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ARTICLE INFO ABSTRACT

This study reports the optimal solar thermal performance of two innovative configurations of air-vacuum layered
triple glazed window or Integrated Vacuum Window (IVW). These are when the vacuum layer of IVW is facing
the warm or indoor side, i.e. IVWy,m,, and when the vacuum layer of IVW is facing the cold or outdoor side, i.e.
IVW,14, positions at dynamic solar insolation under winter and summer EN-ISO standard ambient conditions. A
theoretically and experimentally validated finite element model is employed. The results show that in winter con-
ditions, although the U-value of IVW,y,r, of 0.33 Wm~2K~! is lower than that of IVW,qq of 0.49 Wm~=2K~!, the
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Window ditions the U-value of IVWyamy and IVW o are 0.34 Wm=2K~! and 0.51 Wm~2K~! respectively, while IVW,,arm
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provides lower cooling-load and higher energy-efficiency compared to IVW_qq. It is concluded that setting the
vacuum gap at the indoor side position provides lower cooling-load and higher energy-efficiency compared to

Low emittance coatings

setting the vacuum cavity at the outdoor side position in summer ambient conditions.
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1. Introduction

A significant rise of the sustainable development of buildings [1]
with a goal of Nearly Zero-Energy Building (NZEB) [2] is emerged by
merging the progressive technologies of PV, Wind and optimal build-
ing fabric insulation with a future leading to the idea of Generating-En-
ergy Building (GEB). To achieve this long-term sustainable development
goal, a number of retrofitting measures have already been reported [3]
and it is found that usually the windows exhibit poorer thermal per-
formance [4] and poorer sound insulation among other components
since windows need to allow the sunlight get into the rooms and the
occupants to view outside. Heat loss through windows take place by
conductive, convective and radiative heat transfers [5]. Multiple glass
sheets with an air or inert gas filled gap, enclosing the air and inert
gas in between, can reduce the conductive heat loss across the glaz-
ing. Low-emittance (low-e) coatings can be applied to the inner surfaces
between two sheets of glass to decrease the radiative heat transfer be-
tween these two inner surfaces [6,7]. The width of gas-filled gap(s) re-
quires typically about 10 mm, otherwise the contribution of heat trans-
fer resulting from gas conduction and convection will compromise the
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thermal insulation of the gas-filled window [8]. The multiple glass
sheets with gas-filled gaps increases the thickness and weight as well
as reduce the light transmission. Vacuum glazed window overcomes
these difficulties [9]. Vacuum glazed window combines the merits of
lower thermal transmittance (U value) < 1 Wm—2K~! with higher solar
heat gains (g-value > 0.76) whilst maintaining the visual light trans-
mittance of about 0.74 [10]. It comprises an evacuated cavity between
two glass sheets sealed contiguously along their perimeter. Low-emis-
sivity coatings are coated onto either one or two inner glass surfaces
inhibit long-wave radiation. The vacuum pressure of 0.1 Pa within the
vacuum cavity enclosed by the two sheets of glass is achieved by evacu-
ating with specialised made vacuum cup connected to the turbo-molec-
ular vacuum pump [11,12], it reduces the thermal conduction and con-
vection to minimum level except the heat transfer via support pillars and
edge seal. The edge seal width of air-filled layer and vacuum layer are
10 mm and 0.12 mm respectively. However, the vacuum glazing adds
the benefits of a very small gap can be integrated to the conventional
air-filled glazing with the existing window frames for the retrofit as well
as for new window frames [4].

The first successful vacuum glazing [13] utilises high-temperature
sealing material, lead-based solder glass from Schott Glass company
[14], to seal the edges hermetically at 450 °C. The group at the Ul-
ster University developed the successful low-temperature edge sealing
method (160 °C), utilising indium-alloy [6], to seal the edges of the
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glass sheets and added benefits of incorporated low-e coatings and the
use of tempered glass. Since then, a significant development has been
made in the vacuum edge sealing materials for the fabrication and devel-
opment of vacuum glazing and triple vacuum glazing [15,16]. Fang et
al. (2014) [4] has shown that vacuum glazing can be fabricated at tem-
peratures around 160 °C, thus removing the thermal restriction on the
use of tempered glass [17]. Thus, subject to outgassing characteristics,
the full range of optical glazing properties currently seen in gas filled
glazing may also be possible with evacuated cavities. Although signifi-
cant efforts have been made by many researchers [18,19], the U-value
of the vacuum glazing has been reduced close to the theoretical lim-
its. To meet the demand of Nearly Zero-Energy Buildings, triple vacuum
glazing (TVG), hybrid vacuum glazing (HVG) and Integrated Vacuum
Window (IVW) can further improve the window performance. The dif-
ference between HVG and IVW is that HVG uses argon gas and does not
account the frame whilst IVW does use air and account the frame. Pre-
liminary research have been undertaken by the researchers [15,20]. The
predicted U-values of TVG and HVG have been experimentally validated
[21].

