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ABSTRACT

Fenestration systems are widely used across the world. There is expansive research on window configura-
tions, frames, and glazing technology, but not enough research has been published on reducing window
heat loss through heat application to a pane. The presented study attempted to evaluate the performance of
heated windows by developing an experimental setup to test a window at various temperatures by varying
the power input to thewindow.Heated double panewindowwas installed in an insulated box.A temperature
gradient was developed across the window by cooling one side of the window using gel-based ice packs.
The other face of the window was heated by enabling power at different wattages through the window. The
temperature of the inside and outside panes, current and voltage input, and temperature of the room and
box were recorded. The data was used to calculate the apparent effective resistance of the window when not
being heated vs. when being heated. The study concluded that, when window temperature was maintained
close to the room temperature, the heated double pane window is effective in reducing heat loss by as much
as 50% as compared to a non-heated double pane window. When temperature of the window was much
higher than the room temperature, the heat loss through the window increased beyond that of a non-heated
window. The issues encountered during the current stages of experiments are noted, and recommendations
are provided for future studies.
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1 Introduction

The total annual energy consumption in the United States of America (USA) has remained
more or less constant at around 100 quadrillion BTUs (29.3 Trillion kWh) since the year 2000,
varying between 94 quadrillion Btu (27.5 Trillion kWh) to 101 quadrillion Btu (29.6 Trillion
kWh) [1]. Out of the total energy consumption, 37% of the energy is consumed by residential
and the commercial buildings [2]. Of this, 42% of the energy is utilized for space heating [3]. The
United States Department of Energy (DOE) estimates that the windows can account for 10–25
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percent of the energy losses through homes [4], which equates to an annual loss of $35 Billion
every year [5].

The primary reason for the high degree of heat loss/gain through windows is due to their
high thermal conductivity in comparison to the walls. Infiltration through the gaps within the
windows is also a significant contributor to heat loss/gain through windows. Windows which are
constructed out of metals such as aluminum, can also lose or gain heat unless the metal surfaces
are insulated.

At present, half of all the energy used for space heating in the US residential sector comes
from Natural Gas. The usage patterns vary vastly based on the region in the US. Electricity,
however, dominates in the south of the US. The efficiencies and the CO2 emissions vary based
on the type of system used. The average CO2 emissions by US has been over 5.33 million Kilo-
Tons in 2014. Concerns over global climate change due to greenhouse gas emissions, especially
CO2, have led to stringent emission norms nationwide. As a result of the Clean Power Act, the
utility prices have risen due to the need to upgrade the electric power utilities, rising from 10.40
cents per kWh in 2006 to 12.67 cents per kWh in 2015 for the residential sector [6]. This has
necessitated the need to explore various measures by building owners to reduce their utility costs,
while investing in upgrades that have a reasonably short payback.

Residential and commercial heating fuel prices have vastly varied over the past 15 years. While
natural gas prices have shown a downward trend since the inception of horizontal drilling and
fracking in the Marcellus and Utica Shale [7], electricity prices have gone up steadily. This is
primarily due to the increased investment in the transmission and distribution infrastructure [8].
Increased electricity prices and varying natural gas prices make a strong case for further study
into reducing the building energy consumption, especially space heating which accounts for almost
40% of the total energy consumption by the residential sector.

Fenestration systems are commonly used, worldwide. These systems are a “weak” link in
terms of building energy consumption during the various seasons during the year. During the
winter seasons in the various regions of the world, the windows in the building are a signif-
icant source of heat loss as their insulation potential due to glass and metal construction is
low. Although energy modeling simulation efforts in buildings address this aspect in terms of
determination of energy losses through the building envelope, there is indeed a research gap that
focuses on incorporating better designs to the windows such that their insulation potential can be
increased, hence reducing the heat losses during winter. Low emissivity coatings on the window
glass, double pane design trapping air as an insulating material, and completely sealing the edges
to prevent any air infiltration have been developed; however, the heated window design is a novel
and innovative concept that leads to the reduction in window-based heat losses and addresses
the inherent research gap in this context. The results from the research discussed in this paper
are bound to advance the energy efficiency of building systems and reduce the overall carbon
footprint on a global scale.

