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A Benchmark of simulations, representing typical winter and summer 

conditions, has been performed in order to validate the different 

simulation models developed within this project and to compare the 

performances of three FFG elements in different climatic conditions.  

Deeper analyses have been conducted to investigate the influence of 

weather, climatic and operative conditions on the fluid heat transfer 

coefficients, the thermal transmittance and the solar heat gain 

coefficient. 
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1 Content of Deliverable 
Implementation of relevant climatic situations and weather 

conditions 

This deliverable presents how weather and climatic conditions are implemented 

in two simulation models developed within the project (CFD model by HTCO, 

simulation tool by UPM). Moreover the results of the simulations in summer and 

winter scenarios are presented and discussed. 

In order to analyse efficiently the performances of the FFG in different climatic and 

weather conditions, the CFD model of the FFG has been further developed. 

Simultaneously UPM improved a tool capable of calculating the energy balance of 

a FFG with the desired climatic conditions. 

A benchmark of simulation of the FFG “stand-alone” with set boundary conditions 

has been proposed by UPM. These simulations have been performed with both 

the models, in order to validate them and to compare the thermal performances 

(temperature and heat transfer) of different glazing in typical winter and summer 

scenarios. Moreover, the simulations with the CFD model conducted by HTCO 

allowed to identify both the fluid heat transfer coefficient inside the FFG and the 

global window properties (U value, Uw value, g value), influenced by operative and 

climatic parameters (water mass flow, temperature difference between indoor 

and outdoor, radiation). 

Additionally, models of the Bulgarian pavilion have been developed, describing the 

FFG with the properties (U value, Uw value, g value) gained from the former 

benchmark simulations. The models have been compared with different climatic 

and weather conditions. 

This is a starting point for the development of an optimal installation of FFG with 

regard to energetic performance and room comfort. Similar simulations can be 

performed in order to check the performances with arbitrary climatic and weather 

conditions occurring in any different locations. 

In the end is also showed the work conducted by B+G and UPM on the FE 

simulations. 

2 Results and Discussion 
2.1 Description of the CFD simulation models 

Deliverable 2.2 shows the CFD model of an FFG element (Fig. 1).  



680441 — InDeWaG — H2020-EE-2014-2015/H2020-EE-2015-1-PPP 

5 

 

Fig. 1 detail of the FFG element (HTCO CFD models) 

This 3D model was simplified in a 2D model and validated by comparison. As a 

result, the 2D model shows to describe with high reliability the thermal balance 

inside the FFG.  

Three different FFG systems have been modelled: CoolGlass, HeatGlass, 

iThermGlass.  

The optical properties of the glazing are calculated with the simulation tool 

developed by UPM and then used as an input for thermal simulations.  

In order to run thermal simulations, it is necessary to set the following boundary 

conditions:  

• solar irradiance (I) 

• external temperature (Te), 

• internal temperature (Ti),  

• water temperature (Tw),  

• water mass flow rate (mw) or volume flow rate (Vw). 

As a result, the CFD model calculates the temperature distribution inside the FFG 

element, the heat transfer coefficient of the fluid due to convection and the global 

heat fluxes through the window.  

 

2.2 Benchmark simulations 

A benchmark of different thermal problems was suggested by UPM, in order to 

validate the different models by comparison and to show the performances of the 

different glazings. 
 

Ti Te I Tw Vw hi he 

 
°C °C W/m² °C l/min m² W/m² K W/m² K 

WINTER 21 0 600 21 2 8 23 

SUMMER 28 35 800 17 2 8 23 

Tab. 1 input parameters for the Benchmark simulations 
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Tab. 1 shows the parameters of the two selected scenarios. The first represents a 

winter cold sunny day, the second a hot sunny summer day. These two climatic 

scenarios were used to simulate the performances of three different FFG 

elements. Moreover, for each FFG element in each climatic conditions, the effect 

of the water flow was investigated, simulating both a water flow rate (Vw = 2 l/m² 

min, “ON” mode) and an additional scenario with no fluid flow (Vw = 0, “OFF” mode). 

In total, 12 different cases. All these simulations were performed both with the 

CFD model of HTCO and with the thermal simulation tool of UPM.  

