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TOM TAT
Twong bao xung quanh va mai cua toa nha khong chi giup bao boc va tach lap toa nha
véi khéng gian xung quanh ma con déng gép vao hiéu sudt nhiét cia toa nha. Poi véi muc
dich tiét kiém nang heong, twong bao xung quanh, thanh phan chinh cia vé bao xung quanh
toa nha, phdi ¢é kha ndang bdo vé toa nha tranh khéi dong nhiét khéng mong muén tir bén
ngoai xam nhdp vao khong gian bén trong nha do xuyén qua twong. Thong thuong, o cdc toa
nha ddn cw phé bién tai Viét Nam, twong bao dwoc xdy dwng bang gach va vita (xi mang va
cdt). Sau khi dong cimg lai, cdu tric nay twong dwong véi mot chdt dan nhiét rdn véi dé dan
nhiét kha cao. Do vay, viéc nang cao hiéu sudt can nhiét ciia birc tuong dé giam sy tiéu thu
dién ndang cho muc dich diéu hoa nhiét do khéng khi la cdn thiét. Trong nghién ciru ndy, mot
hon hop vita moi dwoc dwa ra voi viéc bo sung cac vat liéu chéng tham va vt liéu chuyén
pha (PCM). Két qua cho thdy véi ty 1é pha trén thich hop, hon hop méi c6 thé lam giam 6
23,1% dong nhiét qua twong va do dé givip giam thiéu dang ké dién ndng tiéu thu cho viéc
lam mat khdng khi. Tuy nhién, sw xudt hién ciia vit liéu chuyén pha va chdt phu gia chong
tham gdy ra sw suy giam nhe doi voi kha nang két dinh va chiu liec ciia bikc tuwong.

Tir khéa: Twong bao; Twong PCM; Tuwong chong tham; Tuwong nhiét; Tiét kiém nang lwong.
ABSTRACT

Building envelop is expected not only to encapsulate the building but also to contribute
into the thermal performance of the building. For energy saving purpose, it is recommended
that the wall, as the main part of building envelop, should be able to protect the building from
unexpected inflow heat flux from outdoor through the wall to the indoor space. Usually,
especially in the popular resident buildings in Vietnam, the wall is constructed with brick and
mortar (cement and sand). After getting hardened, the structure is equivalent to a flat plate
solid conductor with a specific but quite high thermal conductivity. As a result, there is a need
to develop thermal performance of the wall in order to reduce power consumption for air
temperature condition purpose. In this research, a modified mortar mixture is proposed with
the addition of waterproof additive and phase change material (PCM) powder. Results show
that with relevant mixing rate, the new mixture may reduce upto 23.1% of the heat flow rate
through the wall and help significantly reduce the power consumption for air cooling.
However, the appearance of the PCM and waterproof additive causes a slight reduction of
the wall strength.

Keywords: Building envelop; PCM wall; Waterproof wall; Thermal wall; Energy saving.
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1. MO DPAU

V6 boc (bao gém tuong bao va mai) cia
cac toa nha chinh 13 phan bé mit tuong tac
nhiét gilra tdoa nha v&1 moéi trudong xung
quanh. NGi chung, toan bo phan vo boc cia
mot toa nha thuong duoc yéu cau phai co kha
niang diéu hoa dong nhiét twong tic theo
chiéu huéng co ich dé tao ra su 6n dinh nhiét
do bén trong toa nha: ngay hé thi mat me,
ngay dong thi a am ap. Vat liéu dugc ding phd
bién dé lam trong bao toa nha gom tuong
gach to vita, tim vach composite, tAm kinh
(mot hodc hai 16p)... Céc vat liéu nay dugc st
dung rong rdi do sy cimg ving, dé thi cong
va gia thanh hop 1y véi nguoi dung. Vé
phuong dién trao d6i nhiét, c6 thé tuong
duong chiing véi nhitng tAm phang dang ran
v6i hé s6 dan nhiét & pham vi trung binh,
riéng dang vach kinh trong sudt con co sy
Xuyén thau truc tlep ctia tia hong ngoai va do
do lam tang tong luong nhiét xuyén qua.
Ngoai ra, nham giam thiéu vat liéu va trong
tai ngdi nha, cac dang vach tuong ciing c6 xu
huéng giam do day. Do d6 qua trinh trao ddi
nhiét thong qua cac vach nay vao khéng gian
bén trong nha trong nhitng ngdy hé va that
thodat tir trong nha ra ngoai moi trudong trong
nhiing ngay doéng 16n dang ké. Piéu nay kéo
theo nhu cau ning luong ting cao cho cic
thiét bi diéu hoa nhiét do.

