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Abstract: Water flow glazing facades are considered active envelopes able to react or to adapt to the 

external and internal conditions of the building. The use of the building, the orientation of the 
facade and the location of the project are relevant inputs to determine the glazing composition 
as well as the energy strategy involved in the facade. A proper design of the glazing 
composition and the energy strategy will allow huge energy savings in the whole project. 
 
To achieve this goal, a software tool has been developed to allow the design of a water flow 
glazing facade. The software tool is an open software code with a graphical user interface. It 
comprises (i) energy balance considerations associated to potential sun energy for specific 
locations, (ii) spectral properties of the glazing based on the selection of different glass layers 
or coatings, (iii) thermal performances of the glazing module based on the absorption properties 
and (iv) a thermal simulator of zones including insulated opaque facades and water flow glazing 
facades.  
 
The main result of this work is a software tool to allow project engineers to design water flow 
glazing facades. Understanding active facades as transparent thermal collectors are carried out 
by thermal simulation movies. This tool allows the project engineer to determine the water heat 
gain during the whole year. Besides the graphical user interface, this work constitutes a 
complete library to simulate water flow glazing envelopes written in modern Fortran. This 
library has a documented application program interface that allows developers to integrate 
water flow glazing envelopes in existing energy simulators for buildings.  
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1. INTRODUCTION 
 
A number of simulation tools, such as EnergyPlus, DOE-2 and TRANSYS have been developed to predict building 
thermal performance and energy use. The analysis domains for these simulation tools are almost all limited to indoors. 
However, in reality a building affects its surrounding environment and conversely, its indoor environment is influenced 
by its surroundings [1]. Building skin is no longer conceived as a limit of the indoor space, but a room or interface 
where space and architecture intertwine. The building skin becomes essential when considering the interactions 
between the indoor and outdoor thermal environments to provide a more accurate prediction of indoor thermal 
environment and building energy performance. Water Flow Glazing (WFG) facades are considered active envelopes 
able to react or to adapt to the external and internal conditions of the building. The active behavior of the glazing is 
explained by means of a variable g factor which depends on the flow rate of the water chamber [2]. WFG facades are 
characterized by a water chamber which transports the absorbed solar energy in the glazing. A multilayer water flow 
glazing comprises glass layers, Polyvinyl Butyral (PVB) layers, coatings, air gaps, and a water layer. Heat absorption 
from solar radiation depends on the spectral properties of each layer [3]. Energy performance is governed by the optical 
and radiative properties of the layers. The use of the building, the orientation of the facade and the location of the 
project are relevant inputs to determine the glazing composition as well as the energy strategy involved in the facade. 
A proper design of the glazing composition and the energy strategy will allow huge energy savings in the whole project. 
To achieve this goal, an energy-oriented software tool has been developed that both accommodates WFG systems and 
provides informative support that aims to facilitate decision making for nearly zero energy buildings (nZEB). 
According to EU legislation, all new buildings built in the year 2021 or later should be nZEB [4]. In order to reach this 
demanding target, the energy demand should be significantly reduced, whereas the on-site renewable energy systems 
should be greatly enhanced [5]. WFG facades play an important role in this field. Thus, the software tool enables the 
project engineer to determine the water heat gain during the whole year allowing to evaluate the energy balance of a 
building based on the potential absorbed sun energy associated to each façade. 

This article is structured in three sections. Section 2: Graphical User Interface, describes the different graphical tools 
to allow project engineers to design water flow glazing facades. Understanding active facades as transparent thermal 
collectors are carried out by thermal simulation movies. This tool allows the project engineer to determine the water 
heat gain during the whole year. Section 3: Application Program Interface, constitutes a complete library to simulate 
water flow glazing envelopes written in modern Fortran. This library has a documented application program interface 
that allows developers to integrate water flow glazing envelopes in existing energy simulators for buildings. Finally, 
section 4: Software Design Document, presents the structure of the software libraries of the different modules that 
comprises the WFG model.  
 