1.1 Need for Research
While there is expansive research on various aspects of fenestration, window configurations

based on region [9–13]; window frames [14]; or improved glazing technologies [15,16], not much
has been done to address the fundamental issue of heat loss through convection from a window.
While Aerogel technology may vastly help in this respect, it is far too expensive for commercial
application. The general approach of the industry and the academicians towards the idea of
heated windows has not been very positive, from an energy efficiency perspective. It is generally
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believed that the heated windows are simply displacing the heat that would otherwise be provided
by the central heating system. Another belief is that a heated window, because of the vicinity
of the heating system to the cold ambient conditions, can lead to a greater heat loss. However,
there are a limited number of studies performed on heated window technology from an energy
efficiency standpoint [17,18], that show promise in the technology, contradicting popular beliefs.
Energy savings may be possible by utilizing low temperature heating surfaces since they allow
higher amount of heat to be radiated in the zone occupied by people, allowing the user to lower
air temperature by up to 1.5◦C (2.7◦F) highlighting an added advantage to heated windows [19].
Both [19,20] suggested energy savings based on the position of heating source along the perimeter
of the room. The idea of perimeter heating is popular in Europe, with some houses having all the
walls heated. It is believed that this approach would improve the energy efficiency of the building
envelope.

1.2 Research Objectives
The objectives of this research are as follows:

• Develop an experimental model to test the effectiveness of a heated window in reducing
heat loss over a standard double-pane window.

• Determine whether heated double-pane windows are more energy-efficient than standard
double pane windows.

• Determine the conditions under which the heated double-pane windows would be more
energy-efficient than a standard double pane window.

• Perform tests on a building that has heated windows and compare results with that of the
test set up to verify the results.

2 Literature Review

2.1 Building Energy Models
Building energy modelling (BEM) is a powerful tool that has been used for the past few

decades in deciding the effectiveness of a building energy design for saving energy. BEM complex-
ity has increased over the years to model complex building behavior. There is a difference between
what the models predict and how the system/design functions in actuality [21–23]. One of the
major factors that affect the energy use is the high variation in the energy use assumed for a user,
vs. actual behavior [24–26]. Therefore, to get a better understanding of how a system functions
in realistic conditions, an experimental setup is essential. The current study takes a “Grey Box”
approach towards identifying the energy efficiency performance of heated windows.

2.2 Fenestration and Energy Efficient Window Technologies
Heating, Ventilation, and Air-Conditioning (HVAC) systems can consume as high as 50%

of the total energy in a building, depending on the end use. Windows can account for as high
as 20% of the HVAC energy, which can increase, depending on the area covered by them on
the building façade. Various studies have been performed on the effectiveness of different types
of windows, their orientation, size, as well as the inclusion of shading, which could influence
the energy efficiency performance. Studies have also been performed about the effect of manual
control on windows, which can also affect the building efficiency.

Double pane windows with low emissivity coating and clear glass gave the best energy savings
over the whole year, and the best performance during winters [27,28]. On the other hand, smart
glazing units with absorptive, reflective, and low emissivity coating performed best in the hotter
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climate. Ulavi et al. presented a unique concept for a hybrid solar window that uses a wavelength
selective film to split the incident radiation into spectral bands for daylighting and heating.
A Monte Carlo ray tracing model was used to analyze the annual thermal and daylighting
performance of the hybrid window [29]. Tints and reflective coatings were found to be preferable
for warmer climates where the solar heat gain was high, while clear coatings were preferable in
cooler climates, where the solar heat gain is low.

2.3 Floor and Perimeter Heating
Floor heating, a system that uses embedded pipes in the floor to heat a building, has been

used for a long period of time. However, with the advent of panel units in the last century, they
were not adopted as much. Lately, however, it is again being implemented. According to [30],
floor heating increases thermal comfort. Alternatively, Ren et al. [31,32] have said that the energy
efficiency for heating also increases due to the utilization of a low-temperature heating medium
(water). Lower water temperature means increase in efficiency of the boiler, thus resulting in
proportional energy savings.

2.4 Heated Windows
Most of the studies focused on using purely numerical methods in controlled conditions.

Studies focused on heated windows have not considered a real-world scenario to observe window
behavior. Also, energy modeling software were not utilized to study the behavior of heated
windows. The effect of perimeter heating to improve the thermal comfort in the room has been
discussed in [19]. The research described in this paper is reported in [33].

