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Abstract: In most of the industries windows are rarely used for daylighting because it
requires windows with large dimensions. Huge windows can cause non-uniform
illumination on a task plane. Every industry requires different levels of illumination for
manufacturing and assembly work. The required illumination level can be achieved by
using artificial lighting which will consume more energy. The use of artificial light may
also create glare at some point which can be uncomfortable while performing a task. This
can be avoided if daylight can be harnessed by using light pipes. This not only reduces
energy consumption which will bring down the bills but will also give comfort with less
probability of glare. The geometry of the pipe, the internal reflectance factor, and the
location of the light pipe with respect to the ambiance help in determining the
illumination in a specific area. The main focus of this paper is to study the effect of
illuminance in a room by varying the height over the working plane by a light pipe. For
this an industrial shop floor of 10m x 10m is taken as sample and simulated using the
software HOLIGLIM 4.4. The results can be replicated for a larger dimension of an

industrial shop floor.
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1. Introduction

The daylight limit in buildings that are illuminated through the windows at the perimeter
are up to 15 feet from the perimeter. Here there are chances that the illuminance is not
uniform with higher intensity near the glazing and lower concentration at the deep cores
of the building especially at the ducts and corridors. So these areas depend upon electrical
lighting to obtain the required illumination. This causes increase in energy consumption
and cost as mentioned by Nadal, 2005 in her MS thesis [1]. The light pipe is a concept
used to direct the sunlight and skylight through a hollow tube into areas that are
inaccessible to daylight. The light pipe consists of a dome at the rooftop to collect
sunlight and skylight, a hollow tube having high reflectance to transmit the collected light,
and a diffuser at the bottom to spread the light uniformly on the indoor surface. The
performance of a light pipe is affected by various factors including the solar altitude, sky
condition, geometry of the pipe, and materials used to construct the pipe as concluded by
Zhang and Munner, 2000 [2]. As suggested by Alejandro P. D. in his Master’s thesis, it is
preferable to use simple light pipes in mid and low latitudes with ubiquitous clear skies,
whereas in higher latitudes optical redirecting systems (ORS) could be used for better
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results. Critical design parameters for light pipes include aspect latlol-a;]td :gpesctl;i
reflectance of the pipe [3]. Thanyalak S., Kyosuke H., 2019 showed that light pipe
be used to bring daylight for illumination in deep interior spaces [4]. th roof

Ayodeji Omishoren et al., 2019 observed that mobile concentrator heads wit rqo
heliostats are efficient in temperate climates. They also observed that roofs sl.op‘.gg
towards the south are better [5]. Light pipes possessing laser-.cut panels can provi g
sufficient lighting in deep plan buildings during daytime as experimented by Hansen an
Edmonds, 2003 [6]. Stanislav Darula et al., 2010 developed the “software HOLIQLIM
4.4- The Hollow Light Guide Interior lllumination Method which can calculate lanOI'
tlluminance distribution considering standard daylight situations and real l¥ght
propagation through hollow tube” [7). This software also helps to study the lxght
tllumination in various climatic zones [8]. The aspect ratio of the light pipe is a crucial
parameter in the daylight autonomy (DA) and continuous daylight autonomy (DAc) for
evaluating daylight. The length of the light pipe is a decisive factor when it comes to
reduction of glare and solar irradiation during summer. Since the sky conditions are pot
the same throughout the year, the light pipes have to be integrated with artificial lighting
sources to ensure sufficient visual comfort during the daytime [9]. S. Ahmed, A. Zain-
Ahmed et al., 2006 found that “the transmitted illuminance and the distance from the light
pipe could be linear or non-linear, depending on the minimum distance from the light
pipe”.[10, 11]. Hanlin Li, Dan Wu, Jinzhi Zhou, 2021 concluded that in a moderate
climate zone, an increase in the opening size of the tube in a tubular daylight guidance
system (TDGS) enhanced the daylighting performance but the heating/cooling load
increased in the hot and cold regions. The TDGS system works more efficiently for clear
skies as compared to the overcast sky [12]. Aluminum alloy pipe has a better reflective
and light transmission performance as compared to zinc alloy [13].