Tab. 2 shows the simulation results. P is the water heat gain, T*I is the transmitted 

solar irradiance, qi is the room thermal heat gain. The terms “on” and “off” mean 

with and without water flow. Tw, out is the water temperature at the outlet, when there is 
water flow. If no water is flowing, the water chamber reaches the stagnation temperature Tw, 
off.  

 P T*I qi on qi off Tw, out Tw off 

W/m² W/m² W/m² W/m² °C °C 

W
IN

TE
R

 U
P

M
 HeatGlass 288.4 125.8 17.6 266.5 23.4 60.0 

CoolGlass 16.5 127.1 2.1 16.4 21.1 23.2 

iThermGlass 32.3 117.6 9.4 11.4 21.3 23.3 

H
TC

O
 HeatGlass 319.5 126.0 5.2 240.4 23.3 58.1 

CoolGlass 16.7 127.2 1.8 15.1 21.1 23.0 

iThermGlass 12.6 117.6 9.4 10.3 21.1 21.9 

SU
M

M
ER

 U
P

M
 HeatGlass 498.5 167.7 -44.8 387.8 21.2 84.8 

CoolGlass 135.2 169.4 -65.4 54.3 18.2 35.8 

iThermGlass 618.7 156.8 6.9 47.4 22.6 63.9 

H
TC

O
 HeatGlass 559.5 168.0 -66.3 366.7 21.0 84.6 

CoolGlass 159.1 169.6 -70.9 53.0 18.1 35.8 

iThermGlass 752.1 156.8 2.8 48.9 22.4 61.6 

Tab. 2 results of Benchmark simulations  

To have a better insight, Appendix 6.1 shows the temperature distribution in the 

FFG element calculated with the CFD model of HTCO (upper pictures of each page) 

and with the simulation tool of UPM (lower picture of each page). The results of 

the CFD simulations show several temperature distribution curves, which 

represent the temperature at different height of the window. This is due to the 

fluid, which is cooled or heated flowing vertically inside the window. The 

simulation tool of UPM does not consider temperature difference at different 

height of the FFG element and therefore its results are shown in one single curve. 

Moreover, in the CFD pictures in Appendix 6.1 the temperature distribution 

outside the window is not showed, since the heat transfer coefficients outside the 

window (hi and he) have been fixed as in Tab. 1. 
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The solar irradiance transmitted and absorbed is the same in both the UPM and 

the HTCO simulations. On the other hand, there are some deviations on the water 

heat gain and the room thermal heat gain, especially with water flow (on). Both 

the used models have the same boundary conditions, material properties. 

Moreover, the energy balances are correct for both. Therefore, the difference in 

the results has to depend on the following factors:  

• The fluid heat transfer coefficients h are input in the UPM model, while are 

calculated in the HTCO model. The UPM simulation tool also allows estimat-

ing these values, obtaining slightly different results. 

 

• The discretization is different. In particular, the UPM model does not take in 

account vertical change of temperature in the water, which happens when 

there is water flow (on). This can affect the calculation of the heat flux in the 

water chamber. 

In order to evaluate and compare the thermal performances of the different 

glazing, two energy management strategies have been defined. The first, energy 

harvesting, aims to maximize the energy absorbed by the water. In this way the 

FFG is operated as a solar thermal collector, which absorbs solar irradiance as 

thermal energy and releases it when needed (for example during the night or in 

cold clouded days). The second, energy rejection, aims to insulate the FFG as much 

as possible, minimizing the energy absorbed by the water. In this way the FFG is 

operated as an efficient radiant heating or cooling. 

If energy management in winter is based on energy harvesting, HeatGlass has the 

best performance. Its water heat gain is much higher than in iThermGlass and 

CoolGlass. On the other hand, if energy management in summer is based on 

energy harvesting, iThermGlass is the best FFG element.  

If energy rejection in summer is based on energy rejection, CoolGlass has the best 

performance. It cools more than the other glazing, with considerably lower energy 

gain (considered as energy costs, to be dissipated). 