3 Methodology

The main objective of this research is to evaluate the performance of the heated windows
by developing an experimental setup to test the window at various temperatures by varying the
power input to the window. The flow diagram shown in Fig. 1 explains how the experiment was
conducted.

Figure 1: Flow diagram
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3.1 Research Approach
3.1.1 Phase 1: Generation of Building Energy Model

Previous research and development done with respect to heated glass windows were analyzed,
and the Department of Energy’s Quick Energy Simulation Tool (eQUEST®) was studied and
utilized. eQUEST® is a useful tool in obtaining the overall performance parameters of a building,
but not suitable for considering the performance of specific elements of the building under
different conditions, such as windows, doors, or the walls.

3.1.2 Phase 2: Development of Heat Transfer Model for Testing the Heated Window Characteristics
A heat transfer model which could simulate the characteristics of the window was developed.

The model considered inputs such as the temperature of the window panes on the exposed
sides, power input to the window, conduction and convective heat transfer coefficients, room and
ambient (outside) temperature, glass thickness, and area of the glass. The heat flow through the
window was projected using equations for conduction and convection. The results were considered
acceptable if the total heat output from both sides of the window based on the calculated
temperatures were equivalent. Since the heat transfer model would not affect the outcome of this
study, it was decided not to pursue it further, due to the time constraint it posed. A screenshot
of the heat transfer model can be seen in Fig. 2.

Figure 2: Screenshot of heat transfer model
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3.1.3 Phase 3: Development of Experimental Model and Testing of the Heated Window Characteristics
An enclosed space for isolated cooling was constructed, with a heated window installed on

one of the walls. The model was tested under various conditions and it was determined where
to install the thermocouple-based temperature sensors, to record the temperature changes in the
window when it was heated and/or cooled. Appropriate cooling apparatus was determined and
sized appropriately using iterative procedures.

3.1.4 Phase 4: Data Collection and Analysis for Heat Loss through the Experimental Setup, with, and
without Heating the Glass Window

A testing methodology was devised, and appropriate temperature and power input data was
collected, based on some preliminary experiments on the system. The windows were never heated
more than 90◦F (32◦C or 305 K) since buildings are seldom heated to this level. This data was
analyzed and processed to determine the performance characteristics of the heated window.

3.1.5 Phase 5: Data Collection from a Building with Heated Glass Windows during Winter
The performance of a building with heated windows was attempted to be determined by

installing temperature and current data loggers at a small manufacturing facility with heated
windows, over the winter season, over a period of two and a half months, with the windows
turned on, and turned off. However, due to lack of current/temperature controls on the windows,
and the highly drafty nature of the building due to its age, the data was found to be inconclusive,
and the endeavor had to be abandoned. Fig. 3 shows a schematic of the building where the
temperature data was collected.

Figure 3: Building schematic where temperature data was collected
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3.2 Description of Experimental Setup

The experimental setup is shown in Fig. 4. A cubic box of 8 ft3 (0.23 m3) was constructed
using R-5 insulation foam boards. A standard double pane window with the heated side facing
outwards was installed on one of the sides of the box. The window has dimensions 12” × 18”
(30.48 × 45.72 cm) and was 1 inch (2.54 cm) thick. Other window properties are detailed in
Table 1. The box also has a resealable opening on the top for access to the inside of the box. This
access was used to place gel-based icepacks for cooling the box, apart from installing a small fan
inside the box to facilitate cooling of the face of the window inside the box. The gel-based ice
packs were preferred due to their ease of use compared to ice, which may leak once melted. Also,
the ice packs lasted through the length of the experiment and were easier to transfer. The inside
of the box represents the ambient weather condition during the wintertime while the outside of
the box, placed within a conditioned room, represents the inside of the room. Therefore, the
heated side of the window is facing outside (towards the room), rather than inside (towards the ice
packs). A fan, running at a constant speed was placed inside the box to blow over the ice packs,
towards the window, to accelerate the process of cooling the box, and create forced convection
within the box, mimicking the conditions outside during winter. To measure the temperature of
the air within the box as well as the velocity profile across the window, an ALNOR® Model
8585 anemometer was used.

