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Tém tat

Thiét ké chiéu sang tu nhién cho cong trinh déng mot vai tro rit quan trong dbi véi tién nghi thi gidc clia con
ngudi, nang cao hiéu suit lao dong va tiét kiém ning ludng cho cong trinh. Cho dén nay viéc tinh todn thiét ké
chiéu sang tu nhién & nudc ta dang dua trén mo hinh bau troi ddy may CIE. M6 hinh bau trdi nay dic trung cho
cc nudc dn déi co thoi gian mua dong dai, khong dic trung cho bau trdi nhiét déi nhu Viét Nam, ndi ma do
roi trén mit ngang ngoai nha va do chéi do bau troi gay ra rat 16n. Vi vy can thiét phdi nghién ctiu va cap nhat
ly thuyét trong tinh todn va thiét ké chiéu sang tu nhién. Nghién ctiu nay dé xuit ciac phuong phdp méi phan
tich su phan bd do chéi clia bau trdi nhiét d6i Viét Nam va xdc dinh hé s6 phan bd khong dong déu do chéi q
cho hai thanh phé Ha Noi va TP. Hd Chi Minh duya trén s6 liéu khi hau 4nh sang ctia Viét Nam, bang 2 phuong
phép: 1) phuong phap st dung 15 mo hinh bau troi duge dé xuit béi Kittler; 2) phuong phép sit dung hé sb may
K, (ti s giita do roi ngang tdn xa va do roi ngang tong xa). Két qua nghién ciiu ciing chi ra su khéc biét ctia cac
gia tri hé s& phan bd khong ddng déu do chéi ¢ khi tinh toan véi mo hinh bau troi diy may va bau trdi nhiét d6i
thuc té & Viét Nam. Phuong phap nghién ctiu nay c6 thé st dung dugc cho nhiéu viing khi hau khac nhau.

Tir khod: hé s6 phan b6 khong dong déu do chéi; chiéu sang tu nhién; hé sb phan bd do chéi; tinh toan chiéu
sdng tu nhién.

CORRECTION OF THE UNEVEN BRIGHTNESS COEFFICIENT FOR THE TROPICAL SKY CONDI-
TIONS

Abstract

In the design of buildings and structures, the calculation of natural lighting plays an important role in providing
visual comfort, rational use of the daylight resource and achieving energy efficiency. Until now, the overcast
sky CIE is mainly used in the daylight calculations as the most unfavorable condition. This sky condition is
characteristic of a long winter period of temperate climate and is not typical of the tropical sky, where diffuse
horizontal illuminance values are very high. For these reasons, an update of theoretical studies in the daylighting
calculations and design the daylighting systems must be completed. Accordingly, this study proposes modern
methods of analyzing the firmament luminance distributions to determine the coefficient of uneven brightness
when calculating the Daylight Factor for more realistic sky conditions in the tropical climate of Vietnam. For
this, the sky types have to be defined according to the locations. Fifteen international standard types of the
firmament with their descriptors are provided by Kittler et al. and a technique using a relation of diffuse and
total solar illuminance levels named the cloudiness coefficient K,, are considered to confirm the sky type for
Hanoi and Ho Chi Minh City. A comparison of the results shows the differences of using classical Overcast sky
condition and the proposed sky conditions. The method offered and verified in this study showed that, it has
potential to be used for difference climate areas.

Keywords: coefficient of uneven brightness; tropical sky condition; daylight climate; daylighting calculations.
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1. Giéi thiéu

Trong nhiéu nim gan day, khi bién ddi khi hiu dang ngay cang trAm trong hon, thiét ké cong trinh
hiéu qua ning luong ngay cang dudc quan tim dic biét, bao gdm nhiéu van dé ky thuat nhu: thiét ké
nhiét, thiét ké thong gi6 tu nhién, st dung ning luong mit troi [1-3]... trong d6, thiét ké chiéu sing
tu nhién déng vai trd quan trong dé dam bao tién nghi nhin va két ndi con ngudi v6i moi trudng.

Anh sang tu nhién 12 ngudn sdng bén viing cho cong trinh, cho chét lugng 4nh sang tot nhat.
Nhiéu nghién ctiu da chi ra ring anh sang tu nhién ludn déng vai tro chi dao trong cudc sdng ciia
con ngudi, gitp tiét kiém ning lugng cho cong trinh, gitip phan dinh mau sac t6t nhit, va ting ning
suat lao dong, tao cam gidc thoai mdi cho thi gidc ciing nhu cdc nhu cAu tam ly sinh 1y ctia con ngudi
[4-8]. D€ tinh toan chiéu sdng t nhién mot cach chinh xdc va thuc hién mo phong can phai nghién
ctfu khi hau 4nh sdng cta dia phuong d6. Diéu nay rit quan trong dé tinh hé s6 phan bd d6 chéi va hé
s6 phan bd khong ddng déu do chéi cho cdc dang bau trdi khac nhau.

