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Method of calculation of thermal loss energy in-double
and triple glass packaging

The paper presents a method of calculating the heat energy loss from the room through double and triple glaz-
ing. In this article algorithms of calculation of losses of energy:through the processes of conduction, convec-
tion and radiation heat transfer. The article shows that the replacement of the standard double-glazed window
(total thickness of the double-glazed 24 mm) with the upgraded triple-glazed window (total thickness of the
upgraded glass 47 mm) leads to a reduction in heat energy losses by at least 50 percent; at the same time, with
an increase in the difference between the temperature of the street and the temperature of the room, it leads to
an increase in thermal energy savings. The article shows that the loss of thermal energy through the Windows
is not dependent on the thickness of the glass, but there is-a strong dependence of the flow of thermal energy
going through the Windows into the street, the number of glasses in the glass and the distance between the
glasses. The given article technique allows you to quickly calculate the energy loss through 1 m* of double-
glazed glass; knowing the total area of Windows in the room, you can calculate the total energy loss through
all the Windows and, if necessary, adjust the supply of heat energy to the room: for example, increase or de-
crease the number of ribs of heating batteries.

Keywords: double insulating glass, heat loss, thermal conductivity of a double-glazed unit, radiant heat ex-
change in a double-glazed unit.

In order to study the effect of the number of glasses in a double-glazed window, an experiment was
conducted in which it was investigated how the flow of thermal energy passing through the double glazed
window would change when installed in this double-glazed window of the third glass.

1) At the first stage of the experiment, the flow of thermal energy passing through a standard double
glazed window was determined.

It is assumed that heat exchange processes taking place in a double-glazed unit, the main elements of
which are standard silicate glasses 4 mm thick. Figure 1 shows a system from a standard double glazing unit
and aroom wall.

This double-glazed window has already two glasses separated by an air standard gap L = 16 mm: it is
believed that with such a thickness of the air gap, there is practically no convection in the double-glazed unit,
and only processes of thermal conductivity and radial heat exchange should be considered. Each standard
silicate glass in a double-glazed window has a thickness of 4 mm. An experiment was carried out under
the following conditions: the air temperature in the street Tout = -11.5 °C, the air temperature in the room
Tair=+ 11 °C, the wall temperature in front of the window Twall = + 9.3 °C; measurements showed that
under given temperature conditions on the surface of glass Ne 1 bordering on the warm air of the room, the
temperature T1 =+ 2.75 °C. On the outer surface of glass Ne 2, the temperature is T, = -6.8 °C (Fig. 1). The
experiment was carried out at a wind speed on the street V = 0 m/s. The obtained experimental data made it
possible to calculate the heat flux through a double glazing unit using the following algorithm:
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Figure 1. Scheme of energy flows passing through a double glazed window-onto the street

1. We find the loss of thermal energy from the room, produced by the heat flow caused by the process
of thermal conductivity. For the convenience of calculations, we assume that the glass area in the double-
glazed window is one square meter. This heat flux is found from the formula [1]:

Qthermal conductivity — K * (Tair 2 Tout)- (1)
Here K is the heat transfer coefficient, which takes into account all the processes of transfer of thermal ener-
gy between the two media through two flat separation walls, This heat transfer coefficient is calculated by

the formula [1]:

1
I'<=3+1+L Bx > )

o1 ap Aair Aglass
where a; = 5.6 [W/(m® * K)] — this is the heat transfer coefficient of the medium - the surface (air - glass) of
the wall in an environment where there is no wind; oy — this is the heat transfer coefficient of the medium-
outdoor surface T4 (outdoor air-glass) of the second glass, which borders on the cold air of the street, where
there may be wind. The external heat transfer coefficient is calculated by the formula [1].
gty +4xV =5.6[W /(m** K)], (3)
where V' — this is the wind speed in the street near the window, equal in our case to 0 m/s.

Ax — thickness of the separation walls from glass (4 mm).

L is the distance between the panes in the double-glazed window (standard 16 mm).