Pé khic phuc vin dé nay va nang cao
mirc do tiét kiém ning luong cho cac ngdi
nha, mdt trong nhitng giai phap dugc dua ra
1a viéc két hop st dung vat liéu chuyén pha
(Phase Change Material hay PCM) vao trong
két cAu cua tAm [1]. Vat litu PCM di duoc
nghién ctru trong nhiéu thap ky qua va da
dugc chung minh 1a mdt trong nhiing giai
phap hitu ich trong mot sé linh vuc nghién
ctru, ung dung luu trit nang lugng nhiét voi
nhitng thanh cong 16m nhu: thiét bi dién lanh,
tam pin mat troi, cadc hé théng san buc xa,
sudi 4m va 1am maét cac cong trinh xay dung
[2]. Tuy nhién, khi dua vao str dung can phai
co phﬁn v6 bao boc PCM dé khi vt liéu nay
chuyén d6i pha s& khong bi 10 ri ra ngoai.
Phén vo nay c6 thé 1a cac bong hodc tai bang
nhua hodc kim loai dang hinh hop hoac cau

dugc bom diy PCM trude khi cac bong/tui
duoc han kin. Sau d6 cac bong/tai duoc cay
vao trong cac hé vat liéu khac theo kiéu tron
1an hoic tao thanh 16p tiép xuc dé cai tao dic
tinh nhi¢t cua hé [1]. Trong nghién ctru nay,
do 16p vita tron 1an PCM c6 d6 day chi tir
2cm dén 4cm, nén viée tron cac bong nhya
chira PCM vao vira s€ gay kho khan cho viée
thi cong trat tuong. Vi thé PCM s& dugc tron
1an tryc tiép vao hon hop vira trat tuong.

Vit lidu phu gia chdng thaim nuéc hién
dang dugc st dung rong rdi cho cac cong
trinh x4y dyng dé tranh bi thdm dot. Trén thi
truong co nhleu loai vat liéu phu gia chong
tham CO dang ran (bot) hodc long va nguodn
gbc xuat xtr khac nhau. Do khi chuyén pha
PCM hoa léng véi tinh chét gidng nude va co
dd nhdt va suc cang mat ngoai 16n hon nudc,
nén viéc tron thém chit phu gia chong tham
tryc tiép vao hdn hop vita méi cung véi PCM
s& 1a mot giai phap hiru hiéu giai quyét duogc
van dé ro ri PCM khi hoa 1ong tir tudng ra
moai truong xung quanh.

Bang viéc dua vét lisu PCM vao hdn
hop vita dé gia tang hiéu tmg can nhiét tich
cuc cua bic tuong va su dung chat phu gia
chdng tham vira gitip chéng ngdm nudc vira
gitp lam vé bao boc PCM ngan khong cho
PCM 1ong lot ra ngoai, nghién ciru ndy nham
dem lai mot giai phap nang cao hiu qua
khdng ché nhiét cho tuong nha, gop phan
giam thiéu niang luong tiéu tén cho muc dich
diéu hoa nhiét do.

2. KET CAU TUONG MOI
PHUONG PHAP NGHIEN CUU

2.1. Két ciu twong méi

VA

Dong nhiét truyén tir bén ngoai vao bén
trong qua vach tuong cung voi blic xa xuyén
qua cac ctra sO kinh gop phan trong tong
nhiét xam nhap vao khdng gian nha/phong,
dac biét khi troi néng néng va lang gié hoac
chi c6 gié nhe. Tuong nha co thé nhan duoc
mot lugng blic xa mat troi 1én dén hon
800W/m? trong diéu kién biu troi ning gt
khong may va khoang 20% dén 95% biic xa
nay c6 thé duoc hip thu vao tdm tuong va
truyén vao bén trong. Trong nhitng nim gan