Figure 4: Experimental setup

Table 1: Properties of the window used in the study

Thickness of window (�X) 0.0833 ft (2.54 cm)

Window dimensions 12” × 18” (30.48 × 45.72 cm)
Area of the window (A) 1.5 ft2 (0.14 m2)

To measure the temperature of the window panes, as well as the temperature inside the box,
K-type thermocouples were installed. One thermocouple was installed on the outside face of the
window, and two on the inside. A thermocouple was installed on the face of the inside of the
box, to provide the temperature of the box. The temperature of the thermocouples attached on
the windowpanes is detected using the Omega® Datalogger Thermometer, while the temperature
of the box is detected with the Raytek® Rangefinder MX2 thermal gun.
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Power input to the window is provided using EMCO® DC power supply with output current
and voltage controls. Either the current, or the voltage from the DC power supply can be
controlled at a time; however, both cannot be controlled simultaneously at the same time. So,
only current was controlled for the experiment, in steps of 0.1 A.

3.3 Data Collection Methodology
Window performance data was collected with the window heated, and gel-based ice packs

that were frozen overnight, placed inside the box. Data was also collected when the window was
not heated, and the frozen gel packs were placed inside the box for comparing the results of the
heated window vs. a non-heated window. A current of 0.1 to 0.8 A was applied as an input. The
voltage could not be simultaneously controlled using the available equipment, so that it could
vary with the current input. It was found during initial testing that the window temperature was
around 90◦F (32◦C or 305 K) when a current of 0.8 A (at 10 V) was applied.

Frozen ice packs were placed inside the box and the circulation fan was turned on. The
window was initially heated for 20 min, to ensure that the temperature of the window and the
box reached a steady-state condition. Thereafter, the window was heated for eight minutes every
time the power input was increased. The icepacks in conjunction with the fan provided a sufficient
temperature gradient across the window. The velocity of air was measured and noted at nine
locations at two inches away from the window using the anemometer by inserting the probe
through one of the three holes and extending across the face of the window. Temperature of
the windows as well as the inside surface of the box was recorded at intervals of eight minutes,
before raising the window temperature.

4 Results, Discussion, Conclusion, and Future Work

For the experimental setup, as shown in Fig. 5, the temperature of the window in Zone 5,
which represents the inside of the box and is cooled to low temperatures using frozen gel-based
ice packs, and a circulation fan, was collected at two points, at the center of the window and
two inches from it. Temperature of the side of the window facing Zone 1 was measured at only
one location, at the center of the window. Zone 1 represents the room and is maintained by
the West Virginia University’s central air conditioning system between 70◦F (21◦C or 294 K)
and 80◦F (27◦C or 300 K). Zone 3 is the airgap between the window panes. Zones 2 and 4 are
window panes. During the experiment, the temperature of the heated layer, T2, and the inside
face of the non-heated pane, T3, could not be measured since they were sealed off. Only the
temperatures of the room, Troom; face of glass facing room T1, the face of glass facing the box
T4 and temperature inside the box Tbox could be measured. Q1 represents the heat flowing from
heated pane towards the room and Q2 represents the heat flowing outwards. Q2* is the eventual
heat loss to the atmosphere. The total amount of energy supplied to heat the window, Q, equals
Q1 + Q2. In a double-pane window, Zones 1, 3, and 5, have convectional heat transfer as the
dominant mode of heat transfer with negligible heat transfer through conduction. Zones 1 and
2 have conduction as the dominant mode of heat transfer. Radiation is insignificant due to the
low temperatures and therefore ignored.
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Figure 5: Schematic diagram of the experimental setup

4.1 Window Heat Loss Calculation
The convective heat loss from the window may be calculated using the following equation:

Heat Loss=Temperature Difference×Area×Convective Heat Transfer Coefficient (1)

or,

Q=�T ×A×H (2)

In the formula above, the heat transfer coefficient is dependent upon the velocity of the air
around the window. Higher the velocity, higher the heat transfer coefficient. The temperature of
the heated window is not raised above 90◦F (32◦C or 305 K), to keep it in line with the tempera-
tures at which rooms are typically maintained. However, for a few tests, the window temperature
was taken close to 115◦F (46◦C or 319 K) to explore the effects of window temperature on heat
loss. It was assumed that all the power input to the window was converted into heat with no
losses. Basic dimensions and window properties were known and discussed above in experimental
setup section. The velocities measured at nine locations across the window is shown in Table 2.
The average of these velocities was used throughout the study. Properties of air used for the
calculation of heat loss through the window are shown in Table 3. The heat loss through the
unheated double pane window, is shown in Table 4. The heat loss through the window when it
is heated, is shown in Table 5.

