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This study presents a theoretical study on the super thin and conductive thermal absorber with built-in corrugated channels on
the basis of previous field experiments. The flow and heat transfer characteristics of the corrugated channels are simulated to
identify the factors affecting photovoltaic/thermal (PV/T) system efficiency. The influences of the structural parameters such as
the corrugation number, the corrugation area, and the flow channel width on the water outlet temperature and heat collection
are discussed in order to support the structural optimization design of the hybrid PV/T system. The simulation results were
validated to be in good agreement with experimental results. The results indicate that increasing inlet water velocity leads to a
decrease in the outlet temperature. It was found that the corrugation area and the flow channel width have impacts on the
outlet temperature of the hybrid PV/T collector panel. When the flow channel width of the absorber plate is reduced from
4mm to 3mm, the outlet temperature attained is between 298 and 302K, and the heat collection is in the range of 16.2–
51.4MJ/h. This led to an increase in the amount of heat collected by 18.6%.

1. Introduction

The solar photovoltaic/thermal (PV/T) system is one of the
key research focuses of the solar energy utilization field due
to its high thermal energy output and comprehensive utiliza-
tion compared with PV or solar thermal systems alone [1, 2].
It was widely used in several industries, like power generation
stations [3–5], dryers [6, 7], building heating [8, 9, 10], and
desalination systems [11–13]. In recent years, great progress
has been made in the optimization and application of solar
photovoltaic/thermal (PV/T) systems.Nomatter inwhat field
the PV/T system is used, improving its performance is the key
and final objective. Many studies have been conducted to
investigate the PV/T system performance involving utilizing
PCM [14–16], using nanofluids [17, 18], concentrated appli-
cation [19, 20], and air and water configurations [1, 21, 22]
by various methodologies such as experimental, analytical,
numerical, and simulation techniques. Due to the structure
and performance improvement of the heat collector having a
great influence on the whole PV/T system components’ effi-

ciency, technologies for this purpose, including the cooling
channel design or modifications of the PV/T systems, have
been developed substantially. This includes using single and
double pass and using fins, suspended plates, concentrating
plates, etc.

Hissouf et al. [23] investigated the theoretical perfor-
mance of a PV/T solar collector employing three different geo-
metrical shapes of fluid circulation channels (circular tube,
half tube, and square tube) and a heat transfer fluid of pure
water and ethylene glycol-water (EG-W) mixture. The half
tube design is found to provide the best photovoltaic cooling
effect and thehighest efficiency.Theuse of purewater aswork-
ing fluid improves thermal and electrical yields by 4.5% and
1.85%, respectively, compared to the EG-W mixture. A new
type (double pass) of photovoltaic/thermal panel and a novel
latent heat storage unit integrated with the condenser of the
heat pump were designed and manufactured in Kosan and
Aktas’ study [8]. The numerical analysis was performed using
the Ansys Fluent program to characterize the thermal behav-
ior of the phase changematerial in the latent heat storage unit.
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It was observed that the heat pump system’s average coeffi-
cient of performance varied between 2.93 and 3.18. The pho-
tovoltaic/thermal panel was able to store 1.07 kWh of
electrical energy and produce 9.59% more electricity than
the photovoltaic panel alone. Yu et al. [24] investigated a novel
solar Micro-Channel Loop-Heat-Pipe Photovoltaic/Thermal
(MC-LHP-PV/T) system through experimental measure-
ments. A prototype MC-LHP-PV/T system employing R-
134a as working fluid was designed and measured to evaluate
its solar thermal and electrical efficiencies and its impact fac-
tors. The results found that a lower inlet water temperature,
a higher water flow rate, a higher ambient temperature, and
a larger height difference between the condenser and the evap-
orator can help to increase the solar thermal efficiency of the
system. Compared to existing PV/T and BIPV/T systems,
the new MC-LHP-PV/T system achieved 17.20% and
33.31% higher overall solar efficiency. By utilizing numerical