 

2.3 Analysis of the fluid heat transfer coefficients 

A crucial role of CFD simulation within this project is to find the correct heat 

transfer coefficient in the fluid chambers (hg, hw).  

q = hfluid (Twall– Tref, fluid)  (1)  

  

The heat transfer coefficient hfluid of a generic fluid is defined as the heat transfer 

rate divided by the temperature difference between wall and fluid. Since the fluid 

temperature is a function of the distance from the wall, a reference temperature 
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must be chosen. Usually this temperature is the temperature of the fluid far away 

from the wall, where the fluid has a constant temperature. If the fluid flows in a 

constrained space, as in the fluid chamber of the FFG element (Fig. 1), the fluid 

temperature profile changes constantly as a function of a distance x from the wall. 

In this case, one way is to choose as reference temperature the fluid temperature 

in the middle of the chamber.  

A complete study of these parameters has been performed on the basis of CFD 

simulations. In this study, the fluid reference temperature is the temperature in 

the middle of the fluid chamber. Both the gas and the fluid chamber exchange 

heat on two sides. Therefore, both of them have two heat transfer coefficients. 

 
Fig. 2 Heat transfer coefficients, as a function of the solar irradiance (“OFF” mode) 

 
Fig. 3 Heat transfer coefficients, as a function of the ∆T (Te-Ti) (“OFF” mode) 

Fig. 2 shows how the heat transfer coefficient changes as a function of the solar 

irradiance (benchmark winter scenario, no water mass flow). Fig. 3 shows how the 

heat transfer coefficient changes as a function of the temperature difference 

between indoor and outdoor (benchmark winter scenario, no water mass flow). 

All the results of this analysis are summarized in Appendix 6.2. The simulation 

show that the heat transfer coefficient depends on the climatic conditions, i.e. the 

solar irradiance and the temperature difference between indoor and outdoor. This 

is due to changes in the natural convection, driven by the temperature difference 

between the fluid and the nearby surface. 
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With the same climatic conditions, if water is flowing with a flow rate of 2 l/m²min, 

the water heat transfer coefficients are 102.2-258.1 W/m²K (winter case) and 52.6-

96.65 W/m²K (summer case), while the gas heat transfer coefficients are 

2.8 W/m²K (winter case) and 2.3-2.4 W/m²K (summer case).  

The water heat transfer coefficients with forced convections (mode “ON”) are 

extremely case dependent. This is due to the choice of the reference temperature 

(average fluid temperature in the middle of the chamber). 

To investigate the pure effect of forced convection, new simulations considering 

just one heat load on one side have been performed. In this case the inlet water 

temperature is equal to the indoor temperature, so that there is only heat 

exchange between water flow and outdoor. In this way it is possible to consider as 

reference temperature the inlet water temperature. With this method, the water 

heat transfer coefficients are 73.7-78.2 W/m²K, with a flow rate of 2 l/m² min. 

These values are considerably more constant than the values obtained 

considering as reference temperature the average fluid temperature in the middle 

of the chamber. 

Moreover, the influence of the flow rate on the water heat transfer coefficients has 

been investigated (Fig. 4). All the results of this analysis are summarized in 

Appendix 6.2. 

 
Fig. 4 Water heat transfer coefficients, as a function of the flow rate 

 

2.4 Analysis of the global glazing parameters (U, Uw, g) 

After analysing the local heat transfer in the fluid chamber (paragraph 2.3), the 

heat transfer through the whole window has been considered.  

As described in [1], the total indoor heat flux qi through a FFG element is: 

qi = U (Te– Ti) + Uw (Tw,in– Ti) + g I (2)  

  

Where U is the thermal transmittance of the glazing, Uw the water thermal 

transmittance between water chamber and indoor, g the solar heat gain 

coefficient.  
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2.4.1 Thermal transmittance U 

U takes in account the heat transfer due to temperature difference between 

indoor and outdoor. This share of the total heat transfer has been analysed 

independently, that means the second and third terms of equation 2 have been 

zeroed, with no temperature difference between indoor and water flow and no 

solar irradiance. In this way U can be calculated dividing the heat flux q by the 

temperature difference ∆T = Te– Ti. 

