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Abstract: A split louver consists of two sections with their slat angles to be adjusted separately for
glare protection and redirection of sunlight, respectively. The upper section works in conjunction
with the lower section to enhance daylight availability and uniformity throughout the year. The
study aims to improve the daylighting performance of the split louver by applying a simplified
parametric control, which predetermines the angle difference between adjacent slats in the upper
section for a chosen solar altitude and then keeps this difference fixed during operation. The slats
in the upper section can be changed parametrically using the Grasshopper to reflect daylight onto
the ceiling and then illuminate the rear zone of a space. The lower section of the split louver can
control the daylight in the front space area and may affect the amount of light in the back. The
performance indicator in evaluating the proposed split louver design for the chosen typical days is
the percentage coverage of the work plane area for the illuminance range of 150~750 lux, which was
achieved up to 100% in some cases. The proposed split louver with the simplified parametric control
has the potential to provide relatively consistent and distributed daylight coverage of the floor area

and a glare-free environment.

Keywords: daylight performance; parametric design; simplified parametric control; split louver

1. Introduction

Daylight is an essential source of energy in buildings. A sufficient amount of daylight
increases the visual comfort of its occupants while also lowering the building’s energy
consumption. Modern buildings are increasingly using highly glazed facades and large
windows to provide access to daylight, solar gain, and an external view. Highly glazed
fagades provide indoor environmental conditions that are frequently visually and ther-
mally unpleasant [1]. A higher level of control over window openings was linked to a
better level of satisfaction with overall comfort, temperature, and air quality, while a
higher level of control over shading devices was linked to a higher level of lighting satis-
faction [2]. According to studies, commercial buildings consume 20-30% of overall en-
ergy, whereas office buildings consume 35% of electrical energy [3]. Using daylighting
systems in office buildings, on the other hand, can save up to 50% of overall energy use
[4]. To reduce the risk of overheating and optimise the use of daylight, highly glazed fa-
cades in open-plan offices need the use of regulated dynamic solar shading. However,
both manually and automatically controlled shadings normally have the same design in
all areas of the window at any given time, regardless of the role they must perform or
their position within the window’s height [5,6].

Significant potential for energy savings and generation, as well as improved occu-
pant comfort, can be left unexplored by building envelopes. Solar radiation is actively
modulated by adaptive solar fagades for energy generation, passive heating, shading, and
daylight penetration [7]. Since different parts of a window system must perform different
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functions, multiple control strategies and shading systems must be used accordingly.
Multi-sectional fagades that serve various purposes are effective when each section per-
forms one or more of the following tasks: protection from direct sunlight and glare, avoid-
ance of overheating, and proper daylight transmission. Multi-sectional fagade solutions
can balance daylighting and energy efficiency while maintaining comfort [8]. Various el-
ements, such as characteristics, size, and control of each individual control or shading de-
vice and their corresponding operations, should be considered in the design of a multi-
sectional facade [8-10].

The position of the shading device system within the window with two sections of
upper and lower window areas was previously distinguished in a number of studies [11-
14]. Other studies used three sections of top, middle, and bottom, which represent day-
lighting, viewing, and shading, respectively [5,9]. The upper window section allows for
improved light levels in the deep spaces by allowing daylight to pass through. While
providing daylight and shading near the window area, the bottom window area also af-
fords a view of the outside. Different areas, specified glazing components, different shad-
ing types, and control strategies may be provided in the various sections [8]. To achieve
the lighting requirements for glare-free workplaces and to optimise the illumination into
the depth of the room, it is necessary to split the shading device on the window into upper
and lower sections, in which the front area shouldn’t exceed 2000 lux and the back
shouldn’t be less than 300 lux [1,5,15].

The employment of daylight responsive controls ensures that there is are acceptable
levels and quality of daylight in interior spaces [16,17]. Advanced daylighting systems
often manage to increase indoor daylight quality, particularly for deep spaces, improve
daylight uniformity, and control solar heat gains [14,18,19]. The required systems are
those that block or redirect solar beams, preferably towards the ceiling, and diffusely re-
distribute reflected light to the work plane [20,21]. At a specific angle in the upper section,
daylight should be redirected toward the interior to maximise daylight distribution deep
into the room. The elevation angles of the sun must be considered while designing the
shading devices of the multi sectional facade [11,21]. In the winter, the sun shines at a
lower angle, whereas in the summer, it shines at a much higher angle. As a result, the slat
angle of the shading system must be designed so that low winter sunlight is redirected at
a lower angle into the deep area of the room, while high summer sunlight is reflected at a
higher angle. To eliminate direct glare, the lowest slat in the upper section somewhat re-
quires a steep angle to redirect the light toward the ceiling [11,22]. According to Osterhaus
[23], slat angles for different positions of the shading device can be variable. In general,
the optimum slat angle combination of the split shading devices provides the highest il-
luminance levels at the front and back areas of a space, less, however, than 2000 lux.

