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A Hybrid Ray-Racing and Radiosity Method for Calculating
Radiation Transport and Illuminance Distribution in Spaceswith Venetian

Blinds
Ying-Chieh Chan*, Athanasios Tzempelikos

School of Civil Engineering, Purdue University,
West Lafayette, IN, USA, Tel: 7865-496-7586, E-mgdhan@purdue.edu

ABSTRACT

This paper presents a hybrid ray-tracing and régliosethod for processing luminous flux in spacgsipped with
venetian blinds. The method considers both diffaise specular characteristics of blinds and aimestablish a
balance between computational speed and accuraegular components are treated using ray-tracicigniques
using a shining factor for the blinds to split beem directly and diffusely reflected componentse Tdirect
components are traced inside the blind cavity aiside the room while the direct-diffuse componenside the
blind cavity are processed in a two-dimensionalasity calculation until the final diffuse flux daging the cavity
is determined. Diffuse-to-diffuse transmissionamsidered using a traditional radiosity method.HEamm surface
is divided into sub-surfaces and given an initiashinous exitance, after accounting for directlycé@h portions.
Then a 3-D radiosity method is employed for theremoom to compute illuminance distributions orcleaub-
surface and on the work plane. The developed mailehelp in the estimation of daylight distributie in spaces
with venetian blinds and potential lighting enesavings calculations if combined with electric ligly controls. It
will also lead to development of new control algioms for shading and lighting systems for perimsfeces with
controllable shading devices.

1. INTRODUCTION
Daylighting is an important factor that impactslbing energy consumption and occupants’ visual @stnfro fully
utilize daylighting, building perimeter zones argilband designed with window systems which incluggth
glazing and shading devices. Venetian blinds are ohthe most common shading systems widely used in
commercial buildings. They consist of many horizbnbtatable slats and have well-built abilitiescantrol the
amount of illuminance transmitted into the roomdats direction) and the illuminance distribution the work
plane. The optical properties of venetian blinds iafluenced by the solar incidence angle, slatatilgle, and the
surface optical characteristics of slats. Some nigdgehave polished and smooth surfaces which ssedated with
high specular reflectance. The light rays strikamgreflective slats will reflect following the lavesf reflection. On
the other hand, slat surfaces with high roughneéksesult in anisotropic reflection and mixed mftion patterns.
To optimize the usage of venetian blinds, we neeéinbw the optical properties and the completestmaasion
characteristics also in order to predict the illnarice distribution on interior surfaces impactedliyds. To solve
the complex problem of blind transmittance, botlefgyPlus (LBNL, 2007) and 1SO15099 (ISO, 2003)duae
radiosity method which cut each slat to small pie@d assumed the slats were perfect diffusers.eSom
simplifications which reduce the surface numbersimplify the model structure (Robinson and St&@)6, Kotey
et al., 2009) or complications which considered thevature and thickness of slats (Rosenfeld et 24101,
Tzempelikos, 2008, Chaiyapinunt and Worasincha@920vere made based on the radiosity model. Howeter
showed a bias when dealing with high specular sar&ersluis, 2005). For the slats with specularabteristics,
2-D analytical models (Parmelee and Aubele, 195Bnimer, Lomas and Kupke, 1996) were developed. In
Parmelee’s model, the results were presentedhergiterfect diffuse models or perfect specular Hsodéh infinite
inter-reflections between the slats. In Pfrommentdel, diffuse properties and specular propertieseveombined
into a single model using a “shining factor” butlymronsidered with two bounces inside the slatsvakded
experimental approaches (Simmler and Binder, 2808 as bi-directional transfer function (Klems aNdrner,
1995, Breitenbach et al., 2001, Andersen et a052Were implemented to get accurate results fagcigic products
and to validate the simulation results. To obtdie detailed interior illuminance distribution, thiérectional
information of light should be kept in the calcidat process. The 3-D ray tracing method which wagirwally
developed in the computer graphics field was engdopn complex fenestration system calculations. RMNICE
(Ward and Shakespeare, 1998) which is based onMaadkray tracing algorithms is a powerful tool tongute
accurate and detailed illuminance distributionse Thncept of backward ray tracing presents whabliserver sees
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by emitting rays from the eye or the reference pdiack to the light source. The Monte-Carlo methad,
sophisticated sampling method, was usually combiwét ray tracing calculations in ray samples gatieg
process (Tsangrassoulis et al., 2002). Therefamyafrd ray-tracing algorithms were also used tovigi® more
intuitive and full-scale results of illuminance wibutions in the entire room (Campbell and Whitl€97, Andersen
and de Boer, 2006). The disadvantage of pure aynty methods is that they are time-consuming aqgdire heavy
computational power and large computational memesgpecially for surfaces with strong diffuse ch&astics
(large amount of rays should be sampled to acdyratedel anisotropic effects in the ray tracing gess). Rapid
algorithms such as radiosity-based methods wergestigd for some cases (Lehar and Glicksman, 2007).

