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ABSTRACT. This paper presents the procedures taken for determining the luminous flux from daylight guidance systems, in order 

to verify the luminous efficiency predictive model for light-pipes results and provide conditions for the development of predictive 

distribution of daylight from the light-pipes output components. The objective of this research is to present the procedures 

developed to improve the luminous efficiency predictive model of light pipes field research preparation and data treatment are 

considered, following international standards (CIE 173:2006, Technical Report Tubular Daylight Guidance Systems) and 

relevant scientific works. For this, the light-pipe was considered with an open square section input, mirrored guidance, and a 

diffuser output component. The source consists of a diffusing material illuminated by eight tubular fluorescent lamps, which is 

originally the source of an artificial sky. The luminous flux is measured by an integrating sphere with transition component to fix 

the output light-pipe in the sphere opening. The data of illuminance obtained by the integrating sphere are used to calculate the 

luminous flux in comparison with the luminous flux obtained by one known reference lamp. The comparison of the results of 

illuminance measured data considered thirty six different scale physical models with ducts of 0.10m, 0.25m, 0.30m, 0.40m and 

0.50m of square section and 1m, 1,5m, 2m, 3m, 4m and 5m of length, with internal reflectivity of 0,86. This paper’s contribution 

is a method for determining luminous flux from daylight guidance systems, helping future researches in the area.  
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INTRODUCTION  

The objective of this research is to present the procedures 

developed to improve the luminous efficiency predictive 

model of light pipes (LEPMLP)[1]. The procedures that 

will be presented were developed to carry out the research 

about the distribution of the daylight from the light pipes. 

This model was proposed to predict the luminous flux in 

square section mirror pipes. First of all, a general 

organization of the assays carried out will be presented. At 

a second moment this paper will consider the ways to solve 

one by one all the difficulties pointed by the Technical 

Report CIE 173:2006 [2], such as the equipment 

dimension, the adequacy of the light source,  the 

dimension of the integrating sphere and the adjustments to 

connect the daylight guidance system to the integrating 

sphere. This paper targets the procedures developed, from 

the integrating sphere construction to the treatment of the 

data collected.  

 

GENERAL ORGANIZATION OF THE ASSAYS 

The general organization of the measurements is based on 

the procedure described at the Technical Report Tubular 

Daylight Guidance Systems (CIE 173:2006) [2]. In this 

procedure it is recommended the use of an integrating 

sphere or a goniometer to collect the luminous flux at the 

output of the daylight guidance. For this procedure some 

light source with fluorescent lamps is required, however 

there is any specific information related to the 

characteristics of these lamps or their luminous flux. To 

secure the uniform flux obtained by that source it is 

required the use of a diffuser material in front the 

fluorescent lamps. (Fig. 1). 

 

 
 

Figure 1: The general arrangement of the measurement by CIE 

173:2006 [2].  

 

To make the measurements with square section mirror 

light pipes it would be necessary to develop some 

adaptations on the procedure indicated by the Technical 

Report. These adaptations were first proposed due to 

difficulties pointed along the CIE 173:2006[2] text and, 

second, to promote the necessary adjustment to take 

measurements with square section mirror light pipes. 
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SOLUTIONS FOR THE DIFFICULTIES FOUND AT 

THE TECHNICAL REPORT TEXT  

This report presents the difficulty and the importance to 

carry out photometric studies about the daylight guidance 

systems. However, there were a lot of difficulties to 

produce the measurement with light pipes. These 

difficulties were identified, one by one, solved, and 

alternative solutions were proposed. 

 

The first problem identified is about the availability of 

the measurement equipments and their size. There are few 

of these equipments available around the world and these 

ones need to have larger dimensions because of the size of 

the light pipe. “There are a number of problems concerned 

with photometry of these systems, notably that specialist 

photometers capable of accepting components of large size 

are necessary and only a limited number of these exist 

(Rosemann et al., 2005).” apud (CIE 173:2006) [2]. This 

first problem was solved with the scale model. Scale light 

pipes (1:10) were used to make the measurements. This 

solution was possible because the length wave of light is 

small enough to promote secure identical results when 

scale models in studies with light are used.  

 

The second problem found is related to the light source 

“another problem is the specification of suitable 

standardized light source for testing daylight systems, 

natural skies being unsatisfactory for this purpose. These 

could be either an integrating sphere to create a constant 

luminance (Lambertian radiator) or an artificial sky with a 

CIE overcast sky luminance distribution.” (CIE 173:2006) 

[2]. In order to avoid this difficulty it was used the light 

source of artificial sky built for didactic ends (NUTAU 

2008) [3]. It is an MDF box (82cm x 62cm), that fits 8 

tubular fluorescent lamps (16w,4000k and reproduction 

index ≥ 85% and length 0,6m). The instant start electronic 

ballasts (127V) stay outside of the box to prevent heat that 

can harm the luminous flux of the lamps into the box (Fig. 

2 e 3). To create a diffuser plan, this box is closed with an 

acrylic opal plan (64cm x62cm) fixed at the four corners 

with double nut screw (Fig. 4). Although the diffuser plan 

given by the acrylic, when it is close to the lamps it can 

produce some shadow lines between the lamps. The double 

nut screw is a possible device to adjust the acrylic to find 

the best distance between the diffuser and the fluorescent 

lamps, making the light source a uniform light plan.  

 

 
 

Figure 2: Picture of the light source.  

 

 
 

Figure 3: Scheme of the light source box.  

 

 

 
 

Figure 4: Detail of the light source box.  

