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 Low-emissivity (low-e) glass is a highly efficient material capable of adapting its thermal 

and optical properties in response to temperature fluctuations without consuming additional 

Energy. This makes it an ideal choice for passive building envelopes, particularly in 

climates with extreme temperatures. In this study, the thermal efficiency of triple glazed 

windows incorporating low-e glass was experimentally evaluated under the harsh summer 

conditions of Iraq. Specifically, a conventional triple-glazed window (TG1) with air-filled 

gaps was compared to a modified version (TG2) featuring low-e glass on the outer pane, 

also with air in both gaps. The research findings revealed that when solar radiation peaked 

at 650 W/m² around midday in July, the internal surface temperatures of TG1 and TG2 were 

36.4°C and 32.4°C, respectively. The temperature reduction observed in TG2, amounting 

to 4°C (10.9%), highlights the significant thermal advantage the low-e glass provides, 

making it a superior option for enhancing energy efficiency in buildings.   
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1. Introduction 

Building envelopes are necessary for balancing human comfort 

with the environmental effects caused by buildings by acting as 

the boundary between interior and outdoor spaces. An adaptive 

facade can selectively regulate the transmission, filtering, or 

absorption of heat, mass transfer, and light between the interior 

and outer environments. This presents an opportunity to 

enhance inner environmental quality while simultaneously 

reducing the energy dissipation of rooms. Kamalisarvestani et 

al. [1] used thermochromic windows, which change color and 

optical properties with temperature. This study examines 

thermochromic window performance, materials, coatings, and 

energy modeling. 

Additionally, the study examines the impacts of doping 

vanadium dioxide (VO2) coatings with tungsten, fluorine, and 

gold nanoparticles. Both hybrid chemical vapor deposition and 

physical vapor deposition are explained. Dopants and methods 

affect the MST and critical temperature differently. Changes in 

visible and infrared transmission and reflectance measure the 

performance of chromogenic smart windows. Khaled and 

Berardi [2] observed that passive coatings similar to 

thermochromic and photochromic coatings are more suitable 

and easily reachable for glazing applications. The work also 

found that thermochromic coatings using vanadium dioxide 

(VO2) are more advanced. Thermochromic glazing tests are 

advancing in two ways. One technique involves identifying the 

best optical qualities for various conditions through numerical 

simulation or an outdoor experiment. Long and Ye [3] 

investigated the performance of (VO2) intelligent glazing by 

evaluating the energy-saving equivalent and the energy-saving 

index. The investigators find the optimal characteristics of the 

substance for effective smart temperature modulation indoors. 

Arnesano et al. [4] suggested an approach for styling the 

thermochromic glazing and determined the optimal 

thermochromic optical response to minimize energy waste in 

the building. Hong et al. [5] investigated the most effective 

thermochromic glazing to reduce energy usage and increase 

daylight access. The opposing approach involves increasing the 

optical characteristics and adjusting the phase transition 

temperature using a creative process. Liu et al. [6] utilized anti-
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reflective covering to enhance the UV light-blocking capability 

of thermochromic glazing containing different VO2. Salamati et 

al. [7] created TiO2W-VO2 thermochromic glazing with notable 

modulation ability at near-infrared wavelengths. Gagaoudakis 

et al. [8] investigated the best ways for depositing VO2 so that 

it could form a thermochromic monoclinic phase. They did this 

for a range of substrates and thicknesses, and the results showed 

how these factors affected the critical transition temperature 

and light transmission. In addition, PCM utilization is a passive 

adaptive material capable of increasing the thermal mass of 

building envelopes through latent heat. Its use in the transparent 

or glassy parts of building envelopes has been researched 

through numerical and experimental methods.   

Huang et al. [9] analyzed the optical characteristics of online 

Low-E glass. The calculation relating transmittance and optical 

constants was accepted using the central methods and Drude 

theory in thin-film optics. The optical properties of the 

functional coating of Low-E glass were determined by fitting 

the regular transmission spectrum with a theoretical formula to 

get the optical constants. The Burstein-Moss theory was applied 

to study the free-carrier mass in the functional layer. The 

predicted outcomes align with the experimental findings.  