2. GRAPHICAL USER INTERFACE 
 
Water Flow Glazing facades are considered active envelopes able to react or to adapt to the external and internal 
conditions of the building. The use of the building, the orientation of the facade and the location of the project are 
relevant inputs to determine the glazing composition as well as the energy strategy involved in the facade. A proper 
design of the glazing composition and the energy strategy will allow huge energy savings in the whole project. The 
InDeWaG software tool implements a graphical user interface allowing engineers to design water flow glazing facades. 
The software tool for engineers as a standalone application and the software library for developers is an open source 
project which has a documented application program interface to implement WFG modules in existing simulation 
codes. The software tool has different graphical screens such as: 
 
1. Energy balance considerations associated to potential sun energy for specific locations. 
2. Spectral properties of the glazing based on the selection of different glass layers or coatings. 
3. Thermal simulator of the glazing module based on absorption or spectral properties. 
4. Thermal simulator of simplified rooms including insulated opaque facades and water flow glazing facades. 
 
The first phase of the design is to know the potential sun energy that the project can manage depending on location, 
orientation of different facades and usage. To accomplish this pre-design phase, basic geometrical aspects and location 
are needed to evaluate is the project can be seen as a nearly zero energy building. The tool implements real 
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meteorological data to evaluate the total sun energy that can be absorbed in the envelope. It considers a full year energy 
balance to measure the energy demands and the absorbed energy. With a very intuitive graphical user, the engineer 
can modify the first draft of the project to fulfil the energy requirements. Energy balance considerations graphs are 
shown for the selected period of time: day, week, month or year. This also allows to select the amount of the thermal 
mass to flatten temperature oscillations of the selected period of time. Once the opaque and transparent surfaces are 
selected, the g factor is considered as an input at this stage to accomplish energy requirements. The output of this first 
phase is the transparent surfaces with their desirable g factor and thermal transmittance. 
 
The purpose of the second phase is to select a glazing form the InDeWaG glazing catalogue to fulfil spectral properties 
obtained in the first phase. The tool determines spectral properties of a specific glazing composition. Transmittance, 
reflectance and absorptance can be presented versus wavelength of solar radiation and versus angle of 
incidence of solar beam radiation.  
 
Once the glazing is chosen, the next phase is to simulate the thermal performance of the isolated glazing for given 
boundary conditions. This is done by imposing constant boundary conditions or variable boundary conditions. These 
boundary conditions comprise: exterior temperature, beam and diffuse solar radiation, interior temperature and inlet 
temperature. If real outdoor conditions are selected based on a specific location, season of period of time of the 
simulation can be selected. Movies time stories of spatial temperature profiles are shown to deeply understand the 
water flow glazing behavior. Outlet temperature is determined based on the selected flow rate of the module and water 
heat gain can be plotted versus time.  
 
To complete the thermal study of water flow glazing facades, a simplified room can be simulated. The room is formed 
with opaque and water flow glazing facades. The dimensions of the room as well as the interior absorption properties 
of walls can be selected. In this case, the only boundary conditions are the outdoor temperature and beam and diffuse 
solar radiation. The interior temperature is simulated as a thermal property of the interior thermal mass.  
 
2.1 Energy balance interface 
 
Select the Sun energy sub-menu in the Energy balance tab. Then, if Evaluate whole year is clicked, the sun energy 
curves associated to each facade will be shown (Figure 1). To create a building in a specific location, the buttons on 
the right part of the screen are used. These controls allow to show the potential absorbed sun energy associated to each 
facade. These controls are divided into the following parts: 
 

• EnergyPlus weather file. This list allows to select the location and type of the incoming sun energy. Energy 
balance can be presented with beam and diffuse solar radiation, only diffuse or only beam radiation. 

• Building. The building is formed by six surfaces: north, east, south, west, roof, floor. These surfaces are 
defined by their dimension, thermal transmittance U, g factors, energy transmittances T, photo-voltaic 
proportion, indoor conditions, orientations and equipment. 

• Graphs. This button list allows to select the type of graphic to show: 
1. Potential Solar Energy kWh. It takes into account the integral impinging solar energy during some specific 

period of time. Parametric curves stand for different facades. 
2. Potential Solar Power kW. It takes into account the instantaneous impinging solar power during some 

specific period of time. Parametric curves stand for different facades. 
3. Energy demand kWh. According to thermal transmittances, surfaces and g factors or proportions of the 

incoming energy which is absorbed, these graphs show the energy demand to assure a comfort temperature. 
4. Power demand kW. According to thermal transmittances, surfaces and g factors, these graphs show the 

instantaneous power demand to assure a comfort temperature. 
5. Int./Ext. temperatures. These graphs show the indoor, outdoor and comfort temperature during some 