102 Tap Chi Khoa Hoc Gido Duc Ky Thudt Sé 44B(10/2017)
Truwong Pai Hoc Sw Pham Ky Thudt TP. Ho Chi Minh

day, nguoi ta thuong st dung bién phap
chong noéng bang cach dan phim cach nhiét

Bing 3. Ty 1é khéi lugng cac chat phu gia
trong cdc mau tuwong nha

(Chg kinh) hoac thém véat liéu cach nhiét - % —
nhiéu hon (cho vach tudng) gitp ting nhiét Mau T}’ 1¢ Chft T3;l§ P(’:\M
tr¢ cta twong nha. Nhung phuong phép tang chong th,am (% khoi
nhigt tré co bat loi 1a khi dong nhiét da xam (% Kkhoi lwong)
nhdp vao trong nha roi thi s€ kho giai phong lwgng)
tré lgi moi tméng mac (jﬁ nhiét do bén ngoai Mau 1 0.1 5
da giam xubng. Mot yéu to nira anh huong -
dén muc do hap thu biic xa nang luong mat | Mau 2 0,5 5
troi 1a mau sdc son bé mat ngoai cla turong. | Mau 3 1 5
Nhitng mau son c6 mau sang nhu trang, vang .
nhat... ¢6 mirc d6 hap thy it hon va phan xa | Mau4 2 5
anh sang nhiéu h0’n so vOi mau xam va den. | M3y 5 0,1 10
Tuy nhién, vi yeu t6 thAm my cua ngdi nha "
nén yéu té mau sic thuong bi xem 1a thu yéu. Mau 6 0,5 10
Mau 7 1 10
Bing 1. Théng s6 ky thudt ciia PCM Mau 8 2 10
duoc st dung Miu 9 0,1 15
Théng sb Gia tri Mau 10 0,5 15
Nhiét d6 nong chay 39°C Mau 11 1 15
Khéi luong riéng & 3 Mau 12 2 15
2 2 912kg/m -
thé ran Mau 13 0 0
Khéi lugng riéng & 3 (vira
thé Iong 76%g/m thudng)
He sb dan nhiét 0,21W/mK Mau 14 0 5
An nhiét chuyén pha 247kJ/kg Me~1u 15 0 10
Nhict d Mau 16 0 15
iét dung riéng ¢ —
the ran 2’90kJ/kgK Mau 17 0,1 0
Nhiét dung riéng & Mau 18 0,5 0
21 2,93kJ/kgK <
thé long Mau 19 1 0
Mau 20 2 0

Bdng 2. Kich thuéc cac hat dimg trong hon

hop vita moi

Vit liéu Kich thwée (mm)
Xi mang 0.05
Cat 1
Bot chdng tham 0.01
Hat PCM 1.5

Dé phu hop v6i mot tmg dung nhat dinh,
PCM duoc lwa chon trén co sé cac thong sb
nhié¢t do nong chay (chuyen pha), dung lugng
an nhiét chuyén pha va diéu kién lam viéc,
diéu kién thoi tiét cta timg khu vuc [3].
Nhitng PCM néng chay ¢ nhiét do dudi 15°C
duoc st dung cho vi¢e luu trir lanh trong céc
tmg dung diéu hoa khong khi, trong khi
nhitng PCM néng chay trén 90°C duoc st
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dung dé héap thy nhiét. PCM dugc tng dung
trong nhiéu linh vuc dé bao quan thuc pham,
d6 ubng, cac san pham sira... Trong nganh 'y
té ciing duoc tng dung dé van chuyén mau,
vacxin va phuong phap diéu tri néng lanh.
PCM ciing dugc dung trong cac ung dung
sudi 4m va lam mat bing ning luong mit
troi, trong xay dung va luu trit nang lugong
[4-7]. Vi dai da s6 cac ngdi nha dan dung cua
Viét Nam van dang str dung tuong nha kiéu
tuong gach t6 vira nén nghién clru nay tap
trung vao vi€c tron truc tiép PCM dang hat
vao hdn hop vira dé thi cong viéc t6 bé mit
vach tuong. Ngoai ra, do trong qua trinh trao
d6i nhiét, PCM s& héa long, nén vat liéu
chéng thdm dugc tron thém vao hon hop dé
tao vach kin bao quanh cac hat PCM, tranh
10 ri PCM ra ngoai gdy 6 nhiém méi truong
va anh hudng my quan toa nha. Pdng thoi
16p vita c6 vat liéu chéng thim ciing gitp
béo vé tudng nha khoi hién twong tham nudc.

N 7. Vita mé6i
Vita mdi

Hinh 1. M6 hinh tuong sir dung vt liéu
vita moi
2.2. Phwong phap

Hé théng thuc nghiém bao gdm bo mo
phong birc xa nang luong mat troi bao gdm:
Pén halogen cong suat dién S00W/220V; Bo
chuyén ddi tin hiéu ADAM; Cap nhiét dién
(thermocouple); Cac miu khic nhau cuia
tuong nha. bé dat duoc mot gia tri buc xa
mdt troi trung binh 1000W/m? duy tri va toa
déu trén bé mat miu tuong nha, cac dén dugc
¢ dinh & khoang cach nhat dinh chiéu sang
lién tyc vdi cung mot ngudn dién cung cip
6n dinh. Bén canh d6, nhiét do caia khdng khi
xung quanh hé thong thi nghiém luén ludn
duoc gilr khoang 25°C.