A balance between numerous variables, such as solar radiation, orientation, etc.,
should be considered in order to increase illuminance quality while reducing energy con-
sumption and at the same time using the split louver. Nonetheless, only a few studies
have shown an interest in multi sectional window and incorporation of the split shadings.
No study has considered different controls of different split shading parameters (such as
geometry and material properties, etc.) with their different functions of the different sec-
tions, whether in shading or redirecting daylight inside a specific space with a response
to the different times of day throughout the year, parametrically.

A new approach is therefore needed for the study of the split louver in different au-
tomated controls for its different section functions to deal with multiple variables. There-
fore, this study primarily focuses on utilising the advantages of parametric design as a
control tool to improve the consistency and distribution of daylight inside the building
during working hours at different typical dates throughout the year. The study aims to
develop an overarching framework to develop a practical split louver with two sections
based on a parametric control in the upper section that plays a role in illuminating the
deep areas that respond to variations in the sun’s angles of incidence by employing reflec-
tive louver systems and presenting a new simplified method for the parametric control by
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having a fixed guide of the slat angle for any given time. The most significant advantage
of this study is that it can effectively discover the optimum daylighting performance of
the proposed split louver for a highly glazed facade using a simple and effective paramet-
ric control method that can be applied in a real-world setting.

2. Materials and Methods
2.1. Model Description

In a virtual office space in Amman, Jordan (latitude 31.9, longitude 35.9), a case study
was conducted to investigate the daylighting performance of the proposed split louver
system. The base model was created in Grasshopper using Rhinoceros 3D as a platform
(see Figure 1). The Ladybug plugin provides the EPW weather data for this location. The
model dimensions are 4 m in clear height, 8 m in depth, and 12 m in length, with a fully
glazed south facade (single glazing, 6 mm clear glass with 88% visual transmittance). The
walls and ceiling were matte white with a typical reflectivity of 80%, while the flooring
was a typical grey with a reflectivity of 18% [24]. The split louver system is mounted on
the south window and divided into two sections. White matte coatings with 80% and 30%
reflectivity were applied to the upper side of the slats in the upper and lower sections,
respectively, while the bottom side of the slats was coated with black matte with 0% re-
flectivity for both sections to absorb any potential scattered light. The slats of the split
louver are adjustable and parametrically controlled. The main concept is to rotate the slats
to follow the sun path in order to receive more sunlight. The visual comfort is entirely
supplied by daylight, which is supposed to be in the range of 750 lux (no excessive day-
lighting and no glare) to 150 lux (sufficient daylighting and no artificial illumination).
However, depending on the design requirements, the building’s actual use, and the visual
task these values may change [25]. A 750 lux illuminance threshold was stated to provide
better visual satisfaction when performing office tasks [26].

The proposed system of the split louver is designed to provide a flexible illuminance
range of 150~750 lux with uniform distribution all over the office room. The location in
this case study is a hot arid region with dominant clear sky conditions, providing the most
favourable natural lighting conditions during working hours [27] and allowing accurate
representation in the computer model [28]. Therefore, a standard CIE sky (sunny with
direct sun) was considered. An amendable and customisable formula was built into Grass-
hopper to manage the slats rotation automatically following the sun direction at a given
time and date, parametrically. The simulation parameters and model description are
shown in Table 1.
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Figure 1. Base model configuration of a virtual office space.

Table 1. Simulation parameters and model description.