 

thermal transmittance (U value)  

Te °C 50 10 50 50 50 50 50  

Ti °C 10 50 20 30 40 45 49  

∆T °C 40 40 30 20 10 5 1 

 Vw [l/m²s] 0 0 0 0 0 0 0 

HeatGlass 
q W/m² 42.18 42.41 29.95 18.75 8.96 4.44 0.87 

U W/m²K 1.28 1.29 1.20 1.11 1.06 1.04 1.02 

iThermGlass 
q W/m² 42.01 41.82 29.94 18.77 8.92 4.42 0.88 

U W/m²K 1.28 1.27 1.20 1.11 1.05 1.04 1.03 

Tab. 3 Analysis of the impact of the ∆T = Te– Ti on the U value (no water flow) 

Tab. 3 shows the results of this analysis for HeatGlass and iThermGlass. CoolGlass 

has exactly the same thermal transmittance of HeatGlass, since they have the 

same glazing configuration.  The U value has been calculated for several 

temperature differences between indoor and outdoor, since paragraph 2.3 shows 

how this has an influence on the fluid heat transfer coefficients and 

consequentially on the U value.  

 

 
Fig. 5 Thermal transmittance of HeatGlass, as a function of ∆T = (Te- Ti) and water flow 

rate Vw 
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thermal transmittance (U value)  

Te °C 0 0 0 0 0 0  

Ti °C 21 21 21 21 21 21  

∆T °C 21 21 21 21 21 21  

Vw l/m² min 2 1 0.5 0.1 0.01 0 

HeatGlass 
Q  W/m² 0.30 0.78 1.81 8.30 18.79 20.70 

U W/m²K 0.01 0.04 0.09 0.42 1.05 1.18 

iThermGlass 
Q  W/m² 0.88 1.25 2.82 11.01 18.99 20.49 

U W/m²K 0.04 0.06 0.14 0.57 1.07 1.17 

Tab. 4 Analysis of the impact of the water flow rate Vw on the U value 

 

Fig. 5 and Tab. 4 show the impact of the water flow rate Vw on the thermal 

transmittance. The water flow has the same temperature of the indoor room, so 

that the second term of equation 2 is still zeroed.  

The thermal transmittance decreases steadily with the increase of the flow rate, 

as described in [1]. 

 

2.4.2 Water thermal transmittance Uw 

Uw takes in account the heat transfer due to temperature difference between 

water flow and indoor. In addition, this share of the total heat transfer has been 

analyzed independently, that means the first and third terms of equation 2 have 

been zeroed, with no temperature difference between indoor and outdoor and no 

solar irradiance. In this way Uw can be calculated dividing the heat flux q by the 

temperature difference ∆T = Tw,in– Ti. 

 

water thermal transmittance (Uw value) 

 Ti [°C] 20 20 20 20 20 20 20 

 Tw [°C] 17 17 17 17 17 17 17 

 Vw [l/m²s] 0.01 0.1 0.2 0.5 1 2 4 

HeatGlass 
q [W/m²] 1.9 12.1 15.4 18.1 19.3 20.1 20.6 

Uw  [W/m²K] 0.64 4.04 5.14 6.05 6.44 6.69 6.85 

iThermGlass 
q [W/m²] 0.16 1.22 1.82 2.41 2.65 2.77 2.83 

Uw  [W/m²K] 0.05 0.41 0.61 0.80 0.88 0.92 0.94 

Tab. 5 Analysis of the impact of the water flow rate Vw on the Uw value 
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Fig. 6 Water thermal transmittance Uw, as a function of the flow rate Vw  

Tab. 5 and Fig. 6 show the impact of the flow rate Vw on the Uw value for HeatGlass 

and iThermGlass. CoolGlass has exactly the same thermal transmittance of 

HeatGlass, since they have the same glazing configuration. 

The Uw value is almost constant for high flow rates, but it decreases steadily for 

low flow rates. Since HeatGlass has the water chamber on the internal side while 

iThermGlass has it on the external side, the Uw value is much higher for HeatGlass. 

The results accord with [1]. 

 

water thermal transmittance (Uw value) 

 Ti [°C] 28 0 50 20 50 10 

 Tw [°C] 17 17 17 5 10 50 

 ∆T [°C] 11 17 33 15 40 40 

 Vw [l/m²s] 2 2 2 2 2 2 

HeatGlass 
q [W/m²] 73.6 113.6 220.6 100.3 267.5 267.3 

Uw  [W/m²K] 6.7 6.7 6.7 6.7 6.7 6.7 

iThermGlass 
q [W/m²] 10.4 17.3 35.6 14.8 44.9 45.0 

Uw  [W/m²K] 0.95 1.02 1.08 0.99 1.12 1.13 

Tab. 6 Analysis of the impact of the ∆T = Tw, in– Ti on the Uw value 

Tab. 6 show the impact of the temperature difference ∆T = Tw,in– Ti on the Uw value 

for HeatGlass and iThermGlass. In HeatGlass, the Uw value doesn’t vary with ∆T, 
but in iThermGlass it varies. This result is due to the presence of the gas chamber between the 
water and the indoor in iThermGlass, whose heat transfer coefficient is influenced by the 
temperature difference. 