and experimental approaches, Çiftçi et al. [25] developed
and analyzed a vertical hybrid PV/T solar dryer. Their results
showed that the thermal efficiency values of the finned vertical
PV/T collector weremuch higher than those of the finless ver-
tical PV/T collector. The sustainability index values of finless
and finned drying systems were between 2.16-2.75 and 2.38-
3.25, respectively. Arslan et al. [26] designed a new type of
finned air fluid photovoltaic/thermal collector and performed
numerical and experimental analysis on it. It was reported that
0.42% improvement in electrical efficiency occurred due to the
cooling of PV. The average thermal and electrical efficiency
obtained for the PV/T was 49.5% and 13.98%, respectively,
with a mass flow rate of 0.04553 kg/s. To achieve higher ther-
mal and electrical efficiencies, Yao et al. [27] designed and
optimized the fluid channel pattern of the solar-assisted PV/
T heat pump. The optimized two-phase flow channel pattern
had significant improvements in temperature uniformity,
thermal and electrical efficiencies, and hydraulic behavior.
Fan et al. [28] developed amultiobjective design optimization
strategy for hybrid photovoltaic/thermal collector- (PV/T-)
solar air heater (SAH) systems with fins to maximize thermal
energy generation and net electricity gains. To improve the
cooling capacity and required pump power of parallel cooling
channels (PCCs), Yu et al. [29] studied the heat transfer in par-
allel cooling channels with periodically expanded grooves
(PEGs).

The hybrid photovoltaic/thermal (PV/T) collector with
internal corrugated channels studied in this work has the
characteristics of using pass or fins mentioned above. It
was developed by Xu et al. [30] to retrofit the existing PV
panel into a photovoltaic/thermal (PV/T) panel. The current
study is thus built up on top of the previously reported
works in the literature [30, 31] which conducted a parallel
comparative investigation on the PV and PV/T panel sys-
tems through both laboratory and field experiments. The
previous study [30] has shown that the electrical efficiency
of the PV/T unit can be improved by 16.8% through the
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Figure 1: Schematic of the thermal absorber (a) and the associated PV/T prototypes (b).

Table 1: Relevant parameters of the heat absorber plate core.

Items Parameters

Absorber plate material Iron

Large corrugation’s diameter 35mm, 25mm

Small corrugation’s diameter 20mm, 15mm

Inlet/outlet diameters 20mm

Inlet/outlet lengths 50mm

Flow channel width 4mm

Table 2: Material parameters.

Items
Density
(kg/m3)

Specific heat
volume (J/

kg·K)

Thermal
conductivity
(W/m·K)

Coefficient
viscosity (kg/

m)

Water 998.2 4182 0.6 0.001003

Iron 8030 502.48 16.27 —
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use of a super thin-conductive thermal absorber, and the
thermal efficiency reaches 65%. Compared with the same
PV, the hybrid PV/T panel could enhance the electrical
return by nearly 3.5% and increase the overall energy output
by nearly 324.3%.

The overall energy output of hybrid PV/T panels is
mainly related to heat collection efficiency. To improve the
efficiency of solar energy conversion of PV/T systems, it is
necessary to investigate the factors affecting the heat transfer

performance of the absorber plate. The geometric character-
istics of the absorber plate are also key factors affecting the
internal flow and heat transfer characteristics. In addition,
the optimized structural parameters should meet the
demands of different sizes and thicknesses of a wall body
and installation convenience. However, it is difficult to
achieve the temperature and velocity of the working medium
in the plate through laboratory measurements and identify
the influence of factors on the absorber plate’s heat transfer
performance due to its complex structure. In this work, a
CFD model of the super thin-conductive thermal absorber
was established on the basis of the previous field experiment
[31]. The flow and heat transfer characteristics of the corru-
gated channels are simulated to identify the key factors
affecting the PV/T system efficiency. Finally, the influences
of the structural parameters, such as corrugation areas, cor-
rugation numbers, and flow channel width, on the flow and
heat transfer characteristics are discussed to support the
structural optimization design of the hybrid PV/T panel
with corrugated cooling channels.

2. Methodology

2.1. Photovoltaic/Thermal (PV/T) Panel with Corrugated
Cooling Channels. The PV/T in this article is designed by
attaching the PV panel to a super thin-conductive thermal
absorber through a series of U-shaped resilient metal clips.
The thermal absorber was laser-welded together through
two parallel thin flat plate metal sheets with a 1mm thick-
ness. One sheet was extruded by a machinery mold to for-
mulate arrays of mini corrugations while the other sheet
remained smooth. These two metal sheets form the built-in
turbulent flow channels with a 4mm width, which engen-
ders high heat transfer capacity. The corner holes are cut
on the four corners of the corrugated sheet as the working
medium water’s inlet and outlet channels with a spacing of
4 cm. The physical map and plane schematic diagram of
the heat-absorbing core are shown in Figure 1, and the rele-
vant parameters of the heat absorber plate are shown in
Table 1.

