
UV Absorption by TiO2 Films in Photocatalytic
Reactors: Effect of Fold Curvature

Adam A. Donaldson and Zisheng Zhang
Dept. of Chemical and Biological Engineering, University of Ottawa, 161 Louis Pasteur Street,

Ottawa, Canada K1N 6N5

DOI 10.1002/aic.12683
Published online June 14, 2011 in Wiley Online Library (wileyonlinelibrary.com).

Corrugated reactors are known for their use in applications requiring exposure of a
reaction medium or catalyst to UV radiation. During manufacture, the idealized sharp
corner of a V-shaped geometry is replaced with a fold having quantifiable curvature.
The effects of this curvature on UV absorption patterns, spatial absorption/incidence
patterns and the total absorption efficiency are explored for a broad range of fold curva-
tures and film angles using a conservative, finite-element based discrete-ordinate model.
The presence of curvature was found to redistribute radiation from the deepest confines
of the V-shaped geometry to surfaces closer to the light source. The simulations
performed suggest that at small film angles, moderate curvature can be incorporated
within the fold of the film without significantly affecting the overall absorption efficiency.
Detailed absorption data is included for use as a boundary condition for computational
fluid dynamics-based simulations linking UV-radiation, reaction kinetics, and mass
transfer. VVC 2011 American Institute of Chemical Engineers AIChE J, 58: 1578–1587, 2012
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Introduction

Ultraviolet radiation-based photodegradation, photosynthe-
sis, photolysis, and photocatalytic reactions involving both
gases and liquids have long been considered for applications
in water treatment and clean technologies,1-6 with recent
interests in areas of food preservation7-9 and methanol pro-
duction.10-13 Many of these processes involve the photo-exci-
tation of either a reactant or catalyst as a limiting step gov-
erning reaction kinetics, requiring detailed knowledge of the
UV absorption profiles within a given reactor geometry to
accurately simulate and design optimum configurations.

Radiative transfer in absorbing, reacting, and scattering
reaction media has been properly described by a set of inte-

gral-differential equations,14 commonly solved with one of
three numerical frameworks: Monte Carlo (MC)
approaches15,16; discrete ordinate (DO) models17,18; and a
conservative finite-volume (FV) variant of the DO
model.19,20 These models have been used to determine radia-
tion fields in pseudo homogeneous photoreactors, expressed
as the local volumetric rate of energy absorption (LVREA)
within regions of the reactor bulk.21,22 For the case of reac-
tions performed on immobilized catalyst films, the local
area-specific rate of energy absorption (LASREA)23 is more
appropriate to describe the absorbed radiation and associated
kinetics at the film’s surface.

The computational requirements of MC, DO, and FV
models often necessitates simplifying assumptions: complex
geometries are reduced to 1D or 2D problems; reflections
from nonemitting surfaces are simplified or ignored; absorp-
tion and extinction properties are averaged across the wave-
length spectrum of an emitting source; and for reactions per-
formed on an immobilized film, the reactor medium is
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commonly assumed to have negligible effects on radiation.
FV models are often coupled with CFD simulations to corre-
late radiation absorption, reaction kinetics, mass transfer, and
fluid flow for pseudo homogeneous photoreactors.20 The si-
multaneous solution of mass, momentum and radiation trans-
fer equations forces equivalency of the time-scale of photon
transport, potentially leading to poor descriptions of complex
reflections and the LVREA in mediums having spatially (and
thus temporally) dependent absorption/transmission proper-
ties. For the case of reactions performed on an immobilized
film, it is more convenient to decouple radiation transport
from fluid flow; solving for the LASREA on the catalyst sur-
face and implementing the resulting absorption profile as a
boundary condition in CFD simulations.