There are different levels of illumination recommended for different industrial
applications. For performing specific task, minimum required illuminations in standard
values of LUX are well known [14]. The paper describes how the illuminance obtained by
light pipes can be categorized based on the Indian standard code of practice for industrial
lighting IS: 6665-1972 for different industries [15]. These levels are categorized as highly
critical, moderate and below average based on the illumination lux level standards for
different industries. In this experimentation those tasks are selected which requires
moderate illumination in the range of 300-500 lux [16]. These include illumination levels
at assembly shop, aircraft factory, canning and preserving factories, carpet factory, and
motor vehicle factory and so on. Accordingly desired illuminance specifications can be
obtained by varying different parameters of the light pipe and observing the area of
illuminance. The scope of the paper is: (a) the illuminance obtained by a single pipe for
different diameters and to extend it for two and three light pipes (b) vary the height of the
pipe from the working plane to optimize it. This method is desired to cover maximum
usable area of the shop floor with appropriate illumination, deficit if any can be filled with
artificial lighting (which would be consuming electrical energy). The attempt in this paper
is to maximize the illuminated area with light pipe usage and save energy to maximum
extent.

2. Research Methodology

The main aim of this experiment is to study the room illumination using different light
pipe dimensions and varying the height over the working plane for a single light pipe
using the simulation set-up [7] as shown in figure 1. The software HOLIGLIM 4.4 is used
to study the illumination pattern for a room having dimensions 10m x 10m and
calculation resolution of 0.15m x 0.15m. The model selected is Sky model CIE Overcast
1:3 (L1. ISO 15469:2004) with an altitude of 73.4° (90 degrees = sun is in zenith),
Azimuth of 180° (180-degrees=sun is in south) and the latitude of the room is 40° on
30/11 at 10 AM (Sun’s position from date and time). The cupole or dome’s transparency
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1s taken as 0.95. The internal reflectance of the tube is taken as 0.800 which is closer to
that of aluminum sheet and the length of the tube is 2m. The optical interface has the
transparency of Lambertian (whole optical interface is diffuse) part of 0.750 and outer

diameter as 1m. The grid density for diffuser illuminance is medium resolution and low
resolution for luminous intensity solid.

cupaele

longth

(0.0) X

Figure 1. Light tube Set-up in HOLIGLIM 4.4 (7)

The illuminance is calculated with the room co-ordinate system at x position and y
position as Sm x Sm and the z position as 2m which is the height over the working plane.
The area of illuminance is calculated for the isolines obtained especially for the area
below the light pipe and the illuminance in lux is noted down for the same in the light
pipe for a length of 2m and outer diameter varying between 0.50m to 2m.

The simulation is extended by keeping the length of the tube and outer diameter of the
optical interface constant at 2m and Im respectively and varying the height over the
working plane i.e., the z position between 0.1m to 8m. The area of illuminance formed
Just below the light pipe is calculated from the isolines obtained and the lux range noted
down for the same. The required threshold illuminance for the given area of illuminance
is tabulated and height of the working plane is optimized for illuminance range
comfortable for human interactions. The experiment is extended to two pipes and three

pipes under similar conditions. The same observations are taken by varying the distance
between the pipes.

3. Results and discussion

The light pipe is placed in the center of the room at Sm in a 10m x 10m closed
room. The length of the tube is kept constant at 2m and the diameter of the optical
interface is varied between 0.5m to 2m. It is observed that the area of illuminance
increases with the diameter of the light pipe. The area of illuminance just below the light
pipe is less but the illuminance in lux is more. As the distance is increased from the center
of the room toward the corners, the area of illuminance increases but the intensity of
illumination decreases. The required threshold of illuminance is calculated by

interpolation of the illuminance obtained for the different areas illuminated by the light
pipe as shown in table 1.
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Table 1. Required Threshold llluminance for !.ight Pipes of Different
’ ' Diameters with Area of llluminance

Required | Area(m’ | Area(m’) | Area | Area(m’) I Area (i) gre]a_(;;:-) :?::H

¢ ¢ \ : a _ ;
Thr]mhnld D=0.5m D=0.75m (m”) D=1.25m | D=1.50m 75m Dzzr)n
! D=1m ‘ o
300 0.7 15 59 43 | 7.06 [ 11.57 [ .