2.2. Mathematical Model. In this article, a CFD model was
established using the hybrid PV/T panel with large and small
corrugations as the research objects. To simplify the simula-
tion, the following assumptions are made:

(1) The irradiance, ambient temperature, and inlet water
temperature are constant

(2) The working medium water is considered to be an
incompressible liquid

(3) The materials’ properties are constant

(4) The flow is fully developed

The solid boundary involved in the simulation model is
iron. The physical property parameters of water and iron
are shown in Table 2. The same boundary condition as in
the reference experiment [31] was adopted; that is, the front
of the collector was kept as a constant heat source.
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Figure 2: Location of the measuring points set on the absorber
plate.
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Figure 3: Temperature comparison of different measurement
points between experimental measurements and numerical
simulation.
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2.2.1. Model Equations. Considering that the heat absorber is
an ultrathin type of superconducting tablet, the internal flow
of fluid had streamline curvature and vortex due to the cor-
rugations. The fluid was affected largely by the wall in the
internal, and its turbulence developed insufficiently near
the wall surface. The realizable k‐εmodel was chosen for this
study because it more accurately predicts the performance of
the flat plate absorber. Its specific expression was as follows:

ρ
∂k
∂τ

+ ρuj
∂k
∂xi

= ∂
∂xi

μ + μt
σk

� �
∂k
∂xj

" #
+Gk +Gb − ρε − YM + Sk,

ð1Þ

where ρ and μ are the density and viscosity of the water,
respectively; τ is the time; k is the turbulent energy; μt is
the turbulent viscosity; xi and xj are the displacement in
the x and y directions, respectively; u and v are the velocity
of water along the x and y axis, respectively; Gk is the turbu-
lent kinetic energy term that is generated by the laminar
velocity gradient; Gb is the turbulent kinetic energy term that
is generated by buoyancy; ε is the turbulent dissipation rate;
YM refers to the wave generated by the transition diffusion
in compressible turbulence; Sk is defined as the turbulent
kinetic energy; and σk is the turbulent Prandtl number in
the k equation.

The governing equation for the dissipation ratio ε is as
follows:
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where σɛ is the turbulent Prandtl number in ɛ equation, Sɛ is
defined as the turbulent dissipation source, C1ɛ andC2 are
constants, and C3ɛ is the influence term of buoyancy on

the dissipation rate:

C1 = max 0:43, η

η + 5

� �
,

η = S
k
ε
,

ð3Þ

where S is the influence term of average strain rate on
turbulence.

2.2.2. Numerical Method and Boundary Conditions. The
ICEM module of commercial computational fluid dynamics
(CFD) software Ansys Fluent was used to establish the geo-
metric model and carry out the structural mesh division.
Three-dimensional single precision was selected. The SIM-
PLE algorithm and an uncoupled implicit solver were used
for the solution. The heat transfer surface grid encryption
technology, boundary layer mesh technology, and general
grid interface (GGI) mesh link technology were used. Grid
independence verification was also conducted. When the
number of grids is about 2.17 million, the outlet temperature
error is less than 2%.

For the incompressible flow in channels, the following
boundary conditions are set according to the actual operat-
ing conditions of the experimental platform [31]:

(1) The inlet velocity v ranges from 0.2 to 1.5m/s, and
the inlet water temperature T in is 293K

(2) The outlet was the outflow of quality

(3) The wall surface was chosen to be made of iron. To
simplify the simulation, when simulating the influ-
ence of temperature difference on the water’s flow
and heat transfer characteristics inside the plate, all
the wall surfaces were assumed adiabatic, except
the outer heating surface, which was set at a corre-
sponding constant temperature

2.3. Model Validation. To validate the numerical model
developed in this work, the numerical simulation results

(a)

Large
corrugations

Small
corrugations

(b)