In this work, a conservative finite element-based DO
method is developed to characterize the radiation absorption
profiles on the surfaces of TiO2 films in a corrugated-plate
photocatalytic reactor based on the principles of geometric
optics, the absorption and reflection characteristics of the
catalyst film, and the refraction properties of the reaction
medium and reactor components. This method is used to
explore the impact of curvature introduced in the folds of a
V-shaped corrugated-plate during manufacturing on the
LASREA and absorption efficiency relative to incidence
from the light source: accounting for effects of the radiation
source, photon recapture through multiple reflections, and
the catalyst film angle.

Equipment and Materials

Consider a single corrugation from a conventional corru-
gated-plate photocatalytic reactor,23 whose cross-sectional pro-
file can be defined by three parameters (Figure 1): the width of
the aperture facing the light source, Llight; the angle of the corru-
gated plate, wfilm; and the equivalent radius of curvature within
the fold of the film introduced during manufacturing, Rrod. For
the current simulations, Llight was kept constant at 1 m while
wfilm and Rrod/Llight were varied to numerically examine their
effects on the LASREA and UV-A absorption efficiency.
Through the use of dimensional similitude, the employed array
of geometric configurations is representative of a broad spec-
trum of triangle-shaped channels encountered in conventional
corrugated-plate reactors.

Properties for the acrylic reactor wall were based on those
of a fluorescent lamp sleeve: an ultraviolet-light (UV)-trans-

mitting Plexiglas (G-UVT) sheet with thickness of dwall ¼
0.00635 m. Two types of radiation sources were considered:
a uniform diffuse 120 W�m�2 UV-A source with
emission characteristics similar to a Philips TLK 40W/10R
lamp24; and solar UV radiation with parallel and diffuse
components.

Assumptions

The following assumptions were made in developing and
applying the radiation model:

1. Photons from the lamps fall incident on the reactor
wall in a diffuse way. This assumption should be close to
the real situation, since diffuse emission models have also
been found to be suitable for modeling fluorescent lamps.25

The total irradiance on the surface of the reactor wall was
assumed to be 120 W�m�2, based on measurements in exper-
imental systems.26

2. In the UV-A range, solar UV possesses an irradiance
with a direct parallel portion of 20 W�m�2 and a diffuse por-
tion of 10 W�m�2, consistent with the UV spectrum for low
values of the solar zenith angle. The spectral irradiance
increases linearly with the wavelength, being zero at 300 nm
and reaching a maximum at 390 nm.27-29 In the modeling
reported here, the sun’s rays are assumed to be normal to
the surface of the reactor wall.

3. The transmittance loss in the acrylic reactor wall is
due entirely to extinction in the solid material, where the
extinction coefficient, kwall [m

�1], can be expressed as:23

kwall ¼ 88:873� 66:758 � tanh k� 302

14:684

� �
(1)

4. Photons are considered lost once they are reflected
back to the acrylic wall from the catalyst film.

5. Photons hitting the TiO2 film will be subject to
either coherent reflection in a diffuse way or absorption. This
should be a reasonable approximation since the immobilized
catalyst film was found to be opaque to UV-A and optically
rough.26

6. The dimensionless fraction of incident energy
absorbed by the TiO2 film, a(k), was comparable to that of
Zhang et al.,23,30 which can be numerically expressed as:

a kð Þ ¼ 0:5� 0:5 tanh
k� 355:66

12:743

� �
(2)

7. Within the UV-A range, the refractive index of the
acrylic reactor wall was assumed to be constant at nw ¼
1.49, based on relevant information from the literature.31

The reaction medium was assumed to have a refractive index
of nm ¼ 1.33, the same as that of water. The reaction me-
dium was assumed to not significantly absorb in the wave-
lengths of interest.

