off; iii) hé thdng thu hdi nhiét c6 cac cudn
day trang bi thém bom nhiét c6 cong suét bién thién. Két
qua mo6 phéng cho thay, hang nam hé théng c6 trang bi
thém bom nhiét 3 tang on/off ty |1é thu hoi nhiét tang 47 +
65%, hé thong trang bi thém bom nhiét c6 cdng suét bién
thién thi ty I& thu hoi nhiét tdng 47 + 66%.

Mahmud va cs [36] xay dung va chay thit hé théng trao
déi nang lvgng mang chay xung quanh (RAMEE) (rng dung
trong hé thdng HVAC, bao gom hai b6 trao déi nang lugng
mang léng - khong khi chay nguoc chiéu chéo nhau, trong
doé mot I&p mang x6p rat nho tach biét dong khdng khi va
dung dich hat &m (hinh 10). Hé théng nay nam trong dong
khong khi cdp va thai clia toa nha. Hé théng nay trao doi
nang lwvong an va hién gitta dong khéng khi cap va xa bang
phuwong phap hat &m. Téng hiéu qua nang lvgng toi da clia
hé thdng nay khoang 55%.
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Hinh 10. M@ hinh hé thong HVAC st dung bo LAMEE [36]
7. GIAI PHAP SU DUNG BO TRAO BOI NHIET ONG NHIET

Ong nhiét 1a thiét bi truyén nhiét hiéu qua cao, hoat
déng 6n dinh va kha nang van chuyén mot lugng Ién nhiét
trén mot khodng céach tvong doi xa véi do chénh léch nhiét
dd nho. Thiét ké don gidn va linh hoat clia 6ng nhiét la ly
do &ng nhiét dwoc tng dung rong réi trong lam mat thiét

LAMEE thai
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bi dién tl, thiét bi thu nhiét nang lvgng mat troi, thiét bi
tan dung nhiét thai, thiét bj tich trlr nang lvgng va dac biét
dwoc (ng dung trong linh viec diéu hoa khong khi.

Trong hé théng diéu hoa khong khi, bd trao doi nhiét
ong nhiét (Heat Pipe Heat Exchangers - HPHEX) ¢6 thé dugc
slr dung: i) trao d6i nhiét gitra khong khi tuoi bén ngoai cap
vao khéng gian diéu hoa véi khong khi lanh théi tr phong
ra ngoai (hoat dong giong nhv mot bod thu hoi nhiét); ii)
tang cwong kha nang khir &am va lam mat cla dan lanh,
dong thoi tiét kiem nang lugng cda bd gia nhiét sau dan
lanh (dan lanh hé théng diéu hoa nam gitra phan ngung tu
va phan bay hoi ctia 6ng nhiét) [37].

i) Trao d6i nhiét gira khong khi twoi bén ngoai cdp vao
khong gian digu hoa voi khdng khi lanh thai tir phong ra
ngoai (hoat ddng gidng nh mot bd thu hoi nhiét)

Jadhav T. S. va Lele M. M. [37] ti€én hanh danh gia kha
nang tiét kiém nang lvong, phu hop voi diéu kién khi hau khi
st dung bd HPHEX tai 25 thanh phd & An 6. Mot bd HPHEX
gbm 6 hang ong duoc sir dung dé phan tich (hinh 11). Két
qua diéu tra, phan tich, danh gia cho thdy, kha nang tiét kiém
nang lvong cla gidi phap nay dat hiéu qua cao déi voi cac
vuing c6 khi hau néng vakho, am ap va am wét.

HPHEX

Khdng khi thai ra ngoai ﬁ Khong khi lanh thai vao

Khong khi di vao dan lanh
clia b AHU

Khéng khi né =
bn ngoivio. R

Hinh 11. M hinh s dung hd HPHEX gitta khdng khi twoi cap va khong khi
lanh thai [37]

Ahmadzadehtalatapeh M. [38] nghién clru danh gia kha
nang tiét kiém nang lvong clia bd HPHEX nhiy mot thiét bi
hoi nhiét trong hé thdng diéu hoa khdng khi & viing nhiét
déi, véi md hinh nhu hinh 12.
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Thiét bi ldy tin
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Hinh 12. Md hinh st dung bd HPHEx clla Ahmadzadehtalatapeh M. [38]