Simulation Parameters Values
Model Dimensions Width: 12 m, Depth: 8 m and Height: 4 m
Ceiling Reflectance Typical white matte paint 80%
Wall Reflectance Typical white matte paint 80%
Floor Reflectance Typical grey flooring 18%
Work plane Height 0.80 m
. . South window WWR 95%
Window wall ratio . . . . .
(Single glazing, 6 mm clear glass with 88% visual transmittance).
The split louver system design Two sections: upper (1.50 m) and lower (2.5 m)
Site location Amman, Jordan (31.9539° N, 35.9106° E)
Reference Sky type Standard CIE Sky (Sunny with direct sunlight)

2.2. Grasshopper Modelling

The basis of this work is the proposed system of the split louver, which is mounted
on the south window of the office space in Rhinoceros using Grasshopper, a visual algo-
rithmic programming language for parametric modelling that may be used as a scripting
language to deal with various parameters [29]. According to earlier research, the paramet-
ric method might be used to develop several design alternatives for an office building and
to evaluate daylighting performance based on a specific location [30]. Grasshopper allows
the linking of numerous plugins on one canvas depending on the project requirements.
Two specific environmental software plugins were used in this study: Ladybug and Hon-
eybee. The Ladybug plugin is used as an engine to connect Grasshopper to DAYSIM,
which is used to obtain weather data for the Amman, Jordan location using the EPW
weather file [31]. Meanwhile, the Honeybee plugin is used to connect to “Radiance” soft-
ware, a lighting simulation analysis tool developed by Ward based on backward ray-trac-
ing method that is used for grid-based solar irradiation and daylighting analysis [32]. Fig-
ure 2 illustrates the workflow using Grasshopper and its plugins.

These tools ran the simulations for this study at a specific date and time of 12:00 pm.
on 21t of March to demonstrate the modelling process precisely. The chosen time corre-
sponds to the equinox, when the sun’s rays have a moderate tendency between the sum-
mer and winter solstices. At a later time, the time and date were changed to cover all
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probable scenarios of sun exposure and demonstrate the system’s applicability and effi-
ciency at various times and dates throughout the year: 215t of December and 21+t of June.
These other dates indicate the maximum and minimum sun exposure throughout the year
with climatic data for Amman, Jordan’s location using EnergyPlus weather file (.epw).
Honeybee test points with a 50 cm grid size were used to assess the illuminance level and
distribution at the desktop work plane (80 cm above the floor) in the Rhinoceros viewport

screen, as seen in Figure 3.

Parametric modelling of
case study model and
the split louver design.

Parametric

.

SN\

louver design.

control of the split

............................

Weather Data

Simulation
analysis of the
split louver
design.

Daylighting
simulation
analysis.

‘Dl‘.

Radiance  Daysim

Grasshopper

Honybee

Using .epw to generate
weather data for
Amman, Jordan location.

Figure 2. Overview of Ladybug and Honeybee modelling workflow.
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Figure 3. The model’s interior perspective view in the Rhinoceros viewport screen.

2.3. Research Design Description of the Split Louver System
2.3.1. Parametric Design of Split Louver

The two sections of the split louver function differently, so their slats have different
tilt angles. The upper section’s slats are angled toward the inside, directing daylight to the
ceiling and deeper into the room to increase the light level, while the slats in the lower
section are tilted towards the exterior to prevent glare and overheating. In this study, the
mechanism for controlling the upper section used a simplified parametric method. The
simpler parametric method with one variable slat angle is considered an improvement
over the complicated parametric method with multiple slat angles for each in previous
studies [21,33].

The parametric procedure of adjusting the slat angle depends on solar profile angle
(Q) in addition to the vertical and horizontal distances between a slat and a point on the
ceiling, V and U, respectively. The slat tilt angle (§) is computed using Equation 1 para-
metrically by Grasshopper when the time and date are manually changed. The slat angle
is established by ensuring that the opposing two angles (y) and (y’) above the slat are
identical, where the first angle is the incidence angle to the slat normal (perpendicular)
and the other angle is the intersection of the reflected light and the normal of the slat,
regardless of the sun direction. The sun altitude and azimuth, in addition to surface ori-
entation all influence the solar profile angle (Q) [34-36], which is the vertical angle be-
tween the normal to the window and the sun’s beams perpendicular to the window plane
[37-39]. Figure 4 shows the redirection of sunlight to the ceiling by the rotatable slats with
the stated angles.
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Figure 4. Cross-sectional view of redirection of sunlight to the ceiling by the rotatable slats.

—tan~Y(U/V)

p= M

where, f is slat angle, Q) is solar profile angle, U is vertical distance between a slat and the
ceiling, and V is horizontal distance between a slat and a point on the ceiling.

