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Simulation and experimental analysis of light pipes with reflector under
direct sunlight

WU Yanpeng, WANG Zhihua
(School of Civil and Resources Engineering , University of Science and Technology Beijing , Beijing 100083, China)

Abstract ; Light pipes are more and more used for underground lighting as a way of daylighting. The luminous environ-
ment of mine will be greatly improved if this technology can be applied in the mine underground spaces. However, the
tube transmission efficiency is low in the morning, evening and the whole winter because of the low solar altitude. More
sunlight was introduced into the room by adding reflectors inside the dome of light pipes. Considering the change of so-
lar altitude angle and azimuth angle, TracePro software was used to simulate the influence of different domes and re-
flectors on the daylighting efficiency of light pipes under direct sunlight in sunny days. The simulation results show that
after adding reflector into spherical dome,the daylighting efficiency can be improved by 13.52% on the vernal equi-
nox and 79.56% on the winter solstice, while drop by 4. 11% on the summer solstice. Experimental measurements
were carried out in two offices in Tongzhou , Beijing, China including clear and cloudy days. On sunny days, the average
incident luminous flux could be increased by 8. 67% by adding reflectors,and the error between the simulation results
and the measured results was less than 20% , which verified the reliability of the model. On cloudy days, the incident

luminous flux introduced was reduced after adding reflectors , indicating that reflectors are not conducive to the collec-
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tion of diffuse light. Besides weather and solar movement rules, the length of the light pipes also has a great impact on

the daylighting efficiency of light pipes. How to ensure the daylighting efficiency under the condition of long-distance

needs further research.
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Table 1 Solar elevation angle and azimuth angle at
different time periods in Beijing (°)
(3 H21 H)
RS JTiifh

&6 H2H) £%(12H22H)
FEMA TN mEMA A

8.:00 18.44  74.07 33.94  93.50 3.26 55.41
900 29.13  62.53 45.41  83.58 12.07  44.74
10:00 38.62  48.49 56.61  70.75 19.25  32.55
11:00 45.98  30.75 66.66  50.62 24.23  18.74

1200 49. 94 9. 04 73.00 14.25 26. 47 3.72

1300 49.43 -14.23 71.21 -31.28  25.68 -—11.58
14:00 44.61 -35.16 62.88 -60.04 21.97 -26.06
15:00 36.68 —52.02  52.20 -76.43 15.78 -=39.05
16:00 26.87 —65.41 40.83 -87.77 7.69  -50.42
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Table 2 Average illuminance under direct light of

project one Ix

90° 105° 120° 135° 150°

15° 400.09 403.66 406.52 408.64 410.00

) 30° 411.59 416.84 420.65 423.05 423.99
o H

45° 412.16 416.73 419.50 420.07 418.64

60° 406.64 408.89 409.25 407.53 403.21

15° 530.78 530.56 530.05 529.23 528.37

. 30° 522.50 519.49 516.03 512.11 507.86
HEH

45° 502.43 494.74 486.31 477.40 468.31

60° 478.81 464.72 450.11 435.46 420.75

15° 181.57 187.06 191.72 195.67 198.56

30° 219.50 229.80 238.25 245.41 250.32
4 ZEH

45° 240.55 253.12  264.53 273.29 278.92

60° 247.39 261.87 273.34 282.30 287.65
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Table 3 Average illuminance under direct light of

project two Ix
H/D
ROLE B H
0.25 0.5 0.75 1

FOAH 429.72 47242 507.48  540.62

meaR  HEH 497.30  477.65  463.57  447.61

KZFEH  254.83 35073 408.09  454.19

FAH 45114 53147 600.66  649.29

REA  HEH 551.34  577.30  605.17  611.28

KFEH  226.67 277.15  278.56  295.70
H WIS R 5 M 7 24 B RS RE o i3S K8
Ixtﬂf'aiaiﬁ@aﬁ@i%%‘,%ﬁﬂ,\\f{aﬁjjﬁ?ﬁﬁnﬁm;