specific period of time. 
To the right of the graph selection, there two scale widgets: Month and Day that allows to show a specific time 
span. If zero is selected for the month, the whole year is presented. If some specific month from 1 to 12 is 
selected, the graph is presented from day 0 to day 30. The same is applicable to the scale widget Day. 
If Month is greater than 0 and Day is greater than 0, the graph will show the time span from 0 hours to 24 
hours of this specific day and month. In Figure 2, parametric curves of impinging solar power for different 
facades is shown on July 5th. 
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• Evaluate whole year. This button allows to integrate energy balance equations during the whole year. It is 
important to notice that this integration is not numerical simulation it is just a detailed balance between 
incoming sun energy and outgoing heat losses or gain when the indoor temperature must be maintained close 
to the comfort temperature. 

 
Figure 1. Potential sun energy associated to different building facades for the whole year. 

 

  
Figure 2. Sun power associated to different building facades on July 5th. 

 
 

2.2 Cast shadows interface 
 
The main objective of the Cast Shadows interface is to avoid solar obstructions on water flow glazing facades by 
exploring whole year simulations. Figure 3 represents a screen shot when selecting the Cast Shadows sub-menu in the 
Energy balance tab. There are blocks controls and ubication parameters to create a specific building. Once the building 
is created, 3D visualization or Floorplan visualization can be selected to draw cast shadows. 
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Figure 3. Cast shadows to avoid sun obstructions, June 21st at 15:08 h. 

 
2.3 Spectral problem interface 
 
If Spectral problem sub-menu in the Thermal behavior tab is selected, an image similar to Figure 4 will be shown. The 
input parameters are: 
 

• A list with the glazing catalog: HeatGlass, CoolGlass, RadiaGlass, iThermGlass and RadiaWall. 
• A list of spectral properties to visualize: 

o Angular properties. Figure 5 shows the front and back reflectance R, transmittance T and absorptance 
A as a function of the angle of incidence. 

o Spectral properties. Figure 6 shows the front and back reflectance R, transmittance T and absorptance 
A as a function of the wavelength. 

o Weighted values. Figure 4 shows a complete description of different layers of the selected glazing. A 
detailed table of front and back layer absorptances for the beam and diffuse solar radiation are also 
shown. Besides, thermal and spectral global parameters are displayed. Since the water flow glazing is 
active, the g factor depends on the flow rate. If the water is flowing, the g factor is lower than when 
the water chamber is stopped, allowing energy entrance into the building. In the same manner, the 
thermal transmittance U is almost zero when the flow rate is the design flow rate because the water 
chamber isolates the building from outdoor conditions. When the flow is stopped, the thermal 
transmittance depends mainly on the composition of the air chamber. 
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Figure 4. Layer composition and spectral properties of HeatGlass. 

 

 
Figure 5. Spectral properties as a function of the angle of incidence. 
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Figure 6. Spectral properties as a function of the solar wavelength. 

2.4 Thermal problem interface 
 
Select the Thermal problem sub-menu in the Thermal behavior tab. Then, if RUN simulation is clicked, simulation is 
initiated by creating different frames or images. The animation temperature movie is formed by 572 images for the 
default time span (Figure 7). By selecting an image number in the scale widget below the MOVIE button, temperature 
profiles are shown for this specific frame. The day and the hour of the day is shown in the upper right corner of the 
graphical window. 
 

 
Figure 7. Thermal problem inputs. 
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The thermal problem has many different parameters and models to be controlled or tested. The right part of the 
screen is divided into six different zones: 
 

• Mathematical model. 
• Outdoor boundary conditions. 
• Indoor boundary conditions. 
• Convective models. 
• Graphs. 
• RUN Simulation. 

 
By default, the Mathematical model is Simplified but Complete can be freely selected. The main difference between 
these two models is associated to thermal mass of the glazing. While the simplified model neglects the thermal mass 
of different layers and solves internally a system of algebraic equations, the complete model assumes no negligible 
thermal mass and integrates every layer as a partial differential equation. 
Then, it imposes matching conditions between different layers to solve the complete layer. Hence, it is clear that the 
complete model becomes much more demanding in terms of computational effort than the simplified model. However, 
the difference between the temperatures simulations results of these two models is insignificant. Only special test cases 
can show significant differences. 
 