The reflected light to certain target areas on the ceiling functions as a light source to
illuminate the space to keep the reflected light from the ceiling to the workplace well dis-
tributed [33]. The reflected light on the ceiling follows a predictable pattern, with the high-
est slat reflecting light to the nearest target, the second slat reflecting light to the next ad-
jacent target, and so on. Grasshopper was used to establish particular fixed targets on the
ceiling in this study, and the spacing between these targets describes the distance between
the centres of reflected beams along the depth of the ceiling. The angle is uniformly di-
vided between the first target, which is near the ceiling edge, and the last target, which is
% of the ceiling width away from the deep corner of the room. The room is 800 cm deep,
and the targets are evenly spaced, with the first target 200 cm from the window and the
last target 40 cm from the ceiling deep corner, as shown in Figure 5.

Last Target First Target
| 800 cm |

FAsY.
% |
% |
X
X
X
*—
X
x|
*
=
8,

A

Highest sla

200 cm

A

L Upper
section

Each slat has own target point depends
on the vertical distance between each
slat and its target in the ceiling.

— Ol

Lowest slat

lower
Y14 [ section

Figure 5. The parametric control of the slat angle, and the fixed targets on the ceiling.
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The slat angle is the angle formed by the horizontal plane and the slat plane. The
angle is set to zero if the slats are horizontal. If the slats are titled downward to the exterior,
the angle is negative; if the slats are titled clockwise towards the interior, the angle is pos-
itive. The positive angle of the lowest slat in the upper section was set to target the deepest
ceiling corner parametrically to avoid any possible glare, while the highest slat was set to
target the nearest point to the window. On the other hand, the lower section slats were set
to be fully closed (-90°) to fully open with a horizontal state (0°). The input parameters of
the split louver slat in the upper and lower sections are given in Table 2. The proposed
split louver system consists of two sections; the upper is 1.5 m and the lower is 2.5 m. The
slim slats are 12 cm wide in both sections, and 15 counts in the upper section and 23 counts
in the lower section.

Table 2. Input parameters for the split louver.

Slat Properties Values-Upper Section Values-Lower Section Split Louver Details
Slat width 12 cm 12 cm
Slat counts 15 23 3
Slat spacing 10 cm 10 cm ]
Slat thickness 1 mm 1 mm ]
Slat shape Flat Flat
Allowable slat angle Parametric angle (the highest slat Fully closed (-90°) to fully
angle on 21st of June at 12:00 pm . . o —
range open with horizontal state (0°)

Reflectance values

Front: 80% diffuse reflection Front: 30% diffuse reflection
Back: non-reflective Back: non-reflective

is 38.95°)

The critical angle beyond which no direct sunlight passes through the slats is known
as the cut-off angle. In a previous study [33], the slat counts and spacing were changing
corresponding to the altitude in order to create a balance between the cut-off angles. The
cut-off angle will not always be achieved using fixed count and width of slats in this study
because of the varying sun altitude angle. In order to concentrate primarily on the redi-
rected light’s influence, a common blind system was added to the split louver to avoid
unnecessary complexity. A comparison test of the daylighting performance of an external
louver with and without using attached internal blinds was conducted on 21+t of Decem-
ber at 12:00 pm. As shown in Figure 6, a direct sunlight penetration can be seen clearly in
the workstation area without using the blinds. This proposal is based on a practical and
feasible design that uses the same slat parameters such as width, count, and spacing.

L]

External

Louver \ ==
Slats

T Penetrated direct sunlight

(a) Parametric louver without attached blinds
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(b) Parametric louver attached with internal blinds.

Figure 6. Comparison of light penetration of parametric louver (a) without using blinds and (b)
using internal blinds.

2.3.2. The Simplified Parametric Control of the Slat Angle

The simplified parametric method basically relies on having a predetermined angle
difference between the louver slats for any time of the year. To consider the purpose of
practicality, the study assessed the efficiency of the proposed simplified parametric
method by testing a split louver with fixed slat width and spacings. The study focused on
the variation in incident sunlight on three typical dates, 215t of March, 215t of June, and 21st
of December, at 12:00 pm, as presented in Figure 7. The parametric control was applied
for these three typical days, and the angle differences between any two adjacent slats were
calculated. The relative angles were calculated for the 21t of March at 12:00 pm in the first
place, then for the other typical dates on the 215t of June and 21+t of December at 12:00 pm.
It was successfully discovered that the angle differences between every two adjacent slats
were exactly the same values on all typical dates. Consequently, a series of fixed relative
angles for the upper section slats was determined. From the lowest slat angle to the high-
est slat angle, the relative angle differences between each two adjacent slats followed this
model series (0.08°, 0.09°, 0.10°, 0.10°, 0.20°, 0.20°, 0.30°, 0.30°, 0.40°, 0.60°, 0.80°). As a result,
for the examined model dimensions and the provided location, the relative angle differ-
ences between the slats were set to be prefixed at any other time during the year, the sim-
plified parametric control that only relies on prefixed series and one variable slat angle,
which is the lowest slat angle of the upper section based on the solar incident angle.