fE a=30°,8=150°HF 17 7F B3 b iy 0 fi, Ferp 8,00 B

190
182.82
180 |-
e
= 170r
EY
5160
150 145.18
]40 1 1 1 1
15 30 45 60
al(®)
(a) &4 H8:00
340
320
2300
:?M 280 F
f’ 260
2401
220 C 1 1 1 1
15 30 45 60
al(”)
(¢) HZEH8:00
160
140 | 135.38
120 [
= 100 -
3
*;; 80
g 60
E:‘ 40 +
20 1 0.43
0 C 1 1 1 1
15 30 45 60
al(®)
(e) %% H8:00

- R i

iy TETE- A O 182, 82 Ix, M4 T IR O 8 R 6K
AL 25.93%, 12. 00 W} Hb i P 35 RE O
4 554. 83 Ix, RIEAURIE 10, 32% , U 6T
RIER WA B T 50 H ROBRCR ., e
ZH EPFHRERBEE o 5 B 1Y K 5
/Ny FE 800 B TR BH 7 M K (R 4R 93. 5°, %
1), R S BHAF LR, B it i B (5 X5 /N T )5 46
5% 1200 Bl F ELSHEER A S AR, )
Moa KT 30°0F, RO R B S AT G L, FEARR
JRCR, EAEH WG G, T -2 JR AR
BE# o MBEITIGC, H H BB I R T IR R 5 %
TE a=60°,8=150° i B8 B2 (B & K, I 8,00 A Hb
SEHREFE H 0. 43 Ix 3 m 3] 135. 38 1x,12:00 431
SEX R B 251,13 Ix B4 E] 398. 75 Ix, AT WG A
(14 N7 AR IR B3 T 44 28 H SRGARR .

560 - 554.83
550
£ 540
A
%530—
sl
¥
510}
500 1 1 1 1
al(®)
(b) &2y H12:00

660
640
620 |
600 -
580

560

540 F

SRR TE/Ix

15 30 45 60
al(®)
(d) % H12:00

420
400

380
360
X 340
t 320 b

300
280 -
260 + 251.13

240 1 1 1 1
al(’)
(f) &4 H12:00

T/ 1x

—— =90° —— f=105" ——=120° —— =135° — =150°

P13 #1800 Fl 1200 Hif b P34 B2
Fig. 3 Average illuminance at 8:00 and 12:00 on typical day



www.chinacaj.net

64 FIEME A K BH BT RO R 3R S OB SR WS S50 4B 1945
AN, N 4 BT LR 4 H V34 IR i A2 P Hb T2 IR RE B R (AR AR Bh AN A R T

423,99 Ix, RGROCRIEE 13.52% , W OLR MEERERERE,
RSFR a=30°,8=150°; 16 2 5 H -3 18 5 5 5 > 600 r
530. 78 Ix, K ICECRIR B 0.22% , %F I &6 A R E 500 |- <
a=15°,8=90°; fE4 % H V-2 MR i fi 85 4 287. 65 Ix, = =
BRI 106, 33% , %R RN a=60°,8=150°, B :%EE
AR 3 S8 4 T LU R A ZE R4 R AT & 300f 2
SRR AR T LA ., 765 % H LT3 38 200 =
Tt , B 2 S FEICREEOR 100

430

423.99
>< -
5410 A
B L
39
373.48
370 1 1 1 ]
15 30 45 60
al(®)
(a)EHH
5401
520+ 529.64
= 500}
E%( 480+ 530.78
& 460}
440}
420 i 1 1 1 ]
15 30 45 60
al(®)
(b)EZEH
400 398.75
%360
=
3201
g\\"
* oot
251.13
240 1 1 1 ]
15 30 45 60
al(®)
(c)&=H