Computational Methodology

Element construction and discretization

The computational domains were constructed in three stages
to allow for versatility in the geometric configuration. The

Figure 1. Cross-sectional profiles and characteristic
parameters of a V-shaped corrugation with
differing Rrod/Llight ratios.
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cross-sectional profile of the film was first defined in the XY
plane as a series of lines and arcs, with the interior acrylic
reactor wall (i.e., light source) located along the X-axis to sim-
plify treatment of the parallel component of solar radiation.
An automated mesh refinement algorithm was then applied
based on a maximum allowable emission angle, breaking the
lines and arcs into a series of linear elements (Figure 2). This
discretized profile was then extruded along the Z-axis to form
the surface elements used to model UV absorption by the TiO2

films; where the extrusion depth, Lextrusion, was set to 125% of
the maximum diffusive radiation pattern width:

Lextrusion ¼ 2:5 tan arcsin nair=nmð Þð ÞLdepth (3)

Where Ldepth is the distance between the acrylic reactor
wall and the deepest point within the film fold.

The surface elements were classified as either emitting
(light) or diffuse reflecting (film), defined such that the unit
normal vector of each was oriented towards the interior of
the computational domain. The LASREA incidence for each
diffuse reflecting element (i.e., exposure to UV-A radiation
in Watts per m2 receiving surface area, accounting for reflec-
tions) was then determined iteratively.

Model equations

Derivation of the expressions for spectral specific irradi-
ance at the sleeve/reaction medium interface for uniform
lamp, Ilamp, and solar, Isolar, light source are described in
detail elsewhere.23 Accounting for refractory effects across
the lamp sleeve for an infinite diffuse light source, the dif-
fuse component of spectral specific irradiance for a given
light element, j, in the computational domain can be
expressed as:

Idiff;j k;wwð Þ ¼

Wdiff
nm
nair

� �2
exp �kwalldwall 1� nm

nw
sin wi;j

� �� �2� ��0:5
 !

for sinðwi;jÞ
�� ��\nm

nw

0 forjsinðwi;jÞj� nm
nw

8>><
>>:

(4)

where dwall is the thickness of the acrylic reactor wall; wi,j is
the angle between the unit normal of the current emitting

element and the vector between the centers of the emitting
element and the receiving element; and Wdiff is either the
spectral irradiance on the surface of the lamp sleeve for a
120 W power source, Wlamp, or the spectral irradiance of the
diffuse solar UV light source, Wsolar:

Wlamp kð Þ ¼ 120 Wattsð Þ
15:75

ffiffiffiffiffiffi
2p

p exp � k� 353ð Þ2
2 15:75ð Þ2

 !
(5)

Wsolar kð Þ ¼ 10 Wattsð Þ 2 k� 300ð Þ
390� 300ð Þ2 (6)

While Wsolar is based on a linear increase in incidence
with wavelength (assumption 2), Wlamp was determined
from a normal distribution fit of the emission spectrum of
a Philips TLK 40W/10R lamp,24 scaled to 120W. For a
solar light source element, an additional contribution from
parallel UV radiation is required, Ipar, dependent on the
angle between the receiving element and the light plane,
waxis,i.

Ipar kð Þ ¼ 20 Wattsð Þ 2 k� 300ð Þ
390� 300ð Þ2 exp �kwalldwallð Þ coswaxis;i

(7)

Note that for light elements located on the XZ geometric
plane, coswaxis,i ¼ ni�(0 �1 0), where ni is the unit normal
vector of the receiving element.

The spectral LASREA incidence on any surface element
of the film, Ii (k), can be determined through the summation
of irradiance from light elements and reflections from other
film elements:

Ii kð Þ ¼ 1

dAi

Xfilm
j

1� a kð Þð ÞFi;jIj kð ÞdAj þ
Xlight
j

Fi;jIdiff;j kð ÞdAj

" #

þ Ipar kð Þ solar onlyð Þ ð8Þ

where a(k) is the absorbance of the TiO2 film at the specified
wavelength, k; dAi and dAj are the surface areas of elements i
and j; and Fi,j is an emission factor determined from solid
angles, SAi,j, and Lambert’s cosine law:

Figure 2. Film reactor conceptualization (left), XY profile (centre) and extruded computational elements (right).