BO HPHEX 2, 4, 6, 8 hang duoc 1&p vao hé théng diéu
hoa khong khi ¢ tong céng sudt lanh la 9390 kW, ¢ 5,5
kKW cdng sudat suwdi dién. Két qua danh gia dwoc do trong 1
tuan (168 gi®) véi nhiét dd ngoai troi dao dong tr 25°C +
35°%C, d0 4m dao dong tir 36% + 93%. Mirc nhiét trong
phong duy tri & 24°C, tdc do gi6 2m/s. Kt qua cho thay, déi

véi b0 HPHEXx 2 hang ong c6 thé tiét kiém dugc 2885
kWh/ndm va sé tang Ién 7023 kWh/nam néu st dung bo
HPHEXx 8 hang 6ng.

ii) Tang cwong kha nang khir &m va lam mat ctia dan lanh,
dong thoi tiét kiém nang luvgng cda bd gia nhiét sau dan lanh
(dan lanh hé théng dieu hoa ndm gitta phan ngung tu va
phan bay hoi ctia 6ng nhiét)

Yau Y. H. [39] l&p dat 6ng nhiét vao hé théng (hinh 13)
dé khao sat, danh gia kha nang khr &m va tiét kiém nang
lvgng. Két qua cho thdy, & diéu kién méi truong xung
quanh c6 nhiét dé trung binh 32°C, d6 d4m twong déi 58%
va lru lvong khong khi la 2,2 kg/m?.s voi tong tai lam mat la
58,5 kW c0 thé tiét kiém duoc 14,4 kW néu ldp thém bd
HPHEX vao hé théng (hinh 14).
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a) khdng st dung b HPHEx b) khi st dung b HPHEx
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Jouhara [40] tién hanh danh gid kha nang tiét kiém
nang luong ciia bd HPHEX khi 13p vao hé théng diéu hoa
khéng khi nhu hinh 15. Véi lvu lwgng khoéng khi di qua dan
lanh la 1 kg/s, két qua cho thay khi s dung bd HPHEX tiét
kiém dwoc 5 kW cong suat dan lanh (47 KW so v6i 52 kW,
khoang gan 10%) va khong phai st dung bo sdy c6 céng
sudt dién 7,2 kw duoc thé hién trén hinh 16.
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HPHEx Dan lanh
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Hinh 15. So d0 Ip dt bd HPHEX clia Jouhara [40]
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Lwu lwong
khong khi
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Hinh 16. B0 thi qué trinh ctia khong khi trong nghién ciu clia Jouhara [40]
a) khdng st dung b HPHExX b) khi st dung b HPHEX

Hinh 17. Bo HPHEX trong th( nghiém clia Jouhara va Meskimmon & ché do
sdy [41]

Pong thoi, Jouhara va Meskimmon [41] danh gia kha
nang tiét kiém nang lvgng va quan hé gitra hiéu qua nang
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lvgng va téc dé cla ludbng khdng khi & ché do sudi khi lap
thém bd HPHEX (hinh 17) mot hang véi bay vong lap st
dung moi chat R134a. Ho da st dung mot bd sy dién 15
kW dét gitra bd HPHEX thay cho dan lanh (hinh 18). Két qua
cho thdy, hiéu qua nang lvgng tang khi téc do ludng khéng
khi tang, lgi ich tlr viéc tiét kiém nang lugng cé thé tra thém
01 thang chi phi tién dién ctia hé thong.

et R Cap nhiét do
Bb suoi dién Phan bay hoi cia

ong nhiét N

Phén ngung ciia
ong nhiét <

Dong khéng khi |
Too°C 3
B6 cam bién nhiét do

Tam ngan téa nhigt

Hinh 18. M6 hinh b3 tri thi nghiém clia Jouhara va Meskimmon & ché do
sdy [41]

Naphon [42] tinh
toan hiéu suat ciia mot
diéu hoa 12.000 BTU/h
khi két hop véi bd 3 6ng
nhiét tregc dan ngung tu
(hinh 19). Cac 6ng nhiét
ché tao tlr cac 6ng thang
c6 chieu dai 600mm,
dwong kinh 10mm, phan
ngwng O6ng nhiét dat
trong binh nuwéc. Khi
nhiét d6 trong nha gilr &
25 + 26°C, két qua co thé
lam tang COP hé théng
6,4%, tang hé sO hiéu
gua nang lvgng 17,5%.
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Hinh 19. Md hinh digu hoa I&p thém bo 3 6ng nhiét trude dan ngung tu [42]
8. MOT SO GIAI PHAP KHAC