Yuxuan et al. [10] created and measured thermochromic 

coatings in five colors. In Shanghai, thermochromic coatings 

had a lower average daily surface temperature than the common 

coating during cooling. They maintained a higher average daily 

surface temperature than the cool coating during heating. The 

annual energy consumption results demonstrated that 

thermochromic coatings could prevent the high heating loads 

associated with cool coatings. Thermochromic coatings could 

cut the office building's annual energy consumption by 4.28–

5.02 kWh/m2 compared to the ordinary coat and 0.73–1.47 

kWh/m2 compared to the cool coat. Tao et al. [11] investigated 

normal clear glass and low-e glazing within a naturally 

ventilated double-skin façade (NVDSF). The investigation 

examined the effect of spectral optical characteristics, ambient 

conditions, and configurations on performance. The findings 

showed an important increase, with a 13% rise in ventilation 

rate when low-e glass was substituted for clear glass. The 

spectral optical characteristics of low-e glazing affected the 

ventilation efficiency, where increased absorptivity was found 

to be more beneficial for natural ventilation. 

Also, researchers have used phase change material as an 

insulating material in triple and double-glazing systems. Wang 

et al. [12] proposed a double-glazed unit design that utilizes 

phase-change material with solar control glass. They evaluated 

its thermal efficiency through numerical simulations in sunny 

and gloomy circumstances during the summer in northern 

China. An increase in the glass absorption coefficient increased 

the melting of PCM but negatively impacted thermal comfort, 

perhaps causing overheating on bright days. The energy savings 

rate was 14.25% with a glass absorption coefficient of 160 m2 

on sunny days, and it improved to 41.53% with a glass 

refractive index of 3. Baldinelli [13] optimized winter and 

summer energy performance. Using central Italy's climate, they 

developed a south-facing façade model. Ray tracing and various 

interface reflections were used to model the solar radiation 

route. Simulations were validated using data from a comparable 

investigation. Despite shading regulations, the planned façade 

agreement allowed adequate solar heat gain in winter. Jalil and 

Salih [14] used a numerical study to assess how variable PCM’s 

thermal properties influence double-glazed windows. The study 

observed that increasing the thermal capacity, PCM thickness, 

latent heat, and density of a phase-change material accelerated 

the temperature drop and reduced the temperature decline factor 

of the double-glazed window, and changes in paraffin wax 

increased window unit efficiency proportionally.  

Jalil and Salih [15] tested the thermal efficiency of a double-

glazed window integrated with paraffin wax using theoretical 

and experimental methods. The study aimed to lower summer 

cooling needs, increase window thermal resistance, and control 

temperature fluctuations. The results indicated significantly 

lower temperatures for double-glazed windows than for single-

glazed ones. Temperature decreases of 8 °C for the ground 

floor, 6 °C for the first floor, and 5 °C for the ceiling were 

observed.  

Gowreesunker et al. [16] conducted a study using the T-history 

method to test and figure out how well a PCM-integrated 

double-glazing window worked. The PCM absorption 

coefficients, scattering, extinction, and absorption were 

expressed and used for the numerical CFD study. The study 

results show that including PCM enhances the thermal inertia 

of the glazing through the phase transition, but may result in 

overheating once the PCM melts. Yang et al. [17] evaluated 

double-glazed windows filled with Al2O3-CuO hybrid Nano-

PCMs, finding that increasing CuO enhances energy savings 

and economy, while Al2O3 improves thermal comfort and 

lighting. The optimal CuO: Al2O3 ratio is 4:6.  

Zhang et al. [18] enhanced a building's thermal inertia and 

managed peak loads using PCM. However, traditional PCM 

windows face energy inefficiency and overheating risks. A 

rotating dynamic PCM window (DPCMW) was developed to 

address this, featuring a PCM layer and a vacuum glass layer. 

