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Method of determining typical elements’ luminance at tunnel portals
according to the data of luminous climate
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Abstract: There is short of reliable methods to determine typical elements’ reference luminance at tunnel
portals in a certain area. In order to solve this problem, the measured data of luminous climate of a year in
Chongqing was firstly used to investigate the reflection of vertical illuminance on the typical elements’
luminance. The influencing factors were studied to develop the mathematical models of vertical conversion
luminous efficacy and clearness index as well as solar altitude in four directions. Compared with the data
collected inanother year in Chongging, model shows relatively high precision. On the base of long-term
continuous measurement of solar radiation and weather conditions among the luminous climate data, this
method could be used to determine typical elements’ reference luminance at tunnel portals effectively and
relatively accurately.
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Fig. 1 Cumulative frequency of vertical illuminance in

four orientations of a year
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Fig. 2 The changing rule of vertical illuminance

with solar altitude
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Fig.3 Sun conditions distribution of western vertical

illuminance under the cumulative frequency

HARDL i 2R A R SR e 17 R 0K
DU SIS IR BT X — S E A . R
25 s R R & 2 R

k.= E./E. (3)
ke NG IR E DK P K BH R 3 W/m?
E. MR W/ m® G A R H L EL =
1367 W/m?, BEHIE40 & BDRIHEE R BZH)
IR S M A KB R O ) LU 25 Sk
TRARDL . 3 — S BCdR AR  Bodls L5 1 1 o5 —
HEHLE,

EARBETE RN RBULH 75 h B B IR E S
AL 1 A AR B4 AT 1 o3 ) S
T R B 5 JEE A 0 B 4 A D 2 T L I8
RS R R BUE AT O 3 BT L 5 Ot Ao Y

ET S
3 EEAEERBMAXINRENEL
31 HEsE

TEREAT B 4005 20 by T 4 A 5% 25 00 I K dis
5RO R AT 7 0 R B AR A i 1
BT 9 255K L 23 A 9 0 6 B BRI M 2 3 b



%ﬁtf%//qkscqueduéﬁ ?a%*&’%?ﬁ ENE B IE A T AR ﬂ‘%#h%)ﬁ%?f/% 123

S W) o T R R v (L o B A 3 L IRF ] DA R R
NV

Xb 4 AN A 4 AR IR RE AR A A BCE B
5% 31 3 1 1h7 1 BE TE 4 K AR R BE A 1 19 A2 AL L
HE AT 4L RUAE 1 D 4], H S X RS fee v fEL HH L AE
5.6.7.8.9 EJLAA M. JLHLL6.7.8 X 3 1AM
I N A A T ) HE AR JOR B AR ORI 4 A
) i) A TG ] — LA . U B 2 0 R G R Ah 3
VAT R 0 e T LAl Y, R 75 h i d K T LT
MR EA R 6 8 H.

251

— o Y
S 7 S
T T T

EH I RIEE /kix

w
T

=]

1 2 3 4 5 6 7 8 9 10 11 12

At
T =R~ ] = [ > b [
B4 ZERREBAGHELAER

Fig. 4 The changing rule of vertical illuminance with month
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Fig. 5 The changing rule of vertical illuminance with time
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between vertical conversion luminous efficacy

and two important parameters

) K B B )
ENENTEEE Y IE e W5 B3 46 54 e,
i h/ ()
7K [) T I A KOG IR K —0. 800 —0. 638
VY 1] 0 I 4 R IR Kow —0.902 —0.739
T 1] 3 L I 4 R TR K —0.140 —0.633
b o 2 BT 40 R IR Ko —0. 144 —0.903

W AE 0. 01 KF EREMK.