Given the high variability in the data across various tests, over a range of temperatures, the
percentage error in the outputs was plotted against the power input. This is shown in Fig. 6.
The error was the lowest, whenever the heated side was at about the room temperature. Based on
this observation, it is safe to say that the maintaining the heated windowpane facing the room,
close to room temperature will minimize the error in the data, and the heat output to the cold
box at this temperature is reliable. The heated pane temperature, as well as the room temperature
for each of the cases is shown in Table 6. In Table 6, the window temperatures closest to the
room temperature have been highlighted. The variation of the data increases as we move away
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from a window temperature close to the room temperature, except in the case of Experiment 4.
The higher error in Experiment 4 may be due to mistakes brought about by increasing room
temperature. With better equipment to measure the temperature at multiple points across the face
of the window, as well as a better measure of the overall velocity across the window, these errors
may be reduced.

Table 2: Velocity profile across the face of the window for various power inputs

V11 V12 V13 V21 V22 V23 V31 V32 V33

ft/min m/min ft/min m/min ft/min m/min ft/min m/min ft/min m/min ft/min m/min ft/min m/min ft/min m/min ft/min m/min

65 19.8 168 51.2 108 32.9 52 15.8 230 70.1 75 22.9 49 14.9 110 33.5 106 32.3
80 24.4 170 51.8 94 28.7 60 18.3 230 70.1 97 29.6 45 13.7 95 29 65 19.8
85 25.9 160 48.8 83 25.3 65 19.8 225 68.6 88 26.8 59 18 90 27.4 70 21.3
50 15.2 114 34.7 90 27.4 70 21.3 245 74.7 80 24.4 45 13.7 86 26.2 63 19.2
72 21.9 180 54.9 80 24.4 55 16.8 215 65.5 95 29 47 14.3 87 26.5 64 19.5
66 20.1 162 49.4 85 25.9 65 19.8 216 65.8 83 25.3 50 15.2 104 31.7 90 27.4
68 20.7 165 50.3 81 24.7 59 18 193 58.8 79 24.1 49 14.9 90 27.4 68 20.7
70 21.3 164 50 85 25.9 65 19.8 201 61.3 68 20.7 50 15.2 98 29.9 80 24.4
Average 100 ft/min (30.48 m/min) or 1.14 mph (1.83 km/h)

Table 3: Heat transfer properties of air

Convective heat-transfer coefficient of still air 1.46 Btu/ft2-h-◦F (8.29 W/m2-K)
Convective heat-transfer coefficient of 15 mph
(24.14 km/h) air

6 Btu/ft2-h-◦F (34.07 W/m2-K)

Convective heat-transfer coefficient of 1.14 mph
(1.83 km/h) air (interpolated)

1.49 Btu/ft2-h-◦F (8.46 W/m2-K)

Table 4: Heat loss from unheated pane to box

Time (min) Temperature Room temperature, Troom Heat-loss to box
(Btu/h) =H ∗ A
∗ (T4− Tbox)

Heat-loss to box (Watt)

Unheated pane, T4 Inside box, Tbox

(◦F) (◦C) (◦F) (◦C) (◦F) (◦C)

0 71.8 22.11 71.6 22 72 22.22 0.45 0.13
10 60.25 15.69 42.6 5.89 72 22.22 39.45 11.56
20 34.4 1.33 28.4 −2 72 22.22 13.41 3.93
30 30.35 −0.92 28.4 −2 72 22.22 4.36 1.28
40 29.5 −1.39 26.8 −2.89 72 22.22 6.03 1.78
50 29.5 −1.39 26.4 −3.11 72 22.22 6.93 2.03
60 30.1 −1.06 27.2 −2.67 72 22.22 6.48 1.90
70 30.75 −0.69 28.4 −2 72 22.22 5.25 1.54
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Table 5: Heat loss from heated pane of the window

Time
(min)

Power
input
(Watt)

Power
input
(btu/h)

Temperature Heat output rate
(btu/h)

Heat output rate
(Watt)