The DPCMW adjusts these layers to control heat flux, 

improving energy efficiency. Compared to static PCM 

windows (SPCMW), DPCMW reduces heating and cooling 

loads by 12.40% in winter and 93.79% in summer, respectively, 

lowering the annual building load by 28.70%. Optimal PCM 

parameters were identified for maximum efficiency.  

Nur-E-Alam et al. [19] studied glass components that are 

laminated and coated with low-e layers, particularly those with 

tailored double-silver low-E coatings, that offer enhanced 

energy savings and durability for window retrofits. This study 

explores the design and fabrication of high-stability solar 

control low-E coatings on 3 mm glass substrates, using RF 

magnetron sputtering and lamination with transparent epoxy 

and PVB. Results show these coatings, shielded by a 

transparent glass layer, slightly reduce optical transmission by 

8–10%, meanwhile maintaining low thermal emissivity. This 

research could significantly contribute to sustainable building 

practices and reduced energy consumption if industrialized.  

Bianco et al. [20], [21] conducted a comprehensive outdoor test 

in the cold and summer months to assess the effectiveness of a 

triple glazing unit comprising PCM and a thermotropic glass 
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pane. The study also examined how the PCM layer’s position 

under good weather conditions affects thermal performance. 

Several studies have examined the details of phase change 

material and thermochromic glazing individually. However, 

few have investigated the overall thermal efficiency of a glazing 

component that combines both approaches.   

Kułakowski et al. [22] found that the optimal design for triple-

glazed units with PCM in the cavity has a PCM layer with a 25 

°C melting temperature. Simulation results, validated by 

experiments, showed varying optimal PCM thicknesses 

between 5 and 20 mm, determined using the Weighted Sum and 

Fuzzy Sets methods. For thermal impact, Dheyab and Al-

Jethelah [23] tested an absorber-finned heat exchanger-thermal 

storage unit in a solar air heater. RT42 and RT50 PCMs are used 

in two solar air warmers. Every PCM fills the thermal storage 

of the SAH. In thermal storage, air was forced through a finned 

heat exchanger. There were two setups attempted. The SAHs 

were divided in the initial setup. The RT50 and RT42 SAHs 

were linked in sequence in the second configuration. The 

greatest temperature that RT50 attained in the separation 

arrangement was 59 °C. Forced air was heated by the RT50 

solar air heater in series till five in the morning the next day. 

 Abbas and Azat [24] tested the Rayleigh number and passive 

solar mass flow rate using Trombe walls composed of industrial 

wax as PCM. All but the south wall of a test rig consisting of 

PVC sandwich panels for cubicles was produced. Trombe wall, 

then covered in a 6 mm thick layer of clear glass. Six air gap 

channel widths were used in the six winter trials conducted in 

Kirkuk City: 10, 15, 20, 25, 30, and 35 cm. According to 

experimental results, the mass flow rate is directly proportional 

to channel width and inversely proportional to Rayleigh 

number. At 30 cm depth, the maximum efficiency was 2.45 

times greater than at 10 cm.  

   Ismail and Henriquez [25], [26], and Ismail et al. [27] studied 

the energy consumption and heat transfer efficiency of 

buildings with phase change materials (PCMs) using both 

numerical and experimental methods. According to their 

research, PCMs can reduce heat transmission and selectively 

block thermal radiation. Therefore, in an independent 

investigation, it was discovered that windows with PCM-filled 

glazing units were more thermally efficient than windows with 

air-filled glazing units.  

Sorooshnia et al. [28] studied the PCM used for foam in window 

shutters; solar radiation entering indoor spaces is reduced. PCM 

shutters are more thermally efficient than foam shutters, 

decreasing heat absorption through windows by up to 23.29% 

during regular hours. Goia et al. [29]-[32] indicated that 

transparent PCM-filled materials can store solar Energy, 

enhancing the thermal inertia of glazing systems and smoothing 

out peak heat flow values. 