Recently, there has been an increasing mass production, such as
Qingdao Hengda Vacuum Glass Ltd [22], LandVac Ltd. [23], and Pana-
sonic Ltd [24], and installation of vacuum glazing in Nearly Zero-Energy
Buildings in China and Japan. The NSG SPACIA Hybrid vacuum glazing
[25] utilises the argon gas filled layer and solder-glass based vacuum
glazing and there have been issues of argon gas leakage and its added
complexity of the secondary edge seal. In this paper, air-vacuum layered
triple glazed window is developed with low-temperature (indium-alloy)
edge seal for vacuum layer and butyl rubber seal for air-filled layer,
named as Integrated Vacuum Window (IVW), that added the benefits
of incorporating the low-e coatings and temperature sensitive heat-re-
flective coatings. This paper offers for the first time, current indus-
trial knowledge gap, of understanding the optimal indoor(warm-side)/
outdoor (cold-side) position of the vacuum layer of IVW under win-
ter and summer ambient EN-ISO conditions at dynamic solar insola-
tion for the greater benefit in terms of maintaining the durability and
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longevity of vacuum edge-seal, the position of vacuum layer in IVW, a
possibility of reducing the condensation issue by reducing the edge ef-
fects and additional temperature differential based internal and external
tensile stresses. This paper also reports the solar thermal performance
of IVW subjected by various solar insolation under EN-ISO winter and
summer ambient conditions [8,26]. The optimal setting method of IVW
is presented based on the analysis using validated [7] finite element
model.

2. Methodology

Integrated Vacuum Window (IVW), as shown in Fig. 1, comprises
three glass sheets, each dimensions of 400 mm X 400 mm x 4 mm, hav-
ing a layer of air-filled gap and a layer of vacuum gap supported with
a wooden frame. The advantages of IVW as compared to the low-tem-
perature indium-alloy sealed vacuum glazing (VG) are: i) its U-value is
lower than VG due to the added air gap, which contributes to the added
thermal resistance within the IVW; ii) the stress within the VG is signif-
icantly reduced, since the added air gap enclosed by the 3rd glass sheet
reduces the temperature deferential between the two sheets of glass of
IVW, thus improving the durability and longevity of the vacuum layer;
iii) the third glass sheet and the air gap, reduce the risk of condensation
at the edge seal area of the Vacuum layer due to the thermal bridge of
the edge seal. The thermal performance of IVW has been analysed us-
ing an experimentally validated finite element model (FEM) [7,10,21]
in which the solar thermal performance of IVW with different positions
of the vacuum layer subjected to various levels of solar insolation were
investigated in this work.

2.1. Analytic model of Integrated Vacuum Window (IVW)

An analytic heat transfer model for IVW has been established follow-
ing experimentally and theoretically validated approach of [7,10,21].
Due to the geometrical symmetry of the IVW and to reduce the com-
putational time, one-fourth of the IVW is modelled. The equivalent
thermal resistive network for the one-fourth of a support-pillar,
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Fig. 1. Schematic diagram of air-vacuum layered triple glazed window in which vacuum layer is facing the EN-ISO ambient conditions of: (1a) outdoor (cold-side) named as (IVW ¢o1q)

and (1b) indoor (hot-side) named as (IVW y,rm). (The diagram is not to scale).
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due to the symmetry of the circular shape of the support-pillar, and to
reduce the computational time one quarter of the IVW is modelled and
is consistent to the validated approach, as shown in Fig. 2.

The overall thermal resistance across the IVW is determined by Eq.
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Where R, is the thermal resistance of the support pillar, determined by
Eq. (2) [13].
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Rg1, Rga Ry 3 are thermal resistances of three glass sheets 1, 2 and 3,
determined by Eq. (3),

d

m
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where dy, is the glass thickness; m is either , or II, or III; a is support pil-
lar's radius; A indicates the unit cell area (so A = pz); Mg is glass thermal
conductivity.

