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Abstract 

Wind flow patterns and convective heat transfer mechanisms affect the performance of Unglazed 

Transpired solar Collectors (UTCs). High-resolution 3-D steady Reynolds-Averaged Navier-Stokes 

(RANS) Computational Fluid Dynamics (CFD) simulations were used to analyse the convective heat 

transfer process for both flat and corrugated UTCs using basic wind engineering and bluff body 

aerodynamics principles. The validation study showed that the RNG k-ε model has the best overall 

performance for both cases at reasonable accuracy and computing cost. The results show that for 

corrugated UTCs the combined effects of corrugation geometry and incident turbulence intensity play 

a significant role in the system performance.  

1 Introduction 

Unglazed transpired solar collectors, known as UTCs, consist of dark porous metal sheets (flat or 

corrugated) installed as the exterior layer of the building façade with a narrow gap beneath. The 

cladding absorbs solar radiation, thus heating up the suction fan-driven air flowing through the 

perforations. Corrugated UTCs can be integrated with photovoltaic thermal (PV/T) systems, thereby 

generating electricity and heat, resulting in overall efficiencies of up to 70%. The hot air is collected at 

the outlet and used either to preheat ventilation air, as an input to an air source heat pump to preheat 

domestic hot water and/or provide cooling using desiccants or absorption technology, thus satisfying a 

significant part of the building’s heating and cooling requirements (Athienitis et al. 2011). A 

simplified energy balance for a corrugated UTC is shown in Figure 1. In this system, the irregular 

geometry and suction flow, together with the incident turbulent atmospheric boundary layer, create 

complex aerodynamic interactions (e.g. impingement on windward slope, separation and re-circulation 

in valley regions) and non-uniform flow. This differs from the classical case of homogeneous suction 

(also referred to as uniform or continuous suction), e.g. Iglisch (1944) and Schlichting and Gersten 

(2000), in which the perforation spacing is small and the vertical velocity is assumed constant over the 

plate surface, giving rise to the asymptotic velocity field solution. The Reynolds number (Re) for the 

airflow through the perforations is generally on the order of 10
3
, while that of the wind flow over the 

plates is relatively high (O (10
6
)). Thus, the corresponding flow regime may span from laminar to 

turbulent or combination of the above.  

Most previous studies of UTCs (Kutscher et al., 1993; Van Decker, 1996; Gawlik and Kutscher, 2002) 

focused on experimental investigations due to the lack of advanced computational techniques. There 
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are also a few numerical studies following the work by Kutscher et al. (1993) which limited the 

geometry to a single pitch (Arulanandam et al., 1999) or one corrugation (Gawlik and Kutscher, 2002) 

by assuming that UTCs are a combination of multiple pitches with similar thermal performance. The 

most significant limitation of these studies is that, based on the homogeneous assumption, the collector 

plate is relatively small (say 0.3 m x 0.5 m) compared to realistic systems installed in buildings 

(typically 500 – 10,000 m
2
) due to the experimental restrictions. To the authors’ best knowledge, no 

previous study in the literature has investigated the convective heat transfer process for the entire 

perforated plate subjected to turbulent approaching wind conditions. In addition, the homogeneous 

suction assumption is not valid for corrugated UTCs due to the complex geometry that results in 

separated flow regions.  

The goal of the present work is to develop high-resolution Computational Fluid Dynamics (CFD) 

models for UTC systems and UTCs integrated with PV/T systems, which along with experimental 

studies, can provide details of the thermal and wind flow field, to aid development of simplified 

thermal analysis models for use in building energy simulation, through identification of the most 

important parameters. This abstract presents results for perforated UTC plates subjected to various 

suction flow rates (expressed in terms of suction velocity, Vs) and approaching flow conditions with 

different levels of incident turbulence intensity (TI∞)  that provide a solid basis for analysing boundary 

layer flows and their impact on convective heat transfer. The full paper will also present results for 

building-integrated UTC’s coupled with PV/T systems along with a more realistic representation of 

the incident atmospheric boundary layer flow.  

