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ABSTRACT

An efficient thermal insulation of glazing or window frame is important because poor
insulating performance usually cause the largest heat loss on any buildings. As one of the
methods decreasing heat loss of buildings, we proposed a dynamic insulation system applied
to window frame, and its energy saving performance and applicability for buliding had been
confirmed using numerical simulation in previous study [1].

The aim of this study is to evaluate the thermal insulation efficiency of the proposed system by
field test using experimental model houses among which we mainly focus on the dynamic
insulation applied to window frame. First, the prototype of proposed system is designed to
ventilate through the dynamic insulation in a window frame based on the fixed window which
uses argon gas injected triple glazing. Then, we verify its thermal insulation efficiency in transient
state, we constructed two experimental model houses located in Sapporo, Japan. The one of the
house is installed a normal window frame with argon gas injected triple glazing coated Low-E
film and the other one is installed in the proposed window frame. Finally, we evaluated the U-
value of the proposed window frame by changing the ventilation rates through the dynamic
insulation, after measuring the heat loss differences and the effective air leakage area to compare
the airtightness and thermal insulation efficiency of two experimental model houses.

Although it could not measured the same U-value on the proposed window frame compare
with the chamber test and field test unfortunately, the thermal insulation efficiency is
increased by increasing ventilation rates through the dynamic insulation. The field test results
show that the thermal insulation efficiency is increased approximately 89 % (U-value :1.80
W/(m?*K) — 0.20 W/(m*K)) at the experimental model house installed in the proposed
window frame by increasing ventilation rates (0.00 m*h — 30.00 m*h). The ventilation
volume led through the DI frame by pressure differences of inner/outer space heightens the
thermal insulation performance. Therefore, DI window frame is an effective means of
increasing the thermal insulation efficiency in any building.
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INTRODUCTION

Approximately 24 % of global energy consumption goes on the heating, ventilating and air-
conditioning of residential and commercial buildings. As one of the methods to reduce heat
loss in buildings, we proposed a dynamic insulation system applied to window frames (the DI
window frame), the energy saving performance of which was confirmed using a numerical
simulation in a previous study [1].

OBJECTIVE

The purpose of this paper is to evaluate the insulation performance of the DI window frame via a
field test using experimental model houses, among which we mainly focus on the DI window
frame.

METHODS
1. Specification of the experimental model house

Figure 1(a) and Table 1 show experimental model houses and the specification of these models.
The constructed model has insulation performance standardized by the society of heating, air-
conditioning and sanitary engineers of Japan for cold districts. These models include timber
framework and feature enhanced air-tightness by pasting adhesive tapes and sheets. The thermal
resistances of the wall, ceiling and floor are 3.6, 6.6 and 3.9 m?- K/W respectively.

To keep variable pressure in the model, we achieve pull ventilation by installing an exhaust
sirocco fan. The ventilation air quantity is varied using an inverter and dumper in the middle
of the fan and vent cap in each model. The window, which is 2.3 m? in size, includes an argon
gas-injected triple-glazing Low-E film coating, while the DI window frame has surface inlets
(Fig. 1(b)). The normal window frame in the other model has the same internal shape without
allowing the passage of air for ventilation and without porous material in the frame
(Figl(d),Fig(e)). We installed the window system on the north side to control disturbance due
to sunlight. Walls were also erected adjacent to the models to control the amount of solar
radiation heat by considering the solar radiation calculation shown in Fig. 1(c).

2. Primary experiment for the experimental model house

(1) Air leakage test for the experimental model houses

A precise relational expression between differential pressure and the ventilation air quantity is
required for a simple air leakage tester based on JIS-Z-8762, comprising a venturi tube and
fan, a wall with a connecting hole and a digital manometer (NAGANO KEIKI GC15). To
approximate a condition equivalent to that of airtight experimental models, we adjusted the air
vent of the model with a normal window frame.

(2) Thermal insulation performance of the experimental models

To evaluate the heat loss coefficient of these models, we measured the electrical differences
amount per hour in each case under steady conditions. As the heat source, we used an 800 W
radiant heater, the installation of which is shown in Figure 3(a). In the experiment, we set 90
mm insulation to decrease heat loss at the door. It was assumed that all electricity
consumption per hour was heat loss. The measurement was performed in December from
20:00 and we measured the electricity consumption between 9:00 and 10:00 the following



day. We considered the interior air temperature distribution to be constant because an electric
fan was used to circulate the inner room air. The method used to measure the sol-air
temperature here was a SAT temperature measuring instrument installed in the middle of the
window.