Trong céc tinh todn chiéu sdng tu nhién cta tiéu chuin chiéu sing tu nhién cta Lién Bang Nga
[9] cAn phai x4c dinh hé s chiéu sang tu nhién (HSCSTN) tai mdt diém trong phong. Ciing theo tiéu
chuéin nay HSCSTN tai mot di€ém trong phong dugc xdc dinh theo céac cong thic sau:

Chiéu sang bén:

L M
ep=Cn| D e+ ) Embyikins|rotoMF (D
i=1 j=1
Chiéu sang trén (clia troji):
T
ro_
¢y = Cn| D 8ua(y); + ew(raky = 1) | T,MF )

i=1

trong d6 Cy 1a hé s6 khi hau dnh sdng ctia dia phuong; L 1a s6 mang troi nhin thiy dugc tir diém tinh
toan trong nha qua cira s&; M 12 s6 miit diing dbi dién dugc nhin thiy tir diém tinh todn trong nha qua
clia s6; &5; 12 hé sb chiéu sang ty nhién hinh hoc tai di€ém tinh toan khi chiéu sang bén c6 tinh dén anh
sdng truc tiép cta bau trdi; ¢; 12 hé s6 phan bd khong déu d chéi cia mang trdi thit i &,; 1a hé sb
chiéu sang tu nhién hinh hoc tai di€ém tinh toan khi chiéu siang bén c6 tinh dén anh sdng phan xa tir
cdc ngodi nha ddi dién; b ¢j 1a do chéi trung binh tir mét diing thi j ctia tda nha ddi dién; r, 1a hé sb
phén xa trung binh tif cdc bé mit trong phong khi chiéu sang bén; k,; 12 hé sb anh hudng t6i phan
xa bé mit trong phong khi xuit hién cdc cong trinh dbi dién; 7, 12 hé s6 xuyén sang ctia kinh ciia sd;
MF 13 hé s6 bao dudng cira s6; T 1 s6 luong ctia s6 trong tinh chiéu sdng trén; &, 12 hé sb chiéu sang
tu nhién hinh hoc khi chiéu sang trén c6 tinh dén anh sdng truc tiép clia bau trdi; ;b 12 hé sb chiéu
sang tu nhién hinh hoc trung binh khi chiéu sang trén tai cac diém nam trén giao tuyén clia mit cat
dic trung clia phong va mit 1am viéc quy uéc; r, 12 hé sb phan xa clia bé mit trong phong khi chiéu
sang trén; k¢ 1 hé s6 phy thudc dang cita chiéu séng trén.

D€ tinh dugc hé sb chiéu sdng tu nhién trong nha cin xic dinh hé s6 phan b khong dong déu
dd chéi g thong qua hé s6 phan b dd chéi bau troi . Hé s 8 dudc tinh theo ty sd thip phan khong
thi nguyén gitta do chéi clia mang trdi quan sat bat ky v6i do chéi tai thién dinh va dudc xic dinh
theo cong thic (3), (4) [7, 10]. Hé s6 phan bd d6 chéi clia bau trdi trung gian dudc x4c dinh dua trén
hai bau trdi CIE tiéu chudn [11]: bau trdi quang may (Clear Sky - Kittler, 1973) va bau trdi diy may
(Overcast Sky - Moon & Spencer, 1942).
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Hé s6 phan bd do6 chéi clia bau trdi quang may (Clear Sky) dugc xdc dinh theo cong thiic sau:

-032
Ly  (1—e57)(0,91 + 10e73X + 0,45c0s°X)

3
Bes L. 0,274 x (0,91 + 10e=3% + 0,45c0s2Z;) ®)
X = arccos(cos Z; cos Z + sin Zg sin Z cos A;) 4)
Déi v6i bau trdi day may (Overcast Sky), hé s6 phan bd do chéi xdc dinh theo cong thic:
L 1 +2siny
=2=—""" (5)

()S—L_Z 3

trong d6 3., 1a hé s6 phan bb do chéi ctia bau trdi quang may; 8, 12 hé sb phan bd dd chéi clia bau troi
diy may; y 1 géc do cao ctia méang biu troi, (radians); L, 12 do chdi tai thién dinh, (cd.m2); y; la géc
do cao clia mit trdi (radians); Z 1a géc gifta mang bau trdi va thién dinh, Z = 900 — y (dd); Ly, 1add
chéi ctia méng bau troi c6 géc phuong vi va géc do cao @, y, (cd.m™2); X 1a géc giita mang bau trdi va
mat tr6i, duge xac dinh bdi phuong trinh (4) (radians); Z; 1a géc gitta thién dinh va mat tr6i, (radians);
A_la Chénh 1éch géc phuong vi gitta mang bau trdi va kinh tuyén bau trdi (radians), A, = |a — a,l; @
va oy 12 géc phuong vi trén mit diing ctia mang bau troi va géc phuong vi ctia mit trdi, (radians).

Su phan bd do chéi clia bau troi ddy may khong phu thudc vao géc phuong vi mit trdi hay géc
phuong vi ctia mang tri khao st va do chéi & thién dinh gip ba 1an d6 chéi & chan troi.

Kittler va cs. [10] da xdy dung mo hinh bau tr&i tiéu chudn bang cach si dung hai dai lugng: ti
s6 clia do roi ngang tan xa chia cho do roi ngang bén ngoai 16p khi quyén (extra-terrestrial horizontal
illuminance) D,/E, va hé s6 T, dic trung cho d6 duc ctia khi quyén (luminous turbidity factor). Mot
phuong phdp phén loai bau trdi dua trén hé s6 may K, da dugc dé xuit dé tinh toan so sanh.

Hinh 1. Cac géc thé hién vi tri mit troi va mang trdi khao sat

Muc tiéu ctia nghién cttu 1a dé xuit phuong phép tinh toan hé sd phan b6 khong dong déu do chéi
trong diéu kién bau trdi nhiét ddi thuc té cia Viét Nam cho hai thanh phd: Ha Noi va TP. Ho Chi
Minh. Theo d6, c6 ba nhi€ém vu nghién cttu chinh:

- Xéc dinh cdc loai bAu troi  Viét Nam bang hai phuong phap: phucng phap thi nhét st dung ti
s6 clia do roi ngang khuéch tan ngoai nha D, chia cho do roi ngang ngoai ting khi quyén E, va hé s6
T,; phuong phép thd hai st dung hé sé6 may Ky dé xac dinh loai bau trdi thuc theo théng ké do may.