Profile and elements are for Llight ¼ 1, Rrod ¼ 0.125, wfilm ¼ 40�, and a sample discretization showing three levels of mesh refinement.
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Fi;j ¼ SAi;j

p
cos wi;j

� �
¼ SAi;j

p

nj � vi�j

	 

vi�j

�� �� (9)

Note that nj is the unit normal vector of the emitting ele-
ment surface, while vi-j is the vector between the centres of
the emitting and receiving elements (Figure 3).

In previous literature, the solid angle is commonly
approximated as the projected area of the receiving element
on a unit hemisphere around the emitting surface:

SAi;j ¼
� ni � vi�j

	 

dAi

vi�j

�� ��3 (10)

However, this approximation is only valid when the calcu-
lated solid angle is very small; rapidly degrading as the dis-
tance between the two surfaces decreases. For a V-shaped
film having sharp corners within the computational domain,
Eq. 10 leads to the development of numerical instability in
the corner elements regardless of the level of mesh refine-
ment used. For this reason, the solid angle was determined
from spherical triangles32 formed by unit vectors between
the centre of the emitting element and the corners of the
receiving element (Figure 3):

SAi;j ¼ �2pþ
X

k¼1!6

hk (11)

h1 ¼ arccos cos ffBjC½ � � cos ffAjB½ � cos ffAjC½ �ð Þ
sin ffAjB½ � sin ffAjC½ � (12a)

h2 ¼ arccos cos ffAjC½ � � cos ffAjB½ � cos ffBjC½ �ð Þ
sin ffAjB½ � sin ffBjC½ � (12b)

h3 ¼ arccos cos ffAjB½ � � cos ffAjC½ � cos ffBjC½ �ð Þ
sin ffAjC½ � sin ffBjC½ � (12c)

h4 ¼ arccos cos ffAjD½ � � cos ffCjD½ � cos ffAjC½ �ð Þ
sin ffCjD½ � sin ffAjC½ � (12d)

h5 ¼ arccos cos ffAjC½ � � cos ffAjD½ � cos ffCjD½ �ð Þ
sin ffAjD½ � sin ffCjD½ � (12e)

h6 ¼ arccos cos ffCjD½ � � cos ffAjC½ � cos ffAjD½ �ð Þ
sin ffAjC½ � sin ffAjD½ � (12f)

where the angles in Eqs. 12a–f are determined from viA-j, viB-j,
viC-j, and viD-j (Figure 3):

cos ffAjB½ � ¼ viA�j � viB�j

viA�j

�� �� viB�j

�� �� (13)

General solution procedure

Following mesh generation, the spectral LASREA inci-
dence was determined for each film element based solely on
the emissions from light sources. Neglecting the first summa-
tion in Eq. 8, the resulting Ii(k) represents the incidence with
no reflection of photons. The neglected summation term was
then solved iteratively for all film elements until the varia-
tion between iterations was negligible, where each iteration
accounted for an additional reflection of the photons striking
the surface of the film. An overview of the general solution
procedure is provided in Figure 4.

Simulation Results and Discussion

Figures 5–12 illustrate the calculated typical radiation
fields and absorption efficiencies on the TiO2-coated corru-
gated plates at the center of the extruded length, where end
effects were found to be insignificant. The dimensionless
position on the corrugated plate cross-section, X/Llight, varies
along the x-axis in Figure 2, where the corresponding depth
at any given point is a function of the film angle and Rrod/
Llight. The incidence in these figures refers to the LASREA
incidence determined from Eqn. (8) when photon-reflection
is ignored. Absorption, no recapture refers to the LASREA
absorption if no reflected photon could be captured, while
the LASREA accounts for the effect of recapturing reflected
photons on energy absorption.