3.3 HERWET

MR A L Bsf I] L R AR T 0 32 ) A O K0
A3 45 7K P I BE 4 5 AR 75 A AL o) T RRORE O B
JE A W AT I BH i S5 0 e T 1o R A A (D) 15 5]
A L I G 45 K AT A B K KB AE SR AR (3O 3T
SR R s W B 98 0 ks I X Bl A7 080 AT 3 B ke
A TCROECH W B . % K BH = FE AR he 1 OE 5% (B RN I
B B0 R 2R LV 1) S R ) A AR B AL AR L P 1) A L
L4 68 Ko AR G AE 18] 6 (a) | (b) 43
S SR T 7R V4 1) 2 A 4 R O A0 K BH R
1 R G B B0 O R A A B AR L 04 1) 2
B3 RGBS I 43 ) Ry

K, = —517.50+427. 34/sin h, —
74.86/(sinh)* 4+ 969. 72 k, — 1 066. 32k7 (4)
K., = —266.60+ 181. 26/sin h, —

21.91/(sin h)* + 815.40 k, — 994. 42 kf  (5)
05 B B ke A D I 1) A B ) 8 A o A



Kttp://gks.cqu.edu.cn AR E R TR % 57 %

Kl 6Ce) (D435l i 7n T e b ) 2 1 1 5 B kOt ) K., = 80.10—171.93 k, +117. 27 k* (1)
ROFIE B B0 C & &A1 2 Ay g L b ) 1 ARGV b 4 TR LG R R g3
LS 3 R R R ] Wk 0.994 8,0.997 3,0.882 6,0.965 7, &4

K., = 85.04—112.65 &k +51.54 &2 (6) g5 R A,

K., J(m-W)
K. J(m-W)

U LK
PR OOONN

60.0 —
550
650 o 50.0
60.0 450
o 5501 400 F
B E : £
E soof E 3s0f
< " < 350
N C 54 E
450 300
400 25.0:_
350 200F
3001 150F

2500 v b b s b b b 10_0:....l...1|.‘|‘||.‘.|‘|||I||n||:||||

0.1 02 03 04 05 06 07 0.8 0.9 o % e oA G G N 00

kl kl
(c) FEI (d) dtrm

Eo6 EEERBHREAIMK KR
Fig.6 The models of vertical conversion luminous efficacy
17 He XI5 A5 B B S YR 22 MBE FIEy J7 AR 22
RMSE ) 46 xHEFA S 23 ek 2 fis. ol L&
H 4 AT 1] 7 R 22 R A 1000 L, 207 AR
BRI 2020 LAY (SR A2 4 o R B Y R,

4 HERFEHEEIEMIRE DN

4.1 SEKBK 1992 £ RMBIE T

B i B O T T PR IX 1991 4 (1) % 25
LI o AP0 ) T ke L B I L1 4 5 O 90
JOBR TEH X 1902 45 £ i S 0L gcap e g BER BORTIRE AT il 9 R P A SG P L REAE A2

HEAT HOAR 6 FO S5 SR P 7. ST A S e BRI R R ST bR TR



%mfb//qkscquedué?\] é’%‘*ﬁi}%)ﬁ ENE B IE A T AR ﬂ‘%#@%ﬁ%?f% 125

80.0 | ) ,/j,;,"! ﬂl&""'ﬂ""v.
4 \

(c) B

(d) dtrm

7 EEEHBREXIEHEBEEF 1992 £ LNELL K

Fig. 7 The comparison of vertical conversion luminous efficacy fitting model and the measured values of 1992

F2 EEGEEMINENIRE DR
Table 2 Error analysis of model calculation

values and the measured values

MBE/ MBE #i%} 5~ RMSE/ RMSE i %f
J5 Tl

(Im+ W™D Iyt % (Im+ W™D  FHHH/%
% 1n) 10. 20 5. 38 16. 79 17. 86
7 7] 6.63 2.02 19. 82 17. 41
1) 0. 44 0.74 4. 82 11.28
4t i) 0. 94 8. 67 3.88 20. 03