Cé.t\ . . o
Ximin . c;t/j: 8.0.
\ig . Ximing
/N Chéng thim x%:v
o. K ) ooo .O

® O
.. .’O
b) Cé vitligu chéng thim

a) Khéng cé vit liéu chéng thim

PCM—] .O.O

Cat /5.8.0.
@

®_ 0 @

- 9 .O%
So®

¢) Co vitligu chéng thim va PCM

Ximing
Chéng thim -

Hinh 2. Cdu tric I6p vita ¢é va khéng cé
PCM va vdt liéu chong tham

Cap nhiét dién T cé dung sai khoang
+0,2°C dugc st dung dé do nhiét 46 bé mat
cua lop vira ngoai va trong cua tuong va
khong khi xung quanh. Cac cdp nhi¢t dién
duoc két ndi voi mot bd chuyén ddi tin hiéu
ADAM sau d6 két ndi v6i may tinh.

Trong diéu kién khao sat, mo hinh toan
c6 xét dén tac dong cua qua trinh: ddi luu
trén bé mit tuong voi khong khi xung quanh;
truyén nhiét qua vach tudng va birc xa nhiét
tu tuong ra moi truong xung quanh. Do chiéu
day 16p vira tuong la rat nho so vo6i dg rong
bé mit tuong, Vi vay chi can xét cac co ché
trao ddi nhiét theo hudng vudng goc véi bé
mit tudng va cd thé bo qua cac tac dong song
song v6i bé mat tudong. O miu tuong cb chira
PCM, hé sb truyén nhiét dugc tinh phan biét
cho trang thai rin va long cua PCM, dong
thoi bo qua co ché truyén nhiét dbi luu bén
trong tuong khi PCM hoa long vi céc hat
PCM long déu co kich thudc nho. O tat ca
C4C mau, trao d6i nhiét ddi luu voi khong khi
& 2 bé mat tuong déu duogc xét & didu kién
d6i luu tuy nhién. Pé d& so sanh tac dong
chéng nhiét cia cac mau tudng, bé mat cac
méu dugc xur 1y bang mot 16p lang xi ming
mong gidng nhau dé co hé sé hap thu birc xa
mit troi nhu nhau (0=0.8) va hé sd phan xa
gidng nhau. Pong thoi, ngudn bic xa mit
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troi dwoc giit 6n dinh & gia tri 1000W/m?,
chiéu truc dién 1én bé mit cic miu tudng.
Nhu vdy, dong nhiét hip thu vao bé mit
tuong s& giéng nhau.

Hé sb truyén nhiét qua vach tudng co
chira PCM duoc tuong duong bang mot ham
bién d01 lién tyc tir he s6 truyen nhiét & PCM
dang rin d&én hé sb truyén nhiét cia PCM
dang long (¢ day bo qua hiéu img d6i luu khi
chuyén pha vi cac hat PCM déu co kich
thudc rat nho). Trong khi d6, nhiét dung
riéng cia PCM khi chuyén pha s& duoc xem
1a mot ham bién doi lién tuc tir gia tri nhiét
dung riéng & thé rin dén gia tri nhiét dung
riéng & thé 1ong kém véi tac dong cua an
nhiét chuyén pha. Vi khi thyc nghiém, tam
mau dugc dit theo phuong ngang nén hién
tuong dbi luu dugc phan biét ¢ bé mit trén
va mit dudi cia tAm tuong ung la cac qua
trinh trao d6i nhiét chay réi va chay tang.

Bang nhiing 1ap luan nay, hé phuong
trinh m6 ta qua trinh trao ddi nhiét ¢ cac tam

mau bao gom cac phuong trinh sau day
[8-16]:

d : d d up—ra d up—conv
Qalr —a Qsolar _ Q p-rad Q p (1)
dt dt dt dt
dQ., d
—a& =h. A—(T, -T, 2
dt in dt( down-ave alr—ln) ( )
o d
up—conv — h A— T —T 3
dt ex dt( up-ave alr—ex) ( )
dQup—rad
— = 4
dt ( up—ave alr EX) ( )
23
erPr:—ngZ(ATxPr 5)
n
h,, :0.14x5x((;rpr)“3 _014x— 2K x(Grpr)”?
X L,+B,
(6)
h, = 0.27x§x(er Prf'* =027x K x(GrxPr)"t
()
d d oT
—(ph)=—| k,— 8
5 (°:h) dxi[ saXJ (8)

Trong do6, a la hé ) hép thu nhiét bic
xa ciia bé mat tim mau; hiy 12 hé sb ddi luu
giita bé mit ctia tim mau véi khong khi trong
nhd; hey 12 hé s6 dbi luu gitra bé mit cua tim
mau v6i khong khi bén ngoai; A 1a tiét dién
tam mau; € 1a hé sb bic xa cua tim mau ra
moi truong xung quanh; o 1a hang sb
Stephan — Boltzman; p 1a hé sd nhét cta
khong khi; p mat d6 khong khi; Qair 1a nhlet
luong truyen vao bén trong nha; Qsmar Ia tong
nhiét luong birc xa dén bé mit tim mau; Qup-
rad 1a nhiét lugng buc xa tu bé mat tAm mau
ra moi truong; Qup-conv 12 nhiét luong dbi luu
gifta mat trén cta tim mau voi méi truong;
Tup ave la nhiét d§ trung binh cia mait trén
tAm mau; Tdown ave la nhiét do trung binh ctua
mat dudi tim mAau; Tarin 12 nhiét do trung
binh cta khong khi trong phong; Tarex la
nhiét d6 trung binh ctia khong khi bén ngoai.