The thermal resistance against radiative heat transfer between the
two inner surfaces of glass panes enclosing the air filled gap and vacuum
cavity is given by Eq. (4).

Ro= (2 ) (som3)” @
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In the equation &, and ¢, indicate the atmospheric emittance of two
inner surfaces x and y within the vacuum cavity and air filled gap; Tyy is
the mean temperature of the two sheet of glass enclosing either the vac-
uum gap or the air filled gap; ¢ stands for Stefan-Boltzmann constant.

The thermal resistance of the air filled gap Rgirgqp is computed by
the thermal resistance R ; against conductive and convective heat flow
across the air filled gap and the thermal resistance R, against radiative
heat flow within the air gap enclosed by two sheet of glass, i.e.
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Here, L is the air gap width; Nu indicates the Nusselt number; k indicates
the air thermal conductivity:

Nu=K - (Gr-Pr)" (8)

In Eq. (8), K is a constant; n: an exponent; Pr: the Prandtl number;
Gr: the Grashof number;
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Here, AT stands for the temperature differential between surfaces 2 and
3 in Fig. 1(a) and surfaces 4 and 5 in Fig. 1(b) of the air gap. For the
air in the air gap, y is the dynamic viscosity; T,: the mean temperature
of the two inner surfaces of sheet of glass enclosing the air gap; c: the
specific heat capacity; p: the density. If Nu is less than 1, then the Nu
number is selected to be 1. For air gap between the two vertical glass
sheets: K is chosen to be 0.035, n chosen to be 0.38 [26]. The R; and
R, are thermal resistance of the indoor and outdoor surface of IVW. The
overall U-value of the IVW is then determined by Eq. (11).

U,

1
G (Ri+ Ry +R,) A an
The heat flow across the whole IVW is calculated by adding the heat
flow through the central section of IVW with the heat transfer across the
edge seal of the vacuum cavity and the spacer of air filled gap.

2.2. Finite element model

The validated boundary conditions for the finite element model are
detailed as follows:

a) The overall heat loss coefficients of the outdoor and indoor surfaces
of IVW are h, = 25 Wm 2K and h; = 7.7 Wm2K! [8].

b) The temperatures of outdoor and indoor ambient are 0 °C and 20 °C
respectively [8].

The Galerkin approach was used to discretize and solve the govern-
ing equation. The radiation between the two parallel surfaces of the fi-
nite element brick within the vacuum and air gaps is determined by Eq.
(12).

-1
(1.1 _ 3 _

do, = <§; to > (40T}, ) (T, - T3) a2
Here, dA, is determined by Eq. (13).
dA, = dxdy (13)
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Fig. 2. An equivalent thermal resistance circuit diagram of the quarter cell unit with a quarter of a pillar at the symmetric centre of the unit.
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The dQ, was integrated with the conductive heat transfer across the
support pillar in the vacuum cavity and the air-filled gap. The heat flow
across the air-filled gap was simplified to the heat conduction through
an equivalent material with an effective thermal conductivity [27] de-
termined by Eq. (14) which is the effective air gap thermal conductiv-
ity.

k=—2

AgRair,gap (14)
Here, s is the air gap width and A is the glass sheet area.

The circular support pillars with diameter of a are integrated into the
model as a cubic pillar with width of \/;a and with the physical proper-
ties of stainless [10-12]. The area (cross-sectional) of the circular pillar
and cubical pillar are same, and therefore conduct same amount of heat
under the same ambient conditions [15]. The mesh numbers within and
around the pillar are denser to achieve higher accuracy than that of the
area distance away from the pillars to reduce the CPU running time [7].

The edge spacer and butyl rubber seal of double glazing was simpli-
fied as a single equivalent materials with effective thermal conductivity

Coating

Fig. 3. Schematics of an enlarged finite element volume within the glass sheet. The dia-
gram is not to scale.

Solar insclation: 0 W' z
Winter outdoor side

Winter indoor side

(42)

of 0.16 Wm~2K~! that was determined by a 2-D finite element model de-
tailed by Refs. [10,21].

Solar energy absorption in each finite volume is shown in Fig. 3 and
is given by Eq. (15).

dlabsorbed = Iin (IZ - IZ+1) dXdy (15)

where I, and I, 1 are the solar insolation intensities at the up and bot-
tom surfaces of each finite element, which was given by Eq. (16).