Figure 4: The metal sheet with smooth surface (a) and metal sheet with corrugations (b).
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for the inlet water temperature, the outlet temperature, and
the temperature near the plate center (T9) and two sides
(T11), considering an inlet flow velocity of 1.5m/s, are com-
pared with the experimental data from Li et al. [31]. The
experimental temperature was obtained by setting 14 mea-
suring points (T6-T19) on the back board of the hybrid plate
(as shown in Figure 2). The minimum and maximum tem-
peratures recorded by the temperature sensor are
-323~473K, respectively. At 11:30, it is noted that the exper-
imental and numerical simulation inlet water temperatures
are approximate and are selected for comparison, as illus-
trated in Figure 3.

Overall, the temperature distribution at the different
measurement points is similar in the case of experimental
and numerical simulations. The maximum reported discrep-
ancy is around 0.5%, exhibited at point T9. The differences
may be due to the positions of the experimental measure-
ment points. The flow channel is too narrow to install a tem-
perature monitor to get the temperature of the water inside.
Except for the inlet and outlet temperatures, the rest of the
measuring points are arranged on the back board of the
hybrid plate during the experiment. The thermal absorber
is made up of two super thin metal sheets. It was considered
that the back board temperature is approximately equal to
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Figure 5: Temperature distribution (in K) at different inlet flow velocities.
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the internal water temperature at steady state conditions. It
is noted that when the inlet flow velocity is high, the rate
of heat removal from the PV panel is low, which leads to
insufficient heat transfer by the internal working medium.
Therefore, the simulated outlet temperature is higher than
the experimentally measured one. In a previous study pre-
sented in the literature [22], the water outlet temperature
was found to drop as the inlet water velocity increased. In
general, the temperature distributions by simulation show
reasonable agreement with the test results. Hence, the
numerical model can accurately predict the heat transfer of
the hybrid absorber’s internal flow channels.

3. Results and Discussions

This study firstly analyzed the flow and heat transfer charac-
teristics of the water in the present absorber plate under dif-
ferent inlet velocities and heating surface temperatures.
Then, the flow and heat transfer characteristics were simu-
lated by changing the structural parameters of the hybrid
PV/T panel, such as corrugation numbers, corrugation areas,
and flow channel width, while other conditions were main-
tained constant. Finally, the optimization direction was
given by comparing it with the previous hybrid heat collec-
tor and the flat plate heat collector. The flat plate collector
is laser-welded together by two parallel metal sheets with a
smooth surface (Figure 4(a)). The hybrid collector is laser-
welded together by two parallel metal sheets. One sheet has
corrugations (Figure 4(b)), while the other sheet remains
smooth.

3.1. Effect of the Internal Temperature and Inlet Velocity.
When the inlet velocity is greater than 1.0m/s, the water
outlet temperature drops very little. The water outlet tem-
perature is 297.54K when the inlet flow velocity is 1.0m/s,

and it drops to 297.45K when the inlet flow velocity is
1.5m/s. The temperature distribution in the parallel heating
surface direction is similar. Therefore, in order to identify
the influence of inlet velocity and heating surface tempera-
ture on the heat absorber, this study simulated the water
temperature and velocity distributions at different condi-
tions: the inlet velocity was increased by a 0.1m/s increment
from 0.2 to 1.0m/s, and the heating surface temperature was
298, 303, 308, and 313K, respectively. The geometry param-
eters and other conditions are constant.

The water temperature inside the PV/T panel drops as
the inlet water velocity increases (Figure 5). At a low inlet
flow velocity (0.2m/s), it can be seen that the water temper-
ature is high due to the fact that the rate of heat removal
from the PV panel is high at low inlet flow rates. The tem-
perature distribution in the parallel heating surface direction
is similar no matter how the water inlet velocity changes
(Figure 5). The temperature near the plate exit is high, while
the part near the entrance is low. The temperature of the
absorber plate is symmetrical about the symmetry axis, and
the temperature on both sides is lower than at the center.