- X4c dinh hé sb phan b6 do chéi 8 ciia bau troi thuc té.

- Tinh toén cdc gid tri hé s6 phan b6 khong dong déu do chéi clia bau troi cho Ha Noi va TP. Ho
Chi Minh.
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2. Phuong phap nghién ciu

Dua trén hai mo hinh bau trdi CIE tiéu chuén, s dung phuong phédp cda Kittler va phuong phap
hé s6 may K, dé xac dinh cac bau trdi trung gian. Cac mo ta vé céc loai bau trdi va hé sd K, dudc tinh
toan dua trén sb liéu khi hau cla dia phuong. Tir d6 tinh todn hé s6 phan b do chéi bau trdi 8 va hé
s6 phan bd khong dong déu do chéi clia bau trdi g.

2.1. Cdc loai bdu troi tiéu chudn ciia Kittler va phuong phdp xdc dinh B theo 15 bdu troi tiéu chudn

Tap hop cic loai bau trdi tiéu chuidn da dudc thiét 1ap [12], theo d6, dua trén sb liéu do ludng
dd chéi & Tokyo, Berkeley, va Sydney, Kittler va cs. [13] di dua 15 loai bau trdi vao tiéu chuin CIE
(2001): 5 loai bau trdi diy may, 5 loai bau trdi quang may va 5 loai bau troi trung gian. Viéc xac dinh
15 loai bau troi nay chi tiét hon va bao triim tt ca cdc dang bau trdi khi xem xét su tdn xa khuéch tan
khéac nhau bdi bau khi quyén va dnh hudng ctia dnh sang miit troji truc xa [14, 15].

Dé xac dinh loai bau trdi can xdc dinh ti s6 D,/E, vahé s6 T, [7, 16]:

~In(2)

T, = — "7 )
L A (©)
ETEE )
EV Ev Ev

E, =133,8siny; (lux) ®

1
" - )

siny, + 0,50572(y, + 6,()79950) 1,6364
1

A= 59T 00a3m 1o
trong d6 T, 12 hé sd dic trung cho dd duc ctia khi quyén; P, 13 do roi truc xa trén mit ngang, (Klux);
E, 12 do roi ngoai khi quyén trén mit ngang, (Klux); D, 1a do roi tin xa trén mit ngang, (Klux); G, 1a
do roi tong xa, (Klux); m 1a khdi lugng khi quyén va A, 1a anh sang phat ra & trang thai ly tudng, phu
thudc vao géc do cao ctia mat troi [16].

Sau khi dua céc loai bau troi tiéu chudn vao, viéc tinh toan hé sé phan bd do chéi dua trén céc
tham s6 vé vi tri mét trdi va vi tri clia méang trdi khio sat (cac tham s a, b, ¢, d, e).

_ Ly _ fX)p(2)

- 11
P L, f(Z)gp(0%) (I
b
o2) = 14—aexp(€6§2) (12)
©(0% =1+ aexp (b) (13)
f(X) =1+ clexp(dX) —exp (%ﬂ) + ecos’X (14)
(dﬂ') )
f(Zs)=1+c|exp(dZs) — exp > + ecos“Z; (15)

v6i 0 < Z < /2 vatai chan troi o(n/2) = 1.
Céc tham sb a, b, cd, e tham khao tif Bang 1.
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Bang 1. Cac tham s tiéu chuén ctia 15 loai bau troi

Cic yéu t6 dic trung

Cac tham sb tiéu chuin - ST e
cua cdc loai bau troi

bglote.lrléi GrCaltlilai?on in((i?clai(r)ix b ¢ d ¢ T Dy/E,
1 I 1 40 -0,7 0 -1,0 0,00 >45 0,10
2 1 2 40 -0,7 2 -1,5 0,15 > 20 0,18
3 II 1 1,1 -0,8 0 -1,0 0,00 >45 0,15
4 II 2 1,1 -0,8 2 -1,5 0,15 > 20 0,22
5 111 1 0,0 -1,0 0 -1,0 0,00 >45 0,20
6 I 2 00 -1,0 2 -1,5 0,15 > 20 0,38
7 III 3 00 -1,0 5 -2,5 0,30 12,0 0,42
8 11T 4 0,0 -1,0 10 -3,0 0,45 10,0 0,41
9 v 2 -1,0 -0,55 2 -1,5 0,15 12,0 0,40
10 v 3 -1,0 -0,55 5 -2,5 0,30 10,0 0,36
11 v 4 -1,0 -0,55 10 -3,0 045 4,0 0,23
12 A" 4 -1,0 -0,32 10 -3,0 045 2,5 0,10
13 A" 5 -1,0 -0,32 16 -3,0 0,30 4,5 0,28
14 VI 5 -1,0 -0,15 16 -3,0 0,30 5,0 0,28
15 VI 6 -10 -0,15 24 -28 0,15 4,0 0,30

Bang 1 cho thiy, su phan bd do chéi clia 15 dang bau trdi tiéu chuin dua trén 6 nhém gid tri a va
b va 6 nhém gid tri ¢, d va e. Theo cdc cong thic tir (6)—(15) sau khi loai bau trdi clia dia phuong da
dugc x4c dinh, sit dung cdc tham sd tiéu chudn a, b, ¢, d va e tinh dudc cdc phan bd do chéi clia bau
troi thuc ctia dia phuong d6 (két qua xem trong Bang 3).