 

 

The luminous flux at the output section of the light pipe 

was measured using an integrating sphere. Although there 

are integrating spheres in several sizes, the most part of 

them have large dimensions to put into light systems and to 

measure their luminous flux. However, at the Institute of 

Electrical and Energy (IEE) there were other integrating 

spheres, one new sphere was built to be used with the scale 

model of square section mirror light pipe (Fig. 5). This 

special integrating sphere was made with an aluminum 

sphere with 30cm of diameter; it is usually used to make 

decorative candles. This sphere is divided in two sides, 

what made possible the painting of the inner side with 

special ink. Two laser cuts were made at the sphere, one to 

introduce the photometer and the other to insert the input 

section of the light pipe. 
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Figure 5: The integrating sphere.  

 

 

ADAPTATION ON PROCEDURE TO TAKE 

MEASUREMENTS WITH SQUARE SECTION 

MIRROR LIGHT PIPES 

The square section of the light pipe needs some adaptation 

to fix it in the window open on the sphere surface. To 

make this connection, it was necessary one transition 

component. The component was made in plywood (Fig. 6). 

The design of this transition element allows it to be used 

by several light pipe sections without changing the size of 

the sphere window. 

 

 

 
Figure 6: The transition component. 

 

 

The equipment used to collect the data is very 

important to provide good results. There are two things 

that every researcher needs to pay attention when selecting 

the equipment to use in a measurement: its type and its 

calibration. This is important, because there are several 

types of equipment to do similar things and the calibration, 

to obtain secure results. The illuminance data was gathered 

by a LMT photometer 30mm with serial number 

09A05312 and the last calibration made on October 10 th, 

2011, by the Laboratory of Radiometry and Photometry 

(Laraf) (Fig. 7). 

 

 

 
Figure 7: The photometer.  

 

 

The organization of the measurement needs some 

special pedestal for the fixing and the leveling of all the 

parts (Fig. 8). The use of tripod pedestal, that can be 

adjusted in length and direction, allows to fit different sizes 

of light pipe to adjust the photometer at the right place. 

The tripod used to position the integrating sphere was a 

pedestal used to hold flower pots. 

 

 

 
Figure 8: The tripod pedestal.  

 

 

During the measurement it is very important the 

tightness, because every external light can produce 

mistakes during the test. To minimize this risk it is 

important to take the measurement in a black room without 

windows and with the whole aperture really close. A black 

cloth can be used to seal the connection and transition 

parts. A black insulating tape can help to obtain good 

results. This way it is possible to minimize the scape of 

luminous flux at the transition component and at the 

connection between the photometer and the integrating 

sphere. 

The Technical Report recommends that the input of 

light pipe stays at the center of the light source and the 

distance between the input section of light pipe and the 

luminous plane of light source to be minor that an angle of 

20º with the limits side of the luminous plane (Fig. 1) CIE 

173:2006 [2]. Considering the light source box used, the 

maximum distance between the input light pipe and the 

light source recommended is 11cm (Fig. 9).  

 

 

 
Figure 9: Distance between the input section of the light pipe and 

the light source plane. 
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The last adjustment before the measurement is to check 

the level of the light pipe. It needs to be leveled many 

times during de test (Fig. 10). 

 

 
Figure 10: Verifying of the leveling.  

 

 

Before starting the measurement with the light pipes it 

is necessary to take the illuminance obtained by a reference 

lamp with known luminous flux to compare with the data 

collected by the light pipes. The luminous flux of light 

pipes is calculated using the relation between the 

illuminance found with the reference lamp and the 

illuminance found with each light pipe (direct proportion). 

 

During the measurement taken with the known 

reference lamp it is necessary something to protect the 

photometer from the direct light given by the lamp. To 

protect the photometer, a white rigid paper fixed at the 

transition component was used. The known reference lamp 

was fixed into the transition component (Fig. 11). 

 

To start the measurement it is necessary to verify how 

much time the equipment needs to become stable. With the 

equipment described before, it was necessary to wait for 30 

minutes to get stable electricity on the network and stable 

luminous flux obtained from the light source. Other 

important point to consider is to wait some minutes after 

every change of light pipe to guarantee total stability.  

 

This procedure takes around one hour to be organized 

and around two hours to develop the measurement with 36 

light pipes in scale model 1:10. It is necessary the 

minimum of two people to organize and get the data during 

the test. There are lots of difficulties to make all this 

procedure alone because of the number of things to do and 

the weight of the light pipes to adjust on the tripod pedestal 

on level. 

 

 

CONCLUSION 

This paper showed a way to measure square section mirror 

light pipes to obtain their luminous flux. 

 

The procedure presented was based in understanding 

the photometry measurement suggested at the Technical 

Report CIE 173:2006 [2] and give some solutions and 

adaptations to the special situations found during the 

measurements realized with square section mirror light 

pipes. 

To reproduce this procedure there are some important 

considerations: 

 

1. To get or to build a diffuse light source; 

2. To get or to build an integrating sphere suitable 

for daylight guidance systems to take the 

measurements; 

3. To use calibrated photometers to get the data 

during the measurement; 

4. To take carefully all parts in their position to 

secure the best distance between the input section 

of light pipe and the diffuse light source; 

5. To use good tripod pedestal to secure the best 

position for the light pipes and the photometer; 

6. To secure that there is not light interference from 

outside during the measurement. 

 

The comparison between the results obtained in this 

research and the results obtained by predictive models will 

be object of a future work. 
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