Spectral radiation patterns

Typical radiation fields for lamp-illuminated corrugated
plates are plotted in Figure 5 for a 20� film angle and Rrod/
Llight ¼ 0 (V-shaped) and 0.125. While the radiation field
near the light source (X/Llight ¼ 0) remained comparable for
both geometries, the presence of curvature within the fold of
the film (X/Llight � 0.5) resulted in a significant increase in
magnitude of incidence, absorption no recapture and LAS-
REA across all wavelengths for Rrod/Llight ¼ 0.125. This
increase is primarily attributed to the directional orientation
of the receiving surfaces within the fold, whereby the solid
angle increases as the receiving surface’s orientation

Figure 3. Visualization of methodology used to determine the solid angle of a receiving element, i, for an emitting
surface, j.
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becomes parallel to that of the light source (i.e., direct expo-
sure), leading to significantly increased incidence, and subse-
quently, absorption. However, as discussed later, the parallel
orientation also reduces the overall efficiency since photons
are primarily reflected back to the light aperture where they
are considered lost. Similar results were observed for solar-
illuminated corrugated plates with equivalent geometric con-
figurations (Figure 6). The reduced UV absorbance of the

TiO2 film at higher wavelengths is clearly illustrated by the
solar-lit spectral distributions, in that both the absorption no
recapture and LASREA drop off quickly at higher wave-
lengths despite the increased incidence. The LASREA at in-
termediate wavelengths is higher than that of the absorption
no recapture within the fold of the geometries (X/Llight �
0.5) due to increased absorption of reflected/scattered UV
radiation, consistent with previous literature.23

Figure 5. Spectral radiation field on the surface of two lamp-lit geometries (cross-section depicted on XZ plane of
each figure), where X 5 0 is closest to the radiation source.

[Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com].

Figure 4. General solution procedure to determine Ii(k) for elements within a given geometry.
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Wavelength-integrated radiation patterns and
efficiencies

Comparing the wavelength-integrated energy flux at the
surface of the TiO2 film for lamp-lit, V-shaped and Rrod/Llight
¼ 0.125 geometries of three different film angles (Figure 7),
deviations in the radiation profiles are only observed in

regions approaching the fold curvature (i.e., X/Llight � 0.375
for Rrod/Llight ¼ 0.125). The parallel component of solar radi-
ation appears to extend this region of deviation to lower val-
ues of X/Llight (Figure 8), where reflections from the film op-
posite to the receiving surface significantly increases the
incident radiation and resulting LASREA at X/Llight \ 0.375

Figure 6. Spectral radiation field on the surface of two solar-lit geometries (cross-section depicted on XZ plane of
each figure), where X 5 0 is closest to the radiation source.

[Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com].

Figure 7. Incidence, LASREA, and absorption with no recapture profiles for lamp-lit geometries with wfilm 5 5�

(left), 40� (centre), and 100� (right).
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and small film angles (Figure 9). Consistent with previous
literature,23,33,34 the LASREA and absorption no recapture
are comparable for high film angles where reflection and
recapture of UV radiation is minimal. As the film angle is
decreased for the V-shaped geometry, the LASREA gradu-
ally approaches the incident energy flux, where the ratio of
the LASREA to incidence of a diffuse light source (i.e.,
lamp-lit) can exceed 1 in localized regions of the geometry
(Figure 10). Due to the large component of poorly absorbed,
high-wavelength radiation present in the parallel component
of the solar light source, the local ratio of LASREA to inci-
dence remained considerably lower than that of a diffuse
light source (although still almost twice that of the absorp-
tion no recapture for low film angles).