2.2. Ddnh gid khi hdu dnh sdng ciia dia phwong va phiong phdp xdc dinh B theo hé sé mdy K,

Dénh gia nay dua trén tinh toan su phan bd do chéi ctia 2 loai bau troi CIE tiéu chuin bang cach
stt dung hé s6 may K, dudc dé xuit bdi Aleksey K. Solovyov. Phuong phéap xéc dinh do chéi ctia viing
bau trdi thuc té dude md ta trong tai lidu [17, 18], c6 thé mo ta ngan gon:

Chia nita ban ciu bau trdi thanh cic phan nho, theo géc phuong vi, gidi han trén mit phang ngang
chia theo cac goc 15°.

Theo gbc cao clia bau trdji, chia toan bd bau trdi thanh 3 viing: viing chan trdi (g6c cao 2,5°); ving
bau trdi trung tdm (géc cao tit 10° + 80°), viing bau trdi & thién dinh (géc cao tif 80° + 90°).

Ving bau trdi trung tam (d6 cao 10° + 80°) dudc chia v6i buse chia 10° (Hinh 1). Tong gia tri do
chéi clia cdc mang trdi ndy cho chiing ta do roi clia viing bau trdi xem xét.

Déi v6i bau troi quang may, su phan bd do chéi phu thudce vao vi tri Mit trdi. Nghién ctiu nay tinh
toan cdc gia tri hé s6 phan bd khong dong déu do chéi ¢ trong trudng hop bét 16i nhit, c6 nghia 1a
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trong trudng hop HSCSTN 12 nhé nhét va gid tri do roi ngoai nha tuong ting 1a do roi téi han E,,.. Céc
diéu kién dung d€ tinh toan nhu sau:

- Xac dinh géc phuong vi giita hudng cira s6 va Mit trdi tai d6 HSCSTN 1a nhé nhét: cac nghién
cttu [14, 15] cho thdy, gia tri géc phucng vi gilta hudng clia s6 va Mit troi biang 105° hodc 225° thi
HSCSTN 12 nhd nhét. Trong céc tinh todn hé s& phan bb do chéi ctia bau trdi, vi tri clia Mt trdi phai
dugc cb dinh theo géc phuong vi nay va diing cong thiic (1), (2) d€ tinh todn theo cdc gid tri X va Z;.
Can luu y rang trong trudng hgp bau trdi loai 1, 3 va 5 tuong ting v6i bau troi ddy may CIE tiéu chudn,
dd chéi khong thay ddi theo cac géc phuong vi clia Miit trdi so v6i hudng ciia 1iy sang [11], khi do,
viéc tinh todn hé sb chiéu sang tu nhién khong phu thudc vao vi tri cia Mit troi.

- X4c dinh géc dd cao ctia Mt troi tai thdi di€ém do roi t6i han E,,: trong diéu kién bau trdi quang
may, can xic dinh géc do cao clia Mit troi tai thai diém do roi ngang ngoai nha dat gia tri t6i han
(E.). Cac gia tri E., dudc chon theo biéu thiic sau:

norm

E
E. = 100—L (16)

ennrm

trong d6 E2%™ 1a tiéu chudn do roi nhan tao; €™ 1a hé s6 chiéu sang tu nhién tiéu chuin.

Trong céc nghién ctu [19, 20], danh gid phan tich dnh sang tu nhién cho Viét Nam dugc thuc hién
véi d6 roi khuéch tan ngang cho Ha Noi. Nghién ctiu cho thdy mbi quan hé ctia hé s6 chiéu sang tu
nhién e, (%); d0 roi t6i han E,,, (lux) va d9 roi nhan tao tiéu chuin E2%™, (lux) dya trén khoang thdi
gian xem xét tir 08h00 dén 17h00 tng v6i 100% thai gian lam viéc. Tuong tu, Mardaljevic J. [18]
da dua ra mot sb gio 1am viéc hang ngay, vi du: 7:00 - 20:00, 8:00 - 17:00, 8:00 - 19:00 hoic 9:00 -
16:00. Bang 2, dé xuét gid tri hé sd chiéu sang tu nhién trung binh tai diém giita phong cho Viét Nam
tuong ung véi 50%, 80%, 100% thoi gian st dung anh sang tu nhién (ASTN theo gio lam viéc).

Béng 2. D& xuét gid tri hé s6 chiéu sdng tu nhién trung binh tai diém gitta phong cho Viét Nam [11, 21]

50% thoi gian 80% thoi gian 100% thoi gian
E;" st dung ASTN stt dung ASTN stt dung ASTN
(lux)
e (%) Er (lux) e (%) E(lux) e (%) E¢y (lux)
500 1,5 33300 2,25 22200 3,5 14286
300 0,9 33300 1,35 22200 2,1 14286
200 0,6 33300 0,90 22200 1,4 14286
100 - - < 0,50 - 0,7 14286

Bang 2 cho thiy, do roi téi han dat xip xi 15000 lux 12 thda man tit c4 cic trudng hgp khic nhau
vé thoi gian st dung ASTN. Tir nhiéu nghién ctfu vé chiéu sang tu nhién, cic phép do ctia Khrochitsky,
Zeker va Littlefair, ciing nhu P. Tregenza [22-25], d4 x4c nhan cdc két qua nghién cifu ctia nhau. P.
Tregenza da dua ra cic cong thic thuc nghiém xac dinh d6 roi ngang khuéch tan phu thudc vao géc
cao Mt troi sau day:

Ep =105(y, + 5>, (-5° <y,<5°) (17)

Ep = 48800sin"'%y,, (5° <y, < 60°) (18)

St dung cong thiic (18) dé tinh géc cao ctia Miit trdi, khi do roi téi han 15000 lux tuong ing géc
cao cuiia Mt trgi 1a 1a 20,1°.
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Gia dinh rang, bau troi trung gian c6 do may thay ddi lién tuc tif trang thai ddy may dén trang thai
quang may, theo Gillette va Trido dé xuét, hé s6 may dudc xac dinh bang ti 1& d6 roi ngang tan xa chia
cho d roi ngang téng xa Ko = Ep/E. Hé sd nay giam tr 1,0 dbi v6i bau trdi hoan toan diy may dén
gia tri 0,2 dbi v6i bau troi quang may [11, 19]. Do chéi cia bit ky bau trdi trung gian nio ciing déu
c6 thé xdc dinh dudc dua trén trong s clia hai loai bau trdi gi6i han.