The objective of this paper is to present a hybaigitracing and radiosity method for calculatiorvehetian blinds
transmittance and interior illuminance distribusdier rooms equipped with venetian blinds on thedsivs, in an
efficient and accurate way. The method considetls tiffuse and specular characteristics of thedsliand aims to
establish a balance between computational speed@natacy. The developed model will help in thénestion of
daylight distributions in spaces with venetian 88rand potential lighting energy savings calcufegid combined
with electric lighting controls. It will also leaih development of new control algorithms for shadamd lighting
systems for perimeter spaces with controllable isigadevices.

2.METHODOLOGY
Ray tracing and radiosity are both popular alganghused to predict indoor daylighting distributioRay-tracing
algorithms are appropriate when surfaces have idpatular properties, whereas radiosity-based rdstlzwe
suitable when dealing with diffuse properties (L&mtian surfaces are assumed). In the developeddhyi®thod,
we use the ray-tracing method to capture the spechiracteristics and the radiosity method touwepthe diffuse
characteristics of slat surfaces (and room integorfaces if needed). The surfaces that have stdbifigse
characteristics (such as a common interior walljenenly solved by the radiosity method. The surfaitet have
both diffuse and specular characteristics weret $plian anisotropic part (specular) which is sohmdthe ray
tracing method and an isotropic part (diffuse) whgolved by the radiosity method. The concept ¢$haning
factor” is used to split these two characterisiibe shining factor is defined as the ratio betwden diffuse-
reflected portion and the total-reflected portidnrépresents a perfect diffuser and O represenidemh specular
reflector). The concept was brought up by (Pfrometeal., 1996) and originated from the measuremesuilts by
Ward which provided the diffuse reflectance andcafse reflectance of some common materials (Wa282)1
Figure 1 presents a flowchart view of the hybrig-ti@cing and radiosity method that was developmdspaces
equipped with venetian blinds on the windows. Dgiyfitransmitted through glass consists of two partiffuse
illuminance and direct illuminance. In this hybrtkethod, the diffuse part is treated with two-dimenal radiosity
calculations and the direct part is treated witi-tracing calculations —both for processing the ihous flux
through the slats. The transmitted diffuse illuarioe (we call it original diffuse component to mhgtish it from
other diffuse components) is assumed to be receimddrmly from the sky and the ground and is pssesl with a
2-D radiosity matrix for transmission through thén@ls. This calculation module with compute the amoof
diffuse illuminance transmitted to inside and theoant reflected back to the glass, as well as iffiesé-to-diffuse
transmittance of the blinds with the current slaangle.
In the ray tracing method for direct illuminancdccdation, there are three possible collision lawad as illustrated
in Figure 2: (i) light rays may first strike on tistat and are then inter-reflected between adjaslatd until they
reach an interior surface or the glass (ii) lighgys may first strike on a slat and are then red@dn the glass and
(ii) light rays may be directly transmitted thrdughe blinds and first strike on interior room swés. If the ray
strikes on slat as shown in Figure 2(a), the impdcshining factor will be considered; the ray'presenting
illuminance attribution will be split between theeatt-specular component and the direct-diffuse poment. The
amount of direct-diffuse component is accumulatethe inter-reflecting process inside the slats theth used into
a 2-D radiosity module for prediction of the amowoftlight when the ray exits the slat cavity. Thd Zadiosity
method is the same to the one used to treat tlggnalidiffuse component but with different initiekitance and
surface segments. The direct-specular compondrdadked continuously until it reaches the windowaarinterior
wall. Figure 2(b) shows the case when the ray fitskes on the slat and is then reflected on thssg When it
strikes the glass, to simplify the calculation s it loses the directional information and iagsumed to be
perfectly diffuse. Consequently, we have three aomapts reflected back on the glass: the reflectignal diffuse
component, the reflected direct-diffuse compondiifuse component generated in the inter-reflecpoocess), and
the direct-specular component. These three compeaea summed, part of them is transmitted badutside, and
part of them is reflected back towards the inteligrthe glass. The latter part is processed witérireflections
between blinds and glass. The final diffuse compobrecludes the transmitted amount from the 2-Diasity
method and the transmitted amount after severat-netflections within the blind cavity. Figure 2@&)ows the case
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when the ray is directly transmitted through thandd and first strikes on an interior wall. Onceivdng at an
interior sub-surface (tracked with one-bounce ragihg), the percentage of this direct componeat ith reflected
is used as the initial luminous exitance of thdt-surface in the 3-D radiosity method that is therformed for the
room. If there is a directly-reflected componembifi the specular blind reflection) on an interiabsurface, it is
also considered in its initial luminous exitancéeTotal diffuse transmitted light through the dbnis considered as
the initial luminous exitance of the window-blingssem in the 3-D room radiosity calculations toadbtthe final
illuminance distributions and work plane illuminasc In the above analysis, that slats are assumbd flat and
without significant thickness. Direct transmissithmough blinds of different curvatures and thiclsess studied
by Tzempelikos (2008). Finally, the interior rooarfaces (except for the blinds) are assumed Lanaloeféxcept if
needed otherwise and a ray-tracing sub-module eamiployed).

