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TOM TAT: Fagade khong chi 1a 16p v6 cong trinh mang lai vé dep thim my cho cong trinh ma con c6
chtrc nang diéu hoa nhiét do, 4nh sdng va thong gid tw nhién cho cong trinh. Nam trong nhom giai phap
thiét ké thy dong nhim mang lai hiéu qua tiét kiém nang lugng cho toa nha, t61 wu hod thiét ké facade
ngay cang duoc cac chu dau tu cling nhu kién tric su quan tim va dau tu nhiéu thoi gian, kinh phi dé thuc
hién. Véi cong cu mo phong ning luong toa nha dya trén nén tang tinh toan trao d6i nhiét va mo phong
dong lwc hoc dong chay (Computatlonal Fluid Dynamic-CFD), nhém tac gia xay dung quy trinh tinh toan
t6i wu hoa hé fagade theo cac tham sb vi tri, ‘hudng, dién tich thoang va vat liu. Quy trinh tinh toan s€ la
cong cy hiru ich cho cac kién trac su khi trién khai y twong thiét ké, gitip dat hiéu qua t6i wu vé tham my
va tiét kiém ning luong clia toa nha. Bai bao trinh bay quy trinh tinh toan va ap dung cho cong trinh nha
lap ghép gb 2 tang tai Vién Khoa hoc cong nghé xay dung.

TU KHOA: Fagade, hiéu qua ning lugng, tién nghi nhiét, CFD

ABSTRACTS: The fagade is not only the outer layer of a building that brings aesthetic beauty to the
structure but also serves the function of regulating temperature, natural lighting, and ventilation for the
building. Belonging to the group of passive design solutions aimed at achieving energy efficiency for the
building, optimizing facade design has increasingly garnered attention and investment of time and
resources from investors and architects alike. With the aid of building energy simulation tools based on
heat exchange calculations and Computational Fluid Dynamics (CFD) modeling, the authors have
developed a process to optimize facade systems based on parameters such as position, orientation,
ventilation area, and materials. This calculation process will serve as a valuable tool for architects in
implementing their design ideas, helping achieve optimal results in terms of aesthetics and energy savings
for the building. The paper presents the calculation process and its application to a two-story wooden
modular building at the Institute of Building Science and Technology.

KEYWORDS: fagade, energy efficiency, thermal comfort, CFD.

1. GIOI THIEU trinh khong chi ¢6 vai tro ngan che bao vé cong
trinh ma con co tac dung 1a dong vai tro thim my,
gitip cho cong trinh khong chi dap tng duoc day
da cac cong nang sir dung ma con co6 vé dep hai
hoa tao diém nhan cho cong trinh. Phuong phap
mo phong ning luong da duoc ap dung trong thiét ké
cong trinh [1] [2]. Qua trinh thiét ké facade cin c6 su
phan tich hiéu qua vé ning luong ciing nhu can déap
{mg cac yéu cau vé tién nghi nhiét cho cong trinh.

Hiéu qua nang lugng toa nha cé anh hudng lon
dén giai doan khai thac sir dung cong trinh bao
gdm vé: chi phi van hanh va tién nghi cia cong
trinh. Hiéu qua nang lugng cla toa nha dugc danh
gi4 thong qua muc tiéu thu ning luong dé sir dung
cac thiét bi 1am mat, sudi, thong gio va chiéu sang.
Tién nghi cua cong trinh dugc quy dinh boi cac
yéu td nhiét do, do am, chat lugng khong khi va
thong gié cua cong trinh. Fagade dong vai trd quan Viéc phan tich hi¢u qua nang lugng va ti¢n
trong trong viéc nang cao hiéu qua nang lugng va nghi nhiff:t cta faga(le dugc thucuhién thong qua sur
tién nghi cua cong trinh. Hién nay, khi yéu clu vé dung cong cu mo .Aph(’)Ang nang ) lugng Yl d}l
kién triic, tién nghi ngay cang ting 1én, 16p v6 cong DesignBuilder [3]. Viéc xay dung cac tham so thiét
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ké cho hé fagade duoc thuc hién thong qua viéc phan
tich cac két qua mo phong vé hiéu qua nang lugng
va tién nghi v€ nhiét bén trong cong trinh.