Koshlak et al. [33] demonstrated that electrically heated low-

emissivity coatings on double-glazed windows can direct 83–

85% of heat indoors, enhancing thermal comfort and serving as 

an emergency heating system during extreme cold. A recent 

study by Basok et al. [34] used comprehensive CFD and 

experimental analysis to evaluate the thermal performance of 

electrically heated windows. Findings showed that such 

windows could reduce room energy consumption by 10–12% 

through improved heat transfer processes, demonstrating the 

potential of advanced glazing technologies for enhancing 

energy efficiency and indoor comfort. Research analyzing the 

deflection and stress in triple-glazed IGUs positioned 

horizontally has highlighted the impact of climatic loads, 

including temperature changes and atmospheric pressure. The 

study found that while horizontal placement mitigates the 

effects of pressure drop and wind suction, extreme temperature 

shifts pose a risk of excessive deflection [35].        

This study experimentally investigated two systems of triple-

glazed windows filled with air and the effect of integrated low-

e glass in the external layer glass of the triple-glazed windows 

to improve the thermal performance in the July months under 

the Iraqi environment. 

TG1: A standard triple-glazed window with air in both gaps. 

TG2: A triple-glazed window in which the outer glass is a low-

e and air is in both the gaps. 

 

2. Experimental Work 

In Fig. 1 (a, b), the structural comparison between the two 

window types indicates that the test room includes two TGs, 

windows with three glass panels separated by two gaps to 

minimize thermal conduction. To reduce heat transfer, the 

windows are securely fastened to the frame and spaced apart 

with spacers. 

 Two types of triple-glazed windows were supposed to be used 

for the experiment, and Table 1 shows the construction details 

of the evaluated glazing systems. 

The dimensions of these two types of windows were 41 cm in 

length and 41 cm in width, with a 2 cm gap and a 6 mm glass 

thickness. Halogen lamps were used in the experiment to 

simulate solar radiation. 

The heat transfer in the triple-glazing system involves the 

external glass, cavity layer, and internal glass. Fig. 2 illustrates 

the test room model, measuring (1.5 x 1.5 x 1.5) meters, 

constructed with 0.06-meter-thick PVC sandwich panels for the 

walls and roof. A refrigerator was included in the setup to 

stabilize the ambient temperature in the test room, countering 

heat buildup from radiation. Table 2 also shows the glass’s 

properties. 

2.1 Temperature Measurement 

2.1.1 Thermocouples 

Type-K thermocouples were used to determine the temperature 

distribution across each triple-glazed window as shown in Fig. 

3. Four thermocouples were positioned on each window: on the 

outer surface, within the first and second air gaps, and on the 

inner surface, as shown in Fig. 4. Each thermocouple was 

connected to a temperature data logger located outside the room 

to capture temperature variations effectively across the window 

assembly. 
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Figure 1. Structure of the windows: (a) TG1, (b) TG2. 

 

 

Figure 2. Two triple-glazed window models (TG1 and TG2). 

 

Table 1. Glazing systems construction details 

Type 
1st layer 

(outside) 

Gap 

(20mm) 

2nd 

layer  

Gap 

(20mm) 

3rd 

layer  

(inside) 

TG1 
glass  

6 mm  
air 

glass  

6 

mm  

air 
glass  

6 mm  

TG2 

low-e 

glass  

6 mm  

air 
6 

mm  
air 

glass  

6 mm  

 

2.2.2 Thermometer device  

The temperatures have been measured using the HT-9815 

thermometer (Fig. 5), which has four channels to connect 

thermocouple probes. These probes were placed in the room, on 

the inside and outside surfaces of the triple-glazed windows, 

and within each gap between the glass layers for both windows. 

All data was manually logged. 

Table 2. Displays the Glass’s Physical Properties [36] 
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Figure 3. Sensor K-type Thermocouple. 