Transmitted
Direct
llluminance

Transmitted
Diffuse
llluminance

2-dimensional

Radiosity Method Ray Tracing Method

Strike on Strike on
Window terior Wal

Specular
c

Strike on Slat.
2-dimensional Direct- Direct-
N Radiosity Method oDz Specular

— |

on Window

Inter-reflection Transmitted
between Glass and Back to
Blinds Outside

Specular
Component
on Interior
Surfaces

Diffuse
Component
on Blinds

N ’
™ Radiosity Method

Workplane and
Interior Surface
llluminance
Distribution

Figure 1: Process of the developed hybrid ray-tracing auliosity method.

@) (b) (c)

« e
N\

Figure 2: Possible scenarios for treating direct/specutaramission and reflection: (a) light rays firstiet on the
slat and are then inter-reflected between adjaslat# (ii) light rays first strike on a slat ane dnen reflected on the
glass and (iii) light rays may be directly trandetdtthrough the blinds and first strike on interioom surfaces.

2.1 Ray Tracing M odule

For the direct components, a ray tracing methoehiployed to track the sun’s projection area (ibfigs directly

transmitted through blinds) and the shining fadsoused to split between the direct and diffusetips during

every strike on the slats. All the points, planesl(ding all the slats and building interior sw#3, and rays were
defined in a three-dimensional Cartesian coordisgstem before starting to trace the rays. A aenaimber of
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rays are randomly generated (Monte-Carlo sampliggrithm) from the light source (the window in tldase) with
a uniformly distributed generating probability. Baof the rays represents certain amount of dingctinous flux
entering the room as described by Eq. (1).

. _ - E_A
luminous flux in each raytr"”LderVlrl
RayNunﬂ)tal (1)

where tgi.win 1S the direct window transmittancEg; is incident direct illuminanceA,, is the window area, and
RayNumq is the total generated number of rays. The latter dn effect on the accuracy of simulation resalts-
larger number provides more accurate results Isotr@quires larger memory and calculation timeaBglyzing the
transmittance calculated by different ray numbess,choose 5000 rays per square meter for this stadye 3D
Cartesian coordinate system, X-axis representadhé-south axis, Y-axis represents the east-wast and Z-axis
represents the vertical (height) axis. Each ofrflys is expressed as a position vector (which aidithe generated
position) and a directional vector (which indicatlks direction of the ray). The direction of the is based on the
solar position and corresponding solar angle atarget time as shown in Figure 3 and expresséd|ir{2):