Déi v6i cac vat lidu ran, gia dinh cac hé
sO truyen nhiét la khong d01 trong qua trinh
trao d6i nhiét do gitra tim mau va méi trudng
xung quanh. Dbi voi vat lidu chuyen pha, qua
trinh chuyén pha c6 the dugc hiéu 1a mat tiép
gidp gitta 16p PCM rén va PCM léng dang
dich chuyén vé phia ran (voi qua trinh hoa
16ng) hodc nguoc lai (véi qué trinh héa rin)
va mit tiép giap nay phan chia biét 1ap hoan
toan 2 thé. O day, ta ap dung mo hinh thé tich
(volume-of-fluid hay VOF) dé biéu dién qua
trinh chuyén pha cia PCM trong cac mau
tuong ung. Trong mo6 hinh nay, néu coi 16p
the n (n = 1 voi PCM long va n = 2 PCM
ran) va &, 1a ty sb thé tich phan n trén moi
phan tir tinh toan, thi c¢6 thé chip nhan duoc
3 gia thiét sau: Néu &,= 0 thi trong phan tir
tinh toan khéng cé pha n; Néu &,= 1 thi trong
phan tir tinh toan chi c6 pha n; Néu 0 <g,<1
thi trong phan tir tinh toan c6 ca 2 pha.

Nhu vay, néu bo qua su gidn né thé tich
khi héa long thi phuong trinh mo6 ta quaé trinh

chuyén pha ctia PCM 1a:

g g

—L+v. =L =0

ot ox, ®)
0 0 0 oT
—(p,h v.h kK —
2o Zbum=2{k 2| o
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:
h=h. + [C,dT

Tref

(11)

ref

Trong do: &, la ty 1¢ thé tich cia pha n
trong phan tir tinh toan; py la khéi lugng riéng
cua pha n; Kk, hé s6 dan nhiét ciia pha n; v; van
tdc dich chuyen cua mat phan cach; x; toa do
dich chuyén ctia mat phan cach; h la enthalpy
cua phan tir tinh toan; Cp la nhiét dung riéng; h
1a 4n nhiét chuyén pha ciia PCM.

Dé khao sat qué trinh trao ddi nhiét tic
thoi, cac diéu kién ban dau va diéu kién bién
ctia tim mau dugc thiét 1ap nhu sau: tat ca
cac gia tri nhiét do déu bang gia tri nhiét do
mdi truong 1a 25°C va cudng do birc xa mat
troi dén bé mat ducc phan b6 déu véi gia tri
Qsolar = 1000W/m? va thoi gian khao sat dién
ra trong pham vi 0 < t < tyax (s). Trong sudt
qué trinh thyc nghiém, nhiét do0 bén ngoai
dugc giit 6n dinh & gia tri 25°C dé thuan loi
cho viéc so sanh mirc do truyén nhiét vao bén
trong xuyén qua cac 16p twong mau khac
nhau. Dong nhiét thim thau vao trong tim
miu dugc phan chia thanh cac thanh phan
gbém: nhiét lugng luu bén trong tim mau do
nhiét dung riéng ciia vat liéu lam tim (truong
hop c6 PCM thi dong nhi¢t lugng bi luu lai
va chuyén hoa thanh an nhiét chuyén pha);
nhiét lugng din truyén qua t&i bé mat phia
trong ctia tim. Tai day dong nhiét nay truyén
vao khong khi bén trong phong (chu yéu do
co ché dbi luu) 1am no6 nong dan 1én. Khi den
tit, bé mat trén clia tim mau s& duogc lam
ngudi dan vé nhiét d6 moi trudng (vin dang
duoc git on dinh ¢ 25°C) va qué trinh trao
d6i nhiét didn ra theo hudng nguoc lai.
Khong khi néng trong phong cling s€ ngudi
dan. Dbi v6i cac tim mau khong chira PCM,
ta dung cac phuong trinh tur (1) dén (8) trong
khi v6i cac tim miu co chita PCM, céc
phuong trinh tir (1) dén (11) duoc sir dung.
Mo hinh todn nay dugc dua vao ap dung
trong phin mém mdé phong Comsol
Multiphysics v6i bude tinh ¢ thé didu chinh
duge mot cach phu hop dé phép mo phong
hoi ty. Két qua thyc nghiém va mé phong
duoc so sanh dé kiém chtng sy phu hop cua
co ché mo phong va qua d6 co thé dua ra cac
du doan chinh xac vé hdn hop vat liéu moi.