L(z, @) = £L(z, @)clear + (1 — E)L(Dovercast (19)

,Breal = fﬁclear + (1 - g),B()vercast

trong d6 L(z, @)cjeqr 12 d0 chéi clia bau trdi quang may theo cong thic cta Kittler; L(2)oyercas: 12 d0
chéi ctia bau trdi dly may Moon and Spencer; & 1a him pha tuong ting véi luat phan phbi chuan dudgc
xac nhan trong nghién ctu [11, 18].

_ 1+ cos (Kom)

20
5 (20)
2.3. Xdc dinh hé sé phdn b6 khong dong déu dé chdi q cho bdu troi Viét Nam
Hé s6 phan b khong dong déu do chéi g dudc xéc dinh theo cong thic:
g= Egyuniformﬁ (21)
realsky

trong d6 S 1a phan bd d6 chéi trén bau troi; E skyuni form 12 d0 101 trén mdt ngang cla bau troi choi déu,
E skyuniform = LT3 Erealsky 12 d0 1ol trén mét ngang ctia bau troi thyc t€ c6 phan bd do choi khong dong
déu [17, 18], tuong ting v6i goc cao clia miit troji va dd roi téi han ngoai nha.

Trong cong thic (21):

345
Ereatsty = ) Epta +0,024L; + Es s (22)
0
y=80°
AEp, = 0,046L, Z B, cos y siny (23)
y=10°
345
Eys =0001L; > Buns (24)
0

trong d6 s6 hang dau tién trong cong thiic (22) 1a téng cic gia tri dd roi cia phan bau troi trung tim,
dugc xac dinh v6i géc dd cao ctia Mit troi tuong Ung vdi gid tri do roi ngang tSi han; s6 hang thi hai
12 do roi clia phan bau trdi & thién dinh; s6 hang thid ba 12 do roi phan bau trdi & chan troi, véi chiéu
cao goc tinh 1a 2,5° trén duong chén trdi (xem Hinh 1).

3. Két qua nghién cttu va ban ludn

Céc dit liéu vé khi hau dnh sdng ctia Ha Noi va TP. H6 Chi Minh st dung cho nghién cifu dudgc
tham khdo tir dit liéu ASHRAE IWEC2. Tap tin nay dugc phét trién cho ASHRAE bdi White Box
Technologies, Inc. va dua trén co s6 tich hgp hang gid trén bé mit cho 3012 dia diém bén ngoai Hoa
Ky va Canada, thdi gian thu thap di liéu 12 ndm t6i 25 nam [19].
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3.1. Xdc dinh loai bdu troi véi ti s6 DV/Ev va hé sé Tv dua trén bo bau troi tiéu chudn dugc dé xudt
bdi Kittler

Dé x4c dinh dudc ti s6 DV/Ev, dit liéu vé do roi ngang khuéch tan va do roi ngang tdng ngoai nha
dugc st dung trong céc cong thic (6)—(10). Két qua tinh todn cho thiy bau trdi Ha Noi dudc x4c dinh
12 dang bau trdi may khong hoan toan, khong theo quy luat ting dan vé thién dinh, sang nhe vé phia
Miit troi va thudc bau troi loai 6; trong khi bau trdi loai 10 — “bau trdi may mot phan v6i ving troi
sang hon & gan vi tri mit trdi dudc dai dién cho bau trdi thanh phd HO Chi Minh [11].

Hinh 2(a) dudi diy thé hién biéu dd phan bb do chéi S tiiy thudc vao loai bau trdi, dudc tinh tir
cac cong thiic (11)—(15). D€ tinh toan, cac tham sd tiéu chudn ctia cac loai bau troi da dudc sit dung.
Gi4 tri géc phuong vi gitta mit tri va huéng cira s6 X dudc 14y theo mo ta tai muc 2.2. Cic géc quan
sat mang bau trdi dudc tinh theo do cao tir 10° dén 90°.

40 . . . . . 3.0 i
318 : | : i : l_.—_lj)‘m JF —B—ko=0.1
g L ; ; j ; o— Loai 2 281 —o—ko=0,2(|
36 Yoo i 1 1 1 —a— Loai 3 261 \ —a—ko=0.3
34 ('’ T : : : : —— LO@i. 4 . \ : : : : : —v—ko=0.4
3214 i i : : —e— Loai § 244N\ : ; ‘ : | e ko=05[]
@ 30 Yo : : : T Joaig S R 1 1 ‘ i [ ko=04] |
= s Y ; : : : —— Loa1 o TN ; ; ! ! L |t—ko=0.7
20T : —o— Loai 8 3 20 PR : 1 ; ; i |—8—ko=0,8}|
o226 Nk : : : -* Loai9 = S i i i i i | —a—ko=0,9
Q24 \; : ‘ : o Loai 10 18 —e—ko=1,0]]|
8 224¢ S, : —— Loai 11 ]
= 0 o Ldai & : : : |+ Loail2 g 16
r§ = G ; i —x— Loai_ 13 =14
& 18 N : : —— Loai 14 %
¢ |- . a H H H 1 2
% 161 Loai 10 NN ; : anl 15 “© 12
o 14 ‘ 3 ‘ 010
T ‘ w L
121 Tos
1.0 et 1
0.8 0.6
0.6 0.4
04 02
02 .
00 : i . : : : ; 0.0 ‘. ‘. ; i ; ; .
10 20 30 40 50 60 70 80 90 10 20 30 40 50 60 70 80 90
Géc cao clia mang troiquan sat v, (do) Goc cao cia mang troiquan sat 7, (do)
(a) Phuong phép Kittler (b) Phuong phap hé sb may K,