T =(cos@)cosp ), cost )sig( ), -sin() 2)

whereT is the directional vector of sun’s rays,is the solar altitude, ang is the solar-surface azimuth. If the
incident angle is greater than 90 degrees or leas 0 degrees, it means there is no direct illuniaaon the
window at that time and this step can be skippeshi®e computing time. Each of the interior wallyiswved as a
plane and defined with a position vector (which tenany point lying on the plane) and a normal seethich
indicates the direction of the plane. Following tleflection law of ideal specular surfaces, theidant angle is
equal to the reflection angle. The travel distafnom the ray’s starting point to each plane (a#l #tats and interior
surfaces) is computed using the following equatamd is briefly described in Figure 4.

Sun |

1

sm\‘(o() )\f
\ |

‘\‘ cas((x/)cos(cb/) p

BT o R (P-QLN
R = T_ 2 TD N t =
(TN ®3) RON 4)
where Ris the directional vector of reflected ra@,is the directional vector of incident ra{ is the normal vector
of the planet is the distance from starting point to plafis the position vector of plane, alis the position

vector of the ray. Distance values which are lbas zeros are eliminated first because it meanplém® is on the
opposite direction of the ray’s traveling direction

eim-idem 6 reflection

Figure 4: The law of reflection on ideal specular surface

The plane with minimum traveling distance is fouadd defined as the plane that the rays strike Dithd
intercepted plane is one of the slats, then theluxywill split to a specular portion and a difeiportion using the
shining factor. For the specular portion, the mpeing tracked continuously. The intersecting pbeacomes the
new position vector of the ray which can be calmday:

Y:é+ﬁ— ©)
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where X is the position vector of the intersecting pointlaaiso the position vector of reflecting ray -thewn
directional vector is calculated by Eq. (3). Theei-reflections between the slats can reach highbers; however,
the direct luminous flux will diminish after eacéflection due to the absorptance and the shinicipfaof slats. The
equations in Fig. 5 show the remaining amount ofihous flux after striking the slat (s shining factor angdgy is
the slats direct reflectance). The maximum numideinter-reflections in this study was set to 10 ghd left
specular portion (which is small) is directly addedhe direct-diffuse component in the 2-D radipsialculation.
The specular luminous flux that arrives on eacériat surface is then studied in detail by dividesgh surface into
sub-surfaces (as explained in the 3-D room radiositthod section) and checking if the final strj@sitions are

located within the boundaries of each sub-surface.
r E oA

S,
N
N

g |
e S
~ | .
N L
WP~
L y
~ (1-1p E. A,
S i

2. T O
> st ® dir—vein ™ dir®

RayNum., .
7 Tolal

Figure5: Inter-reflection process inside the slats usimgiag factors

2.2 Two-dimensional Radiosity M ethod for the Glass-Blind Cavity

The radiosity method proposed in EnergyPlus (209dked to obtain the diffuse transmitted and céfid amounts
of light. For the transmitted diffuse componeng éntering surface (Bis assumed to be a perfect diffuser as shown
in Figure 6(a). This embeds an assumption thatrresmittance of ground diffuse and sky diffuse ponents are
equal. The other three surfaces are the uppetS)athe bottom slat (3, and the “departing flux” surface /SThe
slat is assumed to be infinite long. For the didiffuse component, two more surfaces are added.sldt surfaces
are separated in two parts (Fig. 6b):iSthe slat length between the slat edge andattbefst point where direct
rays strike. $is the length between the slat edge and the neaoéttthat the rays reach on the second strike (th
length of § is zero in Fig. 6b). SandSsare the remaining portions of the bottom and upses respectively. The
amount of direct-diffuse component generated inhesitike is decreased with more inter-reflectioss, the
remaining amount is small and it is added to tteoisd strike and spread out to entie(te length that second
strike achieves is shorter thag).SAs shown in Fig. 6(b), there is actually a thétdke on g, which can be ignored
and the flux amount ofs3s added to & The equations in Fig. 6 (b) show that the initimhinous exitance fromsS

is calculated from the diffuse luminous flux refied on the first strike. The initial luminous exit@ from g is the
sum of the diffuse luminous flux generated in tmaining strikes. The parameRay,ouncejdetermines if the strike
happens at thé'jbounce: if yes, it is set to 1; otherwise it isiakto zero.