2 Methodology 

Two cases are considered to evaluate different CFD models: a flat UTC under uniform approach flow 

(reference case) and a corrugated UTC subjected to a plane wall jet. Experimental data from the 

literature (Van Decker, 1996) has been used to validate the flat UTC model and the comparison is 

based on the plate surface temperature and cavity exit air temperature. For the corrugated UTC, a 1.73 

m x 1.58 m corrugated UTC plate subjected to a plane wall jet was tested in a solar simulator facility, 

which provides uniform simulated solar radiation from eight dimmable lamps which accurately 

reproduce the solar spectrum and irradiance levels. The jet flow development over a solid, flat, smooth 

wood plate was first evaluated to test the fidelity of the experimental equipment and to serve as an 

additional evaluation of the CFD models. Then, a calibrated crossed hot-wire anemometer (CHWA) 

was used for recording the time series of the 3 velocity components. The uncertainty was estimated as 

± 10% for the velocity component measurements and ± 14% for the turbulent quantities.  

The commercial CFD software, ANSYS (version 13.0) was used to solve the 3-D, steady state Navier-

Stokes equations of mass, momentum and energy and GAMBIT 2.4.6 was used for all geometry 

models. Five Reynolds-Averaged Navier-Stokes (RANS) models, namely the Standard k-ε, 

Renormalization Group Methods (RNG) k-ε, Realizable k-ε, Shear Stress Transport (SST) k-ω with 

low Re correction and the Reynolds Stress Model (RSM) have been evaluated. It should be noted that 

the RSM was only used for isothermal conditions since initial investigations showed that it becomes 

unstable and cannot reach convergence for non-isothermal conditions. The detailed model information 

can be found in Li and Karava (2012). 
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3 Model validation 

From comparison of vertical velocity and turbulence kinetic energy (TKE) profiles at different 

locations, plate surface temperature and cavity exit air temperature (see Table 1), it can be concluded 

that the Standard k-ε and the RNG k-ε perform well for the case of a flat UTC under uniform approach 

flow. Howeverm, the RNG k-ε model provides more accurate results for the corrugated UTC, which is 

the main subject of this study, and thus, it has been selected for further analysis. Also, previous work 

showed that the RNG k-ε model more accurately predicts the characteristics of airflow and heat 

transfer within the cavities formed by closely spaced heated horizontal plates (Turgut and Onur, 2007), 

which is another feature of UTC system modelling.  

4 Thermal and airflow field analysis 

A parametric study has been conducted for a constant 3 m/s approach flow velocity (U∞) to examine 

the effects of suction velocity (Vs = 0.01 m/s and 0.06 m/s) and incident turbulence intensity (0.1% to 

represent low turbulence intensity and uniform approach flow and 20% to represent the atmospheric 

boundary layer) on the following four crucial aspects of UTCs: thermal boundary layer development, 

plate surface temperature, system thermal efficiency and vertical velocity profiles. The combined 

impacts of the perforations and corrugations have also been considered. For the corrugated UTC, the 

incident turbulence intensity level has a more significant effect than the perforation dimensions 

(Figure 2), as the corrugations and the heated plate result in turbulence production at scales of the 

order of the corrugation height that enhances the overall level of boundary layer turbulence near the 

wall (Greig et al., 2012), thus profoundly influencing corrugated UTC heat transfer. Based on the 

thermal efficiency analysis, the wind-induced convection heat loss is a large contributor 

(approximately 60% for suction velocity of 0.01 m/s and 10% for suction velocity of 0.06 m/s) to the 

thermal efficiency. 
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Table 1: Modelling error for each case and turbulence model 

Turbulent models 
Standard 

k-ε 

RNG 

k-ε 

Realizable 

k-ε 

SST 

k-ω 
RSM 

Flat UTC under uniform 

approach flow 

Plate surface and cavity exit 

air temperature 
±1.5K ±1.5K >±2K ±2K N/A 

Corrugated UTC under 

plane wall jet 

Vertical velocity profiles ±20% ±15% >±20% ±20% ±20% 

Vertical TKE profiles ±30% ±20% >±30% ±30% ±30% 

Plate surface and cavity exit 

air temperature 
±2K ±1K N/A ±2K N/A 

 

Figure 1: Thermal and air flow field for corrugated UTC (radiation in cavity not shown in the figure). 
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Figure 2: Thermal boundary layer development along the stream-wise direction of the perforation 

rows for a corrugated UTC (left) and studied cases (right) 
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