Unheated
pane, T4

Inside
box,
Tbox

Heated
pane,
T1

Room, Troom Inside
box,
Q∗
2

Outside
box, Q1

Inside
box,
Q∗
2

Outside
box, Q1

(◦F) (◦C) (◦F) (◦C) (◦F) (◦C) (◦F) (◦C)
0 0 — — — — — — — — — — — —
20 0.09 0.3 37.2 2.9 32.6 0.3 73.5 23.1 73 22.8 10.97 1.10 3.21 0.32
28 0.44 1.5 31 −0.6 30 −1.1 71 21.7 73 22.8 2.31 −4.38 0.68 −1.28
36 1.06 3.6 31.1 −0.5 30 −1.1 71.5 21.9 73 22.8 2.51 −3.29 0.74 −0.96
44 2 6.8 31.9 −0.1 31 −0.6 71.7 22.1 73 22.8 1.88 −2.85 0.55 −0.84
52 3 10.2 33.15 0.6 31.8 −0.1 76.5 24.7 73 22.8 2.98 7.67 0.87 2.25
60 4.25 14.5 34.45 1.4 33 0.6 76 24.4 73 22.8 3.28 6.57 0.96 1.93
68 5.95 20.3 35.85 2.1 34 1.1 81.8 27.7 73 22.8 3.91 19.27 1.15 5.65
76 8 27.3 37.6 3.1 36.2 2.3 86.7 30.4 73 22.8 3.05 30.00 0.89 8.79
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Figure 6: Error in heat output calculated vs. power input

Table 6: Power input and the respective window temperature for different experiments

Power
input (W)

Experiment 1 Experiment 2 Experiment 3 Experiment 4

Window temp. Room temp. Window temp. Room temp. Window temp. Room temp. Window temp. Room temp.

(◦F) (◦C) (◦F) (◦C) (◦F) (◦C) (◦F) (◦C) (◦F) (◦C) (◦F) (◦C) (◦F) (◦C) (◦F) (◦C)

1.05 71.5 21.9 73 22.8 74.8 23.8 75.4 24.1 75.1 23.9 76.4 24.7 72.7 22.6 79 26.1
2 71.7 22.1 73 22.8 76.2 24.6 75.4 24.1 76.9 24.9 76.4 24.7 74.6 23.7 79 26.1
3 76.5 24.7 73 22.8 78.2 25.7 75.4 24.1 78.8 26 76.4 24.7 77.3 25.2 79 26.1
4.26 76 24.4 73 22.8 81 27.2 75.4 24.1 81.8 27.7 76.4 24.7 80.2 26.8 79 26.1
5.95 81.8 27.7 73 22.8 84.2 29 75.4 24.1 84.9 29.4 76.4 24.7 84.6 29.2 79 26.1
8 86.7 30.4 73 22.8 87.7 30.9 75.4 24.1 89.3 31.8 76.4 24.7 89.1 31.7 79 26.1

The heat loss to the box when the window is un-heated and heated for Experiment 1, is
plotted vs. time and shown in Fig. 7. The heat loss from the heated window to the cold outside,
represented by the inside of the box, is about half of what it is for a non-heated window. It must
be noted that only one case is considered here since the room temperature for both the heated,
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and the unheated windows were close to each other, around 73◦F (23◦C or 296 K). In all other
cases, the temperature difference was more than 1◦F (0.56◦C). An interesting thing to note here
is that the heat loss through the window is at its lowest between 40 to 50 min. This is the same
time range when the face of the window facing the warm room is hot enough to match the room
temperature. As the temperature of the window is raised beyond the room temperature, the heat
loss through the window starts increasing again. This indicates that the heated window may be
effective when used within a specific temperature range, which coordinates closely with the room
temperature. In general, the heat loss through the heated window, vs. a non-heated window, is
reduced by as much as 50% per unit window area. The total heat loss reduction from the heating
system, however, might be a small fraction of the full heat put out by the furnace.
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Figure 7: Comparison of heat loss (Q∗
2) for heated vs. unheated window

It must be noted that in Table 7, the box temperature is increasing with increasing heat
input or increasing window temperature. This illustrates a significant drawback of the current
setup. Given the limited amount of ice packs added to the box, the box is not able to sustain
a constant temperature with increasing window temperature. This can create anomalies in the
data, like underestimating the actual heat loss through the window. Fig. 8 shows the relationship
between heat loss through the window to outside, vs. the heated window temperature.