March 21t June 21* December 215t
@—‘] g\@—— \ '
QO3RN TN Herestsar || 38 G-I Hehes s 15.40° . Sy Hehestsit
NS 38. 1511 % 1460 . e
: 37.5THH S 14.02. (Y=
37.13: i 13.53: K
36.78 : 13.23 =
36.50 | 5 12.95 ¥
36.27 wS A2 R s
36.08] || 12052 s
35.92 1l 12:36. [
35.77: | 12.22: *
35.65 ' 12.09 =
35.54° I 11,99 . Y=
35.44- A 1189 >\
35.36 11:81 e
owtsn | | 35.28" IS o | N\ghgai o] o

Figure 7. The simplified control of the prefixed angle difference for the three typical days.
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3. Comparative Study and Results

A comparison analysis was conducted between the conventional single and split lou-
ver systems at different times on the three typical dates of 21st of March, 21st of June, and
21+t of December, which correspond to the highest, equinox, and lowest solar availability
during the year. The simplified parametric method was used to control the upper section
slats of the proposed split louver. The purpose of using a split louver as a daylighting
system is to achieve well-distributed daylight all over the space in both front and back
areas within chosen illuminance ranges of 300~500 lux and 150~750 lux.

The sectional illuminance distribution graphs in Table 3 show a comparison between
conventional single split louver with parametric upper section control and two different
lower states (closed and horizontal) at 12:00 pm on three typical dates. The graphs show
that the conventional single louver failed to prevent direct incident sunlight from pene-
trating on 21t of December. Furthermore, the provided daylight on the other two typical
dates, including December, was not well distributed and showed a lower efficiency in
reflecting light in deep spaces in addition to higher illuminance values above 1000 lux,
particularly near the window. Due to the low inclination of the sun altitude, the highest
average illuminance levels were in December followed by March and then June, causing
unpleasant glare.

The parametric control of the split louver’s upper section had considerable effects on
the three typical dates, and it played a vital role in maximising daylight availability in the
deep area of the room while achieving uniform distribution with the help of the lower
section to varying extents as shown in Table 3. The daylight performance in March and
June was quite comparable, with daylight concentrated in the middle of the working space
and higher coverage percentages given within the acceptable specified range. Regarding
the performance of the split louver with the parametric upper section and closed lower
section at 12:00 pm, from December to June, 150~750 lux coverage ranged from 87% to
97% whereas 300~500 lux coverage ranged from 26% to 52%. The reliance on the fully
open lower section resulted in moderate percentages of the chosen daylight coverage
ranges at noontime on the three typical dates. The percentage coverage of 150~750 lux
decreased to reach 66% to 72% from December to June. Because both sections delivered
more sunlight inside between 500 and 750 lux, the 300~500 lux coverage was decreased to
between 11% and 25%. Since the slat responded to the sun at a steeper angle in June than
on other typical dates, where the slat was exposed to the sun with a limited surface area,
less reflected light to the ceiling was produced.

As seen in Table 4, the daylight performance in the morning was comparable to noon-
time, whereas the conventional system provided higher values beyond 1000 lux, with in-
creased potential of penetrated direct sunlight, which may increase the probability of
glare. The split louver also performed similarly to prior analysis and helped to decrease
the overall illuminance to reach the desired level of 150~750 and 300~500 lux in both states
of the lower section. Changing the lower section state, from closed to horizontally open,
the percentage coverage of 150~750 lux increased from 82% to 100% in June, while it de-
creased in March and December from 96% to 80% and from 90% to 82%, respectively. Due
to the lower intensity of solar radiation in the morning hours, the percentages of 300~500
lux were achieved more than at noontime.
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Table 3. Cross-sectional illumination distribution of conventional single louver and different split
louver combinations on the three typical dates at 12:00 pm.