The Outdoor boundary conditions can be selected Constant BCs or the EnergyPlus weather file associated to some 
location. Whereas the Indoor boundary conditions are related to interior room parameters. 
Furthermore, the interior or exterior convective heat transfer mechanism can be modeled by constants values or by 
more elaborated models given by the norm ISO 15099:2003. 
Regarding the graphs, once RUN simulation is clicked and the complete simulation is finished, simulation results can 
be shown in four different ways: 
 

• Temperature evolution. This x − y plot shows exterior and interior temperatures of the air and the surfaces, 
inlet and outlet water temperature and buffer tank temperature. 

• Temperature profile. This option presents simulation results as a temporal movie showing temperature profiles 
of the glazing and walls. It also shows heat fluxes through walls and glazing together with energy balance 
considerations. 

• Solar irradiance. This x − y plot shows exterior beam and diffuse solar radiation on a horizontal plane and their 
projections on the glazing surface. It also shows the internal diffuse radiation. 

• Wall temperatures. This x − y plot shows external and internal surface temperatures of walls and glazing. 
 

By clicking button MOVIE, a consecutive sequence of images presenting temperature profiles is shown.  
 
3. APPLICATION PROGRAM INTERFACE 
 
3.1 Spectral problem 
 
This library is designed to solve the spectral problem of a water flow glazing. These subroutines allow to obtain the 
optical properties of a multilayer glazing as a function of wavelength or averaged mean values for different angles of 
incidence. The API of the spectral problem comprises the following public subroutines (Figure 8): 
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Figure 8. Thermal problem inputs. 

 
In order to facilitate the use of this API, a glazing catalog is predefined. To make use of this catalog, the subroutine 
Calculate_spectral_properties is called to calculate the spectral properties of this glazing once in a life. This subroutine 
creates internally an object to save these spectral properties for every angle of incidence. 
It is also possible to define new elements aside from the glazing catalog predefined ones by means of the subroutine 
Append_to_catalogue. These new elements should be defined by means of existing layers of the folder materials or by 
including new layers from the International Glazing Database (IGDB). Optics program could be used to create new 
files for glass layers, coatings o PVB layers. This subroutine initializes a new glazing and allows the user to ask for 
subsequent spectral properties. Once the glazing has been calculated, the averaged spectral properties of a specific 
angle of incidence can be known by calling the subroutine Averaged_Spectral_properties. 
This subroutine performs a second order interpolation from the internal spectral data which have been calculated 
before. To integrate a thermal problem, the Averaged_absorptances subroutine can be called. This subroutine does not 
consider layers that are thinner than 3 mm to avoid instability problems. The absorptance of this thin layer is added to 
the interface absorptance of neighbor layers. To obtain the spectral properties as a function of the wavelength, the 
subroutine Spectral_properties is called. In addition, the subroutines Glazing_database_query and 
Averaged_diffuse_properties are thought to be used in the thermal problem. The subroutine Glazing_database_query 
returns the layout of a glazing, but without taking in account the layers or interfaces whose thickness is less than 3 mm 
in order to avoid numerical instabilities in the non-steady thermal problem. 
In the same manner, the subroutine Averaged_diffuse_properties, which is similar to Averaged_Spectral_properties, 
gives the spectral mean diffuse properties. 
Once again, when a layer has a thickness less than 3 mm, it is considered as an interface to thermal problem with the 
same absorption properties as the considered layer. 
This library is encapsulated in the module API_Spectral_Problem. To use this library, the sentence 
API_Spectral_Problem should be included at the beginning of the FORTRAN code.      
 
3.2 Thermal problem 
 
This library can be used to solve the thermal problem of a water flow glazing. These subroutines allow to obtain the 
thermal profile of a multilayer glazing with glass panes, air and water chambers. There are two different models: 
complete and simplified. The complete model takes into account the thermal mass of every component. If thermal 
mass of the glazing is negligible; the simplified model involves an algebraic system of equations. This system allows 
to obtain the thermal profile of the glazing very quickly. 
The complete model is encapsulated in the module API_Thermal_problem_active_wall. The API of the thermal 
problem for the complete model comprises the following public subroutines (Figure 9): 
 

 
Figure 9. API_Thermal_problem_active_wall.f90 



7th EUROPEAN CONFERENCE ON RENEWABLE ENERGY SYSTEMS   Madrid/Spain 10-12 June 2019 