3. Evaluation of thermal insulation efficiency

(1) Methodology

The U-value of the window frame, Uyingow frame determines the composition between the total
heat transfer coefficient (aou) and the thermal resistance of the window frame including the
inner total heat transfer coefficient (rwindow_ frame+inner) @S shown in Eq. 1.
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where, Uyindow frame 1S the U-value of the window frame [W/(m?-K)], ain is the total indoor
heat transfer coefficient [W/(m*-K)], aou is the total outdoor heat transfer coefficient
[W/(mz-K)] and yindow frame 1S the thermal resistance of the window frame [mZ-K/VV].

To determine ryindow frame, the measurement points on the frame surface are shown in Figs.
2(a) and 3(b). We obtained the window glass heat flux (Qwindow glass) DYy using heat flux
meter.The total outer heat transfer coefficient, ooy is obtained from the heat flux and
differences between the surface temeperature of the heat flux meter (Ts_neatfiux_meter) and outer
sol-air temperatures (Touter_environment)-
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In this experiment, the total outer heat transfer coefficient of the normal window frame is
regarded as that of the window frame. The heat resistance, including the inner total heat
transfer coefficient, Fwindow frame+imner, 1S Calculated by measuring the outlet air temperature
(Toutlet_temperature), outdoor temperature (Ts_out pi_window_frame) and sol-air temperature. In addition,
we also measured the total interior heat transfer coefficient aipn.
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(2) Experiment method

A radiant heater is set in the model as the heat source. The air pressure of the inner room was
kept lower than that of the outside by introducing an exhaust fan to avoid disturbance from
outside during the measurement. Measurement was carried out overnight with minimal
temperature variation due to solar radiation in August. Preparation was performed for 12 hours
before the experiment and the U-value was calculated based on the room temperature remaining
steady between 3 and 4 am. An electric fan circulated the interior air to ensure uniform
temperature distribution in the room. The outer environment temperature measured in the
middle of the window was regarded as the representative temperature of each model and the
surface temperature was determined by the weighted average temperature by the 4 parts shown
in Fig. 3(b) and each part has 4 points in Fig3(c).

In this study, 4 cases with different ventilation rates (0, 5, 10, 20 and 30 m*/h) were set in the



experiment to evaluate the correlation between U-value and ventilation rates. To consider heat
conduction alone, we closed the opening of the DI window frame for 0 m*h. All the cases
were measured using digital manometer. It must also be noted that the case of 5 m*h was
actually 6.5 m*/h due to external disturbance.

RESULTS AND DISCUSSION
1. Results of the primary experiment for experimental model houses

(1) Results of the air leakage test

Because the clearance of the model house with the DI window frame installed with an opening
in a closed condition was lower than 2.0 cm*m? as the standard for cold districts in Japan, we
confirmed its effective airtight performance in Table 2. Such model clearance can control the
effect of disturbance and enhance the experimental quality. Figures 4(a) and 4(b) show the
result of the relationship between ventilation rate and pressure difference. Based on this
expression, we controlled the ventilation rates to determine the U-value shown in Table 4 in
which NO type means the frame without DI system and DI type means the frame with DI.

(2) Thermal insulation performance

Table 3 shows the result of thermal insulation performance. The heat loss coefficient does not
include ventilation load. The heat loss of a normal window frame model is 20 W more than
that of a model house with the DI window frame. This result shows how insulation
performance varies depending on the construction.

2. Evaluation results of thermal insulation efficiency

Figure 5(a)-(d) show the surface temperature of window frames as taken by an infrared
camera under 6 am. Compared with the considerable temperature difference between the case
of 0 m3/h and the other case (6.5 m/h, 10.3 m*/h, 20.0 m®h), the surface temperature of the
DI window frame was much closer to the outdoor sol-air temperature, which confirmed far
lower heat loss in qualitative terms in the DI window frame. And we confirm the temperature
differences between upper parts and lower parts. The more quantity of ventilation, the closer
temperature differences between the upper and lower part. In case of the 6.5 m*/h, the
difference is measured approximately 6 °C between the upper and the lower g)arts because of
buoyancy. And estimation of the u-value of DI window frame in case of 30 m®/h is impossible
because outer environment temperature and temperature of outer DI window frame are almost
equal. It means the measurement of the heat flux is not possible under this condition.