3. KET QUA VA THAO LUAN

3.1. Kha niing chong thim nwéc cia hén
hop vira méi

Tam Tam
mau mau
khong 6
chéng chéng
thdm thdm

Hinh 3. Thuc nghiém kha ndng chong tham
cua cac mau (bang bom phun nuoc)

Tam mau co
chong tham

Tam mau khong ¢
chong thaim

Hinh 4. Thuc nghiém kha ndng chéng tham
cua cac mau (bang cach ngam nuoc)

Bdng 4. Do hut am cua cac mau hon hop vita

Khéi Khoi Ty 1§
T Maw | ik | m

kho (kg) | wét(kg) | (%)
1|Maul3 | 10,44 11,250 7,76
2 [Mau 14 | 10,44 11,210 7,37
3 |[Maul5 | 10,44 11,169 6,98
4 | Maul6 | 10,44 11,129 6,59
5|Maul7 | 10,44 11,050 5,84
6 | Maul18 | 10,44 10,820 3,64
7 [Maul19 | 10,44 10,461 0,20
8 | Mau20 | 10,44 10,460 0,19
9 | Mau 3 10,44 10,457 0,16
10| Mau 7 10,44 10,456 0,15
11| Mau 11 | 10,44 10,455 0,14

Bang 4 cho thay hiéu qua chéng thdm
dugc thé hién rd khi thanh phan phu gia
chdng tham dugc dua vao hdn hop véi mirc
d6 tham hut nude dudi 5,84% so véi 7,76%
d6i v6i vira thong thuong. Tuy nhién, ¢
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khoang dudi 1% ty 18 phu gia hiéu qua chong
thAim ting nhanh dang ké nhung lai ting
khong dang ké khi ty 1& chdng tham vuot trén
1%. Piéu dang cha ¥ 1a ty 1& hat nude cua
mau c6 vat liu chong thim co thé giam dén
mirc khoang 0,2%. O cac miu khong chira
chat phu gia chéng tham thi ty 1& hat am tiy
thudc vao ham luong vira thuong trong hon
hop do PCM 1a chit khong tham hat nudc.
Noéi chung, chit phu gia chéng thdm cho
chung ta mot goi ¥ sang tao cho viée chéng
thAm nudc tir bén ngoai vao tudng va chong
10 ri PCM tr trong vita tudng ra ngoai mot
cach rét hiéu qua.

3.2. Kha nang chiu lwc ciia mau vira méi

Bing 5. Bj két dinh va hiéu qua tiét kiém
nang lwong cua mau hon hop vira

TT| MAu | Pjchiu | P chiu | Ty I8 tiét
xuyén | xuyén | kiém ning
tuyét doi | twong | lwonglam
(N/mm?) | d6i (%) | mat (%)
1 | Mau 13 20 100% 0
2 | Maul4 | 194 97% 8,3
3| Maul5| 182 91% 15,7
4 |Miul6 | 16.4 82% 23,6
5| Maul7 | 19.9 99.5% 0,1
6 |Mau18 | 19.6 98% 0,1
7 | Mau 19 19 95% 0,2
8 | Mau 20 18 90% 0,25
9 | Mau 3 18.4 92% 8,2
10 | Mau 7 16.6 83% 15,5
11| Mau 1l | 148 74% 23,1

Két qua thyc nghiém cho thay khi co
thém chat phy gia chéng thdm vdi ty 18 tron
(theo khéi luong) cang cao thi do chiu xuyén
(the hién muc d6 dong két va cing ving cua
hon hop vita) c6 xu huéng giam xudng. Voi
ty 18 phu gia chéng thdm 1a 0,1%, 0,5%, 1%
va 2% thi mirc d6 chiu xuyén twong ddi cua
hdn hop vita tron chéng thim so véi vira
thuong bi giam twong Gng tir 14 99.5%, 98%,
95% va 90%. Piéu nay cho thdy mirc do suy
giam kha ning chiu lyc ctia hdn hgp vira co

chdng thim ty 1¢ thuan nhung khong tuyén
tinh v6i ham luong chit phu gia chong tham
chira bén trong nd. Muc do va xu hudng suy
giam twong tu ciing dugc tim thiy ¢ hdn hop
vira duoc trén 14n PCM. Khi ty 1€ PCM duogc
tron vao vira 1a 5%, 10% va 15% thi mirc do
chiu xuyén twong ddi ciia hdn hop vira tron
PCM so voi vira thuong bi gidm tuong Ung
sap xi 1a 97%, 91% va 82%. Nhu vdy, cang
nhiéu PCM duoc tron vao thi vira s& ¢o xu
huéng cang bd va do6 dong két kém hon.
Cong huong cua sy suy giam s& manh nhét
néu trong hon hop vira ¢6 ca phu gia chong
thAm va PCM. DPay 1a nhuoc diém cta hdn
hop vita méi bén canh vu diém dang ké vé
kha nang can nhi¢t ctia 16p vita. Tuy nhién,
nhuoc diém nay s& khong gay anh huéng tiéu
cuc dang ké néu lugng phu gia chong thim
va PCM duoc chon vira du.