=GR - f=90° —a =105
—~—pB=120° ——p=135°—F=150°
B4 ML A RSP B
Fig. 4  Average illuminance on typical day
MRS H O R B AE RS E Ry 4R Y
T G0 A& MR H - B EE AN IE 5 iR (R
o H5HF 5 B MEEAF) . WE 5 ATLUA
WO R G EBERK I 4 2 A = NP IR
AR, o AEF s H B 373.48 Ix ¥
$423.99 Ix, #28 13.52% , A HEA 2 H 7R A 3
fili B8R T 79.56% , miAEE = H RO R Ry
FEE P R D 529. 64 Ix A E] 507. 86 Ix, W20
T 4. 1% . J358NEAERTE RO il 15 4

—=— a=30°, f=150°
—— B %
5 FOBH a=30°,8=150°0#% L7 H fF2 I8 5
Fig. 5 Average illuminance on typical day with the reflector
of «=30° and B=150°

2.3 RERERS () BREEPHIEASHT

HRAE J5 58 MU ROCEE IR 38 1 AL 21 1
INAS [ BE 1 B2 I 76 4% 4~ LAY H 3 %) b T~ 3%
MREmE 6 i, HIE 6(a) i, 55T ZAHL,
Bl 15 RUR B K S e A FH A B Rk A & 2 H Y
My IR I R AR 0T HBEE H/D R HS KM
BTG R  ME 2 H 522, Y L % HY
D WS T/ ) 5 2556 7% JE b T (1% - 347 BERE S
Bt 215 (AR AR Bl I 2 H/D R 0.5 5%0. 75 B R
JERCRB AR . I 6 (b) b a] DLFE 3 B4 BIR Ot
BE RO R R I 5 45 A B H D Y R G BUR AR
R3] T, I H b i34 A H/D 13K
MZHE R 42 H, Y H/D KT 0.5 i), ME(E
AW KAE AR AR K 24 H/D BUE 0.5 5 0. 75 i,
FOCHOER BN AL
2.4 AEFARMILLE

2R AN I] 4 2 Bt b T - 359 R Bt st i) A
R 7 s, 8 & A A H PR RREE ]
7,8 AR, FEHRK T VU S &2 H A 7 R AT TER
SRR, R B & BUROGE KOG R TR
53 H 800 B ROGRCRZEAL T HoAh 77 58, 1 Bt 45 B 1]
AR, IR RO B K O R iSRG RICR A8 Oy B
6,24 H/D=0.75 B}, TE 4 H & R P I i
A ZEH, BHRER G E M RO R IRERCR I AL
THEHFE,HFHY H/D=0.75 B RCBCR&AE, 3
It 7 8% TR A B AR O ZR AR B T 0 . 7E
HZEH,[RGRAERE 7 AL, 352 i ROEROR
5, 10 (B 7R R AR AE L R 800 2 {5 1 FR 8 /)N et 8
TR BAE 900 Z 5, Hiu P34 BEEE I E ] I 5 T
WRITEE, RIET 2 R B AR R . L,

—o— RO T4 b



1946 # 2

www.chinacaj.net

F % 2019 4E55 44 %

—=— [FHH 7 % —e— H/D=0.25—>— H/D=0.50
600~ HID=0.75 —e— HID=1

W H B B 1x
[} [ B N
=3 =3 =3 =
= =3 =3 =
T T T T

FI HET Marll

=
st Al
() B
700 -
L 600F  v— %
B co0
2 500
= a00p
i L
5 300
= 200}
‘lOO 1 - 1 1 ]
FEoI HET Sl S
st Al
(b) R

Bl6  JOLH R BEXRICHI R
Effect of the height of reflector on daylighting

=
a2
o

# 200

T H P R /1x
S Y
S = & S
s 5 & 3
T T T 1

BaH %

100

By L
AN

HaH
B[]
—=— IR R
—e— 57l (a=30°, B=150°)
—a— [7 &3 8(H/D=0.50)
—v— [ & BI(H/D=0.75)
—o— [ 4(H/D=0.50)
—— [A}EBI(H/D=0.75)