The presence of curvature in the film fold had a dramatic
effect on the localized LASREA/incidence ratio approaching
and within the region with curvature (Figure 11). At low
film angles (wfilm \ 100�), incident radiation which would

normally be reflected and absorbed within the sharp fold of
a V-shaped geometry (X/Llight � 0.5) was instead reflected
and redistributed along the film surface, concentrated within
the 0.2\ X/Llight \ 0.375 region for Rrod/Llight ¼ 0.125. The
resulting local ratios of LASREA/incidence for both solar
and lamp-lit geometries exceeded the theoretical ratio for
absorption with no recapture by over 300% at the lowest
film angle simulated, with the greatest ratio observed in the
region closest to the start of fold curvature. The peaks
observed at X/Llight � 0.375 for low film angles (Figure 11)
correspond to the geometric focal points of the opposing
surfaces for the assumed Lambertian scattering behavior.
The LASREA/incidence ratio rapidly decreases as X/Llight
approached 0.5, where the increasingly parallel orientation
of the receiving surface and light source reduced the extent
of multiple reflections observed. At higher film angles (wfilm

[ 100�), the presence of fold curvature primarily led to only
the later of the two effects described, where the incidence

Figure 8. Incidence, LASREA, and absorption with no recapture profiles for solar-lit geometries with wfilm 5 5�

(left), 40� (center), and 100� (right).

Figure 9. LASREA profiles for solar-lit (left) and lamp-lit (right) geometries for the V-shaped and Rrod/Llight 5 0.125
geometries.

Note that X¼ 0 is closest to the radiation source. [Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com]
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increased beyond that observed for a V-shaped geometry

(Figures 7 and 8), but with fewer multiple reflections and a

lower LASREA/incidence ratio (Figure 10 vs. Figure 11 at

equivalent X/Llight). Note that the local LASREA/incidence

ratios do not account for the variation in incidence with

X/Llight, and thus are not reflective of the overall absorption

efficiency of the geometry.

Surface-integrated absorption efficiency

The absorption efficiencies of simulated geometries were
determined from the ratio of the surface-integrated LASREA
to the surface-integrated incidence (Figure 12). At low film
angles, the presence of mild curvature in the film fold (i.e.,
low values of Rrod/Llight) has a negligible effect on the

overall absorption efficiency, where the incident energy nor-

mally absorbed in the sharp fold of a V-shaped geometry is

redistributed along the length of the film region. As the film

angle increases and the extent of multiple reflections

decreases, the absorption efficiency becomes more sensitive

to fold curvature. At film angles above 40�, the introduction

of fold curvature immediately results in a reduction in over-

all absorption efficiency for the geometry, until the effect of

Rrod/Llight becomes negligible at wfilm [ 100�. The variation

in efficiencies at Rrod/Llight ¼ 0.5 are primarily the result of

the tangential condition used to generate the initial two-

dimensional profile (Figure 2), where the straight film length

adjacent to the light source and the transition to the curved

region varies with wfilm.

Figure 10. Absorption efficiency profiles for solar-lit (left) and lamp-lit (right) V-shaped geometries, where X 5 0 is
closest to the radiation source.

[Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com].

Figure 11. Absorption efficiency profiles for solar-lit (left) and lamp-lit (right) geometries with Rrod/Llight 5 0.125,
where X 5 0 is closest to the radiation source.

[Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com].
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Dimensional similitude of results

While these simulations were completed for a constant
Llight ¼ 1 m, the results obtained can be scaled to similar
geometric configurations through dimensional similitude pro-
viding the following assumptions are met: the acrylic reactor
wall is comparable in width and transmission properties, the
absorption coefficient of the film is comparable with that
defined in assumption 6, and the fluid properties are compa-
rable with those in assumption 7. A change in the light
source power will result in a proportional change in the
reported LASREA provided the spectral distribution of
diffuse and parallel light sources are consistent with
assumptions 1 and 2, and the ratio of parallel to diffuse light
power for solar radiation is equivalent (i.e., low solar zenith
angle). If all of these conditions are met, the results reported
here can be extended to any corrugated photocatalytic
reactor design with equivalent wfilm and Rrod/Llight. Since the
application of the simulated LASREA as a boundary
condition in simulations of photocatalytic reactors requires
knowledge of the spatial distribution of the LASREA,35,36

tabulated LASREA data for a broad range of film angles and
Rrod/Llight combinations have been included as supplemental
electronic data.