Once initial condition, outdoor and indoor heat fluxes are given, this library yields the next temperature profile for a 
given time step. By means of successive calls of this routine, a temporal evolution of the temperatures of the glazing 
is obtained. The outdoor and indoor heat fluxes, the impinging solar radiation, the flow rate of the circulating water 
chamber and the inlet temperature are given as boundary conditions. Once this subroutine is called, it returns the new 
temperature profile, the energy transmittance and the outlet temperature of the water chamber. Before this subroutine 
is used, the subroutine Create_WFG must be called to create internally a new glazing. This subroutine is called with a 
predefined glazing name of the catalogue and it allocates the temperature vector of the glazing and the set of nodes 
or grid points where these temperatures are defined. This library is encapsulated in the module 
API_Thermal_Problem_WFG. To use this library, the sentence use API_Thermal_Problem should be included at the 
beginning of the FORTRAN code. 
 
The simplified model is encapsulated in the module API_Thermal_problem_WFG_simplified. The API of the 
thermal problem for the complete model comprises the following public subroutines (Figure 10): 
 

 
Figure 10. API_Thermal_problem_WFG_simplified.f90 

 
To use this library, the sentence use API_Thermal_Problem_simplified should be included at the beginning of the 
FORTRAN code. Figure 11 shows an example of the WFG simplified model. 
 

 
Figure 11. API_Example_Thermal_problem.f90 

 
3.3 Outdoor conditions 
 
The outdoor climate conditions can be obtained by using the subroutines encapsulated in this module. These allows 
you to obtain outdoor solar irradiance and temperature given a date and an hour. These subroutines are the outdoor 
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climate conditions are encapsulated in the module API_Outdoors. The API comprises the following public subroutines 
(Figure 12): 
 

 
Figure 12. API_Outdoors.f90 

 
The first subroutine Outdoor_initialization allows to select the city to obtain the specific weather conditions as well as 
the external heat transport coefficients. Given the outdoor temperature and the surface temperature, 
Outdoor_conditions determine the outdoor heat flux. 
 
Once the city is selected and the time, measured in seconds from the first of January, is given, external temperature, 
solar irradiance heat fluxes projected in a specific surface given by their orientation and inclination are obtained. In 
the example shown in Figure 13, weather conditions on February 1th, Madrid at 14:30 hours are calculated. To 
calculate the variable time in seconds, it is used the subroutine date2number which allows to calculate from a date 
string and the current year the time in seconds. 
 

 
Figure 13. API_Example_Thermal_Problem.f90 

 
 
3.2 Thermal problem of insulated rooms 
 
Insulated zones are formed by opaque or transparent walls. This library can calculate interior parameters of a defined 
insulated zone like for example the interior temperature. The indoor thermal problem is encapsulated in the module 
API_Insulated_zone. The API comprises the following public subroutines (Figure 14): 
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Figure 14. API_Insulated_Zone.f90 

 
 
The first subroutine Create_zone allows to define the dimensions of the zone as well as its spectral and thermal 
characteristics. Once the zone is defined, the thermal problem can be solved. 
 
Each zone is defined by its dimensions: height, length and width and six transparent or opaque walls. When the zone 
is created, a label for each wall allows to differentiate between “opaque” and transparent or glazing facades. If a 
transparent wall is considered, its label represents some name of the glazing catalog. The rest of opaque walls are 
characterized by their optical and thermal parameters. 
 
The optical parameters are: 
 
ρ NIR: reflectivity of inner surface of walls for near infrared wavelengths. 
ρ FIR: reflectivity of inner surface of walls for far infrared wavelengths. 
 
The thermal parameters are: 
 
• U: thermal transmittance of each wall. 
• σ: internal thermal mass per square meter of each wall. 
• c: specific heat of thermal mass. (J/(Kg K)). 
• hi: interior heat transfer coefficient (W/() m2 K ). 
In the following example (Figure 15), a zone of 7 × 7 × 3 meters is created with a “HeatGlass” glazing facing south. 
 

 
Figure 15. API_Example_Thermal_Problem.f90 

 
 

 
4. SOFTWARE DESIGN DOCUMENT 
 
4.1 Spectral problem of WFG 
 
The Spectral Problem of WFG is solved means of the Spectral library. This software library makes public to the user 
some subroutines which allow solving the spectral problem of a multilayer glazing. The structure of this Application 
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Program Interface (API) is shown in Figure 16, where nodes represent software modules and edges represent file 
dependencies between modules. 
 