7 ANIRT SRS A SR S -2 R R

Fig. 7 Average illuminance of different projects on each

FrH

typical date

LR RN 7 RAEAA MR H Y RS 58 2ok X6 L
ALHTE SR AT R B BUROGEE I RO 2
BIAEMTE,
3 X I
3.1 ELEHREIELIE

ASZIGFEAC HUIE M X A P R I = AT, DU R TG
A SGE RS, RR R UE L M 58 ROt G BAE N
KT G, IVAZE A TR/NH 2.8 mx2.2 mx

900

~

(=3

<
T

25 R B /1x
W
[
=3
T

300 |-
100 1 1 1 1 J
8:00 10:00  12:00  14:00  16:00
Fisf (1]
(a)HFHH
800 -
=600 -
Pl
_’~F_\\‘
2400
200 1 1 1 1 1
8:00 10500 12:00  14:00  16:00
1]
(b)E=EH
600
550 |
. 450
B350 |
A
5250
B 150
s0L
,50 1 1 1 1 1]
8:00 10:00  12:00  14:00  16:00
i ]
(c)&Z&H

—a— FIA R —e— B (a=30", =150°)
—a— [ 5 HU(H/D=0.50) —v— [Hl & R(H/D=0.75)
—o— [ KA (H/D=0.50) —— [k (H/ID=0.75)
8 N[] Jy 5 M Ia T 34 R 2 Bt s i) Py A2 A
Fig. 8 Change of average illuminance with time
2.8 m(KX%X%}),dJ‘/A\§ B /2.8 mx2.6 mx
2.8 m, LEHFHENEAEHR 530 mm, £ 800 mm,
FHENRMITRRT 9% , HIp A% A Xt
HRSEH: SR FHBRBROG R A % B AR RO B 4
M a=15°, =150 KA,
T M) I 2 A T B ], SO A e 51
BF 205 LB Y 2 728 AR 23 B O AE 1 ROG R B
GIA G RE T — i G TAT AR DGR B O
WL AR LN
Ap = EAS (3)
K, A Ry BN X G 1, Im; AS Sy BESRS /N X [] 1]
., m”  E R IR/ INXOF BB 1k,
SO N

o= Y Ap, = Y EAS, (4)
n=1 n=1



%o

www.chinacaj.net

ARLIARIE R (4) PEATIHA, DIFE M1 0. 75 m
SRS AR B8 5 18] K /N4 3 POAS , an il 9 BT,
TS PRA O B — D, AN I A 3 50 A4S
A K0 e, R 5 RS0T A DO A DX 3 ) - 357 I B
FERG AT RS T ACAZ (3) MU A 1)
eI (4) B RORE R, SRR 8
A O mE R 2 mRK KX AR 3 Fhi i KA T kAT, 52
YA R ] TES—1339r AU 4% 7 B8 3 i iR 2
N+3% .

INNEA NN EB
T T L1 T T T T
= | | | | | | | |
@|lo, @, 0,0, @O 0,0, 0, 0,0
Rel
y_+r__r__+r__r_\r__t+__1__+__1__
o | | | | | | | |
% ol ol ol o lao ol ol ol ool [n}
| | | | | | | |
Sl T T T T T T
= ol ol o | o110 ol o | ol o]l 0O
] I 2 Y N N M S PO I
[y | | | | | | | |
/(oo | o o0 O | O | 0| O @O
. 15 IS [ (IR DRSS IR DRSS P I RS P
| | | | | | | |
Zlgl ol gl olo|l o !lo!lo!al g
o | | | | | | | |
| | | | | | | |
350 500 [ 500 | 500 [350] 550 [ 500 [ 500 ] 500 | 5350
T o000 9600