 

 

2.4.3 Solar heat gain coefficient g 

The solar heat gain coefficient g is the share of solar irradiance transferred to the 

indoor, as both radiant energy (transmittance) and heating up the window and 

then releasing the heat to the indoor by convection. Also this share of the total 
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heat transfer has been analyzed independently, that means the first and second 

terms of equation 2 have been zeroed, with no temperature difference between 

indoor, outdoor and water flow. In this way, g can be calculated dividing the heat 

flux q by the solar irradiance I. 

 

Solar heat gain coefficient (g) 

 
Ti [°C] 20 20 20 20 20 20 

 
Tw [°C] 20 20 20 20 20 20 

 
I [W/m²] 100 200 400 600 800 1000 

 
Vw [l/m²s] 0 0 0 0 0 0 

HeatGlass 
q [W/m²] 46.8 92.6 181.5 269.0 356.2 442.8 

gOFF [-] 0.664 0.659 0.650 0.644 0.641 0.639 

iThermGlass 
q [W/m²] 4.81 9.67 19.68 30.42 41.53 52.78 

gOFF  [-] 0.244 0.244 0.245 0.247 0.248 0.249 

CoolGlass 
q [W/m²] 5.86 11.69 23.39 35.09 46.80 58.50 

gOFF  [-] 0.255 0.254 0.254 0.254 0.254 0.255 

Tab. 7 Analysis of the impact of the irradiance I on the g value, without water flow (gOFF) 

When no water flows in the window, the solar heat gain coefficient has its 

maximum value and is called gOFF. Tab. 7 shows gOFF value for different glazing, as 

a function of the solar irradiance I on the HeatGlass shows much higher gOFF than 

iThermGlass and CoolGlass. This because HeatGlass absorbs the most of the solar 

irradiance after the gas chamber, as showed in Tab. 8 without being isolated on 

the external side of the glazing.  

 
Tab. 8 Analysis of the impact of the flow rate Vw on the g value (gON) 

 

Solar heat gain coefficient (g) 

 
Ti [°C] 20 20 20 20 20 20 

 
Tw [°C] 20 20 20 20 20 20 

 
I [W/m²] 1000 1000 1000 1000 1000 1000 

 
Vw [l/m²s] 0,01 0,1 0,2 0,5 1 2 

HeatGlass 
q [W/m²] 400,6 175,3 99,8 40,62 19,3 9,3 

gON  [-] 0,597 0,371 0,296 0,237 0,215 0,205 

iThermGlass 
q [W/m²] 50,72 36,32 28,18 20,79 17,89 16,44 

gON  [-] 0,247 0,232 0,224 0,217 0,214 0,212 

CoolGlass 
q [W/m²] 53,21 24,37 15,13 7,81 4,97 3,42 

gON  [-] 0,249 0,220 0,211 0,204 0,201 0,199 
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Fig. 7 Solar heat gain coefficient g, as a function of the flow rate Vw  

Tab. 8 and Fig. 7 show the impact of the water flow rate Vw on the solar heat gain 

coefficient g. The water flow has the same temperature of the indoor room, so 

that the second term of equation 2 is still zeroed.  

The g value decreases steadily with the increase of the flow rate, reaching a 

constant value, as described in [1]. 

2.5 Bulgarian demonstrator 

One of the tasks of the InDeWag project is the realization of a demonstrator using 

FFG. Fig. 8 shows the draft of the demonstrator: 

 
Fig. 8 Draft of the InDeWag demonstrator in Sofia – Bulgaria (Architectonika) 

The demonstrator will be managed as a nZEB (nearly zero energy building), using 

photovoltaic and a heat pump to support the energy demand. FFG elements will 

be installed on the entire east, west and south side of the building. The 

demonstrator will be operative at the end of 2017. 