2. GIOI THIEU VE CONG TRINH NHA GO

= : —T =2\ 8
Hinh 1: Phéi canh c¢ong trinh nha gd

Nha an Vién Khoa hoc cong nghé xay dung la
cong trinh sir dung vat liéu gd ghép CLT theo cong
ngh¢ Nhat Ban. Day la loai vat liéu than thién véi
moi trudng, nam trong chién luoc phat trién vat liéu
nhim dat myc tiéu phat thai rong bang 0 vao nim
2050. Cong trinh dat tai khuén vién Vién Khoa hoc
cong nghé xay dung cd chirc nang 1a cang tin phuc
vu an trua cho can bo trong Vién. Coéng trinh c6
diém nhan kién truc 1a su két hop giira vat lidu g va
kinh dé 1am ndi bat tinh doc ddo va vé dep cua vat
liéu ctia phuong an két cau gd ciia cong trinh.

Cong trinh nha gd c6 quy md 2 ting véi mat
béng kich thudc 10,920%9,555m. Vi cong nang mot
phong an chung ¢ ting 1 dién tich 92,89m?, 2 phong
an VIP ¢ tang 2 (12,42 m? va 39,33m?) va 1 khu vuc
vé sinh (12,25 m?) ¢ tang 2. Cong trinh dugc thiét ké
v6i cac miat ding 16n bang kinh & mat phia Nam va
phia Ty ctia cong trinh xen 1an nhitng khu vuc mit
dung sir dung vat liéu gd (xem Hinh 1).

Hinh 2. Huwéng chinh cong trinh
va dwong mat troi bi€u kién

3. PHAN TICH HIEU QUA NANG LUQNG
VA TIEN NGHI NHIET

3.1. Phan tich hi¢u qua nang lwgng

Cong trinh dwoc xay dung tai Ha Noi 1a khu
vuc c6 khi hau nhiét déi gio mua. Dir li€éu khi hau
tinh toan dwoc sit dung trong phan mém Design
Builder [3]. Dit liéu nay duoc so sanh véi dir licu khi
hau quy dinh trong QCVN 02:2022/BXD [4] (xem
Hinh 8) khu vuc Ha Noi. Dit liéu trong phan mém
Design Builder va trong QCVN 02:2022/BXD c6 su
tuong ddng vé nhiét d trung binh cic thang trong
nam. Tuy nhién bién d6 chénh 1&ch nhiét d6 cao nhat
va thap nhét hang thang chénh 1éch nhiéu nhat vao
cac thang 2 va thang 3. Sy sai khac tir 3-5% nay vao
cac thang c6 nhiét do tir 15°C dén 25°C nén gradient
nhiét d6 ngoai troi va trong phong khong 16n.

Dé tinh toan hiéu qua ning luong toa nha, cac
dic trung vé nhiét ctia 10p vo cong trinh dugc xac
dinh tai Bang 2. Thoi gian van hanh cong trinh la
cac ngay lam viéc trong tuan tir thir 2 dén thir 6, tir
10 h d&n 15 h hang ngay.

Céc truong hop tinh toan hi€u qua nang luong
la so sanh khi 16p vé cong trinh st dung kinh an
toan 2 16p va kinh low-e cach nhiét. Ngoai ra do
cong trinh c6 mat kinh 16n & phia chinh Tay nén
hiéu qua cua cac phuong an che ning ciing duoc
xét dén.

3.1.1. Tinh todn chi sé truyén nhiét tong OTTV

Xac dinh chi sb truyén nhiét tong (OTTV) la
phuong phap duoc xay dung nhiam danh gia tong
thé hiéu qua kha ning cach nhiét tong thé cua 16p
v6 cong trinh dugc xay dung. Chi sd nay cho thdy
nhiét luong t6i da c6 thé truyén vao cong trinh do
hép thu burc xa mat troi qua bé mat tudng, mai, clra
s6 va chénh léch nhiét do gilta bén trong va bén
ngoai cong trinh. Lop vé cong trinh véi gia tri
OTTV thép s& gitip giam thiéu hap thu nhiét tir bén
ngoai vao cong trinh.