KIS URy
Fig. 9 Grid drawing

3.2 RUSLBAYRTEL

R S8 F B 6] B89 R/ S DA AR A BH g
£ KT AL A E R S R A S RO e
SPGT X PRI A 28 BRI DU BEA TR, OB T
A5 251G i A B ADL(E 5 S UL 3% 4 ]
10,

x4 SHEEEWASIANKLES
Table 4 Luminous flux introduced by light pipe

IMAE A IMAZE B
W2 sciifE, B, R/ SHE, BIBME, iR/
Im Im % Im Im %

10:00 5034 5 699 13.21 5475 6 437 17.55
11:.00 7276 7109 -2.30 8 026 7957 -0. 86
12:.00 8987 8 089 -9.99 9 554 9012 -5.67
13:00 8087 7298 -9.76 8 584 8 160 -4.94
14.00 5970 6 096 2.11 6 780 6 860 1.17

MR 4 J B 10 WA IO AR R4S I
28N B WOGE R R TIVAE A, LG5 R S5
PGS HAALT , R ILT Ot A i R A ) T s ROt
PEBE ; 7F 10:00 F1 14,00 B, AELE AT SEIAE, 1
£ 1100 £ 1300, BE /N F 2 MAE, 32202
SRS, AN [R] Ao 220 L ' 1) R 4558 500 W/m?
SEBRAG LR 2% A BER T) AR Ak, th A A, R BRARAIR

SIEMSAE KB ELST T ROC R 2 S CERCR AR S50 4 By 1947
10000
9000
£ go00f
o
3 mOon —e— A EA
—— J-AEA
60001 —o— B /) A B
soook —— - AEB

10I¢00 11I100 12;00 131I00 141|00
%
10 BEHUE 5 SEIE P X LL
Fig. 10 Comparison of simulated and measured lumen values
B 5 SEMME 1152 22 Y75 £20% Z 1] A AU S5
RO SER, Hd i KR 2EHR 17.55% , 3
7£10:00, 7 10:00—14 ;00 , SCHG45 R 01 )6 i
Jof S-S g = T 8. 67% .
3.3 AEAXRSEHTHRBEETH
HRAE LI 25 AR B FERE K 2 = KR IR 3 F
TR AT A 2 B () A AR fe i £ an 1 11 i .
HH & 11 R0 B SR B S0 5 1 AR a2 o th 2k
BOROGH AR AIEAE , S RME R 8 987 Im(IhAE
A) 9554 Im(FPA%E B) , HHIAE 12.00, 3 HAA
% B PG EE R TIHAE A 7EHIRE, St o
At 2 22, 0F HIMA % A (RO i 20K
TIAZE B, FEEEAE T FIRE 40 18 596, Wik
RN RO R R B TIPSR, AR TR 7R
EP NN E S N Ly A Y S A N AL AR i
HEM MM Z A, SECRE R LR E 2
A5 IMAAEAE AT AR A5
—a— ER-DAEA —o—IE KA B
- ZEHAFA  —o— L AYB
10000 —— MIA-BAEA  —— AR HAFB
9000
8 000
g 7000
@ 6000+
335000
4000
3000F
2000+
1 000

10:00  11:00  12:00  13:00  14:00
I %1

B ARIRAT i i i [ pY 22 1k
Fig. 11 Hourly luminous flux variation on different weather
4 # it

(D) TR ERBUROCE ) 5O R AE RN A
a=30°,8=150° , 76 H f14 2 H 7l 2 B 2R 6L



1948 # 2

www.chinacaj.net

1’ 2019 4F45 44 3%

RPL T 13.52% 1 79.56% , B AE H & H & F AR
4.11% ,

(2) [Bl 5 B RO B K O e 1wy F AT DA i g
A A IS AR & F o H &2 H
FSRERCR I ELREZE H/D (EXE g in, {5 2/ g
FERARE 2 H AR CROR ; R REROG B K SO R Y
Dy FH AT 45~ BURY B B9 ROERCR 15 2 4, JF HL
RICRCRSE = E 43 H& H/D (MBS R AL,

(3) AN, 2k H R R OE I H RO
R H/D=0.75 B SROCRCR BN HAE

(4) BG5S 0 25 AR — B, 720G K B3
6T RO R AT A Rk SO ROGMERE , 78 B R I )
ViE)ra

B T RS KIS SR R A, 1561 B0t
A KRR A B, A 76K R B AL 6
1L N AT REPRIE RO CRIOCRIE 75 2 i — 2 BT

2 % 3Lk ( References) :

(1] e R I T IS W RERORRURF ST 1], it 5, 2012,
47(23) :31-32.
XIE Bing. Energy-saving technology of underground lighting equip-
ment in coal mine[ J]. Electronics World,2012,47(23) :31-32.