Bouncer,q RayNump,q

Tdir—winEdirAwin z Z pslatj (1 - U)j_l URaybounce—j

j=2 i=1

RayNum

Total

S
Sy
2
RayNumg,,,;

T i wink air Ao z Piiat ORAY yincer
i=1

RayNumTotal
Figure6: (a) The schema of original diffuse componghbd; The schema of direct-diffuse component
The view factors are then obtained as the equalieltav. For the rectangular cases such,an8 S in Figure 6(a),
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F,= D, +D,-(§+9S)

25 )
and for triangular case such asafd S in Figure 6(b)
- _5*S-D
13
3 (5)
Then the radiosity, df segment San be solved by
J= X_lQ (6)
1 0 0 0 0 0
1 0 0 0 0 1 0 0 0 0
X = 0 1 0 0 or “PoaFiz  ~PsalF2s 1 “PoaF 4z ~Psafss ~Psal 63
“PoaFiz  ~PsiF2s 1 ~Psaf 13 “Poaf1a P20 P s a 1 Pk s Pk (7)
“PoaFis ~PsaF2a ~PsaFa 1 “Poafis ~PsFos “PoaFss —Psalss 1 ~Psiaf s

“PsaFic “PoaFe ~PoaFzs “PeaFas ~Poal s 1
where J is the radiosity vector an® is the vector of initial luminous flux. Finally, evcan calculate the
transmittance and reflectance of the original défcomponent as well as the direct-diffuse compoftemsmitted
through blinds and reflected back to glass) frora.E#0-11):

4 6

Tyt -oimas =0 J,F, or DirectDiffuse,, =Y J F, )
i=1 j=1
4 6

Pt - blinds:Z J;F, or DirectDiffuse, = Z JFR (9)
j=1 j=1

where Zyitpings iS the diffuse transmittance apgk.a is the diffuse reflectance of the blind systemefithe portions
reflected back to window are taken into consideratvithin the diffuse inter-reflection calculatiobgtween the
glass and the blinds as explained above.

2.3 Three-dimensional Radiosity M ethod for Calculating Illuminance distributionsin the Space

After solving the rays’ proceedings inside the tinthe 3-D radiosity method is employed to compheefinal
illuminance distributions on the work plane and ather interior surfaces. Each of the interior stefais first
divided into small rectangular sub-surfaces withaareas as shown in Fig. 7. A coarse mesh satectin speed
up the calculation performance, and the fine me#tcton can give accurate and detailed resultt itha trade-off
in calculation process. In this paper, we setupealmwith 0.2m grid size. The uniformity of sub-swds can save
time for calculating view factors. Only one setvidw factors needs to be calculated even when vgetannual
problems. In each time step, the initial luminoxgasce of each sub-surface of interior walls ikgkated from the
number of rays that strike on it as Eq. (12). Far sub-surfaces of blinds, all the diffuse pantsl(ding the part
with inter-reflections) will be added up to becothe initial luminous exitance as shown in Eq. (13).

RayNurp

bounce
Teir-win Eair Z {[pslat a- 0)] Rayn—i} A,
Mo—n - i=1 X indow X pn (10)
Ra)Nu n;!)tal ’gmaos—n
MO—m = Edif Tdif —wianif—blind + DireCtDiﬁus%ans +
RayNumy,
Z [pslat(l_a)Raym—i] 11
Edif Tdif —Winpdif —blind + DireCtDiﬁuseef + Eirrdir—win = RayNUrB ( )
tal

Pt ~win T dif -tiing
1= Pt -pind Pt -win
whereMg.,is the initial luminous exitance of sub-surfageVy.,is the initial luminous exitance of blind sub-suda
m, Asurtace-i 1S the area of sub-surfacegn,is the reflectance of sub-surfaceBy; is the incident diffuse illuminance,