I =1-eC2 (16)
where the glass extinction coefficient, C, is a parameter indicating the
amount the glass absorbs solar radiation [28]. It has been reported that
the extinction coefficient of “greenish edge” glass is 32 m~! and that of
“white edge” glass is 4 m™!. In this finite volume model, C, was selected
to be 30 m™L. Z; is the length of the sun light passing within the IVW
from the outdoor glass surface.

3. Results and discussion

3.1. Solar thermal performance of IVW under EN-ISO winter boundary
conditions

The isotherms of IVW ., and IVW,qq settings, as shown in Fig. 1,
under standard winter ambient conditions [8] with solar insolation of
0 W/m? and 300 Wm2 are presented in Fig. 4 and Fig. 5.

In Fig. 4 with solar insolation of 0 Wm2, the temperatures at the
central glazing area of IVWyar, and IVWqq are 12.6 °C and 11.1 °C.
Their U-values are 0.33 Wm~2K~! and 0.49 Wm~2K~! respectively. The
vacuum cavity at the indoor warm side of the middle glass reduces the
heat transfer more effectively than that at the cold outdoor side. The air
gap at the indoor side of the middle glass exhibits higher thermal con-
ductance compared to that when the air gap is at the outdoor low tem-
perature side, since higher temperature at the indoor warm side lead-
ing to a higher heat convection within the air gap. This means that at
night or on overcast winter days, [IVW,y,;, provides better insulation
than IVW,qq, i.e. less heat loss.

Figs. 4(a) and 5(a) show that with solar insolation increasing
from 0 to 300 Wm'2, the temperature at the centre of the indoor warm
side glass of IVWy,, increases from 12.6 °C to 25.5 °C; while in Figs.
4(b) and 5(b), the temperatures of the central glazing section of the

Salar insolation; 0 Wm= 3

Winter outdoor side
4

X

B Te

Winter indoor side

(4b)

Fig 4. 3D Isotherms of (4a) IVWy,m with the vacuum cavity at the indoor (warm-side) and (4b) IVW,jq with the vacuum cavity at the outdoor (cold-side) at the solar insolation of 0 W/

m?
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Solar insolation: 300 Wm'™ z
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Fig 5. 3D Isotherms of (5a) IVWyy,rm with the vacuum cavity at the indoor (warm-side) and (5b) IVW,jq with the vacuum cavity at the outdoor (cold-side) at the solar insolation of 300 W/

m2

indoor glass sheet of IVW_q4 increases from 11.1 °C to 30.4 °C, i.e. the
temperature increase in the indoor glass of IVW_q is higher than that
of IVWyarm- This is because in IVW,)q, the vacuum cavity at the cold
side provides better insulation compared to that when the air gap is
at the cold side as in IVWy,m, thus reduces the heat transfer from the
middle sheet of glass to the sheet of glass at the cold side more effec-
tively compared to that in IVWy,, with the vacuum cavity being at the
warm side. This means that subjected to solar insolation, IVW,q trans-
fers more heat into the warm ambient side, given the temperature of in-
door side glass is over the indoor ambient temperature and thus has a
higher solar heat gain than IVWya. 1.

Figs. 4 and 5 also show that the temperatures of the indoor glass
edge area is lower compare to that at the area of central glazing, because
more heat is transferred by conduction across the seal of vacuum cavity
and the spacer of air gap from the warm indoor environment to the out-
door environment compared to the heat flow across the central window
area because of higher insulation of the vacuum cavity.
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The temperature variations of three glass sheets of IVWy,m, and
IVW_1q Subjected to various levels of solar radiation were calculated by
using the validated FEM model as shown in Fig. 6.