Hinh 2. Hé s phan b6 do chéi 8 cho Ha Noi va TP. HCM tai vi tri Mit trdi & géc cao 20,1° va géc phuong vi
105° hodc 225° so vGi mang tréi quan sat

3.2. Xdc dinh loai bau troi dua trén hé s6 mdy Ko

D& phan loai bau trdi cho céc thanh phd véi hé sb may Ky, cic gia tri ctia dd roi ngang khuéch tan
va do roi ngang tong xa da dudc st dung. Két qua cho thiy cdc gia tri trung binh ctia Kq 13 0,81 cho
Ha Nai va 0,57 cho Thanh phé H6 Chi Minh [11]. St dung céc cong thiic (19) va (20), phan bb do
chéi B theo hé sb may K, thu dudc trong Hinh 2(b).

3.3. Xdc dinh hé sé phdn bé khong dong déu dé chdi q

Sau khi tinh todn dugc hé sb phan bb do chéi S, st dung cac cong thiic (21)—(24) tinh dudc hé sb
phan bd khong dong déu do chéi g (Hinh 3).

So sdnh két qua tinh toan hé s6 phan b6 do chéi B va hé sb phan bd khong dong déu do chdi g clia
bau troi Ha Noi, bau trdi TP. H6 Chi Minh va bau trdi ddy may CIE dugc cho trong Bang 5.
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Goéc cao ciia mang troi quan sat 7, (do) Goc cao cuia mang troiquan sat 7, (d6)
(a) Phuong phép Kittler (b) Phuong phap hé sb may K,
Hinh 3. Hé s6 phan b6 khong dong déu do chéi ¢
Bang 3. Két qua tinh todn hé s6 phan bb do choi 8 va hé sb phan bd khong dong déu do chéi ¢
theo cac mo hinh bau troi Kittler
Loai 1 Loai 2 Loai 3 Loai 4 Loai 5 Loai 6 Loai 7 Loai 8
B q B q B q B q B q B q B q B q
10 036 045 035 044 068 0,76 0,67 0,74 1,00 099 099 094 098 093 096 0,89
20 0,51 0,64 050 0062 074 083 0,73 080 1,00 099 098 094 097 092 095 0,88
30 0,67 084 065 081 082 092 080 089 1,00 099 098 094 097 092 095 0,88
40 0,79 1,00 0,77 095 088 099 087 095 1,00 099 098 094 097 092 095 0,88
50 087 1,11 086 1,06 093 1,04 091 1,01 1,00 099 098 094 097 092 095 0,88
60 093 1,18 092 1,14 096 1,08 095 1,05 1,00 099 099 094 097 092 096 0,89
70 097 1,23 096 1,19 098 1,10 097 1,07 1,00 099 099 095 098 093 097 090
80 099 1,26 099 1,22 1,00 1,12 099 1,09 1,00 099 1,00 095 099 094 0,99 091
9 1,00 1,27 1,00 1,24 1,00 1,12 1,00 1,10 1,00 099 1,00 096 1,00 095 1,00 0,93
Loai 9 Loai 10 Loai 11 Loai 12 Loai 13 Loai 14 Loai 14
B q B q B q B q B q B q B q
10 224 155 221 149 2,18 142 296 1,75 3,00 1,75 405 2,12 4,10 2,09
20 186 1,29 1,83 1,23 180 1,18 2,12 1,25 2,15 1,25 247 1,29 251 1,28
30 1,55 1,07 1,52 1,03 1,50 098 164 097 1,67 097 18 094 1,83 093
40 1,34 092 131 088 1,29 084 1,36 080 1,38 081 144 0,76 147 0,75
50 1,19 08 1,17 079 1,16 0,75 1,19 0,70 1,21 0,70 1,24 0,65 126 0,64
60 1,10 0,76 1,08 0,73 1,07 070 1,09 064 1,10 064 1,11 058 1,13 0,58
70 1,04 0,72 103 069 1,02 067 1,03 061 1,04 060 1,04 054 1,05 0,54
8 1,01 0,70 1,00 068 1,00 065 100 059 100 058 1,01 053 1,01 0,52
9 1,00 069 1,00 067 1,00 065 1,00 059 1,00 058 1,00 052 1,00 0,51
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Bang 4. Két qua tinh toan hé sb phan bd do chéi 8 va hé s6 phan bd khong déu do chéi g
theo phuong phap hé s6 may K

K =01 K=0.2 K=03 K=04 K=05 K =06

B q B q B q B q B q B q

10 289 166 271 162 243 155 209 146 1,70 133 1,31 1,17
20 207 1,19 196 1,17 1,79 1,14 157 1,10 134 1,04 1,01 097
30 161 092 154 092 143 091 1,30 091 1,15 090 1,00 0,89
40 1,34 o077 1,30 0577 1,23 0,78 1,15 0,80 1,06 083 097 0,86
50 1,18 067 1,15 069 1,11 0,71 106 074 101 079 09 0,85
60 108 062 107 064 105 067 102 071 100 0,78 097 0,86
70 102 059 102 061 101 064 1,00 070 09 078 098 087
80 1,00 0,57 1,00 059 100 064 1,00 0,70 09 078 099 0,88
% 1,00 057 1,00 060 1,00 064 1,00 0,70 1,00 0,78 1,00 0,89