Aglass = 0.8 [W / m * K] is the coefficient of thermal conductivity of the wall (glass) [2].

Aair = 0.025 [W / m* K] — coefficient of thermal conductivity of air [2].

In our case, the coefficient of heat transfer from the warm environment to the street through a double
glazed window K =0.734 [W / (m” * K)].

Calculating the coefficient of heat transfer of a double glazed window, according to formula 1, we find
the amount of energy coming from the room air to the inner surface T1 of the first glass as a result of thermal
conductivity.

Qthermial conductivity= 16,49W is the amount of energy lost by a warm room through Im* of double
glazing as a result of heat conduction processes.

2. Next, we find the amount of energy absorbed by the window glass in the process of radiative heat
transfer. First, using the Stefan-Boltzmann law, we find the amount of thermal energy Qi gssi cOming
through the process of radiant heat transfer to the inner surface T1 of the inner window glass Ne 1 of the dou-
ble-glazed window from the warm wall opposite the window [3]:

Twall\'
Qto glass 1 = CVOE' W = 33 1’ 3[\K]]’ (4)

where, E is the coefficient of grayness of the radiating body: the walls in the room are made of bricks, which,
like glass, has a coefficient of grayness equal to 0.92 [4]. This coefficient is equal to 5.67 [W / m* * K*]. The
calculation showed that 1 square meter of the wall opposite the window radiates per second 331.3 [J] of en-

ergy.
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Then determine the radiant flux coming from the inner surface T1 of the window glass Ne 1 into the
room:

T,
erom glass 1 = C’()E'(ﬁ)4 = 301,6[W] . (5)

Knowing the energy flow coming from the room to the inner surface T1 of the first pane, and knowing
the energy flux emitted from the inner surface T1 of the first pane of glass into the room, we determine the
amount of radiant energy absorbed by the square meter of the surface T1 of the window glass Ne 1.

Qlo glass 1 eromiglass 1= Qabsorbedfradiation . (6)

absorbed_radiation= 29,09[ W] real energy losses through the absorption of infrared radiation on the T1 sur-
face of the inner glass No. 1 with further movement of this energy to the outer surface T2 of ‘Glass No. 1.
It should be noted that the energy absorbed as a result of thermal conductivity is also transferred to the sur-
face T2 of glass No. 1, together with the energy absorbed as a result of radiant heat exchange. Thus, it.was
determined that when calculating heat losses through a double-glazed window pan, it is necessary to take
into account both convective heat transfer and radiant heat exchange.
It remains only to determine the total energy loss that occurs through the window glass:

Qtotal = Qabsorbedfradiation + chermal conductivity = 46’19[W] H (7)
0. — the total energy loss is through a 1 meter square double glazing unit.

2) At the second stage of the experiment, the flow of thermal energy was.determined, under the same
temperature conditions, when the third glass was double sealed. Figure 2 shows the distribution of ener-
gy flows in the resulting triple-glazed unit. The resulting triple-glazed window has already two glasses
separated by an air standard gap L1 = 16 mm plus one glass No. 3 of the same thickness located at a dis-
tance L2 = 19 mm from the inner surface of glass No. 1. All three glasses had a thickness of 4 mm.
An experiment was carried out under the following conditions: the air temperature in the street Tout = -11.5
°C, the air temperature in the room Tair =+ 11 °C, the wall temperature in front of the window Twall =+ 9.3
°C; measurements showed that, given the temperature-conditions on the surface of glass Ne 3, the tempera-
ture, bordering on the warm air, is T1 = + 7.45 °C. On the outer surface of glass Ne 2, the temperature is
T6 =-7 °C (Fig. 2). The experiment was carried out at.a wind speed on the street V =0 m/s.
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Figure 2. The scheme of energy flows passing through a triple-glazed window to the street

The loss of energy through the glass packet is found by an algorithm similar to the algorithm for calcu-
lating energy losses in a double-glazed unit. First, we find the energy flow lost through a triple-pane as a re-
sult of thermal conductivity. Determine the heat transfer coefficient for a triple-glazed unit:
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where L; — the distance between the glasses No. 1 and No. 2 in the double-glazed unit (standard 16 mm);
L, — the distance between the glasses No. 1 and No. 3 in the insulating glass unit (19 mm); K = 0,402
[W/(m® * K)] — calculated heat transfer coefficient from a warm environment to a street through a triple
glazing unit.

