Literature review summary
A CFD Heat Transfer Analysis of the Transpired Solar Collector Under No-Wind Conditions – Arulanandam, Hollands, Brundrett. Solar Energy, 1999.

  The main objective was to determine the heat transfer effectiveness for the transpired wall using CFD, since the efficiency was defined in terms of the effectiveness. Simulations were conducted over the appropriate element of the transpired wall. Symmetry allowed simulation over a quarter of a hole for a square pitch. Parametric studies were done for various conditions and the results from the simulations were incorporated into a correlation model. The author realizes that because of the assumptions the result is of limited direct use, but believes when combined with experimental data the model will permit a wider-ranging correlation.

  The author describes the development of the governing equations, mathematical model, and boundary conditions. He also describes the development and refinement of the grid mesh. The author used dimensionless parameters for simulation. He used constant valued dimensionless parameters while varying the values of the dimensional parameters. He used a statistical software package to perform a non-linear, multi-variable regression analysis to obtain a correlation between NuD and five other dimensionless parameters.  

Effect of Wind on Flow Distribution in Unglazed Transpired-Plate Collectors – Gunnewiek, Hollands, Brundrett. Solar Energy, 2002.

  The main objective was to extend the previous study (the one previously described) to include the effects of wind on the performance of the unglazed transpired solar collector using CFD. The study discovered wind raises the minimum suction velocity needed to prevent reverse flow. The CFD code was identical to the previous study except for the incorporation of the wind. Simulations for various building sizes and orientation were conducted and suction velocities over the plate were also determined and shown in contour plots. 

Heat-Exchange Relations for Unglazed Transpired Solar Collectors with Circular Holes on a Square or Triangular Pitch – Van Decker, Hollands, Brunger. Solar Energy, 2001.

  The main objective was to experimentally determine the effectiveness of an unglazed transpired solar collector of varying plate thickness, pitch, and suction velocities. The test results were then compared to a mathematical model assuming an isothermal plate.
  The author used nine test plates of equal frontal areas with circular holes. Each plate had varying combinations of material, hole pitch, hole diameter, plate thickness, and thermal conductivity (a result of different materials). Tests were conducted in a laboratory on a test apparatus. 

  The isothermal model was split into three parts. One for the back-of-plate heat transfer, front-of-plate heat transfer, and through-hole heat transfer. Regression was then used to determine how well the model fit experimental data. The model was then extended to triangular-pitched plates.    

Unglazed Solar Wall Air Heaters – Hollick. Renewable Energy, 1994.

The author discusses the history and origins of the unglazed solar wall air heater through the utilization of low temperature air. The paper gives a few case study examples of successful implementations and how the system produced energy savings.

Universal Velocity and Reynolds-Stress Profiles in a Transpired Turbulent Boundary Layer on a Plate – Vigdorcich. Applied Mathematics and Mechanics, 2005.

The main objective was to develop a mathematical description of flow of an incompressible fluid in a turbulent boundary layer on a plate with distributed transpiration.
A Field Study of the Wind Effects on the Performance of an Unglazed Transpired Solar Collector – Fleck, Meier, Matovic. Solar Energy, 2002.

The main objective was to determine the effects of wind on the performance of the UTSC. Experiments have been conducted on a SolarWall® Building where wind speed, temperature, irradiance, and air velocity ,measurements have been taken to measure the relation between wind speed and direction, and the performance of UTSC’s. Results showed that maximum performance (collector efficiency) does not occur at zero wind speed, for unknown reasons.
Heat exchange effectiveness and pressure drop for air flow through perforated plates with and without crosswind – C. F. Kutscher
This paper investigates convection heat transfer effectiveness for low-speed air flow through perforated plates with and without crosswind on the upstream face. Three different methods are considered to determine heat exchange effectiveness: transient cool-down, energy balance and direct ΔT method. In transient method, the plate is heated above ambient by the lamp array and then the lamp radiation is blocked by a shield. The heat transfer coefficient is determined from the slope of the Temperature Vs Time curve. In energy balance method, the net radiation on the plate is measured and this is assumed equal to the energy in the airstream. In the direct temperature method, the effectiveness is calculated as εHX = (To - Tamb)/(Ts – Tamb) where To is the outlet air temperature. The study found out that in the presence of a crosswind, the major orientation of the holes is important. Higher effectiveness values were obtained in the case of the orientation with a lesser spacing in the cross-stream direction of hole rows. 