According to the temperature difference between the
collector inlet and outlet, heat collection at different water
inlet velocities can be obtained (Figure 6). The outlet tem-
perature decreases with the increase in the water inlet veloc-
ities. This is due to the fact that at low flow velocities, the
working fluid will take more time to absorb heat from a
PV panel compared to the case at high speeds. In general,
increasing the flow rate will lead to a decrease in the PV tem-
perature [32], and thus, the rate of heat removal from the PV
panel is thus low. As the inlet velocity increases, the heat col-
lection per hour increases, and the amplitude decreases
gradually. When the velocity varies from 0.2 to 1.0m/s, the
heat collection is in the range of 14.8-43.1MJ/h.

Figure 7 shows the water temperature distribution at dif-
ferent heating surface temperatures with water inlet velocity
being 0.5m/s. All the temperature distributions at different
heating surfaces have a similar trend. The temperature near
the middle is slightly higher than it is on either side. The
temperatures near the two exits are high, and the tempera-
tures near the entrances are low. This may also be due to
the flow velocity distribution of the working medium inside
the plate (Figure 8). The water velocity on both sides is high,
while it is low near the middle part. Compared to the sides,
the water in the middle has a longer flow path and a lower
velocity. This relatively low velocity, along with the high rate
of heat removal from the PV panel, results in sufficient heat
exchange between the PV panel and the water.

Figure 9 shows the outlet temperature and heat collec-
tion under different heating surface temperatures with the
inlet velocity being 0.5m/s. The outlet temperature and heat
collection per hour increase with the rise of the heating sur-
face temperatures. The trend is linear, and the rate is
decreasing. Under this condition, the outlet temperature of
the heat collector is between 298 and 313K, and the heat col-
lection per hour is in the range of 12.3~53.5MJ. An increase
in the PV panel temperature leads to an increase in the out-
let temperature due to the rise in the work medium temper-
ature, which was also reported in the study conducted by

T(K) Q(MJ)

301

301

Outlet temperature

Heat collection per hour

300

300

299

299

298

298

0.2 0.4 0.6
Inlet velocity (m/s)

0.8 1.0
13.5

18.0

22.5

27.0

31.5

36.0

40.5

45.0

Figure 6: Outlet temperature and hourly heat collection of heat
absorber.
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Abdin and Rachid [33]. It was also found that the PV effi-
ciency drops with the rise in the PV panel temperature.

3.2. Effect of the Geometry Parameters

3.2.1. Corrugation Number. Two ways to change the corru-
gation number were investigated in this study. One is
removing all the small corrugations and keeping all the large
corrugations retained (Figure 10), and the other is removing
all the large corrugations and keeping all the small corruga-
tions retained. The panel size, other geometric parameters,
model, and boundary conditions remain constant. The out-
let temperatures of three types of plates under different inlet
velocities are shown in Figure 11.

No matter how the corrugation number changes, the
heat transfer performance of the hybrid PV/T collector with
corrugations is higher than the flat plate collector, and the
changing trend of the outlet temperature is similar. As the
inlet velocity increases, the outlet temperature decreases

while the heat collection increases. When the water inlet
velocity changes from 0.2 to 1.0m/s, the heat collection is
between 15.0 and 44.0MJ per hour.

The changes in the corrugation number on the hybrid
PV/T collector performance are not so significant. The
impact of the corrugation number on the outlet temperature
and heat collection has a certain relationship with the inlet
velocity. The outlet temperature of the absorber plate after
removing all the small corrugations is slightly higher com-
pared with the original absorber plate when the inlet velocity
is less than 0.4m/s or more than 0.7m/s. However, when the
inlet velocity is between 0.4m/s and 0.6m/s (Figure 11), the
outlet temperature of the absorber plate after removing all
the small corrugations becomes slightly lower than the orig-
inal absorber plate. While the outlet temperature of the
absorber plate after removing all the large corrugations is
slightly higher when the inlet velocity is less than 0.45m/s,
it is slightly lower when the inlet velocity is more than
0.45m/s (Figure 11).
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Figure 7: Temperature distribution of water (in K) at different heating surface temperatures.
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The differences in the shape of the collector surface have
a direct impact on the flow of the heat transfer fluid and the
overall heat transfer coefficient [32]. Removing all the small
or large corrugations will increase the contact area between
the fluid and the absorber plate and thus lead to sufficient
heat transfer. However, it also decreases the flow distur-
bances between the two panels, leading to a weakened heat
transfer. A previous study [34] also reported that the pres-
ence of sinusoidal corrugations provides higher flow distur-
bances, resulting in a significant enhancement in heat
transfer. On the other hand, the influence of the corrugation
number on the outlet temperature could be offset by the
changes in the inlet velocity. That is why the impact of the
changes in the corrugation number on the hybrid PV/T col-
lector performance is not so significant.