Ray,. and Ray; determine if the'! ray strikes on interior sub-surfaceor on a window sub-surface. After
deciding the initial luminous exitance and finistihathe ray-tracing calculations, the width of kifis ignored. The
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blinds can then treated as diffuse surfaces antbgmek to the position of glass as an integratediainsystem. The
final luminous exitance of each sub-surface caallfirbe expressed as:

t
M m = MO—m + Z(l_ absm) kaM k (12)
k

whereM,, is the final luminous exitance of surfate, abs, is the absorptivity of surfade t is the total number of
other surfaces, anll., is a view factor which is the fraction of flux eted by surface that falls on surfacen.
Instead of solving a large inverse matrix direclygathering algorithm was employed to solve thalfilluminance
distribution on work plane and interior surfacestayation.

Figure 7: 3D-radiosity method schematic with sub-surfages direct components.

3. SIMULATION RESULTS
3.1 Comparison of Specular and Direct-Diffuse Blind Transmittance Results
Tables 1-2 present the blind transmittance (diceatponents) calculated with the hybrid method ¥ay slat angles
respectively, using as basic parameters 70% dstatreflectance and 20% shining factor and congptire results
with full radiosity calculations for different prigé angles. The hybrid method consists of two paspecular and
diffuse, with amounts related to the shining facdad number of inter-reflections. When the slatlang 0°, the
diffuse part increases with profile angle since ensounces between blinds will occur. The specwdfiected part is
always 0. When the slat angle is 45°, the speqaatr will be all reflected back to the window whtre profile
angle exceeds 45°. Figure 8 presents the totabrmdtance results (sum of specular and diffusedynamitted
portions). The full radiosity method underestimaties transmittance in most of the cases becaugmates the
directional effects of specular reflection. The maxm transmittance difference can be up to 35% kwhian
translate into significant accuracy problems imiigg simulation.

Table 1: Transmittance of direct components when slat aisgdé

Hybrid Radiosity

Specular Diffuse Total Direct Total
Profile  Transmitted Reflected Transmitted Reflected Transmitted Direct- Direct- Reflected  Transmitted
Angle (fig.2a&c) to glass (eq.10) to glass Direct Diffuse to glass

(fig.2b) (eq.11)

10 0.92 0.00 0.00 0.00 0.92 0.82 0.05 0.05 0.87
20 0.84 0.00 0.01 0.01 0.85 0.64 0.11 0.11 0.74
30 0.75 0.00 0.03 0.03 0.78 0.42 0.17 0.17 0.59
40 0.63 0.00 0.07 0.07 0.70 0.16 0.24 0.24 0.40
50 0.51 0.00 0.12 0.13 0.63 0.00 0.27 0.31 0.27
60 0.38 0.00 0.16 0.17 0.54 0.00 0.23 0.34 0.23
70 0.21 0.00 0.20 0.18 0.42 0.00 0.20 0.36 0.20
80 0.04 0.00 0.23 0.16 0.27 0.00 0.17 0.38 0.17

3.2Work plane I lluminance Calculation and Comparison of Results

The developed hybrid method was used to calculateinance distributions in a 4m x 4m x 3m high ipeater

office located in Philadelphia, PA and demonstthtepotential of utilizing this method for buildirggmulation and
estimation of daylighting availability, potentiahergy savings from lighting controls, as well apauot on energy
performance of perimeter zones with venetian blena$ prediction of potential glare problems. Thgatte is facing
south and the window dimensions are 1m high x wéde, centered on the exterior facade. A doubleeglaclear
window was used (normal visible transmittance=0, t8Buse transmittance=0.68). The angular transiois and

reflection properties of the glass were considemedording to data provided by WINDOW 6. The wind@awv
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equipped with interior venetian blinds of 70% refence and shining factor equal to 20%. The widtthe slats
was 0.1m, equal to the spacing between them. Reatdtpresented for two representative days (J&mmd June
21%) and two representative times (9am and 12pm) skithconditions generated based on the CIE cleansigel.