Wind heat loss form corrugated transpired solar collectors – Keith M. Gawlik and Charles F. Kutscher

This study uses a numerical model to determine heat loss to the air stream over the plate as a function of wind speed, suction velocity, and plate geometry. The commercial code, FLUENT, is used for numerical modeling. Experimental runs are used to determine whether the numerical is describing the actual flow pattern over the corrugation and whether it is predicting convective heat loss accurately. Test conditions used for experimental runs are provided as inputs to the numerical model to determine if the simulations could model heat loss accurately. 

Unglazed transpired solar collector: Heat loss theory – C. F. Kutscher, C. B. Christensen and G. M. Baker

This paper examines the major heat loss mechanism associated with unglazed transpired solar collector. Radiation heat loss is determined by considering losses to both sky and the ground. Convective heat losses are obtained by integrating the product of the time and velocity profile. The efficiency of the unglazed transpired collector is influenced by the fact that radiative losses are directly to ambient. For suction velocities greater that 0.05 m/s, efficiencies are nearly constant and independent of wind speed. As suction velocity decreases, the effect of wind speed on collector efficiency increases. The study concludes that heat losses due to natural convection are negligible, and those due to wind should be small for large collectors operated at typical suction velocities.
Mathematical modeling and thermal performance analysis of unglazed transpired solar collector – M. Augustus Leon and S. Kumar

This paper presents the details of a mathematical model for unglazed transpired collector using heat transfer expression for the collector components, and empirical relations for estimating the various heat transfer coefficients. The study concludes that solar absorptivity, collector pitch, and air flow rate have the strongest effect on collector heat exchange effectiveness as well as efficiency. The effect of thermal emissivity and porosity on heat exchange effectiveness is concluded to be moderate. 

A numerical and experimental investigation of low-conductivity unglazed, transpired solar air heater – Keith Gawlik, Craig Christensen and Charles Kutscher

This study determines the performance of low-conductivity unglazed, transpired solar air heater numerically and experimentally. The numerical work consists of modeling flow conditions, plate geometries and plate conductivities with modified commercial CFD software. The experimental work compares the performance of two plate geometries made with high and low conductivity material under a variety of flow conditions. The study concludes that the effect of conductivity on the thermal performance of transpired collector is small and that low-conductivity material can be used with no thermal performance penalty. 

Thermal simulation and economic assessment of unglazed transpired collector systems - David N. Summers, John W. Mitchell, Sanford A. Klein and William A. Beckman
This study uses TRANSYS model to predict the energy savings for UTC systems. The potential for unglazed transpired collector is calculated for several economic sectors in Wisconsin including commercial sector, residential sector, agricultural sector and industrial sector.  The study concludes that there appears to be little statewide economic potential for transpired collector in Wisconsin in the commercial, agricultural, and industrial sectors. In residential sector, transpired collectors seem to be economically feasible.

Development of a flow distribution and design model for transpired solar collectors – C. Dymond and C. Kutscher

This study develops a computer model, named TASFLOW, which allows designers of transpired solar collectors to achieve reasonable flow uniformities and to determine efficiencies. This paper describes how this model was developed by applying the pipe network modeling algorithm. It and discusses the three absorber profiles generated by the program: the flow distribution of the air entering the absorber surface, the temperature distribution of the collector surface and the local collector efficiencies. It also includes the results from model runs. The study concludes that the face velocity decreases dramatically the further away it is from the exist. The larger the air flow through the collector, the better the heat is transferred away from the absorber and higher is the collector efficiency

Flow distribution in unglazed transpired plate solar air heater of large area – L. H. Gunnewiek, E. Brundrett and K. G. T. Hollands

This study models the flow-field in the plenum by means of a commercial CFD code, and incorporates a special set of boundary conditions to model the plate and the ambient air. It applies the 2D version of code to predict the flow distribution in no wind conditions. It determines the importance of six controlling parameters on the suction velocity profile. The study finds a highly non-uniform profile for some of the setting of the parameters and relatively uniform profiles for the other settings. It concludes that the nature of profile depends on whether the flow is dominated by buoyancy or by the forced-flow due to the fan.

Numerical simulation study on transpired solar air collector – Chongjie Wang, Zhenzhong Guan, Xueyi Zhao and Delin Wang
This study uses CFD program to analyze the performance characteristic of the unglazed transpired collector.  It makes the comparison of effectiveness of unglazed transpired collector with the traditional solar air collectors including flat collectors and unglazed un-transpired collectors. It also investigates the effect of flow rate and radiant intensity on effectiveness. 
Desiccant Cooling Using Unglazed Transpired Solar Collectors – Pesaran, Wipke. NREL, 1992.

This paper examines the performance and feasibility of using an UTSC as an integral component in a desiccant cooling system. To examine these effects, the authors used computer models and simulations. The performance of the Unglazed collector was compared to a similar glazed collector.