Split Louver with Parametric Split Louver with Parametric
Conventional Single Louver Controlled Upper Section and  Controlled Upper Section and
Closed Lower Section Horizontal Lower Section

g

~

<

o

5

=
150~750 lux: 0% 150~750 lux: 96% 150~750 lux: 66%
300~500 lux: 0% 300~500 lux: 44% 300~500 lux: 14%

g

~

]

[=

=
150~750 lux: 0% 150~750 lux: 97% 150~750 lux: 72%
300~500 lux: 0% 300~500 lux: 52% 300~500 lux: 11%

g,

[q\]

g

g

A 150~750 lux: 0% 150~750 lux: 87% 150~750 lux: 66%

300~500 lux: 0% 300~500 lux: 26% 300~500 lux: 25%
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Table 4. Cross-sectional illumination distribution of conventional single louver and different split
louver combinations on the three typical dates at 9:00 am.

Split Louver with Parametric Split Louver with Parametric

Conventional Single Louver Controlled Upper Section and  Controlled Upper Section and

Closed Lower Section

— e

Horizontal Lower section

3

(q\]

=

o

=

=
150~750 lux: 1% 150~750 lux: 96% 150~750 lux: 80%
300~500 lux: 0% 300~500 lux: 55% 300~500 lux: 24%

3

(q\]

[}

o

e
150~750 lux: 24% 150~750 lux:82% 150~750 lux: 100%
300~500 lux: 0% 300~500 lux: 43% 300~500 lux: 56%

3

(q\]

g

&

[}

5] < | 3

A 150~750 lux: 0% 150~750 lux: 90% 150~750 lux: 82%
300~500 lux: 0% 300~500 lux: 34% 300~500 lux: 42%

The daylight distribution performance of the proposed split louver with the para-
metric upper section was also evaluated using floor illuminance maps at the desk level at
noontime in Table 5. The difference in performance between the three typical dates can be
seen in the reflected light concentration on the work plane, which was more concentrated
in deep areas in December and in the middle of the workstation in March and June. How-
ever, the distribution of illuminance along the midline concentrated near to the west wall
in the morning hours and similar performance for the afternoon hours but the opposite
direction near the east wall. As a result, during these hours, directing sunlight to the ceil-
ing is less viable for the system. At the three times in all typical dates, the proposed system
with the closed lower section maintained reasonable coverage percentages of the specified
range of 150~750 lux with maximum coverage of 97% at 12:00 on 215t of June and 98% at
10:00 on 21t of March and a minimum percentage of 51% at 8:00 on 21+t of December.

It is important to examine the variation of lower section influence on daylight perfor-
mance on the three typical dates at different times while studying the illuminance maps
in Table 6. On 21+t of June and 21+t of March, the impacts of the open lower section were
significant, providing higher percentage coverage of 150~750 lux, especially in the morn-
ing hours on 21+ of June which increased to 100%. At 8:00 am on 21t of March, the per-
centage was also increased from 78% to 94%. However, it had the opposite impact the rest
of the time, decreasing the percentages of illuminance range coverage. In the case of the
open lower section, it can be seen that the largest illuminance values at all the times were
in December due to the low inclination of the sun angle, followed by March then June.
Furthermore, due to the extremely low solar angle at early morning of 21+t of December
there was excessive illuminance and penetrative sunlight. These two findings suggest that
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the lower section’s influence was more influenced by the lower solar angle. Therefore, the
lower section’s slats should be properly adjusted according to the sun angle to assist the
upper section’s parametric slats to maintain the required and evenly distributed illumi-
nance levels.

Table 5. Illuminance maps of the proposed system of parametric split louver with a closed lower
section on the three typical dates at different three times.