» [¢
50 08 |17 65771 | 5.11 {8.4 )13.33 {17,) /
B 384
00 (09 213 752 |63 104 [15‘85 ’20.4 ]
s [T26 |27 89 |sis (16 [1982 |42
h&T 1.79 3.97 139 | 1179 2002 [2716  [30.78 |
i 50 326 740 1725 | 2221 ] 366 | 46.54 | 46.434)

When the height of the working plane is varied from minimum of 0.Im to maximum
of 8m, the illuminance range decreases as shown in table 2 i.c., the height of the workmg
plane 15 inversely proportional to the illuminance obtained. The larges? area has‘ lesser
illuminance covered. The length of the tube can be determined by changl.ng the height of
the working plane if the area to be illuminated for a particular application is known. When
the height of the working plane is 2m, lesser area is illuminated but with comfortable
illuminance for human interaction. The height of the working plane required for a better
illumination in the z position is 2m.

Table 2. Height of the working Plane and llluminance with Energy Saved

‘Hcighl of the [ Area of the first inner isoline | Lux Range I Energy Saved (W) {

working plane (m) ((m?)

- 1 11.34115 1500-2500 | 11.34% J
2 12.56637 250-500 | 1257% |
3 5281017 100250 | 52.8%
4 32w 60-140 [ 3216%
5 50.26548 40-90 | 50.26%
6 105.6832 30-60

' 7| 28.27433 28.27%
o 8 18.09557 18.09%

This result was extended by applying these conditions to two light pipes with length
2m and diameter of Im. In the first case the pipes are placed 2m apart at (x, y) position
4m x Sm and 6m x 5Sm and in the second case the pipes are placed Im apart at (x, y)
position 4.5m x 5m and 5.5m x 5m respectively. The work plane illumination for the
same is as shown in figure 2. It can be seen that when the light tubes are placed far apart
larger area will be illuminated with lesser illuminance. It is observed that when the light
pipes are placed close to each other the area of illuminance decreases but total illuminance
increases.

The same concept was repeated with three light pipes. In the first case the light pipes
are placed 1.5m apart at (x, y) position 3.5m x 5m, 5m x 5m and 6.5m x 5Sm and in the
second case it is placed 1m apart at (x, y) position 4m x 5m, Sm x 5m and 6m x 6m
respectively [17]. The work plane illumination for the same is as shown in figure 3. The
area of illuminance is more when the number of light pipes are increased. Uniformity is

better when the light pipes are placed close to each other.
T
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(a) (b)
Figure 2. lllumination by two Light Pipes: (a) 2m apart (b) 1m apart
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(a) (b)
Figure 3. lllumination by Three Light Pipes: (a) 1.5m apart (b) 1m apart

The threshold of illuminance for industrial buildings and processes can be categorized
into three parts: 1) for highly critical applications illuminance greater than 300 lux )
moderate applications between 100 to 300 lux and (3) below average applications less
than 50 lux. From the IS: 6665-1972 standards as shown in table 3, it can be seen that
illuminance greater than 300 lux is required in Jewelry and Watchmaking industry,
Clothing and Textile industry, Boot and Shoe factories, Assembly shops etc.

In most of the industries illuminance between 100 to 300 lux is sufficient. [lluminance
less than 50 lux is mostly applicable in farming industry, Electricity Generating Stations:
Outdoor locations etc. If we consider the general factory areas then an average
illumination of 100-150 lux is sufficient for lighting. For this purpose a light pipe of
length 2m and diameter 1m placed at a height of 3m from the working plane can
illuminate around 52.8% ( for the first inner isoline) of the total arca as shown in table 2.
This can save that much amount of energy as artificial lighting will not be required in that
area. So depending on the application length, diameter and height of the working plane
can be decided.

The results show that a light pipe of a suitable length and diameter placed at the
correct height and coordinate can provide required illumination thereby bringing down the
energy consumption to a greater extent. The readings are consistent with the results noted
by Jiraphorn M., Atthakorn T., 2021 while comparing the performance of aluminum and
zine hollow light pipes by varying the incident angle and diameter of the light pipes [13].
The illuminance obtained in a particular area is the function of the diameter of the light
pipe [18].If the task of room illumination is not fulfilled by a single light pipe then the
number of light pipes can be increased and placed at appropriate positions to sufficiently
light the room. So number of light pipes depend on the room dimensions and the
architectural design [18].