Simulation models have been used to foresee the energy consumption of the 

demonstrator. In particular, Architectonika has conducted annual simulations with 

EnergyPlus and B+G with IDA ICE. 

Moreover, HTCO has conducted a stationary CFD simulation of the pavillon, in 

order to control local thermal comfort (Fig. 9): 
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Fig. 9 CFD simulation of the Bulgarian demonstrator (HTCO) 

 

2.6 Comparison of FE-Model and UPM-Prototype 

A prototype unit was built with a single, central pillar in the upper third of the glass 

unit, which is 2.5 m high. The pressure in the water filled cavity was regulated to 

achieve a zero pressure line at approximately 0.9m above the bottom edge. 

To prove the total amount of pillars, calculated with FE model, meets the structural 

behaviour of UPM-Prototype an additional FE model were established that 

contains the prototype and a upscaled version that meets the final design. 

The models were built from 2 glass panes with an equivalent thickness of 7.5 mm. 

These were arranged at a distance of 16 mm for the cavity and connected with a 

single rigid glass pillar (diameter 16mm). The edges of the glass pane received a 

continuous lateral support. 

The area around the node with the single glass pillar was modelled with a finer 

mesh.  

The wind loads were applied to the outer glass pane. 

At this point the water within the cavity was not considered, even though it might 

contribute to the load transfer of the external loads like wind and line load. 



680441 — InDeWaG — H2020-EE-2014-2015/H2020-EE-2015-1-PPP 

16 

 

 

 

Single pin arrangement, panel height 

2.5 m,  

load 1.35 x vacuum only,  

max σv = 2.85 kN/cm² 

Single pin arrangement, panel height 

3 m,  

load 1.35 x vacuum only,  

max σv = 6.66 kN/cm² 

 

Comparing the results of peak values at the node for the glass pillar the 3m high 

panel shows more than double of the stress. 

The value of approximately 57 N/mm² is a peak value from the FE-analysis. These 

peak values occur only at the nodes and they need to be considered in relation to 

the results adjacent to this node. The FE-mesh directly adjacent to the node of the 

pillar is 5mm x 5mm. The diameter of the pillar is assumed to be 16mm. When 

determining the mean stress value within the area of the pillar this average stress 

is below the allowable stress of 51.3 N/mm². 
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The glass pillars within the water filled cavity restrain the glass panes to keep the 

deflection at a minimum. This is necessary to provide a continuous floating space 

and to avoid that the glass panes touch. 

Reduction of pillar quantity 

To reduce the total amount of pillars the pillar distribution were redefined that 

pillars are only situated in area with a load maximum. Therefore two parameters 

were changed: 

1. Zero vacuum pressure line at +1500 mm. This keeps the 

maximum/minimum pressure down to 15 kN/m². A higher pressure was 

considered as too onerous and requires intense restraint mechanisms, i.e. 

requires a high number of restraining pillars.  

2. Glass thickness and load distribution.  

With PVB and with SentryGlasPlus (SGP) for permanent loads the thickness 

for laminated glass has to be reduced and the composite behaviour may 

not be considered.   

design thickness to be applied: t = ³√(t1³ + t2³)  

Alternatively the load can be divided and applied to single glass pane. Each 

glass pane receives its share of the load. 

The permanent load due to vacuum and water pressure within the water filled 

cavity is the governing load case. 

For good distribution of loads the pillars shall be located where load maximum 

accrue. Best are a cloud of 8 pillars with 300 mm axial distance between each other 

in top and bottom of the glazing as well as a horizontal array were beam loads 

accrue. 

The glass pillars within the water filled cavity restrain the glass panes to keep the 

deflection at a minimum. This is necessary to provide a continuous floating space 

and to avoid that the glass panes touch. 

Summary 

The results of the FE-model for a 2.5 m high unit show the following: 

1. When only the pressure deriving from the vacuum in the cavity is applied 

the peak stress value is approximately 29 N/mm². This includes a load factor 

of 1.35 and provides residual capacity for additional loads, e.g. wind. 

2. With an additionally applied wind load the maximum stress reaches the 

stress limit according to the design basis, DIN 18008. 