Fig. 6(a) shows an increase of solar insolation higher than 210 W/
m?, the indoor glass temperature Ts is higher compared to indoor am-
bient temperature T; of 20 °C and middle glass sheet temperature To,
the warm-side glass sheet transfers heat onto both the warm-side am-
bient air and into the middle sheet of glass and then to the glass sheet
at the cold side. Fig. 6(b) shows that with an increase of solar insola-
tion, the middle glass sheet temperature Tj is increased faster than that
of indoor glass sheet temperature T3; Ty becomes higher than T3 when
the solar insolation increases to 200 W/m? since the heat absorbed from
solar energy is difficult to transfer to the outdoor glass sheet because of
the lower thermal conductance of the vacuum cavity at the outdoor side.
Heat flows from the middle sheet of glass to the indoor sheet of glass,
then to the indoor warm ambient, due to the indoor glass temperature
being higher compared to the indoor ambient temperature.
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Fig. 6. Surface Temperatures in relation to dynamic solar insolation of (6a) IVWyy,rm and (6b) IVW g 4.
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3.2. Solar thermal performance of IVW under EN-ISO summer boundary
conditions

The employed summer boundary conditions for the finite element
model are listed as follows: the overall heat loss coefficients of the
outdoor and indoor IVW surfaces are h, = 25 Wm2K~! and h; = 7.7
Wm™2K~1; the outdoor and indoor ambient temperature: 37 °C and 22 °C
[8]. The isotherms of IVW,a:, and IVWq without solar insolation and
with insolation of 300 W/m? are presented in Fig. 7 and Fig. 8.

Fig. 7 shows that with solar insolation of 300 W/m?2, the tempera-
tures at the centre of the indoor (cold-side) glass sheets of IVWy,m, and
IVW,,q are 27.7 °C and 29.5 °C. Their U-values are 0.34 Wm~2K~! and
0.51 Wm~2K~! respectively. The vacuum cavity at the indoor cool side

of the middle glass of IVW,:m reduces the heat transfer more effec-
tively than that when the vacuum cavity is at the outdoor warm side
of the middle sheet of glass. The heat absorbed by the middle sheet of
glass cannot transfer into the indoor glass sheet due to high insulation of
vacuum cavity of IVWyarm. For IVW g4, the heat absorbed by the mid-
dle sheet of glass can easily transfer into the indoor glass due to higher
thermal conductance of air gap at the indoor side of middle glass sheet.
Thus, the temperature of indoor glass of IVW,q is higher compared to
that of indoor sheet of glass of IVW,a, resulting in the temperature
of indoor sheet of glass of IVW,, 4 being higher compared to that of
IVWyarm.

Figs. 7(a) and 8(a) show that an increase of solar insolation from
0 to 300 W/m?, the temperature of the indoor central glazing area of
IVWyarm increases from 27.7 °C to 40.0 °C, whilst in Figs. 7(b) and
8(b), the temperatures of the central glazing section of the indoor

(7a)

(7b)

Fig 7. 3D Isotherms of (7a) IVWyyarm With the vacuum cavity at the indoor (warm-side) and (7b) IVW,,1q with the vacuum gap at the outdoor (cold-side) at the solar insolation of 0 W/m?2.

Summar indoar side

(@)

(b)

Fig 8. 3D Isotherms of (8a) IVWyarm with the vacuum cavity at the indoor (warm-side) and (8b) IVW,jq with the vacuum cavity at the outdoor (cold-side) at the solar insolation of 300 W/

m2
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cooler glass of IVWq increases from 29.5 °C to 47.0 °C, i.e. the increase
in temperature of the indoor (cold-side) glass sheet of IVW_q is higher
than that of IVWam,. This is because in IVW,4, the vacuum gap at the
outdoor side provides better insulation than the air gap at the outdoor
side as in IVWyam, thus decreases the heat flow from the middle sheet
of glass to the outdoor environment more effectively compared to that
in IVWyarm. This causes the temperature of the indoor sheet of glass in-
creasing faster than that when the vacuum gap is at the indoor side of
the middle glass sheet of IVW,yarm, thus IVW,)q transfers more heat into
the indoor ambient than IVW,,,, providing a higher solar heat gain
than IVWyarm, leading to a higher cooling load compared to IVWyyarm.

Figs. 7 and 8 also show that the temperature of the indoor sheet of
glass near the edge area is higher than that of central glazing area, since
more heat is conducted vie both the seal of vacuum cavity and spacer of
the air gap from the warm outdoor environment compared to the heat
flow across the central window area because of higher insulation of the
vacuum cavity.

The temperature variations of three glass sheets of IVWy,m, and
IVW_o1q subjected to various levels of solar radiation were determined
using the FEM as shown in Fig. 9.