Dit liéu dau vao tinh toan bao gém:

e Vi tri cong trinh: Ha Noi;

e Huong chinh clia cong trinh: Nam (xem
Hinh 2)

e Dit liéu thoi tiét khu vuc (nhiét d6 ngoai troi,
birc xa mét troi) (xem Hinh 2)

o Nhiét d6 bén trong cong trinh: 25°C;

e Dién tich cac mat ding; Dién tich mai; Dién
tich kinh trén cac mat dung va trén mai; (xem
Bang 3).
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e He¢ sb tong truyén nhiét cua phan tuong hoic

mai khong xuyén sang — U,[W/m?];
e Hé sd hép thu buc xa cua bé mit vat liéu cia

phan tuong hoac mai khong xuyén sang - a;

e Hé s6 che ning bén ngoai - f;

o Hé sb truyén nhiét cda kinh trén tudng hoac
mai — U [W/m?].
Cong thirc tinh toan OTTV:

Buéc 1: Tinh toan OTTV timg két cdu tuong,
mai thyc hién theo cong thirc sau

/4
)

OTTV[
m

}z(l—WWR)xUWxa

x(TD,, - AT)+(1-WWR) (1)
xUy xAT +WWRx K  x1,
x B+ WWRxU , x AT

Bwéc 2: Tinh toan OTTV trung binh cua ca
cong trinh

OT%[K}: OTTV,x 4 +...+OTTV, x 4, @
m A+..+A4,

2

Buére 3: Tinh toan OTTV tdi da cho cong trinh
theo yéu cau cia QCVN 09:2017/BXD:

W 60xA, +25x A4
N T R

3)

Két qua tinh toan hé sb truyén nhiét tong cua
cac bd phén l6p vo cong trinh (xem Bang 4). Vi gia
thiét vat liéu kinh an toan 2 16p, do dién tich kinh 16n,
chi s6 OTTVy, chua dat yéu cau theo QCVN 09:2017
[5]. Khi st dung kinh low-E véi 16p khi tro argon, chi
s6 OTTVy, thip hon yéu ciu 19%.

3.1.2. Tinh todn tii lam mdt bang céng cu mo
phong nang luwong

V6i diéu kién khi hau, vi tri, huong cong
trinh va cac tham sé dic trung nhiét cia 16p vo
cong trinh, tic gia tinh toan cong suit cua hé
théng diéu hoa khong khi dya trén phan mém mé
phong Design Builder dya theo phwong phap tu
ASHRAE Fundamentals 2021 Handbook [6].
Két qua tinh toan so sanh (xem Hinh 9) cho thiy,
hiéu qua nang lugng cua gidi phap dung kinh
low-e so v6i kinh thuong 1a 19% (d6i véi khu

vuce téng 1, noi c6 dién tich ctta kinh 16n). Két
qua nay phu hop két qua c6 duoc khi st dung
phuong phap tinh OTTVy,.

3.2. Phan tich tién nghi nhiét

D¢ danh gia sy anh huong cia cac giai phap
che ning dén hiéu qua tién nghi nhiét ciia cong
trinh, tac gia st dung tiéu chuan danh gia tién nghi
nhiét & khong gian dugc thong gié tu nhién, theo
ASHRAE 55-2017 [7] va phuong phap m6 phong
dong luc hoc dong chay CFD. Trong d6 cac diéu
kién vé khi hau va dic trung nhiét duoc tinh toan
cho mot nam.

Hinh 3: Chia lwéi tinh toan dong lwc hoc
cong trinh

Phuong phap mo6 phéng ddng lyc hoc dong
chay giai hé phuong trinh can bang vé khi luong,
mo men dong lugng va nang lugng theo tung thoi
diém tinh toan, cho phép xac dinh phan b nhiét do
trong cac khong gian can xét dén, ciing nhu cic
trang thai di luu khong khi, van toc gio, tir d6 xac
dinh dugc cac diéu kién tién nghi vé nhiét cua
cong trinh. Cac diéu kién tién nghi vé nhiét cua
cong trinh c¢6 thé tham khao cac quy dinh vi du
trong Bang 1.