VOLUME 9. ISSUE 10. 2022

ISSNNO  [860-939

PAGE NO: 1093



TABLE 3: Required illumination in industrial applicati
standards)

| HIGHLY
1 CRITICAL

Alrcralt 300-450
factory  and
Maintenance

AVERAGE
ILLUMINATI
ONIN (LUX)

MODERATE

General factory | 100-150
arcas

AVERAGE
ILLUMINATI
ONIN (LUX

“\\\l N
Y

ons (IS: 6665-1972

AVERAGE
ILLUMINATI
ONIN (LUX

BELOW
AVERAGE

Factory
outdoor
areas

_hangers I
Fine  work, | 700 Bakeries 100-200 Boiler 20-50
for example, I]()l}scs-
radio and Boiler
telephone rooms and
cquipment, outdoor
lypewriter plants
and office
machinery
assembly
Very fine | 1500 Electricity 150-300 Electricity 20-50
work, for Generating Generating
example, Stations : Indoor Stations

Locations Outdoor

assembly  of
very  small
precision

mechanisms,
instruments |
Jewelry &
Watch
making

Locations

Boot and | 700-1000 Breweries & | 150-200 Farm 50
shoc factories Distillerics buildings-
boiler
houses and
stables
LClmhing 1300-1500 Chemical Work , 100-300 Gas Works [ 20-50
factoriés

Dye  sinking | 300-2000
& dye works

Collieries 100-300

works-
Marshalling
and outdoor
stockyards

Glove making | 300-1500

Book binding 200-300

Iron & Steel/ 10-20
7

Garages- 0
Parking area

(interior)

It can be seen from the results that the position and dimensions of the light pipe and
the area of illumination help to decide the nature of task that can be performed in an
Industry. High precision operations require more illumination especially at the shop floors
as compared to the medium illumination required at the administrative office. The number
of light pipes and their positions at the workstation can be modified according to the
illumination required. Therefore the number of light pipes required in a particular area
depends on the type of utility that is to be executed.
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4, Conclusion

N The l:CSL‘&lI'Ch work reported in this paper points to the application of light pipes in
etficient lighting as an energy saving alternative by using daylight in industries. From the
sunulations performed on HOLIGLIM 4.4 it can be concluded that if requirement
(threshold) of illumination lux level is reduced the area of illumination gets increased. To
improve the illumination range more light pipes can be added at appropriate positions
dgpcndx}lg upon the visual tasks to be performed. But care must be taken not to cause
dlscomip‘rl due to excessive illumination. By selecting the correct light pipe dimensions
;1.nd p_omhops on the roof any industrial shop floor can be illuminated with the required
l}gllt 1qtcx1511y. From the results it can be seen that ina 10m x 10m industrial shop floor, a
llgh.l pipe can sufficiently light the room with minimum use of artificial lighting thus
saving 52% of energy. In this way energy can be saved effectively by using daylight for 8
to 10 hours and can be augmented with artificial lights if required depending upon the sky

conditions. This arrangement works cfficiently in industries where windows are not
recommended for daylighting.

Acknowledgments

The author would like to acknowledge Dr. Arvind Shaligram CEO, SPPU Research

Park Foundation and Emeritus Professor, Department of Electronic Science, Savitribhai
Phule Pune University for his valuable guidance.

REFERENCES

[1] Betina Gisela Martins Mogo de Nadal, “An experimental setup to cvaluate the daylighting
performance of an advanced optical Light pipe for deep-plan office buildings”, MS Thesis, Texas
A&M University, August 2005. Available at https://solarlits.com/jd/6-60.

[2] Zhang X, Muneer T, “A mathematical model for the performance of light-pipes”, Lighting
Res, Technol. 32: 141-46, 2000, available at http:/tubularli hp?id=5&L=1,
hitps://www.svf.stuba.sk/buxus/does s)ce/2009/2009_4/fileS.pdf .

3] Alejandro Pacheco Dieguez, “Light Pipes: Forward raytracing as a predictive tool and key design
parameters”, Master thesis in Energy efficient and Environmental Buildings, Faculty of

Engineering, Lund University.

Thanyalak Srisamranrungruang, Kyosuke Hiyama, “Possibilitics of using light pipes to buildings”,

10P Conf. Series: Earth and Environmental Science, 294 (1):012064 10P Publishing, August 2019,

doi:10.1088/1755-1315/294/1/012064, available at https:/www.tci-thaijo.ory

Ayodeji Omishore, Petr Mohelnik, Denis Micek, “Light Pipe Comparative Study”, SSP - Journal of

Civil Engineering, Vol. 14, Issue 1, 2019, DOI: 10.1515/sspjce-2019-0002.