 

 

Figure 4. Insulated Thermocouples Location in Triple-Glazed 

Window Layers 

2.2.3 Solar power meter 

To measure radiation from halogen lamps hitting the surface of 

four triple-glazed windows, a digital LCD solar power meter 

SM20-SOLAR was used, as shown in Fig. 6. The device 

responds within 1 second and can measure radiation intensity 

ranging from 0.1 to 2000 W/m². Detailed specifications of the 

equipment are provided in Table 3. 

2.3 Experimental Procedure (Steps)  

Since each triple-glazed window receives the same amount of 

solar radiation, TG1 is a triple-glazed unit with air in both gaps, 

and TG2 is a triple-glazed unit in which the outer glass is a low-

e and air in both gaps. After that, ensure that. 
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Figure 5. Thermometer. 

 

Figure 6. Solar Power Meter. 

Table 3. Specifications of the measurement equipment. 

Specification Device Type Scope Validity 

Solar Irradiance Solar meter SM20-SOLAR 0.1 to 2000 W/m2 ± 4.8% 

Temp. 
Thermometer HT-9825 –100 to 1350 °C ± 0.14% 

Thermocouple Type-K –100 to 1310 °C ± 0.38% 

The source of power remains stable, with no voltage 

fluctuations, as this directly affects the intensity of the halogen 

lamps. The testing period spans from 6:00 to 18:00. 

Then, the next steps would follow sequentially. 

1. Verify that the thermometer is securely linked with all 

thermocouple probes. 

2. Link the lamps to the dimmer control. 

3. Confirm that the refrigeration device is functioning 

correctly. 

These steps are applied to each triple-glazed window, as shown 

in Fig. 7.  

 

3. Numerical Formulations 

The numerical analysis used a three-dimensional transient 

model to simulate heat transfer through the triple-glazed 

windows. The finite volume method (FVM) discretized the 

partial differential equations governing conduction and 

convection across the glass and air layers. Energy balance 

equations were solved iteratively with time-stepping to capture 

temperature changes, and boundary conditions, such as solar 

radiation at 650 W/m², were applied to reflect real conditions. 

The model was validated by comparing results with 

experimental data from July, ensuring accurate temperature 

distribution predictions for both standard and low-e glass 

configurations.     

The utilization of partial differential equations has been 

widespread in comprehending and forecasting the thermal 

characteristics of diverse systems. Window systems are critical 

to reducing energy consumption and preserving the best indoor 

thermal comfort in building physics and architecture. 

Compared to other TG, the test room's two types of TG with 

two cavities provide better thermal insulation. By using 

effective insulation, the TG system reduces energy loss from its 

side and bottom windows. 

 

 

Figure 7. Experimental Procedure. 

 

The underlying assumption made in the numerical solution is: 

1. All analyses are transient and consider three dimensions. 

2. All air properties are constant. 

3. The effects of body force, buoyancy, and dissipation 

energy have been neglected. 

4. All material properties were calculated using the average 

temperature during testing. 
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3.1 Thermal Analysis Framework 

 A three-dimensional transient model is used to analyze the 

triple-glazed windows, as shown in Fig. 8. To forecast multiple 

elements that could affect the window's thermal performance 

under varied climatic circumstances, a thorough thermal system 

simulation is essential. Conduction and convection within the 

triple-glazed windows' multilayered construction are easier to 

grasp by this model. It uses tiny, six-faced elements, which 

stand for the top, bottom, west, north, and east sides, within a 

control volume to create an energy balance. Based on this 

methodology. According to this method, heat entering and 

exiting the window system equals zero, or a net zero. 

∑ qin all face − ∑ qout  all face = qstorage                (1)                                       

 

 

Figure 8. Three-Dimensional Node Configuration for TG 

 

3.1.1 Triple glazed window (Air–Air) (TG1) 

Enthalpy will be calculated using the energy equation across all 

nodes in three dimensions for glass. 