4.2 RESW

SR B A AT RE T AR ZE NS YR K
LR 22 R R LG LA LA T I -

1) A6 52 00 5 48 1% 22

S3 A BT D 4 S 0 K4l m] BB A AE — € B IR 22
TE % B2 4F 22 14 516 A5 B8t WL ok A op s A A8 R AR

o F S0 SR I H A O B AR 3 R N T %
4 R AOIR B - #RAS FT RE AR 52 42 K5 1 % 0 o i 7811
(ELI A7 A2 W I AN E B3l 5 TImA T AR
ML P18 R D 38— RE R AFAE TR 72 19 o A K dl Ak
P 3o v X T A A B e o Y DG S8R H T L B
AR e KR 2 320 J 0 S 0L A 2

2) 5 m U IR 22

BT RE 18 AR A R 52 PR B S AR T —
F A IS IR) AR AR B0 A die » BRI L 1A IR ) g
H B o (L PR AR O e R AT P . (LS B B A S
W5 2 R BE A e (A R B P B B 6.7 .8
X3 AN H B R AL il ik e Gt B AE 5 A B9 A
BEHAMA G FIRAE = BARZ 0 00T i T U
AR I AL AT BE M B i 8 I LA o el T 00 A 328 B B
WA SR AT REAFAE DR 2 (H D 1 S B o il 46 SR 2 %



Kiftp://gks.cqu.edu.cn

EARERE R LA

% 37 %

JE IR 53 AN M 175 DL 1T 7228 W A5 R 15 O

3R A

HT T BT 4 0L I Bl BE S A 20 Z AR )
[F o 400 ] o [ ) 2 e B e AR AT — %E 9 A2 4K
p/o 3t i = I A i D) | B Ra il AR L AP N
W 58 50 0 00 HERE A LR A 380 e LA 9 S ST P A
Y5 B A 19 92 B (B AT 72— 2 D 22 o HL 52 Wi J2 AH X
(19 4 b LA R B (LR AE AR AL RO A — 2
LU 32 B B R 2 25 1 EL BT ST B B 15 A B2 3t
— ol 5 R S 5 W) S L AR O 95 33X i B A0 R8O
B H B TS TE .

5 &

1) DA Bk 3 AR AR N B AR R AR G
X 1991 4R By 6 A s M iR E s . 45 & i L 3y (i
] R AR 0 A5 R 22 A5 3138 A 1 3 PR 19 R KA
L FIRE 2 o B T 4 A 1) 2 T A 46 R O DAL 2L
SRR, 250t 1992 47 O A5 M il B 1 X LG 50
UE W IZ AT 5 35 i A JE

2) T VT 5 4 R G Tl 0ORT ARG sl 4 4 o8 1 ) 7K
S BH R G kA 1 e BRI RT A5l B RO A £
JE L BT AT LAGE T RBLH BE 75 h B 4% 1n) 2R 1
SH B, T4 AL RN R R ES R
L RB AT B AT A 250 % b i 0 3 SR 114 Bk 3 R A1 5
SEESEH ., X — AR AR AR W A
25 TRE St o] $ A L R PR LA RS i A
— ELAR X ) R T A S L S A

3) B TR PRk B L B 5 AR T S i X 5
W B34 R0 o A S b B 26 BE 5 R PR T A b XL X T
HoAth X, BT RAFE I 5 v 0 SE Atk E AR 2 M R S
Ao S I 5 4 e D A 45 T D' ) 2D R AR )
P X R R R TIE OE .

S % 30k :

[ 1 ] International Commission on Illumination. CIE 88:2004
Guide for the lighting of road tunnels and underpasses
[R]. CIE Central Bureau, Vienna, Austria, 2004.

[ 2] s NRIEHE 2C @ s i #8. JTG/T D70/2-01—2014
O R E BRI B TR CS T, Jbat . A RS H MR I
BA R T, 2014,

Ministry of Transport of the People’ s Republic of
China. JTG/T D70/2-01—2014 Guidelines for design

of lighting of highways tunnels [ S]. Beijing: China
Communications Press, 2014. (in Chinese)

[ 3] IMVEREL. A& T 06 Mo B8 ¥ % 18 1 Ab 59 5 T2 OF Y

[D]. K. FRKAY:, 2011,
Sun C H. Research on the luminance of typical
elements at tunnel portals based on theory of luminous
climate [D]. Chongqing: Chongqing University, 2011.
(in Chinese)

[4]Li DH W, Lam J C. Predicting vertical luminous
efficacy using horizontal solar data [ J]. Lighting
Research and Technology, 2001, 33(1): 25-42.