3.3. Kha niing cén nhi¢t va diéu hoa nhiét
do khong khi bén trong nha ctia hon
hop vira méi

So sanh két qua mo phong va thuc
nghiém dbi véi hdn hop vira ¢6 chira PCMs.
Mau chita 1% vat liéu chong tham va
15%PCM duogc thir nghiém dé so sanh véi
két qua thuc nghiém nhu trén Hinh 8. Qua
trinh dugc md phong la qua trinh lém nong
tAm miu véi cuong do 1000W/m” véi thoi
gian 1 gio dong hd va sau dé lai giai phong
nhiét ra ngoai trong vong 1 gid dong hod tlep
theo. Giira duong cong tip hop cac diém két
qua mo phong noéi chung va cac diém gia tri
thuc nghiém 1a c6 sy théng nhét cao vé xu
hudng bién thién dong nhiét. Tuy nhién, t6n
tai mot sé diém co nhiing gia tri khac biét.

Nguyén nhan c6 thé dugc liét ké bao
gdm sai sd phat sinh khi ta tam coi qué trinh
trao d6i nhiét bén trong PCM chi 1a cac dich
chuyén dan mit thoang phan cach gitta 2
phan ran va 1ong cia PCM. Va 16p phén cich
nay & dang vach phang 1D. Sai sé phat sinh
ciing c6 thé xuét phat tir viéc ta gia dinh mo
hinh thuc nghiém khong c6 ton that nhiét qua
vach ngan. Tuy nhién, trong thuc té thi t6n
that nhiét thuc sy dién ra.

N Két qua thuc nghiém cho thiy y tuong vé
hon hop vita c6 PCM va chat phu gia chong
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thdm 13 hoan toan phu hop thuc té ing dung,
dem lai hiéu qua dong thoi giita kha ning
khéng ché dong nhiét truyén qua vach tudng
va chong thAm nuéc hodc chdng ro ri PCM.

Sy thong nhat cta thong s thuc nghiém va
mé phong cho phép chung ta du doan trude
cic dic tinh ctia hon hop vita méi khi thay
thé cac loai vat lieu PCM véi cac gia tri an
nhiét chuyén pha, nhiét dung riéng va céc
thong sb truyén dan nhiét khac nhau. RS rang
néu PCM c6 4n nhiét chuyén pha va nhiét
dung riéng cang cao thi cung mot luong
PCM dugc tron vao vira sé giap vach tudng
d6 duy tri kha ning khdng ché dong nhiét 1au
hon va gitr nhiét d6 vach & gan gia tri nhiét
d6 néng chay cia PCM. Bang chung 1a gia
tri nhi¢t do bén trong phong khi vach tudong
dung vira c6 chira PCM tiang rit chdm so véi
mau tudng khong dung PCM. Kha ning luu
nhiét nay gitp lam cham qua trinh truyén
nhiét tor mat ngoai vao mat trong cua vach
tuong, nhung ciing chinh vi thé ma qué trinh
giai phong nhié¢t cua vach tuong vao moi
truong dién ra cham hon. Do yéu t6 chu ky
cia nang hang ngay (chi c6 nang vao ban
ngay) va nho nhi¢t do thap vé chiéu tbi,
nguoi st dung dugc khuyén nghi mé cira dé
lwu thong gié mat lac chiéu t6i vao trong
nha, nhd d6 c6 thé hd trg qua trinh giai nhiét
cho vach tuong dé PCM tro lai trang théi ran
cho chu ky 1am viéc ctia ngay tiép theo.