𝑎𝑒 =  𝑎𝑤 =   
𝑘𝑔 ∗ 𝑑𝑡

𝑑𝑔 ∗ 𝑑𝑥2
                        (2) 

𝑎𝑠 =  𝑎𝑛 =   
𝑘𝑔 ∗ 𝑑𝑡

𝑑𝑔 ∗ 𝑑𝑦2
                       (3) 

𝑎𝑡 =  𝑎𝑏 =  
𝑘𝑔 ∗ 𝑑𝑡

𝑑𝑔 ∗ 𝑑𝑧2
                            (4) 

𝑒𝑛𝑒𝑤(𝑘, 𝑖, 𝑗) = 𝑎𝑠𝑇(𝑖, 𝑗 − 1, 𝑘) + 𝑎𝑒𝑇(𝑘, 𝑖 + 1, 𝑗)
+ 𝑎𝑏𝑇(𝑖, 𝑗, 𝑘 − 1) + 𝑎𝑛𝑇(𝑖, 𝑗 + 1, 𝑘)
+ 𝑎𝑡𝑇(𝑘 + 1, 𝑖, 𝑗, ) + 𝑎𝑤𝑇(𝑖 − 1, 𝑗, 𝑘)
− (𝑎𝑠 + 𝑎𝑛 + 𝑎𝑤 + 𝑎𝑒 + 𝑎𝑏 + 𝑎𝑡)
∗ 𝑇(𝑖, 𝑗, 𝑘) + 𝑒𝑜𝑙𝑑(𝑖, 𝑗, 𝑘)     (5) 

3.2 Validation of Numerical Results  

Fig. 9 compares experimental and numerical results regarding 

temperature variations on the internal surface of two different 

types of triple-glazed windows. The correlation between these 

numerical and experimental outcomes was considered 

satisfactory. 

 

Figure 9. Comparison of experimental results with numerical 

data of the internal surface for validation of the temperature of 

the window in July of TG1 

 

4. Results and Discussion 

The study aimed to experimentally assess the effects of 

incorporating low-e glass as an insulator in triple-glazed 

windows. Under constant conditions, the experimental 

measures were conducted all month long, but particularly in 

July 2023. These experiments were conducted over several days 

to guarantee the accuracy of the results. Temperature data and 

radiation levels were recorded every 60 minutes during the 

experiments. 

4.1 Experimental Temperature Results 

Fig. 10 shows the observed patterns of solar radiation during 

the experiment. In July 2023, at 12:00, the maximum solar 

radiation measured was 650 W/m2. 

Fig. 11 shows the TG's variation in the external surface 

temperature. The figure shows a decrease in the external 

temperature of TG2 compared to TG1 during the day, from 6:00 

to 18:00, because Low-E glass is an efficient insulator in 

buildings and limits the passage of heat through windows while 

letting visible light through. 

Fig. 12 and Fig. 13 display the temperature trends of the outer 

and inner gaps in the two TG configurations over the July 

timetable. Between 6:00 and 18:00, the maximum temperatures 

of TG1 and TG2 in the exterior gap were 49 and 44 °C, 

respectively. Additionally, two windows' inner gaps had peak 

temperatures of 43 and 36.8 °C. The interior temperatures of the 

two kinds of windows with glazing (TG1 and TG2) are shown 
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in Fig. 14. For a triple-pane window with standard glass (TG1), 

the highest glass temperature at maximum sunlight 650 W/m2 

was recorded at 36.4 °C at 12:00. However, for a triple-pane 

window with low-e glass (TG2), it was only 32.4 °C. 

Both glass types warmed steadily from 6:00 a.m. to midday, 

then cooled toward evening. This follows the sun's daily cycle, 

where sunlight is strongest around noon. However, the low-E 

glass heated up more slowly than regular glass. This suggests 

that while low-E glass blocks heat from entering, it also holds 

onto heat longer once absorbed. As a result, windows with low-

E glass stayed about 4°C cooler compared to the standard glass 

(TG1). 