K =07 K =08 K=09 K=1,0 K =0,81 K =0,57

B q B q B q B q B q B q

10 09 098 069 0,78 051 063 045 057 0,67 077 143 1,22
20 088 089 071 08 060 074 056 071 070 079 1,17 099
30 087 08 076 087 069 08 067 08 075 087 1,04 0,89
40 088 089 082 093 078 09 076 097 082 093 1,00 0,85
50 091 092 08 099 08 105 084 107 088 1,00 098 0,83
60 095 09 093 1,05 091 1,13 091 1,16 093 1,06 098 0,84
70 097 098 097 1,10 09 1,19 09 122 097 1,11 098 0,84
80 099 1,00 099 1,13 099 1,22 099 1,26 099 1,14 098 0,85
% 100 1,01 1,00 1,14 1,00 1,23 1,00 127 100 1,15 1,00 0,86

Bang 5. So sanh két qua 8 va ¢ ctia Ha Noi va TP. H6 Chi Minh

Biu troi diy Hé s6 phan b do chéi B Hé s6 phan b6 khong dong déu do chéi ¢

(dye) may CIE Ha Noi TP. H6 Chi Minh Ha Noi TP. Hb Chi Minh

. ﬂ q KO Dv/Eva Tv KO DV/EV’ Tv KO DV/EV7 Tv KO Dv/Ev’ Tv
10 0,45 0,57 0,67 0,98 1,38 2,16 0,77 0,94 1,22 1,49
20 0,56 0,71 0,70 0,97 1,13 1,79 0,79 0,94 0,99 1,23
30 0,67 0,85 0,75 0,97 1,02 1,49 0,87 0,94 0,98 1,03
40 0,76 0,97 0,82 0,97 0,98 1,28 0,93 0,94 0,85 0,88
50 0,84 1,07 0,88 0,97 0,96 1,15 1,00 0,94 0,83 0,79
60 0,91 1,16 0,93 0,98 0,97 1,06 1,06 0,94 0,84 0,73
70 0,96 1,22 0,97 0,98 0,98 1,01 1,11 0,95 0,84 0,69
80 0,99 1,26 0,99 0,98 0,99 0,98 1,14 0,95 0,85 0,68
90 1,00 1,27 1,00 0,99 1,00 0,99 1,15 0,96 0,86 0,67
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4. Két luan

- P€ tinh dugc hé s6 phan bd do chéi B va hé sé phan bd khong dong déu do chéi g ciia bau

trdi Ha Noi va TP. Ho Chi Minh, chiing t6i dua trén hai loai bau trdi gidi han ctia CIE: bau trdi diy
may (Moon - Spenser) va bau trdi quang may tiéu chudn (R. Kittler). Nghién cfu ny di trinh bay
hai phuong phdp tinh todn: phuong phap xdc dinh phan b6 do chéi dua trén bd 15 miu bau troi dugc
dé xuét bdi R. Kittler; phuong phép sit dung hé s6 may K, dugc dé xuit bdi Aleksey K. Solovyov.
Phuong phap ciia Kittler phai bat dau bing dinh nghia loai bau trdi véi cac tham s6 D, /E, va T,.

- Phuong phdp xdc dinh loai bau trdi trung gian theo hé s& may Kj 12 phuong phap don gian hon

so vii phuong phép Kittler. Trong diéu kién bau trdi nhiét déi thuc, cc gid tri thu dugc ctia hé s6 g &
cac géc thap 16n hon so v6i bau troi nhiéu may, dic biét 1a ddi véi thanh phd Ho Chi Minh, ndi diéu
kién bau troi quang may dién hinh hon.

Tai liéu tham khao

(1]
(2]
(3]
(4]

(5]
(6]

(7]

(8]

(9]
(10]
(11]
[12]
(13]
(14]
[15]
[16]
(17]

(18]

Nguyén, P. P. (2014). Thiét ké cong trinh c6 hiéu qua ning lugng: hai cach tiép can kién triic vao khi hau
Viét Nam. Tap chi Khoa hoc Cong nghé Xdy dung (KHCNXD)-DHXD, 8(2):40-46.

Nguyén, P. . (2015). Dé xuit méi vé thiét ké kién tric d6n nhan ty nhién thong gié dénkhong khi tu
nhién c6 kiém soat. Tap chi Khoa hoc Coéng nghé Xdy dung (KHCNXD)-DHXD, 9(4):98-103.

Ha, P. T. H. (2016). Nghién ctiu phuong phap danh gia hiéu qué ning luong ciia kién triic nha dan dung
cao ting & Viét Nam. Tap chi Khoa hoc Céng nghé Xdy dung (KHCNXD)-DHXD, 10(1):119-125.
Solovyov, A. K. (2017). Research into illumination of buildings and construction, conducted in architec-
tural and construction educational and scientific institutes: a review. Light & Engineering, 25(1):23-30.
Boyce, P. R. (2014). Human factors in lighting. CRC Press.

Tregenza, P., Mardaljevic, J. (2018). Daylighting buildings: Standards and the needs of the designer.
Lighting Research & Technology, 50(1):63-79.

Darula, S., Kittler, R. (2002). CIE general sky standard defining luminance distributions. In Proceedings
eSim - The Canadian Conference on Building Energy Simulation, 11-13.

Castro, J. C. L., Zaborova, D. D., Musorina, T. A., Arkhipov, 1. E. (2017). Indoor environment of a
building under the conditions of tropical climate. Magazine of Civil Engineering, 76(8):50-57.