[ 5] Muneer T, Younes S, Munawwar S. Discourses on
solar radiation modeling [ J ]. Renewable and
Sustainable Energy Reviews, 2007, 11:551-602.

[6]Li DH W, Lam J C. Vertical solar radiation and
daylight illuminance data for Hong Kong [J]. Lighting
Research and Technology, 2000, 32(2): 93-98.

[7]LiDHW., Lam J C. Measurements of solar radiation
and illuminance on vertical surfaces and daylighting
implications [ J ]. Renewable Energy, 2000, 20:
389-404.

[ 8] EZoe, &, EUtE 3. R FHIE S 5Lkt B = 4

MR LT] EAREHF G TR, 2011, 33(3);
88-93.
Wang A Y, Jin H, Wang H Z, et al. Obtaining
outdoor illuminance values with solar irradiation
transformation models [ J ]. Journal of Civil,
Architectural &. Environmental Engincering, 2011, 33
(3):88-93. (in Chinese)

[ 9T W74, A, 2220, 55 & R SR B0 TR K BH 4% 5 B

BESRHGIRERRL] REREER: BARE,
2013, 41(5):784-787.
Yao W X, Li Z R, Li C, et al. Relationship between
bolar radiance and solar illuminance under all sky types
[J]. Journal of Tongji University: Natural Science,
2013, 41(5):784-787. (in Chinese)

[10] RBEAEHRA. SCMBEMERE R StlHYS
JRI, 1997(1): 20-21.

Song X J, Hu R S. The conversion of illuminance and
irradiance [ J]. Lamps and Lighting, 1997 (1) 20-21.
(in Chinese)

(110 B ak. WE28 S50 FOLIBEE FdE S I e = [J] . K
BHRE2# 4 » 1999, 20(2) :190-195.

Ju X L. Relationship between illuminance and

irradiance of the clear sky conditions [ J]. Acta



%ﬁtf%//qkscqueduéﬁ ?’%#g"}%ﬁ ENE B IE A T AR ﬂ‘%#h%)ﬁ%?f/% 127

[13] de

Energiae Solaris Sinica, 1999, 20 (2).190-195. (in
Chinese)

ZF . Mot T SC. KOV T AR ) 26 B i e
I RBMERIL)], MO TR AR, 1994,5(3):
34-37.

Xi Y C, Yang G X. Zhang Q W. Discussion from
illumination

illumination  to  vertical

LIl
Engineering Journal, 1994, 5(3):34-37. (in Chinese)

horizontal

conversion coefficient China  Illuminating

Rosa A, Ferraro V, Kaliakatsos D, et al.
Calculating diffuse illuminance on vertical surfaces in
LJl.

different sky conditions

(11):1703

Energy. 2008, 33

[14] Robledo L, Soler A. Modeling the luminous efficacy of

diffuse solar radiation on inclined surfaces for all sky
conditions [J]. Energy Conversation and Management,

2003, 44(1):177.

(15 wnselal. sy MM 2 ji. dbat. o a3 Tk

[16]

[17]

(18]

fi 4t 5 2000.

AT B 4, L IR X YOG R E R
[J]. BB TR, 2011,22(5):21-28.
Zhang Q W, Yang C Y, Hu Y K, et al. Study on
daylight climate of Chongqing [J]. China Illuminating
Engineering Journal, 2011, 22(5):21-28. (in Chinese)
Younes S, Muneer T. Improvements in solar radiation
models based on cloud data [J]. Building Services
Engineering Research &. Technology, 2006, 27(1):41-
54.

Muneer T, Munawwar S. Improved accuracy models
for hourly diffuse solar radiation [J]. Journal of Solar

Energy Engineering, 2005, 128(1) :104-117.

(R FED)