8:00 am 10:00 am 12:00 pm

2
N
<
o
s
2 N
150~750 lux: 78% 150~750 lux: 98% 150~750 Tux: 96%
300~500 lux: 58% 300~500 lux: 51% 300~500 lux: 44%
2
N
)
S
=4
150~750 Tux: 82% 150~750 lux: 95% 150~750 lux: 97%
300~500 lux: 28% 300~500 lux: 54% 300~500 lux: 52%
=
N
3
=
9]
g sra\ve
A — .
150~750 lux: 51% 150~750 lux: 92% 150~750 lux: 94%
300~500 lux: 22% 300~500 lux: 41% 300~500 lux: 39%
Table 6. [lluminance maps of the proposed system of parametric split louver with a horizontal lower
section on the three typical dates at different three times.
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The daylight coverage percentages of different illuminance thresholds of 100, 300,
500, 750, 1000 lux and above were examined and summarised in Table 7 from diagram
(al) to (c2) for the working hours 8:00 am-17:00 pm on the three typical days 21st of March,
21st of June, and 21+t of December, respectively. The diagrams showed the split louver sys-
tem with simplified parametric control in the upper section and two states of closed and
horizontally open in the lower section. The horizontally open lower section contributed
to increase the illuminance to varying degrees depending on the solar angle and intensity
on all typical dates. The coverage range above 1000 lux was not achieved on both 21st of
March and 21+ of June, and the percentages of 300 lux to 750 lux were increased, while the
range under 300 lux was decreased. The percentages of 750~1000 lux increased on 21t of
June and 215t of March around midday, notably in March. Similarly, on 215t of December,
the overall illuminance was increased when the lower section was set to be horizontally
open to achieve lower percentages under 500 lux, while simultaneously increasing the
percentages above 750 lux during all working hours. The solar penetration between the
lower section slats was caused by the extremely low solar angle, resulting in a percentage
coverage of over 1000 lux.

A summary of daylight coverage percentages of 150~750 lux range for working hours
on the three typical dates for the split louver with simplified parametric control of the
upper section and the two scenarios of the lower section (closed and horizontally opened)
is presented in Figure 8. The fully open lower section functioned differently depending
on the date and time of day. It increased the acceptable illuminance range in the morning
and afternoon on 21+ of June, and it increased these ranges in the early morning and early
afternoon on 21t of March. The percentages decreased slightly around noontime on 21st
of March and significantly during the day on 21t of December.
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Table 7. Daylight coverage percentages of different illuminance threshold 100, 300, 500, 750, 1000
lux and above for the working hours on the three typical days.
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Figure 8. The daylight coverage percentages of 150~750 lux of the proposed split louver system for
the working hours 8:00 am-17:00 pm on the three typical dates.

4. Discussions

Two aspects of the automated parametric split louver should be highlighted: the be-
haviour of each section regardless of automation control, and the difference between sim-
plified parametric and full parametric control. Since the simplified parametric method
was used as a practical alternative method to control the slats in the upper section in the
split louver, a comparison between the full parametric and the simplified parametric ap-
proach for the three typical dates was presented. The comparison was done through in-
vestigating the behaviour of specular reflective slats in illuminating the floor through re-
flecting the sunlight toward the ceiling. These reflections can be seen as patches on the
ceiling that act as a secondary light source to illuminate the floor. Figure 9 illustrates the
illuminance maps of the ceiling and cross-sectional light distribution. The ceiling illumi-
nance maps in Table 8 show that the reflected light striking the ceiling surface appears to
be exceptionally similar. The reflection patch sequence was also similar in terms of patch
location, with minor differences in the brightness level of some stripes, but this had no
effect on the workstation daylight level and distribution. However, light distribution on
the ceiling is not the main purpose. In addition, the false colour fisheye maps show that
the reflected light on the ceiling as a second bounce results in a darker area on the floor,
indicating that the reflected light is more concentrated on the horizontal area in both cases.
Overall, the findings demonstrated that both control methods had similar daylight per-
formance. However, using the simplified parametric control is more practical.

It is worth stating that on the three typical dates, the distribution of light on the ceil-
ing had different patterns. In March and December, the light reflected on the ceiling is
more consistent and uniform, affecting the uniformity of daylight distribution on the
workstation. In June, the sunbeam does not directly strike the south window due to its
high inclination. As a result, the relative lack of daylight inside the space might be ex-
plained by the steepness of incident light, while in December the sun inclination resulted
in producing a small parametric tilt angle; therefore, the slat surface was exposed to the
direct sun producing sufficient reflected light on the ceiling.
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Figure 9. Ceiling Illuminance map (right) and cross-sectional illuminance distribution (left) of the
specular reflective parametric split louver.

Table 8. Comparison between the parametric and simplified parametric controls on different three
typical dates at 12:00 pm (Ceiling Illuminance maps and Radiance Fish-eye map).

March 21st

June 21st

December 21st

Parametric Control Simplified Parametric Control
(Multiple Variable Slat Angles) (One Variable Slat Angle)

The daylighting performance of the split louver is certainly different depending on
the state of each section; so, to understand the performance of both sections inde-
pendently, an analysis of the split louver through altering the closure state of each section
was conducted. The sectional illuminance distribution graphs in Table 9 show alternate
closure states for the upper and lower sections. According to these graphs on all typical
dates, the back area of the space was more influenced when the upper section was open.
The front area near the window, on the other hand, was significantly more illuminated
when the lower section was open at all typical dates, particularly in December. These find-
ings confirm the notion that the upper and lower sections have a different impact on day-
light distribution in the space’s front and back areas, and they are in line with previous
studies. The lower percentages of illuminance ranges on 21t of December support the as-
sumption that the lower section has a bigger impact in the case the lower solar angle.
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Table 9. The behaviour of upper and lower sections in the split louver independently.