Bang 1: Quy dinh vé nhiét do tinh toan

TCVN 9258: 2012
LOTUS - Chéng néng cho CASBEE -
Vigt Nam [8] nha & - Huéng din Nhat Bn [10]
thiét ké [9]
Tiéuchi H- 6 Tiéu chi Q1 -
oA A Muc 4.3 2.1.1 Room
Tién nghi nhiét
Teperature
Mua he 24 - 26°C Mua he 25°C Mua he 26°C
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Bang 2: Pac trung nhiét ctia 16p v6 cong trinh

Vit lidu Iz?n‘lin*“)y ((\};/71:1?1% VI | SHGC Hgnshoie(:an Nhlr?:?:gu " Kfljcilhe
(W/m.K) (J/kg.K) (kg/m®)
Kinh 2 16p an toan 6,38 5,293 0,812 | 0,754 - - -
Ifé“ml‘nlzi‘gf;néngi}‘;lw"i v 2 1218 | 0711 | 0512 - - .
Tudng gb van gd cach nhiét PU 60 0,439 0 - 0,12 1600 500
San gb CLT 30 2,147 0 - 0,12 1600 500
Trén nha g CLT 90 1,124 0 - 0,12 1600 500
Cura nhya 161 thép, van g5 90 5,085 0 - 1,05 750 2500

Bang 3: Dién tich cac by phin 1ép v6 cong trinh

Hudéng Téng Tay Pong Bic Nam
Dién tich mat dimg [m?] 276,19 75,49 74,28 62,6 63,83
Dién tich mai [m?] 227,59
Dién tich mit dtmg lién ké voi khong gian tréng [m?] 201,91 75,49 0 62,6 63,83
Dién tich ctra kinh [m?] 70,43 39,54 0 0,48 30,41
WWR [%] 25,5 52,37 0 0,77 47,65

Bang 4: Két qua tinh OTTV

OTTYV tinh toan (W/m?) Panh gia
Truong hop QCVN 09:2017 LOTUS
’ OTTV: | OTTVw | OTTVe (Wim?) Gidm OTTV | Tinh diém
(%) (di€ém)
Kinh 2 16p an toan 60,3 26,2 44,9 442 Khoéng Dat -2 0
Kinh 2 16p 6mm low — E 44,1 26,2 36,0 44,2 Dat 19 1
Bang 5: Phan bd nhiét d9 - Mé phéng CFD
Kinh an toan Kinh 6mm low E véi l6p argon & giira

Ting 1

Ting 2

tu 31 -32°C tur 30,5 - 31,5°C

Chung | Van téc khéng khi luu thong trong cong trinh & ca 2 truong hop 14 0,04 — 0,08 m/s
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Cac diéu kién bién va diéu kién ban dau vé
nhiét do, tbc do gio tai 16 md, ap luc khong khi
duogc tinh toan bang phuong phép can bang nhiét
dong luc hoc giira diéu kién bén trong va bén ngoai
cong trinh. Su phan bd nhiét d6 va ddi luu khong
khi bén trong cong trinh dugc tinh toan theo
phuong phap sé vé dong luc hoc dong chay.

H¢ phuong trinh bao toan khéi luong, dong
lwong va ning luong c6 dang tong quat nhu sau:

d . .

Ej.p¢dV + [piiids = [TV gidS + [q,dv )
4 S S V
Trong do6:

d :

— quﬁdV la dai hrong bién thién theo thoi gian;
t Vv

j PPVidS 1a dai lugng bién thién ddi luu;

N

j 'V #vdS 1a dai lugng bién thién khuéch tan;
S

J.q(ﬁdV 1a ngudn bd sung.
Vv

Giai hé phuong trinh (4) voi cac diéu kién bién
va diéu kién ban diu, ta xac dinh dugc phan bd nhiét
d0, d6i luu khong khi trong khong gian xét dén.