Table 7: Heat loss through the heated double-pane window at higher heat input

Time
(min)

Power
input
(Watt)

Power
input
(btu/h)

Temperature Heat output rate
(btu/h)

Heat output rate
(Watt)

Window,
T4

Inside
box,
Tbox

Outside
box, T1

Room, Troom Inside
box
(Q∗

2)

Outside
box
(Q1)

Inside
box
(Q∗

2)

Outside
box
(Q1)

(◦F) (◦C) (◦F) (◦C) (◦F) (◦C) (◦F) (◦C)
0 0 — — — — — — — — — — — — —
50 3 10.23 30 −1.1 26 −3.3 70 21.1 70 21.1 6.93 0.45 2.03 0.13
80 7 23.87 31 −0.6 28 −2.2 76 24.4 70 21.1 7.04 12.40 2.06 3.63
100 12 40.92 34 1.1 30 −1.1 84 28.9 70 21.1 8.15 31.63 2.39 9.27
120 20 68.20 36 2.2 32 0 96 35.6 70 21.1 10.39 57.10 3.05 16.73
160 28 95.48 42 5.6 35 1.7 112 44.4 70 21.1 16.76 93.98 4.91 27.54
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4.2 Effective Resistance of the Heated Window
The effective resistance is a measure of thermal resistance, or ability of heat to transfer from

hot to cold, through materials or assemblies of materials. The effective resistance of the heated
window may be estimated for the cases when the heated window temperature is close to room
temperature. Effective resistance may be defined as follows:

R= (A×�T)

Q
(3)

k= Q
A

× �X
�T

(4)

U = 1
R

(5)

where,

R = effective resistance of the window, ◦F-ft2-hr/Btu (◦K-m2/W)

k = thermal conductivity, Btu/hr-ft-◦F (W/m◦K)

U = thermal transmittance, Btu/hr-ft2-◦F (W/m2-◦K)

Q = Heat loss through the window, Btu/hr (W)

�X = Thickness of the window, 1/12 ft (2.54 cm)

A = Area of the window face, 1.5 ft2 (0.14 m2)

�T = Temperature difference across the two faces of the window.
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Figure 8: Relationship between window temperature and heat loss

Table 8 shows the various parameters in four different experiments, when the window was
heated close to the room temperature, while the box was being cooled. For these cases, the heat
loss through the window was found to be minimum. The equivalent effective resistances for each
of the cases is also noted.
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Table 8: Effective resistance of heated window

Experiment Temperature Heat output
rate

Effective U-value Effective
resistance, R

Inside pane, T4 Inside box, Tbox Outside pane, T1 Room, Troom Inside box Btu/h-
ft2-◦F

W/m2-◦K ◦F-ft2-
h/Btu

◦K-
m2/W

(◦F) (◦C) (◦F) (◦C) (◦F) (◦C) (◦F) (◦C) (btu/h) (Watt)

1 32 0 31 −0.6 71.7 22.1 73 22.8 1.88 0.55 0.03149 0.1786 31.676 5.60
2 37 2.8 35.2 1.8 74.8 23.8 75.4 24.1 5.24 1.54 0.09242 0.5242 10.821 1.91
3 41 5 40.4 4.7 76.9 24.9 76.4 24.7 2.81 0.82 0.05218 0.2960 19.164 3.38
4 39.6 4.2 38.2 3.4 80.2 26.8 79 26.1 4.42 1.30 0.07258 0.4117 13.778 2.43

4.3 Conclusion
The effectiveness of a heated double-pane window vs. a standard double-pane window, was

tested. A temperature gradient was developed across the window by installing it on an insulated
box and placing ice packs inside the box. The temperature of the room, box, and inside and
outside panes of the window were recorded. The following conclusions were drawn:

(1) The heated double pane window appears to show benefits over an un-heated counter-
part provided that the windowpane, facing the room, is maintained close to the room
temperature.

(2) Conduction is the dominant mode of heat propagation. This ensures that most the heat
from the heated window goes into the room.

(3) The heat loss through a heated window when compared to an unheated window appears
to reduce by as much as 50% when the window is heated to the temperature of the room.
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