Hao va cs [43] thiét ké hé thdng két hop gitta phuong
phép lam lanh tran véi thay di vi tri clia thong gid, khir am
cho khong gian diéu hoa & diéu kién khi hau néng am (hinh
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20). Hé théng dé xudt c6 thé tiét kiem dugc 8,2% téng miic
tiéu thu nang lvgng so cdp trong khi diéu kién thodi mai
trong khdng gian diéu hoa t6ét hon.
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Hinh 20. M6 hinh két hop gira phurong phap lam lanh trén véi thay ddi vi trf
clia thong gid, khir am cho khdng gian diéu hoa [43]

Céng nghé lam mat ejector la mot giai phap khac dé
nang cao hiéu qua nang lvgng cho hé théng lanh nén hoi.
Hé thong lanh ejector cé thé hoat déng ma khéng s dung
nang lugng co hoc [44]. Trong hé théng bom nhiét, ejector
c6 thé thay thé may nén chay bang dién, st dung nhiét dé
tao ra qua trinh nén. Hé théng nay can ngudn nhiét cé
nhiét dé cao hon 80°C. So v&i hé thdng nén hoi, hé théng
ejector c6 COP thap hon [45]. Guo va Shen [46] nghién ctu
hoat dong ctia mét hé théng lanh ejector nang lugng mat
troi cho moét toa nha van phong. Két qua cho thay, hé
thong nay c6 thé tiét kiem hon 75% dién nang so vai hé
théng diéu hoa dung may nén truyén théng. Zhu va Jiang
[47] két hgp chu trinh lanh nén hoi v6i chu trinh lanh
gjector (hinh 21). Hé théng lanh ejector hoat dong nho
nhiét thai tr dan ngwng cda hé thdng nén hoi. Cong suat
lanh tir chu trinh ejector dwgc dua truc ti€p vao thiét bi bay
hoi clia chu trinh nén hoi. Ho thdy rang, COP clia hé théng
két hop cd thé tang khi nhiét do ra khdi may nén Ién hon
100°C. Két qua cho thay, véi m6i chat R152a COP hé théng
két hop tang 5,5%, v&i moi chat R22 COP hé théng két hop
tang 8,6%, d6i véi moi chat R134a COP hé thong két hop
tang 0,7% do nhiét do ra khai may nén thap.
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Hinh 21. Chu trinh lanh nén hoi két hop v6i chu trinh lanh ejector [47]

Fasiuddin va Budaiwi [48] nghién clru mot s6 giai phap
khac nhau dé tiét kiem ndng lwvgng cho hé théng HVAC
trong mot toa nha thuong mai tai Dhahran (Saudi Arabia).
Ké&t qua nghién ctru cho thay, viéc sir dung hé théng thay
déi lvu lvgng khong khi cho hé thdng mét ché do thi co
thé tiét kiém nang lvgng 22%. Néu tang nhiét d6 trong nha
3%C c6 thé tiét kiém nang lvgng 17%. Thay déi ché dé hoat
déng cua quat cé thé tiét kiem khoang 21,4%. Néu dat
nhiét do 28°C trong thoi gian khéng ¢é ngudi co thé tiét
kiém nang luvong khoang 18%. Tuy nhién, ho két luan rang
c6 thé tiét kiém nang lugng 25% khi két hgp cac giai phap
khac nhau trong qua trinh hoat dong ctia hé théng HVAC.

Bang 1 so sanh wu diém, nhuoc diém va (ing dung cla
cac giai phap trong thuc t€. Bén canh cac gidi phap k¥ thuat
trén con co cac gidi phap khac tiét kiém nang lvgng cho hé
théng HVAC nhu: giai phap thiét k&, cau truc toa nha; giai
phap thi€t ké hé théng HVAC; giai phap thay thé méi chat
lanh cé hiéu qua nang luvgng cao hon; giai phap st dung
may lanh hap thu str dung cac ngudn nhiét thai hodc nang
lwgng mat troi thay thé hé théng lanh nén hoi thdng
thuong; gidi phap s dung nang luvgng gi6é, mat troi san
xuat dién st dung cho hé théng HVAC thay thé cho dién
lwgi; gidi phap diéu khién hé thdng HVAC; giai phap s
dung hé thong kiém soat nang lvong toa nha;...

