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Theoretical study on the influence of light polarization on light transmission
efficiency of light pipes
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Abstract: Light transmission efficiency ( LTE) is the most important parameter to evaluate the daylighting
performance of light pipes. In the calculations of LTEs of light pipes, the cumulative effect of light polarization
caused by several specular reflections in pipes is often neglected. Therefore, in order to make clear the cumulative
effect of light polarization generated by continuous specular reflection, through optical theoretical analysis and
formula derivations, after determining the influence of light polarization on the reflectivity of specular reflection
materials, this article for the first time clarified the change rule of the reflectivity of interior surface of a light pipe
with the number of reflections and the influence of the variation of reflectivity on the LTE of the light pipes. The
results indicated that each time a light beam projects on the pipe’s inner surface, there will be a light polarization
that produces different reflectivity on the two orthogonal components, i. e p, and p, and p, =p,; In every
reflection, the values of p, and p | remains fixed, but the overall reflectivity will gradually rise with the increase of
reflection times, so the light loss rate will continue to slow down. Finally, the LTE expression of a single beam in
a light pipe is derived, which lays a theoretical foundation for the establishment of the LTE mathematical calculation
models under complex light sources.

Keywords: cumulative effect; specular reflection; overall reflectivity ; number of reflections; light loss rate

FE RN R G e — FR B R 2 (0 RO B,
B RGO St e ny 15 4 =0 |, A) R A
REOCHI AR FTIRAL 50 F To i 25 (8], SEBRf I,
R IR R BRI SO0 58OGR 8 T E 4 R
FRG EEAR STV ERL T, SN
B T 196 P v S ST 238 1) B8 T B SRR AR i HO A%
H%50C% (Light transmission efficiency , LTE) , JG£F Fl
o0 S L BT U D B N e o P R e

(arcsin(n,/n,) ) IIASEF1, WOGEE A BT 5 [0 G B A
JER, BV E T8 253508 ny, Fon, , Hon, >n, , ATLA
SEHL 100% 1545 G HE , Ll D3 35 5l K b 5 1) 25 R
Hh S TG B IS P RE X AT DL Y6 1 45 T S Up
3, L —E BB AL G RE R DI RE , PRI SOG4 P
FS SRR HO G s R i i A bR, (HE,
R T N BE SRR AR RGO K OGS
NZHNZE L LTE $0E, I 8 7 88 ok

Wi EEE: 2022 -11-22; FAHE: 2022-06-14; MEEE HE: 2023 -03 -02
P48 B & Hudlk : hitps://kns. enki. net/kems/detail//23. 1235. T. 20230301. 1659. 003. html
BB . BRI EITRITE V66 RIEA 285 K B ARLEA 7RI (2020YFD11007 )
EE®AN: KA (1976—) , 3 Wi+, B8 221k 580 (1978—) , B, #82 , i+AE

BIEEE. Bk ,2a03066@ 163. com



7N

ey

S

- 146 - T

Iy

py,

»e
7

EN oAk %555 %

B SO LTE BIMALRL, 3T 30 24k — H 2%
G — IR
BT &M IR (IR M RO SR e
L BT AE) SRR R B, A2 L T
FHAF LTE (TR, Zastrow 512 $2 ) T e
A6 LTE 3130, BRI (1) A0 T TRSFE RO
FE M(RVEK L 586 D 2 10) IRAS M 0(HIA
UL SE R Z R R ) A RO 2R p BB
Swift %R FEEA I 6 AP 1 s 1 [ 6
X FCE RIS T SO LTE fKA
A, B (2), Edmonds 2 JF % T —Fgi i 5k
B LTE fymssy, Bis(3) , iz=GEH T M <6 1Y
HSOEE  Hh x FOLZ I A DA 58RO Z
[ AEES , Jenkins %5 &1 X P4 BE I 524 54 0. 95
MBSO, N TS LTE 580K M Z 1R
ey B G 2R, RIS (4) o 2006 4F [ Pr IR ] 22 51 2%
(International commission on illumination, CIE) #2
TR LTE it 5, B (5)", 2019 4
Petrzala” $2H T & BRI EE T 645 LTE 19 fij 5
fiebr = B (6) .
LTE = p* Lt #/(mxD) (1)

. Ltan 6

2
D int( Dz) x
V1 =D

LTE = %Lo

Ltan 6 . (L
{1 — (1 —p)[ ;‘ —lnt( t;‘; )]}dD
(2)
D/2 2 2N\ 172
_ ((D/z) —x) N 2
LTE = 4[0 e oV du/w(D/2)
(3)
—0.11L
LTE =0. 82¢ ? (4)
e(I/I)) xIn p x tan 30°
LTE = 5
[(1-(L/D) x1Inp xtan 30°) ] (5
172
TE ~ 4.603p x
1.164 24[1.988 - (L/D) xInp]
| 0-498 292 x (L/D) xIn p
1.988 — (L/D) x1Inp
0.612 324 x[ (L/D) xInp]* (6)
[1.988 = (L/D) xInp]?

E1

FITRANHESAKE
Fig. 1 Parallel rays entering a straight light pipe
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Fig.2 Light reflection on smooth metal surface
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Fig.4 Multiple reflections of ¢ ray in a cylindrical mirror light
pipe
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Calculation of overall reflectivity p, of i ray’s multiple reflections in a cylindrical mirror light pipe
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