3.2.2. Corrugation Area. Two ways to change the corrugation
area were studied in this work. One is changing all the small
corrugations to the large ones (Figure 12), and the other is
changing all the large corrugations to the small ones. The
panel size, other geometric parameters, model, and bound-
ary conditions are the same as with the original absorber
plate. The outlet temperature and heat collection of three
types of plates under different inlet velocities are shown in
Figure 13.

As shown in Figure 13, as the inlet velocity increases, the
outlet temperature gradually decreases, and the decreasing
amplitude comes to a lower level. When the inlet velocity
changes from 0.2 to 1.0m/s, the outlet temperature of the
absorber plate with all small corrugations changed to the
large ones is between 301 and 298K, and the heat collection
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Figure 8: Velocity distribution of internal working fluids (in m/s) at different heating surface temperatures.
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is in the range of 14.8 to 46.2MJ/h. Compared with the orig-
inal heat absorber plate, the heat collection per hour
increases gradually at the same flow velocity, and the maxi-
mum increment of heat collection is 6.6%. While the
absorber plate’s outlet temperature is between 301 and
297K after changing all large corrugations to the small ones,
the heat collection is in the range of 14.7-35.7MJ/h
(Figure 13).

With the inlet velocity changing, the outlet temperature
of the original plate and the plate with changing corrugation
area is significantly higher than the flat plate. When the inlet
velocity is greater than 0.4m/s, the outlet temperature of the
heat absorber plate with all small corrugations changing to
the large ones is higher than the original plate (Figure 13).
However, when the inlet velocity is greater than 0.5m/s,
the outlet temperature of the present absorber plate after
changing all large corrugations to the small ones is lower
than the original plate (Figure 13).

The outlet temperature increased after changing the cor-
rugation area, especially after changing all small corruga-
tions to the large ones when the inlet flow velocity was
greater than 0.4m/s. Besides, due to the flow around the cor-
rugations, the internal water was heated by the back-facing
of the PV plate, which was also heated by the increased cor-
rugations. The PV temperature decreases with the increase
in the water inlet velocity. Moreover, changing the corruga-
tion area especially changing all large corrugations to the
small ones could increase the contact area between the water
and the absorber panel. However, it also reduces the flow
disturbances caused by the corrugations.

The mass flow rate considered in this study is based on
the previously reported experimental evaluation of the PV/
T panel, employing a nominal mass flow rate of 0.83 Lmin-
1m-2 and a maximum mass flow rate of 3.83 Lmin-1m-2.
Previous studies [22, 30] reported that increasing the fluid
flow rate leads to a lower outlet temperature and a higher
thermal efficiency of the PV/T panel. It also reported that
the experimental thermal efficiency will reach its “optimum
point” at a mass flow rate of 5 L/min [22]. Therefore, the
PV/T panel exhibits an optimal mass flow rate at a certain
solar irradiance. The optimal mass flow rate and the struc-
tural parameters, such as the corrugation number and the
area, will be considered in the subsequent applied study,
referring to the local solar irradiance in combination with
the mass flow rate to obtain the high thermal efficiency.
Therefore, changing corrugation area does affect the
absorber plate performance to a certain extent, but the opti-
mal corrugation area that improves the heat transfer charac-
teristics should be further studied.
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Figure 9: Outlet temperature and heat collection at different
heating temperatures.

Figure 10: Heat absorber plate with removing all the small
corrugations (right).
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Figure 11: Outlet temperature comparison of three types of
absorber plates after changing the corrugation number.
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3.2.3. Flow Channel Width. Two ways to change the flow
channel width were implemented in this study. One is
changing the width from 4 to 5mm (Figure 14(a)), and the
other is changing to 3mm (Figure 14(b)). The plate size,
other geometric parameters, model, and boundary condi-
tions are the same as for the original plate. The outlet tem-
perature and heat collection of three types of absorber
plates under different inlet velocities are shown in Figure 14.