 
Figure 16. Modules dependencies of the Spectral Problem. 

 
Both Coatings and Layers are different modules used by GlazingM. This main object is named Glazing and it holds all 
the properties and variables of the glazing itself along with the layer composition. The object definition is done in the 
module GlazingM, along with methods and functions for this object. These methods determine spectral properties such 
as Angular_properties or T (Transmittance). In turn, the object Glazing is composed of an array of layers an array of 
interfaces or coatings. 
 

The Coatings module, apart from defining the coating type, contains subroutines that calculate the spectral properties 
of the coating as a function of the wavelength and the angle of incidence. Two subroutines:  
spectral_properties_coated_glass and properties are used to determine those properties. Besides, the coating type 
definition involves the Layers module. That is, a coating is formed by a glass substrate and a coated glass which are 
layers by themselves. The layer object holds functions related to data handling and data reading from the International 
Glazing Database (IGDB). Once the spectral properties of each layer are read from the IGDB, the Spectral_Problem 
module deals with the problem of multiple reflections to finally determine the spectral properties of the whole glazing. 
A difference equation that governs the Spectral Problem (spectral_difference_equation) is solved to calculate these 
properties. To facilitate the resolution of the difference equation, matrices together with their associated operations are 
defined. Finally, the Interpolation module gives interpolated values from discrete values. It allows to know the spectral 
properties for a specific angle of incidence interpolated from a small number of discrete angles. 
The Glazing object holds all the physical properties and variables of the glazing, and also the main functions or methods 
of the object. The main variables contained by the object Glazing are the following: 
 

• name: It is a label string to identify the glazing. 
• Layer: A glazing is a set of layers. 
• coating: A glazing is a set of coatings or interfaces. 
• Front and back transmittances, reflectances and absorptances for each layer. 
• As the previous properties are in function of wavelength and impinging angle, there are defined a set of angles 

and a set of wavelengths. 
 
The main functions and subroutines inside this module are the following: 
 



7th EUROPEAN CONFERENCE ON RENEWABLE ENERGY SYSTEMS   Madrid/Spain 10-12 June 2019 

• subroutine Angular_properties: Computes the absorption, transmittance and reflectance of the glazing for a 
given angle of incidence. The value is taken as an average over the available wavelength range. 

• subroutine Compute_spectral_properties: Computes the absorption, transmittance and reflectance of the 
glazing for a given angle of incidence and a given wavelength. 

• function alpha and alpha_back: Computes the front and back absorption array. 
• elemental function T, T_back, Tv and Tv_back: Computes the front and back transmittance as a function of the 

angle of incidence. 
• elemental function R and R_back: Computes the reflectance and back reflectance as a function of the angle of 

incidence. 
 
This module deals with the spectral problem resolution. The resolution has two parts. The first one is called inverse 
problem and it consists on calculating reflexivity indexes of the interfaces and transmissivity of the layers (calculated 
in the inverse_problem subroutine). This output is the input for the subroutine spectral_difference_equation 
subroutine. Once the inverse problem is solved to determine the reflectivity and transmissivity of each layer, the 
spectral_difference_equation subroutine calculates the absorption, transmittance and reflectance of the given structure 
of layers. 
 
4.2 Thermal problem of WFG 
 
This library uses the previous calculated absorptions of each layer from the Spectral Library for a specific glazing. The 
aim of this module is to calculate the temperature profile of the glazing in a certain period of time. The general structure 
of this software library is shown in Figure 17 where each node represents a software module and each edge stands for 
uses between modules. 

 
Figure 17. Software dependencies of the Thermal Problem. 

 
Once the spectral problem is solved, the library creates an object named Active_window to calculate the thermal profile 
of the glazing. When a glazing is created, objects are internally instanced. 
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An Active_wall is a set of polymorphic layers that inherits the properties of the object component. The object 
component comprises an inlet and outlet connectors and two boundaries. An inlet or outlet connector is an object 
defined by its inlet or outlet temperature and its flow rate. These two elements of any connector are pointers that can 
be linked to any other connector of the building such as primary or secondary circuit connectors. On the other hand, 
the object boundary is defined by its interface temperature and its heat flux. Hence, components can be considered one 
dimensional open system that share heat through its boundary and interchange energy due to the difference of 
temperature between the inlet and outlet. A Connection_list object is also defined. It allows to build complete energy 
circuits by assembling different components. 
 