Déi v6i trudng hop tinh toan cong trinh nha gd,
thoi diém tinh toan vé khi hau nhiét d6 13 tai thoi
diém 12h, ngay 24 thang 7, thoi diém nhiét do cao
nhét trong ndm cua co sé dit liéu, voi nhiét 3o kho
ngoai troi la 35,5°C. Tac gia lya chon md hinh
nhidu dong K-e, pht hop véi van toc gid trung
binh va tai nguyén tinh toan. Nhuoc diém cta mo
hinh K-e 1a d chinh xac khong cao ddi véi cac bé
mit diéu kién bién co su thay ddi 16n vé vec to
phap tuyén. Tuy nhién trong diéu kién bai toan
nay, cac mit phang khong gian déu c6 dang phang,
khong c6 nhiéu thay déi cuc b, nén mé hinh K-e
la phu hop. Mat d6 ludi cia moé hinh trung binh 1a
0,3 m, tai cac vi tri 16 mo, mat do ludi trung binh 1a
0,03m, xem Hinh 3. Luu lugng gi6 tinh toan tai
cac 16 mo xac dinh bang phuong phép trong [6],
xem Hinh 4.

Witd speed = 1.001ms

Hinh 4. Luu luong gié tai mdi 16 mé ciia cong trinh

Két qua phan bd nhiét d¢ trong hai truong hop
st dung kinh thuong va kinh low-e dugc cho trong
Bang 5: Phan bd nhiét d6 - M6 phong CFD. Nhiét
d6 cao nhit trong phong trong truong hop sir dung
kinh low-e thap hon 1°C.

4. XAY DUNG GIAI PHAP CHE NANG

Cong trinh c6 mat kinh lon hudéng Tay va
huéng Nam, nén viéc thiét ké cac giai phap che
nang 13 can thiét dé tang hiéu qua ning luong va
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tién nghi nhiét cta cong trinh. Cac giai phap che
nang c6 thé sir dung méi che niang, lam che ning
theo phuong dimg va lam che nang theo phuong
ngang. Do cong trinh c6 thoi gian hoat dong tir 10h
dén 15h, nén hiéu qua ciia cac phuong an che ning
duogc tinh toan tir d6 dua ra cac dinh hudng co ban

vé vi tri, kich thudc va hudng che ning. Céc
phuong 4n che ning bao gdm mai che ning (xem
Hinh 5), che ning bang lam theo phuong ding
(xem Hinh 6), che ning bang lam theo phuong
ngang (xem hinh 7). Cac tham sé vé kich thudc
bién phap che ning dugc tong hop trong Bang 6).

Bang 6. Cac phwong 4n che ning

Khodng cach tir | Khodng ciach Do dai Gé K‘lloén,g cach
cira s6 dén dinh | dén mép cira o dal oc S6 nan giifa cic nan
méi (m) s& (m) mai (m) nghiéng
(m)
Miéi che ning ngang Loai 1 0,0 0,0 1 - - -
Loai 2 0,0 0,0 2 - - -
Lam che n'Zing ngang Loai 1 0,0 0,0 0,1 45 15 0,1
Loai 2 0,0 0,0 0,2 45 15 0,1
Lam che nang doc Loai 1 - 0,1 0,5 - - -
Loai 2 - 0,1 1,0 - - -

Mai che D6 vuon
SNy
Khoéng cach dén -l _____
dinh cura sb

Cira so

Hinh 5: Phwong 4n mai che ning

Két qua phan tich dugc téng hop va trinh bay
trong Hinh 10 cho thdy hiéu qua ctia phwong an
che ning c6 thé giam dugc 20% luong ning tiéu
thy cho hé théng diéu hoa. Phuong an che ning
theo phuong ngang c6 hi¢u qua cao hon phuong an
che néng theo phuong dimg. So sanh hi¢u qua ciia
cac phuong an véi kich thude va cach bd tri cac
lam che ning cho phép kién tric su lya chon
phuong 4n t6i wu vé hiéu qua nang luong, ciing
nhu t6i wu vé& chi phi. Phuong 4n che ning theo
phuong lam ngang loai 2 (xem Hinh 10).