Table 2: Transmittance of direct components when slat aisgié°

Hybrid Radiosity
Specular Diffuse Total Direct Total
Profile  Transmitted Reflected Transmitted Reflected Transmitted Direct- Direct- Reflected  Transmitted
Angle (fig.2a&c) to glass (eq10) to glass Direct Diffuse to glass
(fig.2b) (eqll)
10 0.37 0.11 0.12 0.13 0.48 0.13 0.17 0.39 0.30
20 0.22 0.20 0.14 0.17 0.36 0.15 0.04 0.45 0.18
30 0.11 0.32 0.11 0.18 0.22 0.14 0.00 0.49 0.14
40 0.01 0.47 0.09 0.16 0.10 0.12 0.00 0.51 0.12
50 0.00 0.56 0.07 0.14 0.07 0.11 0.00 0.53 0.11
60 0.00 0.56 0.07 0.12 0.07 0.09 0.00 0.55 0.09
70 0.00 0.56 0.06 0.11 0.06 0.08 0.00 0.57 0.08
80 0.00 0.56 0.05 0.09 0.05 0.07 0.00 0.59 0.07
--- Radiosity —Hybrid --- Radiosity — Hybrid
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Figure 8: (a) Total transmittance as a function of the profilglar(originating from direct components only) and
comparison between the hybrid and the radiosityhout when the slat angle is @) when the slat angle is 45°.

The left part of Fig. 9 presents the illuminancstrution on interior surfaces and on the worknplaising the
hybrid method, and the right part 9 presents thal ftriking positions of directly-reflected ray&gure 9(a) shows
the results at Jan 21th 9:00am and the slat as@l& (horizontal). In this case the rays strikal@west wall not on
the floor; however the work plane area receivesditight. This scenario results in high illuminanon every
interior surface and will create glare problems.mparing the results of Figure 9(a) and Figure 9thg
transmittance when slat angle is 0° is higher thartransmittance when the slat angle is 45°. gui@ 9(b), part of
the rays is reflected back to outside when slagstited at 45°. A particularly important case iegented next:
Figure 9(c) is the same setup at 12:00 pm; outlideinance is very high and the profile anglerisadl in this case.
Although the slat position is located in 45°, paftthe rays are transmitted back to outside, anadl Idvunces
happened between the slats. The intensity of rags dot scatter enough before entering the roontaltiee high
specular properties and low shining factors. Thalfarrived position of rays is the floor, (not tteling) since the
rays strike on bottom slats first and then reflédtethe upper slats without any more inter-reftatt. This changes
the directional vector towards the work plane whigh cause serious glare problems. Figure 4(dh&ssame case
in summer and the slat angle is 45°. All the ditiggtt is reflected back to outside due to the tpgbfile angle.

4. CONCLUSIONS

This paper presented a newly developed hybrid nagirtg and radiosity method for spaces equippeld wehetian
blinds. It extracts the advantages of both rayitg@nd radiosity methods - the accuracy of ragitiga when
simulating specular characteristics and also th@draimulation speed of radiosity when simulatingfuge
characteristics. It can lead to a useful decisi@king tool in both early design stage and operastage. For the
early design stage, the enhanced speed suppodgssigner to test different cases with daily anduah results. For
operating stage, the building manager or occupaacyimplement both daylighting and shading conttioisugh
the detailed prediction of surface illuminance.tRer studies related to annual simulation, cordigbrithms and
validation with experimental results need to beduated and expand the potential of the model.
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(a) Jan-21 9:00

Ml a=15.14°,¢=46.32°, slat angle®
incident direct illuminance = 49800 lux
incident diffuse illuminance = 8200 lux
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(b) Jan-21 9:00

Window 0=15.14°,¢=46.32°, slat angle45°
incident direct illuminance = 49800 lux
incident diffuse illuminance = 8200 lux
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Jan-2112:00

0=29.92°,¢=3.30°, slat anglet5°
incident direct illuminance = 94700 lux
incident diffuse illuminance = 12500 lux
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(d)
Window J u n-2112 00
a=73.67°,¢=1.97°, slat angle45°
incident direct illuminance = 19550 lux
incident diffuse illuminance =14000
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Figure9: (a)llluminance distribution contours on Jan-21 9:0€hv@° slat angle(b) Jan-21 9:00 with 45° slat angle;
(c) Jan-21 12:00 with 45° slat angl(e) Jun-21 12:00 with 45° slat angle;
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