CII 367.1325800.2017. Residential and public buildings. Daylighting design.

Kittler, R., Perez, R., Darula, S. (1998). A set of standard skies characterizing daylight conditions for
computer and energy conscious design. US SK 92 052 Final Report, ICA SAS Bratislava, Polygrafia
Bratislava.

Phuong, N. T. K. (2018). Luminance distributions in the tropical sky conditions. Magazine of Civil
Engineering, 84(8):192-204.

Kittler, R., Darula, S. (2002). Parametric definition of the daylight climate. Renewable Energy, 26(2):
177-187.

Draft standard CIE DS 011.0/E-2001. Spatial distribution of daylight-CIE standard general sky. CIE
Central Bureau, Vienna.

Darula, S., Kittler, R., Wittkopf, S. K. (2006). Outdoor illuminance levels in the tropics and their repre-
sentation in virtual sky domes. Architectural Science Review, 49(3):301-313.

Darula, S., Kittler, R. (2015). Classification of daylight conditions in cloud cover situations. Light &
Engineering, 23(1):4-14.

Kasten, F., Young, A. T. (1989). Revised optical air mass tables and approximation formula. Applied
Optics, 28(22):4735-4738.

Solovyov, A. K. (2009). Luminance distribution over the firmament: taking it into account when designing
natural illumination for building. Light & Engineering, 17(1):59—64.

Zemtsov, V. A., Solovyov, A. K., Shmarov, I. A. (2017). Luminance parameters of the standard cie sky
within natural room illumination calculations and their application under various light climate conditions
in Russia. Light & Engineering, 25(1):106—111.

146


http://stce.nuce.edu.vn/index.php/vn/article/view/748
http://stce.nuce.edu.vn/index.php/vn/article/view/748
http://stce.nuce.edu.vn/index.php/vn/article/view/370
http://stce.nuce.edu.vn/index.php/vn/article/view/370
http://stce.nuce.edu.vn/index.php/vn/article/view/356
http://stce.nuce.edu.vn/index.php/vn/article/view/356
https://doi.org/10.1177/1477153517740611
https://doi.org/10.18720/MCE.76.5
https://doi.org/10.18720/MCE.76.5
https://doi.org/10.18720/MCE.84.18
https://doi.org/10.1016/s0960-1481(01)00128-8
https://doi.org/10.3763/asre.2006.4940
https://doi.org/10.3763/asre.2006.4940
https://doi.org/10.1364/ao.28.004735

(19]

(20]

(21]

(22]
(23]

[24]
[25]

Phuong, N. T. K. va cs. / Tap chi Khoa hoc Céng nghé Xay dung

Phuong, N. T. K., Solovyov, A. K. (2018). Potential daylight resources between tropical and temperate
cities — a case study of Ho Chi Minh City and Moscow. MATEC Web of Conferences, 193.

Phuong, N. T. K., Solovyov, A. K., Ha, P. T. H., Hanh, D. K. (2019). Confirmed method for defini-
tion of daylight climate for tropical Hanoi. In Advances in Intelligent Systems and Computing, Springer
International Publishing, 35—47.

Hryen Txu Xaubp ®wionr, Conosbes, A. K., Tampazsau, A. T. (2019). KommnikecHbI#i TOAXOI K
OTIPE/IEJIEHUIO PA3MEPOB CBETOIPOEMOB B 3JaHUAX C yueToM TpeboBanuii 6esonacuoctu/Integrated
approach to determining sizes of light openings in buildings taking into account safety requirements.
IIpombImieHHOE U TPAXKIAHCKOE CTPOUTENHCTBO, (5):20-25.

Mardaljevic, J., Christoffersen, J. (2017). Climate connectivity in the daylight factor basis of building
standards. Building and Environment, 113:200-209.

Tregenza, P. R. (1986). Measured and calculated frequency distributions of daylight illuminance. Lighting
Research & Technology, 18(2):71-74.

Gordon, J. (2013). Solar energy: The state of art. Earthscan, New York, USA.

Gillette, G., Treado, S. (1985). The issue of sky conditions. Lighting Design & Application, 23(19):
22-217.

147


https://doi.org/10.1051/matecconf/201819304013
https://doi.org/10.1051/matecconf/201819304013
https://doi.org/10.1007/978-3-030-19756-8_4
https://doi.org/10.1007/978-3-030-19756-8_4
https://doi.org/10.33622/0869-7019.2019.05.20-25
https://doi.org/10.33622/0869-7019.2019.05.20-25
https://doi.org/10.33622/0869-7019.2019.05.20-25
https://doi.org/10.1016/j.buildenv.2016.08.009
https://doi.org/10.1016/j.buildenv.2016.08.009
https://doi.org/10.1177/096032718601800202

	1 Giới thiệu
	2 Phương pháp nghiên cứu
	2.1 Các loại bầu trời tiêu chuẩn của Kittler và phương pháp xác định  theo 15 bầu trời tiêu chuẩn
	2.2 Đánh giá khí hậu ánh sáng của địa phương và phương pháp xác định  theo hệ số mây  Ko 
	2.3 Xác định hệ số phân bố không đồng đều độ chói q cho bầu trời Việt Nam

	3 Kết quả nghiên cứu và bàn luận
	3.1 Xác định loại bầu trời với tỉ số DV/Ev và hệ số Tv dựa trên bộ bầu trời tiêu chuẩn được đề xuất bởi Kittler
	3.2 Xác định loại bầu trời dựa trên hệ số mây  K0 
	3.3 Xác định hệ số phân bố không đồng đều độ chói  q  

	4 Kết luận