(2] kDB ET BEFEBLR AT BT REROR S 5 1) [ T]. B RE
A ,2009,37(5) :83-85.
ZHANG Shaobo. Energy consumption status analysis and energy sav-
ing technology development tendency in coal mine[ J]. Coal Science
& Technology,2009,37(5) :83-85.

[3] HRASKA J. Chronobiological aspects of green buildings daylighting
[J]. Renewable Energy,2015,73:109-114.

(4] WA, Eate, FEE, . B0 B 8 55 aRH K
R[] A4 ,2018,43(5) - 1187-1197.
XIE Heping, WANG Jinhua, WANG Guofa, et al. New ideas of coal
revolution and layout of coal science and technology development
[J]. Journal of China Coal Society,2018,43(5) :1187-1197.

(5] WHRRE, mik, 89, 5. IR0 2 G080 2 T U MR AR AR
ABEFETT I ()] PR 24l ( TRERFE AR ,2017,49 (1) 11—

[10]

(11]

[12]

8.
XIE Heping, GAO Feng, JU Yang, et al. Novel idea and disrup-
tive technologies for the exploration and research of deep earth[ J].
Advanced Engineering Sciences,2017,49(1) ;1-8.
BARE, R, XL A T T A 1) 2 Al 5 T R
FBFFE[D]. 54,2018 ,43 (6) 14871503,
XIE Heping, Gao Mingzhong, Liu Jianzhong, et al. Research on ex-
ploitation and volume estimation of underground space in coal mines
[J]. Journal of China Coal Society,2018,43(6) :1487-1503.
OAKLEY G,RIFFAT S B,SHAO L. Daylight performance of light-
pipes[ J]. Solar Energy,2000,69(2) ;:89-98.
PARONCINI M, CALCAGNI B,CORVARO F. Monitoring of a light-
pipe system[ J]. Solar Energy,2007,81(9) :1180-1186.
VASILAKOPOULOU K,KOLOKOTSA D,SANTAMOURIS M, et al.
Analysis of the experimental performance of light pipes[ J]. Energy
& Buildings,2017,151:242-249.
SRIEMS, DT, AW R MR P E LA T]. TR
YyBEEAR 2004 ,25(S1) ;181-183.
WU Yanpeng,MA Chongfang. Experimental research on side light-
ing light pipe under sunny conditions in winter[ J]. Journal of Engi-
neering Thermophysics,2004 ,25(S1) .181-183.
T, B0, HETT O L F R LT[ T].
K FAREH1R,2008,29(12) :1489-1493.
WANG Wei, LI Shuangju, MA Chongfang. Experimental study on
lighting performance of light pipe in winter[ J]. Acta Energiae So-
laris Sinica,2008,29(12) :1489-1493.
XA, T, B O E R RS RO 5 [T,
K PH AR ,2009,30(5) :586-590.
LI Shuangju, WANG Wei, MA Chongfang. Experimental study and
analysis on lighting performance of light pipe [ J]. Acta Ener-
giae Solaris Sinica,2009,30(5) :586-590.
AR AR I A AL R L DXCRR R B R R AE RO
SERCE S BB A iR (1], R B BE A7 4k, 2017,
38(8) :2303-2308.
GAO Mingdong, XU Guanggiang, CAO Guanying, et al. Simulation
analysis of efficiency and illumination distribution of light guide un-
der CIE overcast sky condition in Dalian area, Liaoning[ J]. Acta

Energiae Solaris Sinica,2017,38(8) :2303-2308.