3. Using the same arrangement for a 3 m high unit exceeds the stress limit 

already for the pressure deriving from vacuum only. There wouldn’t be any 

residual capacity for additional loads. 
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The geometry and particularly the height of the unit together with the adjustment 

of the vacuum appear to be the major factors with regards to material stress and 

as such any possible glass pillar arrangement. 

The simulation show that glass pillars within the water filled cavity are required, 

too to reduce the deflection of the glass panes due to permanent loads deriving 

from water pressure and equalizing vacuum. 

Introducing only a small number of central pillars leads to high stresses and as 

such failure of the glass. 

A pillar arrangement picking up the load peaks and a laminated glass built up of 2 

x 8 mm heat strengthened glass appears to provide a good solution. 

3 Degree of Progress  

There is no deviation from the work plan. 

4 Dissemination  

These results were not published up to now. To partners involved in WP 2 some 

of the results were already presented during the weekly telco meetings. 

5 References 

 

[1]  J. A. H. Pablo Sierra, "Solar heat gain coefficient of water flow glazing," Energy and Buildings, pp. 

133-145, 2017.  

 

 



680441 — InDeWaG — H2020-EE-2014-2015/H2020-EE-2015-1-PPP 

19 

6 Appendix  

 

6.1 Heat exchanger performances 
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Fig. 10 CoolGlass, summer, off 
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Fig. 11 CoolGlass, summer, on 

  
Fig. 12 CoolGlass, winter, off 
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Fig. 13 CoolGlass, winter, on 
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Fig. 14 HeatGlass, summer, off 
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Fig. 15 HeatGlass, summer, on 
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Fig. 16 HeatGlass, winter, off 
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Fig. 17 HeatGlass, winter, on 
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Fig. 18 iThermGlass, summer, off 



680441 — InDeWaG — H2020-EE-2014-2015/H2020-EE-2015-1-PPP 

28 

  
Fig. 19 iThermGlass, summer, on 
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Fig. 20 iThermGlass, winter, off 
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Fig. 21 iThermGlass, winter, on
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6.2      Parameter study (heat transfer coefficients) 

Subscripts meaning:  w = water, g = gas,   e = exterior, i = interior, s = surface 

  Heat transfer coefficients (h) as a function of the solar irradiance (I)  

  winter scenario, off summer scenario, off summer scenario, on winter scenario, on 

I W/m² 600 300 0 1000 800 400 0 1200 800 400 0 1200 1000 600 300 0 

m w  l/min/m² 0 0 0 0 0 0 0 0 2 2 2 2 2 2 2 2 

T i °C 21 21 21 21 28 28 28 28 28 28 28 28 21 21 21 21 

T e °C 0 0 0 0 35 35 35 35 35 35 35 35 0 0 0 0 

T w °C 21 21 21 21 17 17 17 17 17 17 17 17 21 21 21 21 

q g,i W/m² -93,71 -55,61 -20,72 -142,46 -78,06 -31,92 6,25 -126,27 11,71 15,88 20,48 7,86 -38,18 -32,91 -29,07 -25,26 

q g,e W/m² 93,68 55,61 20,72 142,20 78,05 31,92 -6,25 126,25 -11,71 -15,88 -20,48 -7,86 38,18 32,92 29,07 25,26 

q w, i W/m² 225,33 103,63 -20,72 386,95 346,61 180,48 6,23 510,74 -86,33 -80,10 -73,52 -92,55 -16,09 -9,79 -5,05 -0,30 

q w, e W/m² -224,07 -103,04 20,72 -385,25 -345,04 -179,67 -6,24 -508,39 -434,91 -227,48 -20,48 -642,66 -490,81 -284,48 -129,64 25,26 

T s, g, i °C 63,50 40,56 17,13 93,88 93,26 61,97 29,16 124,18 25,77 21,66 17,61 29,91 30,65 26,54 23,46 20,37 

T s, g, e °C 5,48 3,16 0,99 8,50 40,08 37,20 34,70 43,05 35,79 34,92 34,02 36,65 3,51 2,59 1,89 1,21 

T s, w, i °C 53,71 36,12 18,17 76,98 77,89 53,93 28,85 101,59 18,84 18,38 17,97 19,30 22,08 21,63 21,29 20,96 

T s, w, e °C 62,41 40,12 17,37 91,91 91,27 60,90 29,09 121,30 22,76 20,04 17,38 25,50 27,49 24,76 22,71 20,66 