Active_windows is a module which is used by the API Thermal problem module and builds the object Active_Window 
by using layer modules: Glass_layers, Air_layers, Air_layers. This module contains methods or functions such as 
Constructor_Active_Window and Equation_Active_window to simulate the thermal behavior of the active glazing. 
These methods gather different equations of each layer and solve a nonlinear system of equations for the temperature 
and heat fluxes interfaces. The API_Spectral_problem is used to obtain the absorption of each layer which is a source 
term for the thermal equations of each layer. 
 
These modules are responsible of creating each type of layer of the glazing. Any specific layer is created by inheriting 
the properties of a Layer. More specifically, Layer_class holds the common characteristics of a layer such as thermal 
profile and spectral and thermal properties. Air_layers and Water_layers are fluid layers and convection transfer 
mechanism is taken into account. This convection is modeled and calculated in the module Heat_transfer_in_chambers 
which is used by these layers. 
 
Three different convection models:” CONSTANT”,” ISO” and” EnergyPlus” are used to determine the convection 
heat coefficients. Fluids properties are considered functions of temperature are calculated by the Convection module. 
Specific trigonometric maths functions are obtained by the trigonometric module. 
 
This module is used to calculate fluid properties and coefficients related to convection. It contains two main functions 
and two subroutines: 
 

• Function hc_natural_convection. This function is affected by the inclination of the fluid layer. Its output is the 
natural convection heat coefficient. 

• Function Nusselt. Its output is the Nusselt number. This function contains the function Ra which calculates the 
Rayleigh number. 

• Subroutine Air_properties. It returns air properties as a function of temperature and pressure. 
• Argon_properties. It returns argon properties as a function of temperature and pressure. 

 
4.3 Outdoor conditions 
 
Boundary conditions must be given to solve the thermal problem. In particular, external conditions have two ways of 
being set. The first one consists in constant temperatures and solar radiation. The second one is setting them from 
experimental database which gives you real temperatures and radiations as a function of time. The aim of this library 
is to provide real external conditions for the thermal problem of a particular location. In Figure 18, the software 
structure of this library is shown. The main module use the module Outdoor_data and Sun_angles. The user by a 
proper initialization selects the specific convection model: ISO15099 or EnergyPlusDOE2.  
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Figure 18. Software structure of outdoor conditions library. 

 
The API has an option that allows the user to select the convection model that affects the external heat flux, with the 
model argument in the Outdoor_initialization. The different models available are: CONSTANT, ISO or EnergyPlus. 
The ISO models uses the ISO15099 module and the EnergyPlus model uses the EnergyPlusDOE2 module to calculate 
the natural convection coefficient and the external flux. The Climate subroutine reads a standard EPW file to give the 
external conditions. 
Once this external data is determined, sun position angles such as zenith of azimuth are calculated to project the solar 
beam radiation into the glazing or walls.  
 
The module Climate_data reads EPW files and extract climate data. This is done by the Read_EPW_file subroutine. It 
also contains types related to different climate variables such as Wind or wdata.  
 
This module comprises all functions and subroutines related to position of the sun and time to project the solar beam 
radiation on a surface by means of Sun_projection subroutine. 
 
 
5. RESULTS AND DISCUSSION 

The main result of this work is a software tool to allow project engineers to design water flow glazing facades. 
Understanding active facades as transparent thermal collectors are carried out by thermal simulation movies. This tool 
allows the project engineer to determine the water heat gain during the whole year. Besides the graphical user interface 
constitutes a complete library to simulate water flow glazing envelopes written in modern Fortran. This library has a 
documented application program interface that allows developers to integrate water flow glazing envelopes in existing 
energy simulators for buildings.  

6. CONCLUSIONS 

The main conclusions of the software tool are based on the wide range of functionalities for energy balance and Water 
Flow Glazing simulation. 
 

1. The software tool allows the simulation of the promising technology of Water Flow Glazing. 
2. The software tool allows to identify the influence of solar obstructions in WFG facades exploring whole year 

simulations. 
3. The software tool allows to evaluate the energy balance of a building based on the potential absorbed sun 

energy associated to each façade. Therefore, the tool enables decision making for an nZEB project. 
4. The software tool gives a complete definition of a glazing catalogue based on spectral and thermal properties, 

that covers a wide range of energy strategies. 
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