Summary and Future Work

The radiation fields on TiO2-coated corrugated plates were
modeled using a conservative DO approach for film angles
from 5� to 160� and fold curvatures ranging from the ideal-
ized V-shaped (Rrod/Llight ¼ 0) to a semicircular design
(Rrod/Llight ¼ 0.5). At low film angles, mild fold curvature
introduce during manufacturing had a minimal effect on the
overall absorption efficiency, redistributing the incidence
from the depths of the fold to regions of the surface closer
to the light source. As the film angle increased, insufficient
recapture of redistributed UV radiation resulted in efficiency
losses with the introduction of curvature. For large film
angles (wfilm [ 100�), the effects of curvature became negli-

gible as the bulk of redirected radiation from the film fold
fell incident on the acrylic reactor wall.

The presence of curvature within the fold of the corru-
gated plate reactor had a significant effect on the LAS-
REA, which must be accounted for when simulating the
relative performance of reactor configurations. While the
introduction of curvature may result in reduced overall
absorption efficiency, most of the energy lost would nor-
mally fall incident on the deep confines of the fold where
mass-transfer may supersede the LASREA as the limiting
step governing reaction kinetics. An efficient reactor
design would thus employ the radiation-dependent reaction
kinetics at the surface of the film to match the spatial
LASREA distribution to the localized mass transfer rate
resulting from flow. A generalized analysis of the effects
of film angle and fold curvature on localized mass transfer
rates near the surface of a TiO2 film will be the subject
of future work, linking the LASREA distributions and
flow conditions for orders of reactions commonly found in
clean technology. For specific applications, the LASREA
data provided in the electronic supplementary material can
be applied to a broad range of corrugated plate reactor
designs through dimensional similitude, simplifying the
modeling process for reaction kinetics and mass transfer in
flowing systems.

Notation

a(k) ¼ dimensionless spectral absorption coefficient for the TiO2

film
dAi ¼ area of surface i (m2)
dAj ¼ area of surface j (m2)
Fi,j ¼ emission factor for surface j emitting to surface i

Idiff,j ¼ irradiance of emitting element j due to diffuse light sources
(W/m2)

Ii (k) ¼ local area-specific energy incidence on film surface i (W/m2)
Ilamp ¼ irradiance from a lamp light source (W/m2)
Ipar ¼ irradiance from parallel component of solar light source

(W/m2)
Isolar ¼ irradiance from a solar light source (W/m2)

Figure 12. Surface-integrated absorption efficiency at all Rrod/Llight ratios and film angles for solar-lit (left) and
lamp-lit (right) geometries.

[Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com].
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kwall ¼ extinction coefficient of the reactor wall (m�1)
Ldepth ¼ reactor depth (m)

Lextrusion ¼ Z-axis extrusion length of the simulated geometry (m)
Llight ¼ light aperture width (m)
nair ¼ refractive index of air
ni ¼ unit normal of receiving element
nj ¼ unit normal of emitting element
nm ¼ refractive index of reaction medium (water)
nw ¼ refractive index of reactor wall (acrylic)

Rrod ¼ radius of curvature of the film fold (m)
SAi,j ¼ solid angle between emitting surface j and receiving

surface i
vi-j ¼ vector from center of surface j to centre of surface i

Wdiff ¼ diffuse light source power (W/m2)
Wlamp ¼ lamp light source power (W/m2)
Wsolar ¼ solar light source power (W/m2)

X ¼ X-axis projected position along the reactor film
dwall ¼ thickness of the acrylic reactor wall (m)
yk ¼ angles within spherical triangles on unit-hemisphere of

emitting surface
k ¼ light wavelength (nm)

waxis,i ¼ angle between ni and surface normal of light source
wfilm ¼ angle of the corrugated plate, film angle
wi,j ¼ angle between nj and vi-j connecting vector
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