Split Louver with Horizontal Upper Section and Closed  Split Louver with Closed Upper Section and Horizon-
Lower Section tal Lower Section

June 21st March 21st

December 21st

150~750 lux: 89% 150~750 lux: 76%
300~500 lux: 75% 300~500 lux: 34%

150~750 lux: 96% 150~750 lux: 98%
300~500 lux: 73% 300~500 lux: 78%

150~750 lux: 95% 150~750 lux: 53 %
300~500 lux: 43% 300~500 lux: 5%

As the desktop level illuminance increases to 750 lux, the sensation of glare may in-
crease [26]. Therefore, glare potential analysis was conducted to assess the visual comfort
inside the space using the proposed split louver system. The term “DGP” stands for Day-
light Glare Probability, which affects the occupants” visual comfort in the office room
[4,23,40]. Glare is defined as the effect of bright light sources diminishing contrast within
a visual field, or a difference between a dark and a bright area, or even light reflected from
a shiny surface [41]. The field of view, the background luminance, excessive daylight, and
material reflectance are all factors that determine how discomfort glare is for a person in
space [42]. In order to evaluate the daylight comfort level of the indoor space, Daylight
Glare Probability (DGP) is selected for assessing discomfort glare. The DGP results were
separated into four bins: lower than 0.35 is ‘imperceptible’ glare sensation; between 0.35
and 0.40 is “perceptible’; between 0.40 and 0.45 is ‘disturbing’; and higher than 0.45 is con-
sidered ‘intolerable’ [41]. DGP was measured at the desk level for the proposed split lou-
ver with two cases of the lower section case (open and closed) for the three typical dates
in Table 10. When the lower section was closed, DGP values dropped significantly, which
is considered acceptable for visual comfort on all typical days with a value of 0.23 or less,
which is considered imperceptible glare. DGP values in December increased to 0.29 when
the lower section was completely open with the horizontal state, which is considered im-
perceptible glare. The DGP values increased, but still at the same rating of imperceptible
in June and March, which is still considered acceptable for visual comfort.
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Table 10. The glare potential analysis (DGP) of the split louver.

Split Louver with Parametric Upper Section and Split Louver with Parametric Upper Section and

June 21st March 21st

December 215t

DGP=0.218532 This view has Imperceptible Glare

Closed Lower Section Horizontal Lower Section

5. Conclusions

This study has evaluated the application of a simplified parametric control to im-
prove the daylighting performance of a split louver. The simplified parametric control is
amore practicable measure, applying a pre-determined angle difference between adjacent
slats in the upper section of a split louver and then employing a single rotation angle for
this set of slats. This gives a much simpler operation than a fully parametric control with
individual slat rotation angles. The angle difference between adjacent slats in the upper
section is determined parametrically only for one solar altitude at 12:00 pm on 21 of
March.

A comparative experiment in modelling has been undertaken between the conven-
tional single and split louver systems for three typical days in Amman, Jordan as a case
study location. Several combinations of split louver were studied using the simplified par-
ametric control in the upper section and altering the lower section state.

The calculation confirms such angle differences can be adopted for other dates. In
comparison with the conventional single louver, the two sections of a split louver influ-
ence the daylight distribution in the front and back of the room differently. In addition to
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daylight distribution analysis, performance indicators such as percentage coverage of the
work plane area for illuminance ranges of 150~750 lux and 300~500 lux were investigated.
In the morning and afternoon on 21+ of June, for example, the stated illuminance range of
150~750 lux was increased to 100%. The parametric design of the slat angles in the upper
section of a split louver provides a more uniform illuminance level in the back of the space
with a comfortable glare free environment. The illuminance level can be manually con-
trolled by adjusting the slat angle in the lower section of the split louver. The lower section
of a split louver is primarily for shading, and its operation largely affects the daylight
illuminance in the front of a room, particularly at low solar altitudes. It is critical to coor-
dinate two sections of a split louver to maximise the overall daylighting performance over
a whole year period.
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