Bang 6. Cac phuong 4n che néng) c6 hiéu qua
ning lugng cao nhat. Tuy nhién kich thudc lam
che néng lai 16n gép 2 lan lam loai 1. Do vay lya
chon phuong 4n lam che ning ngang loai 1 s& tdi
wu vé chi phi va hiéu qua nang luong.

5. QUY TRINH THIET KE FACADE

Dua trén vi du phén tich tinh toan vé cong trinh
nha gd, tic gia xdy dung quy trinh thiét ké facade
st dung mo6 phéng nang luong.

Budée 1: Xay dung chon mo hinh co s¢ (khdng
¢6 cac bién phap che ning).

- Lwa chon cac diéu kién khi hau, vi tri, hudng
cong trinh.

- Xé4c dinh cac ddc trung vé nhiét cta 16p vo
cong trinh.

- Xéc dinh thoi gian hoat dong cua cong trinh
phu thudc loai cong trinh.
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- Tinh toan hi€u qua nhiét cua 16p vo cong
trinh theo phuong phap OTTV va phuong phap md
phéng, danh giad tinh chinh xac ctia phuong phap
mo phong.

- Tinh toan tién nghi nhiét ctia cong trinh bang
phuong phap dong luc hoc dong chay CFD, xac
dinh cac tién nghi vé nhiét va thong gié tu nhién.

Buréc 2: Xay dung cac phuong 4n che ning co ban:

- Xay dyng cac phuong an che ning co ban.

- Sir dung mo phong néang lugng xac dinh hiéu
qud nang luong, tién nghi nhiét ctia cac phuong an
che néng.

- Phén tich hi€u qua nang luong, tién nghi nhiét
dé danh gia hiéu qua cac phuong an che nang, lya
chon tham sb ctia phuong 4n che néng.

Budre 3: Hoan thién thiét ké facade

- Xay dung y tuong thiét ké facade dwa trén
céc tham sd vé phuong an che .ning

- Lya chon vat liéu, t6i uu hidu qua ciia phuong
an facade vé hiéu qua nhiét, hinh dang, vat li¢u,
kinh phi.

- Tinh toan hi€u qua nang lugng cua cong trinh
v6i phuong an facade da lya chon.

Lam trai

Do dailam

Hinh 6. Phuong 4n lam che ning dirng

Khoang cach dén dinh ctra s6

cura so

\

Goéc nghiéng

Khoang cach dén

cura sO

S A
n

Hinh 7. Phuong 4n lam che ning ngang
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6. KET LUAN

Bai bao di trinh bay phén tich, so sanh vé két
qua tinh toan hi¢u qua nang luong cia céng trinh
bang phuong phap tinh toan don gian OTTV va
phuong phap mé phong CFD. Két qua cho thiy
phuong phap mé phong CED cho ra két qua twong
ddng v&i phuong phap tinh toan don gian.

Nhém tac gia cling dbi chiéu so sanh giita dit
liéu khi hau sir dung trong phan mém mé phong va
trong QCVN 02:2022/BXD, su khac biét 5-7% o
nhiét d6 cao nhét va thap nhit & thang 2, 3 trong nam.

Ngoai ra, tac gid ciing ching minh nhiing wu
diém ciia phuong phap mo phong ning luong:
(i) d6 tin cdy cao, (i) mo ta, xét dén duge cac dic
trung kién tric ctia cong trinh, (iii) tinh toan duoc
chi tiét cu thé cac dic trung kién tric ciia cac giai
phap che ning.

Tac gia xay dyng quy trinh thiét ké facade dya
trén phuong phap mdé phéng nang luong. Pay la
cong cu hitu ich, giup cac kién tric su co thé Iya
chon, t&i uvu phuong 4n kién triic cua hé fagade trén
ti€u chi hi¢u qua nang lugng céng trinh.
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