Béang 1. So sanh uu diém, nhuoc diém va tng dung clia céc gii phap

Gidiphap |  Chiphi Uu diém Nhuocdiém | Ung dung
Bay hoi [am | Chi phi ré Khong 6 nhiém |Khong lam viéc|Khi  digu
mat  tryc khong khi; hiéu qua khi do | kién  tién
tiép (DEC) GiAm nhu caul@m twong d6i|nghi khong
ning luong giy|MOi  truong ) phai lamyc
cao dism: xung quanh cao | tiéu.
L | hon40%.
Hiéu qua chi phi
cao.
Bay hoi Iam | Chi phi v8n va | Chat luong khong | Lép dét va van Tat ca cc
mat  gidn|van hanh cao|khi cao hon déng [hanh phic tap | toanha.
tiép (IEC)  [hon gidi phap|ké so véi gidi|hon gidi phap
DEC  nhung | phap DEC; DEC.
thdp hon hé|Hiéu qua néing
thong  diéu | lrong cao hon so
hoa khong khi | vgi chu trinh nén
nén hoi. hoi.
Bay hoi lam | Chi phi'si dung | Giam ddng k& |Tiém ndng tiét|Giai nhiét
mat  dan|nuéc tang, chi|tiéu thy ndng |kiémnang lrong |dan ngung
ngung  hé | phi dién giam.|lvong cho hé |bigiéi hantrong [hé  thong
thdng Tong cong chi|thdng diéu hoa|thoi gian nhiét|didu  hoa
phi it hon cac|khdng khi trong|dd, do &m mdi|khdng khi.
gidi phap khac. | gio cao diém. tudng  xung
Quanh cao.
Biéu  hoa|Chi phi von va|So véi hé thdng|Chi phi dau tv|Khu dan cu,
khong  khi|van hanhcao |nén hoi tiéu chuén, | [6n; tda  nha
dia  nhiét hé thong nay 1ttao | vay cau khoan | thuong
két hop ra tiéng On Va|say dudibe mat|mai.
gidm luong phat|irajgst
thai khi nha kinh.
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Hé thdng | Chi phi von va|Giam chi phi|Hiéu sudt thap|Toa nha c6
tich  trlr|vdnhanhcao |ndng lwong; hon so véi hé|tai lanh I6n
nhiét Hé théing Gng dén| thong nén- hoi | va thoi gian
nh hon ha thang | thong thuong. |yéu  cau
thong thudng. ngan.
Hé thdng | Chi phi von va|Hiéu qua ndng|Hé thong I6n|Toa  nha
thu  hoi|vanhanhcao |lwong cao trong|hon so véi cac | thwong
nhiét vang khi hau on|thiét bi x Iy|mai.
doi. khéng khi
thdng thudng.
Sk dung bo | Chi phi von va|Cai thién chat|Héthonglénva|Toa  nha
trao  doi|vanhanhcao |lwgng khongkht; | phikc tap hon so| throng
nhiét  ong Hiéu qu tiét kim |0 hé thong| mai.
khdng can ngudn
nang lugng dé van
hanh;
C6 nhiéu céch 1p
dat b tri vao hé
thong.
Cong nghé | Thoi gian hoan | Lap dét, baotriva| Can o6 ngudn|Khi d& c6
lam  mét{von b6 sung|xdy dyng hon|nhigt véi nhiét|ngudn
Ejector hop ly. gian  hon  hé|d6lonhon80°C; | nhiét san.
thong  thong| He 55 CoP thap
thuong. hon so voi hé
théng  thong
thuong.
9. KET LUAN

Hé théng HVAC déng vai tro quan trong trong doi séng
sinh hoat, san xudt ctia con nguoi. Hé théng HVAC la ngudn
tiéu thu phan I&n nang lvong dién cla toa nha, chi phivan
hanh cla hé théng HVAC la rat cao. Do do, viéc tiét kiém
nang lwgng cho hé théng HVAC la rat can thiét va dugc
nhiéu nha nghién ctru, san xudt quan tam. Bai bao trinh bay
cac giai phap ky thuat nham tiét kiem nang lugng cho hé
théng HVAC va tao diéu kién tién nghi nhiét thoai mai cho
con nguodi. Trong qua trinh ap dung, tuy thudc vao dac
diém cuia cong trinh, vi tri dia ly, diéu kién khi hau, dac diém
hé thong HVAC dé chling ta lva chon giai phap tiét kiém
nang lvgng mot cach hgp ly, phu hep.
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