Fig. 9(a) shows that when the solar insolation is higher than 60 W/
m?, the surface temperature T, of the middle glass sheet is taking over
temperature T of indoor side glass thus the heat absorbed by the middle
glass transfers to the outdoor glass, then to the outdoor ambient envi-
ronment across the air gap. Because of the high insulation of the vacuum
cavity at the indoor side, the heat absorbed by the middle glass sheet
transfers into the indoor environment at a much lower rate than that
into the outdoor environment. In a move to Building Integrated PV tech-
nology, if semi-transparent PV cells were to be incorporated then they
should be set onto the indoor (warm-side) of the glass sheet enclosing
the vacuum gap, since indoor glass temperature T3 is lower than that of
outdoor glass temperature T;.

Fig. 9(b) shows that when the solar insolation is higher than 110 W/
m?, the middle glass temperature Ty is higher than the outdoor glass
sheet temperature T, thus the heat absorbed by the middle glass trans-
fers into the outdoor environment across the vacuum gap, but at a much
lower rate than that transfers into the indoor environment across the
air gap. IVW)q exhibits a much higher solar heat gain g-value and a
higher cooling load than IVWy,;r,. With insolation increasing to 220 W/
m?, temperature T of the indoor glass is taking over temperature T; of
outdoor glass, transferring the heat to both indoor ambient and the out-
door glass sheet, then to the outdoor ambient environment.
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In summary, the position that the vacuum layer facing the indoor
(warm-side) of the middle glass sheet provides a lower cooling load and
higher energy efficiency compared to setting the vacuum cavity at the
outdoor side of the middle glass sheet in summer ambient conditions.

4, Conclusions

Thermal performance of IVW subjected to various levels of solar in-
solation were simulated using a validated finite volume model that has
been experimentally and theoretically validated by the previous work.
The results show that in the winter EN-ISO ambient condition IVWqq
exhibits a larger solar heat gain g-value, transferring more heat into the
warm indoor environment, despite the fact that the U-value of IVWya:
with the vacuum cavity at the indoor side of the middle sheet of glass
being lower than that of IVW qq with the vacuum gap at the cold side.
It is concluded that at the IVW,,q setting at which the vacuum layer
facing the cold-side is preferred during winter daytimes with sufficient
solar insolation. However, [VW,.,, with a lower U-value exhibits better
thermal performance during winter nights, i.e. lower heat loss compared
to IVWo1g- Thus, IVW with a pivotal axial that enables rotation of the
window during winter daytime and nighttime may provide optimized
energy saving potential.

Detailed analysis for the energy balance of IVW at different locations
on the earth is required to achieve maximized energy efficiency of IVW.
For instance, in areas with long winter nights or with short sunny days,
IVWyarm is better than IVW,q since IVWy,,., has lower U-value than
IVW_o1q; while in areas where g-value dominates the energy balance,
IVW_o1q is better than IVW,a, since IVW o4 has a higher g-value than
IVWyyarm, €ven if the U-value of IVW,q is higher than that of IVWya .

In summer EN-ISO boundary conditions, it is concluded that
IVWyyarm provides lower cooling load compared to IVW_ 4, since the
vacuum gap at the outdoor side of the middle glass sheet of IVW,q
more efficiently prevents the heat absorbed by the middle glass sheet
transferring into the outdoor ambient compared to the case when vac-
uum gap is at the indoor side of the middle glass sheet. Thus, IVWqq
provides higher solar heat gain compared to IVWyyam, which will in-
crease the cooling load of the room in summer.

As for the future work recommendation, it is pertinent to mention
the scope of integrating the Semi-Transparent PV (STPV) cell into IVW.
In this case, the results of this paper implicate that STPV should then
be set on the external glass sheet of the IVW enclosing the vacuum gap.
In this case, the STPV would face the outdoor (cold-side) of IVWqq
in winter. During this time period, IVW,q achieves higher solar heat
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g S0 | i e
E il
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Insalation (Wm)
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Fig. 9. Surface temperatures of the three glass sheets of (9a) IVW,,rm and (9b) IVW,14 subjected to various solar insolation.
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gain. STPV will work at a higher energy transfer efficiency due to lower
glass temperature where the STPV is integrated. In the summer time,
the STPV should be set on the indoor (warm-side) of IVWy 5, since the
temperature of indoor glass of IVWyy,m is lower than that of IVW,gq,
thus STPV will achieve a higher energy transfer efficiency, and IVWy,a
can achieve a lower solar heat gain g-value, thus a lower cooling load
compared to IVW 4.
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