TRE-out
-

Tmi_u trén 0

Tonst dusi

TkK-in

"~ Céchnhiat /

~,

Hinh 5. So d6 cdu triic hé thong thire nghiém
dap vng nhiét cua mau vita moi

Nhiét do (°C)

Thoi gian ( gid: phut)

Tmat duwdi Tkk-in

Tkk-out Tmat trén

Hinh 6. Cdc gid tri thiee té do lwong thuc
nghiém tai cdc diém

Ty 1 nhiét lugng khong mong mudn ma
cdu trac vita méi giup tiét kiém dugc dbi véi
cac ty 1¢ PCM khac nhau dugc téng hop
trong Bang 5. Ty 1€ nay dugc tinh bang 1ty s6
giita tong muc niang luong can thiét dé duy
tri nhi¢t d6 khong khi trong phong ¢ 25°C va
tong nhiét birc xa mat troi to1 bé mat ngoai
ctia tuong. Két qua cho thiy cu tric vita moi
voi ty 1€ 15% PCM cho hi€u qua can nhiét
lén dén 23,1% téng muc nhiét xuyén thau
qua tuong so véi vira thong thuong. RO rang
viéc sit dung PCM tron trong hon hop vita da
dem lai hiéu qua cit giam dong nhiét khong
mong mudn xuyén qua tuong vao bén trong
nha. Tuy nhién, do chat lugng 16p vita con
dugc quyét dinh boi muc d6 két dinh, ty 18
thanh phan PCM khong nén ting qua mic.
Goi y ty 16 t6i da cua tac gia 1a 15% PCM.

N ow
B8

TKK-in (°C)

Nhiét dé khéng khi bén trong,

ooooooooooooooooooooooooo

0:00:0
0:05:0
0:10:0

Vira thudng

Hinh 7. Két qua do lwong thire nghiém nhiét
do khong khi bén trong phong gia lap
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Hinh 8. So sanh két qua mé phong
va thuc nghiém

Khi gia dinh rang vét lieu PCM dugc sir
dung c6 thé c6 cac gia tri nhiét do nong chay
khac nhau (trong khi 4n nhiét chuyén pha va
nhiét dung riéng khong d6i). Hiéu qua can
nhiét c6 xu huong tang khi nhiét d¢ nong
chay cia PCM giam vé gan nhiét d6 moi
truong (25°C) va nguoc lai (Bang 6). Bo la
do khi nhiét d¢ nong chdy cao, tdc dung gitr
nhiét nho hién tuong chuyén pha ctia PCM sé&
bi thu hep, déng thoi nhiét do tam tuong cao
s& thuc ddy manh hon qua trinh truyén nhiét
tr mat tuong ngoai vao khong gian bén trong
nha. Khi nhiét d6 néng chay giam vé gan
nhiét d0 moi truong, PCM sé tic dong
chuyen pha ngay tir nhiét d6 thap do d6 nhiét
d6 tim tuong ciing s& duoc gilr thap, kéo
theo cuong d6 dong nhiét truyén tir mit
tuong ngoai vao bén trong nha thap. Tuy
nhién, lc nay PCM bi hoa long hoan toan
trong thdi gian ngin hon. Do viy, cin gia
tang thém lwong PCM hodc phai ché tao
duoc PCM c¢6 an nhiét 16n hon.

Bing 6. Anh huéng ciia nhiét d¢ néng chay
cua PCM lén hiéu qua can nhiét

Nhiét do Thoi gian | Ty 1€
MAiu | néng chay nong can
vira cia PCM chay nhiét
(°C) (phut) (%)
Mau 11 30 39 28,4
Mau 11 39 56 23,1
Mau 11 45 69 16,3
4. KET LUAN

Nghién ctru da dé xuat mot kiéu hdn hop
moi cho vira tuong nha bao gém vira (Ct va
xi mang) théng thuong tron voi chat phu gia
chéng tham va PCM, c6 kha ning cach nhiét
vuot troi, d@)ng thoi Chéng thAim nudc va
chéng 1o ri PCM tbt. Pay 1a co ché "chdng
thAm 2 chidu" vi muc dich st dung chét
chbng thim vira 1a dé nuéc khong ngdm vao
tuong nhung ciing vira 1a dé chéng PCM hoa
long bi ri ra ngoai mat tuong khi chuyen pha.
Vé&i ham luong 1% chat phu gia chéng tham
va 15% PCM trén 1an, @6 cung viing cuia hon
hop vita méi van dam bao do két dinh can
thiét nhung ngin can hiru hiéu dong nhiét
xam nhap, gilp giam thiéu dugc 23,1% tong
nhiét lugng xam nhdp vao trong nha qua
vach tuong. NOi chung, khi lugng PCM cang
nhiéu thi qua trinh 6n dinh nhiét do cang dai
hon nhung lai lam chat luong két dinh vira bi
suy giam (bi bo). Chat chong thAm cang
nhiéu c6 thé cang chéng tham tot hon nhung
ham luong khong nén vuot qua 1% khodi
lwong vi khi nhiéu hon ty 1¢ nay ciing khong
dem lai hiéu qua chdng tham thap hon 0,2%
mdt cach dang ké. Mau hén hop vita méi c6
kha nang tmg dyng trong thyc té xay dung va
htra hen gop phan 6n dinh t6t hon dong nhiét
qua vach tuong, giam ton that nang luong
cho muc dich diéu hoa nhiét do.
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