These findings suggest that the triple-glazed window with low-

e glass (TG2) is more efficient in minimizing heat gain than the 

regular glass (TG1). The lower peak temperature observed on 

the internal surface of TG2 suggests that the low-e glass 

effectively blocks infrared radiation. This reduces the heat 

transfer to indoor surfaces, minimizing the thermal load on 

spaces with low-e glazing. In comparison, the highest inner 

surface temperature of the TG in Li et al. [37] was 36.5°C. In 

contrast, in this research, when using low-emissivity glass in 

the triple-glazed configuration, the highest internal surface 

temperature was significantly reduced to 32.4°C, representing 

an improvement of approximately 11%. 
 

 

Figure 10. Daytime solar radiation intensity in July 2023. 

 

Figure 11. Daily external surface temperatures of standard vs. 

low-e triple-glazed windows in July 2023. 

 

 

Figure 12. Daily external cavity temperatures of standard vs. 

low-e triple-glazed windows in July 2023. 
 

 

Figure 13. Daily internal cavity temperatures of standard vs. 

low-e triple-glazed windows in July 2023. 
 

 

Figure 14. Daily internal surface temperatures of standard vs. 

low-e triple-glazed windows in July 2023. 
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The results across Figs. 11-14 demonstrate the thermal benefits 

of using low-e glass in triple-glazed windows. In Fig. 11, the. 

Lower external surface temperature of TG2 compared to TG1 

highlights the low-e coating's ability to reflect infrared 

radiation, reducing heat absorption on the outer pane. Figs. 12 

and 13 show that the temperatures in both outer and inner 

cavities of TG2 remain lower, thanks to the low-e glass’s 

insulating effect, which limits heat transfer into the cavities, 

especially during peak solar radiation. Finally, Fig. 14 indicates 

that TG2’s internal surface temperature is approximately 4°C 

lower than TG1’s, showing how low-e glass minimizes thermal 

load on indoor surfaces, enhancing comfort and lowering 

cooling needs. This performance is due to the low-e layer 

reflecting incoming heat, reducing heat transmission through 

the glass, and maintaining a cooler internal environment. 

 

5. Conclusion 

The evaluation focused on analyzing the impact of triple-glazed 

windows on energy efficiency and thermal comfort, 

emphasizing assessing their thermal performance and 

understanding the influence of glass optical parameters, 

particularly low-e glass, to enhance summer comfort. A key 

finding was that using low-e glass as an insulator significantly 

reduced the internal surface temperature of TG1. In July, when 

solar radiation reached 650 W/m², the inner surface temperature 

of the TG1 embedded with low-e glass (TG2) was 4°C (10.9%) 

lower than that of TG1 without low-e glass. This demonstrates 

the superior insulating property of low-e glass in mitigating heat 

transfer. Moreover, TG2 combined with low-e glass showed the 

best thermal performance under identical external conditions, 

as the low-e glass effectively reflected a substantial portion of 

infrared radiation, reducing the thermal load on interior 

surfaces. These findings highlight the thermal advantages of 

integrating low-e glass in triple-glazed window systems, 

providing valuable insights for enhancing building energy 

efficiency in hot climates. 
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Abbreviations 

aw, ae, an, as, 

ab, at 
Coefficients in Finite-Volume equations 

dg       glass density 

dt        time step 

dx, dy, dz  grid spacing 

e          Enthalpy 

k, j, i      position in the (z, y, x directions 

kg       thermal conductivity of glass (W/m °C) 

l        Liquid 

N        grid P’s North neighbor 

NVDSF   Naturally Ventilated Double-Skin Façade 

P         Grid point 

PCM      Phase Change Materials. 

q         Heat generation (W/m3) 

S       Solid 

S        ‘South’ in grid P 

t      Control-volume face 

T        ‘Top’ in grid P 

t         Time(s) 

T          Temperature (°C) 

TG1   Triple glass window with normal glass. 

TG2      Triple glass window with low-e glass. 

VO2      Vanadium Dioxide. 

W         grid P’s ‘West’ neighbor  

w         Face of control volume between W and P 

z, y, x      Coordinate grid system (m) 
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