CONCLUSION

This paper described the insulation performance of the DI window frame using an experiment, when
the frame model was applied to real buildings. Consequently, we confirmed that the difference in
insulation performance between a model with a normal frame and with the DI window frame was
approximately 20 W depending on the construction. In addition, we verified the efficiency of a DI
window frame applied to an experimental model house by changing the ventilation rates.

The result shows that the U-value of the DI window frame decreases with increasing
ventilation air rates and becomes approximately 0 W/(m?-K) in case of 30 m®h. Besides, the
primary consideration in terms of the actual ventilation air rates through the DI window frame
should be estimated based on the air leakage area, which is approximately half the measured



value. As for the future problems to be solved, we must verify the effect of the DI window

frame when its air exchange rate is 0.5 1/h.

Part Specification
Roof Colored steel sheet, Asphalt roofing
Structural plywood t = 9 [mm]
Wall Siding
. DI window frame W1,690xH1,370
Window frame -
Normal window frame W1,690xH1,370
. Door W1,870xH730, U-value : 1.23 [W/(m?*'K)]
Outside — -
Ceiling: Wood fiber t=250 [mm]
Insulation Wall: Wood fiber t=140 [mm]
Floor: Wood fiber t=250 [mm]
Ceiling: Airtight moisture-proof
Vapour barrier Wall: Airtight moisture-proof
Floor: Airtight moisture-proof
Ceiling PBt=29.5[mm]
Inside Wall PBt=9.5[mm]
Floor Structural plywood t=24 [mm]

Table 1. Specification of experimental model house

(a) Experimental model houses

(b) Opening of DI window frame

(c) Solar radiation calculation

Figure 1. Experimental model house and detail of the DI window frame
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(a) Position of the heater (b) Measured parts (c) Measured points on window frame

Figure 3. Compare with normal window frame and DI window frame, and air-leakage test

Ventilation rates (9.8Pa) Air leakage area
Closed the opening of the DI winodw frame 5.24 [m¥/h] 3.6 [cm?]
Opened the opening of the DI window frame 12.33 [m%h] 8.4 [cm?]
Closed the opening by sheet 1.58 [m¥/h] 1.1 [cm?]

Table 2. Result of air leakage test
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Figure 4. Relation of ventilation rates and pressure difference
Electrical Inner Sol-air Coefficient of heat loss
consumption | temperature | temperature | without ventilation load
Model house installed normal window frame 670 [W] 46.0[C] 128 [C] 2.85 [W/m?-K]
Model house installed the DI window frame 650 [W] 41.7[°C] ' 3.04 [W/m*K]
Table 3 : Measurement results of thermal insulation performance
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(c) Surface temperature of the window frame air quantity of  (d) Surface temperature of the window frame air quantity of
ventilation is 10.3 m*h ventilation is 20.0 mh



Figure 5. Compare with surface temperature

Total heat transfer coefficient

. U-value of
Type Ventilation rates Inner surface Outer surface the window frame
NO 0 [m¥h] 13.5 [W/(m?-K)] 14.5 [W/(m2-K)] 2.34 [W/(m?-K)]
DI 0 [m¥h] 12.4 [W/(m?-K)] 15.5 [W/(m2-K)] 1.80 [W/(m2-K)]
DI 6.5 [m°h] 14.3 [W/(m?-K)] 14.3 [W/(m2-K)] 1.17 [W/(m2-K)]
DI 10.3 [m*/h] 14.8 [W/(m?-K)] 18.8 [W/(m?2-K)] 0.96 [W/(m*-K)]
DI 20.0 [m*/h] 12.4 [Wi(m?-K)] 15.8 [W/(m2-K)] 0.20 [W/(m*K)]
DI 30.0 [m*/h] 4.8 [WI(m?-K)] 21.4 [WI(m?-K)] - [W/(m*-K)]
Table 4. Result of thermal insulation performance
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