T g °C 34,18 21,76 9,05 50,51 66,46 49,56 31,94 83,11 30,80 28,30 25,82 33,29 17,03 14,52 12,65 10,77 

T w °C 58,06 38,12 17,77 84,44 84,58 57,41 28,97 111,44 18,50 17,91 17,27 19,10 22,40 21,81 21,37 20,93 

h g, i W/m²K 3,20 2,96 2,56 3,28 2,91 2,57 2,25 3,07 2,33 2,39 2,49 2,32 2,80 2,74 2,69 2,63 

h g, e W/m²K 3,26 2,99 2,57 3,38 2,96 2,58 2,26 3,15 2,35 2,40 2,50 2,34 2,83 2,76 2,70 2,64 

h w, i W/m²K 51,86 51,86 51,80 51,84 51,85 51,85 51,74 51,85 258,09 171,84 105,61 455,96 48,80 52,60 64,36 9,57 

h w, e W/m²K 51,51 51,52 51,59 51,54 51,53 51,53 51,60 51,53 102,18 107,18 198,07 100,39 96,56 96,65 96,93 93,99 
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Subscripts meaning:  w = water, g = gas,   e = exterior, i = interior, s = surface, ∞ = with reference temperature = T w,

  
Heat transfer coefficients (h) as a function of the temperature difference (T e – T i) h as a function of the flow rate 

I W/m² 0 0 0 0 0 0 0 0 0 0 0 0 0 

m w l/min/m² 0 0,0 0,0 0,0 2 2 2 2 2 1 0,5 0,1 0,0 

T i °C 21 80 100 50 50 20 0 0 50 50 50 50 50 

T e °C 0 0 0 0 0 0 50 90 0 0 0 0 0 

T w °C 21 80 100 50 0 0 0 0 50 50 50 50 50 

q g,i W/m² -20,72 -90,45 -117,09 -54,52 -0,57 -0,23 69,21 134,68 -69,00 -68,31 -67,65 -62,71 -54,52 

q g,e W/m² 20,72 90,48 117,00 54,52 0,57 0,23 -69,23 -134,48 68,96 68,30 67,64 62,67 54,52 

q w, i W/m² -20,72 -101,02 -123,82 -56,24 -334,22 -133,69 0,71 1,34 -0,84 -2,15 -4,96 -22,36 -56,24 

q w, e W/m² 20,72 90,19 117,42 54,70 0,56 0,23 -69,18 -134,80 69,00 68,33 67,67 62,68 54,70 

T s, g, i °C 17,13 61,52 77,17 39,56 0,53 0,21 1,67 3,26 48,27 47,92 47,37 44,64 39,56 

T s, g, e °C 0,99 4,31 5,61 2,60 0,03 0,01 46,69 83,57 3,29 3,26 3,23 2,99 2,60 

T s, w, i °C 18,17 66,21 83,13 42,31 4,40 1,76 0,10 0,19 49,89 49,71 49,32 46,95 42,31 

T s, w, e °C 17,37 62,55 78,51 40,18 0,54 0,22 0,88 1,72 49,06 48,70 48,14 45,36 40,18 

T g °C 9,05 32,75 41,10 21,01 0,28 0,11 23,96 42,58 25,65 25,46 25,14 23,68 21,01 

T w °C 17,77 64,35 80,80 41,24 0,93 0,37 0,18 0,34 49,80 49,56 49,09 46,40 41,24 

h g, i W/m²K 2,56 3,14 3,25 2,94 2,25 2,23 3,11 3,43 3,05 3,04 3,04 2,99 2,94 

h g, e W/m²K 2,57 3,18 3,30 2,96 2,24 2,22 3,04 3,28 3,09 3,08 3,09 3,03 2,96 

h w, i W/m²K 51,80 54,19 53,21 52,77 96,11 96,12 9,14 8,85 9,76 14,51 21,38 40,64 52,77 

h w, e W/m²K 51,59 50,27 51,28 51,66 1,45 1,51 97,60 97,79 93,84 79,90 71,29 60,49 51,66 

h w, ∞ W/m²K 5,71 5,57 5,17 5,46 75,91 75,93 78,26 78,53 73,68 52,72 36,40 13,51 5,57 