[6] Veronica Garcia Hansen, lan Edmonds, Richard Hyde, “The use of light pipes for deep plan office
buildings A case study of Ken Yeang's bioclimatic skyscraper proposal for KLCC, Malaysia”,
Conference Paper . November 2001, available

https://www.researchgate.net/publication/2747673 |, https://solarlits.com/jd/6-60.

(7) Stanislav Darula, Frantis ek Kundracik, Miroslav Kocifaj, and Richard Kittler, “Tubular Light
Guides: Estimation of Indoor Illuminance Levels”, Leukos Vol 6 no 3 pages 241-252, January
2010, available at: https:/www researchgate net/publication/261617157.

[8] E.K.W. Tsang, M. Kocifaj, D. H. W. Li, F.Kundracik, and J. Mohelnikova, “Straight light pipes’
daylighting: A case study for different climatic zones”, Solar Energy, Vol 170, p. 56-63, August

2018, htips: /dor.ore/10.1016).s0lener. 2018 05 042,

Cristina Baglivo, Marina Bonomolo and Paolo Maria Congedo, “Modeling of Light Pipes for the

Optimal Disposition in Buildings”, Energies, 12, 4323, 2019; doi:10.3390/en12224323.

[10] S. Ahmed, A. Zain-Ahmed, S. Abdul Rahman and M. H. Sharif, “Predictive tools for evaluating
daylighting performance of light pipes’, luternational Journal of Low-Carbon Technolugies,
Volume 1, Issuc 4, October 2006, Pages 315-328, https://dot.ore/10.1093/ijlct/1.4.315.

[11] Y. V. Antsupov, A. T. Ovcharov, V. Ya. Ushakov. "Conditions of Efficient Light Transmission Via
a Lightguide of a Hybrid Lighting System", Russian Physics Journal, 2021.

[12) Hanlin Li, Dan Wu, Jinzhi Zhou, “Effects of tubular daylight guidance systems on the daylighting
performance and energy savings in office buildings under different climate zones”, Journal of
Renewable and Sustainable Energy (in press) (2021); https:// doi.org/10.1063/5.0062480. '

[13] Jiraphorn Mahawan and Atthakorn Thongtha, “Experimental Investigation of [llumination

Performance of Hollow Light Pipe for Energy Consumption Reduction in Buildings”, Energics
/AW ERE,

ht.sav.sk/mdex.

=

=

at

9

POLUMLE 9 1SSUL 10,2022 PAGENO: 1093
Al : bl



GIS SCIENCE JOURNALI

2021, 14, 260, Received: 19 November 2020 Accepted: 4 January 2021 published: 6 January

2021, https://doi.org/ 10.3390/en14020260.

(14] P.R.Yawale, P.B.Pathakji, V.G. Wagh, P.B.Buchade '
Absorption Propertics of Materials in Designing Application Based [llumination Syste
JETIR May 2019, Volume 6, Issuc (ISSN-2349-5162) pp-171-175.

(15] Indian Standard code of practice for Industrial lighting, 5 reprint May 1997, Reaffirmed 2005,
Bureau of Indian Standards, Manak Bhavan, 9 Bahadur Shah Zafar Marg, New Delhi-110002,
April 1973. )

[16] P. R. Yawale, P.S. Varade, V.G. Wagh, A.D. Shaligram, “Design and Development of task light
simulator for Quality Lighting Factor and Simulation of LED tube based [llumination system for
Laboratory”, YMER || ISSN : 0044-0477, VOLUME 21 : ISSUE 5 (May) — 2022 PP 590-603.

[17) Darula, S. "lumination of interior spaccs by bended hollow light guides: Application of the
theoretical light propagation method" | Solar Energy, December 2010, DOL
10.1016/J.SOLENER.2010.09.003, available at:
https://www.researchgate.net/publication/255220934.

[18) Badri Narayan Mohapatra, M. Ravi Kumar, Sushanta K. Mandal, “Analysis of light tubes in interior
daylighting system for building”, Indonesian Journal of Electrical Engineering and Computer
Science  Vol. 17, No. 2, February 2020, pp. 710~719 ISSN: 2502-4752, DOL

101159 Vijeees.v17.i2.pp710-719.

AD. Shaligram, “Effect of Reflection and
m”, 2019

YOLUML 9, 1SSUE 10, 2022

l\\\i‘ N() . ix(»‘);()‘;()]

PAGE NO: 1096




{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Form", "isBackSide": false }


{ "type": "Form", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Form", "isBackSide": false }


{ "type": "Document", "isBackSide": false }