As shown in Figure 15, as the flow velocity increases, the
outlet temperature gradually decreases. When the inlet

velocity changes from 0.2 to 1.0m/s, the outlet temperature
of the plate with a 5mm width is between 297 and 302K,
and the heat collection is in the range of 16.1-39.2MJ/h.
Compared to the original absorber plate, when the inlet
velocity is less than 0.3m/s, the outlet temperature of the
plate with a 5mm width flow channel is higher. On the other
hand, the outlet temperature is lower than that of the origi-
nal absorber plate when the inlet velocity is greater than
0.4m/s.

The outlet temperature of the absorber plate with a
3mm width flow channel is significantly higher than both
the flat plate and the original plate at different inlet veloci-
ties, which is between 298 and 302K. The heat collection is
in the range of 16.3-51.4MJ/h. Compared with the original
PV/T panel, the heat collection per hour increases gradually
at the same flow velocity, and the maximum increment in
heat collection is 18.6%. This may be owing to the corruga-
tions and narrow flow channel increasing flow obstruction.
The presence of corrugations provides higher flow distur-
bances and pressure drop increases with the decrease in
the fin spacing, leading to significant enhancement in heat
transfer [34, 35].

The heat transfer characteristics of the hybrid PV/T
panel could be improved by changing the flow channel
width from 4mm to 3mm. Regardless of the employed
velocity, the outlet temperature of the absorber plate with a
3mm flow channel width is higher than that of an absorber
plate with a 4mm channel width. However, the best channel
width to enhance the performance of the heat absorber plate
should match the corrugation number and area. The collec-
tor structure could be optimized when the heat collection
generated by changing corrugation area and corrugation
number, combined with the heat caused by changing the
flow channel width, is positive, which will be carried out in
the follow-up study.

Above all, the flow channel width has influences on out-
let temperature and heat collection of the hybrid PV/T
panel. The heat transfer performance of the hybrid PV/T

Figure 12: Heat absorber plate with changing all small corrugations to large ones (right).
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Figure 13: Outlet temperature comparison of three types of
absorber plates after changing corrugation area.
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collector with corrugations is higher than the flat plate col-
lector no matter how to change its relevant parameters,
which accords with the previous study [34] that also
reported that the PV/T panel could enhance thermal effi-
ciency compared to the stand-alone PV panel.

4. Conclusion

In this study, the steady-state flow and heat transfer charac-
teristics of a hybrid PV/T collector with corrugated channels
were investigated numerically to investigate the influence of
the inlet velocity and heating surface temperature on the
thermal performance of the PV/T collector. In order to sup-
port the structural optimization of the heat absorber plate to
improve the heat collection efficiency, the influences of the

structural parameters such as corrugation number, corruga-
tion area, and flow channel width on the heat transfer char-
acteristics were also discussed. The numerical results
indicated that

(1) compared with the collector with a flat plate, the out-
let temperature of the hybrid PV/T panel with the
added corrugations is significantly increased

(2) the outlet temperature and heat collection of the
hybrid PV/T panel are affected by the water inlet
velocity, corrugated area, and flow channel width

(3) when the inlet velocity is greater than 0.4m/s, the
outlet temperature of the collector plate with all the
small corrugations changed to the large ones is
higher than the original heat absorber plate, enhanc-
ing the heat collection

(4) as the width between the two plates of the hybrid
PV/T collector decreases from 4mm to 3mm, the
improvement of flow heat transfer characteristics
significantly leads to the performance enhancement
of the heat collection

This study is complementary to the previous studies [30,
31], is limited to the comprehensive effect of the structure
parameters of the built-in corrugated channels on the flow
and heat transfer, and expands the library of comprehensive
evaluation and optimal design of the built-in corrugated
channels. The use of a particular absorber is considered
based on its uniformity, pressure drop, heat transfer area,
mass flow rates, etc. In future investigations, the optimal cor-
rugation number, corrugation area, and flow channel width
will be combined with laboratory measurements for a more
comprehensive and detailed evaluation.

Data Availability

Some or all data, models, or codes that support the findings
of this study are available from the corresponding author
upon reasonable request.
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Figure 14: (a) 5mm width flow channel and (b) 3mm width flow channel.
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