Calculating the heat transfer coefficient of a triple-glazed window, according to formula (1), we find the
amount of energy coming from the room air to the inner surface T1 of the first glass as a result of thermal
conductivity.

Oinermal conduciiviy = 2-05[W] — the amount of energy lost by a warm room through a Im’ triple-glazed

window as a result of heat conduction processes.
Then, according to the law of Stefan-Bolman, we find the loss of radiation energy through a triple-
glazed unit.
Twall \'
Qtoﬁglassl = COE( 100 j = 331’3[W] . (9)

Then determine the radiant flux coming from the inner surface T1 of the-window glass No. 1 into the
room:

T 4
eromiglass 1= COE (ﬁj = 3227 7[W] . (10)

Knowing the energy flow O, coming from the room to the inner surface T1 of the first pane, and
knowing the energy O, . flux emitted from the inner surface T1 of the first pane of glass into the room,

we determine the amount of radiant energy absorbed by the square meter of the surface T1 of the window
glass No. 1.

Qto _glass 1 eromiglass 1= Qabsorbediradiation H (1 1)
O,bsorbed radiaiion = 3-6[ W] the real energy losses through the absorption of infrared radiation on the T1 surface

of the inner glass No. 1 with further movement of this energy to the outer surface T2 of Glass No. 1.
It remains only to determine the total energy loss occurring through a triple-glazed unit:

Q total Qabsorbedfradialion + chermal conductivity = 1 7’ 65[W] 4 ( 1 2 )

0. — the total energy loss is through a 1 meter square double glazing unit.

When comparing the heat losses at these temperature conditions (the temperature difference between
room and street temperature is 22.5 °C), it is revealed that heat losses are reduced when the double-glazed
window is replaced by a. triple-pane glass by 61 percent. Taking into account this fact, that the main heat
losses in buildings occur through windows, the general modernization of double-glazed windows to triple
ones would have a great economic effect, allowing to reduce the cost of heating or, at the same energy con-
sumption, significantly raise the temperature in the premises.
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Exi- :koHe ymKa0aTThl IIBIHbI NAKETIHAE TEPMUSJIbIK
JHEPrUsIHbIH KOFAIYBIH ecenTey daicreMeci

Makanazia exi- »KoHe YIIKAOaTThI IIBIHEI Tepe3e apKbUIBI OOJIMEEr] JKbUTY SHETPTUSHBIH XKOFAIYBIH CCENTey
snicremeci kentipinred. Coyiemnik »oHe KOHBEKTUBTI JKbUTY alIMacy, KbUTYOTKI3TILITIK MPOIECTepi apKbLIbI
SHEPIUsl KOFAIYBIHBIH €CEeNTey aIrOPUTMI KapacThIpbUIFaH. ABTOpJIAD CTaHAApPTThl €KiOpaMJIbl ILIBIHBI
MaKeTiH (JKaJrmbl KAIBIHABIFEI 24 MM) YIIOpaM/Ibl IIBIHBI MaKeTiHe (3Kajmbl KaubslHABIFEl 47 MM) 50 maiibisra
JKBITY SHEPrHACHIH JKOFANTYIaH YHEMIeyre oKejeli; ©3 Ke3eriHjae, ol Jalafarbl aya TeMIepaTypachl MeH
y#zeri TemmepaTrypachl aWBIPMachIHBIH KOPCETKINIl KBUIyABl YHEMJAEYTe CeNTiriH THrizeni JereH
KOPBITHIHIBIFA KeJreH. Makasaia IIbIHbI KaJIBIH/BIFB! )KOHE OJIApABIH OpPTachIHAAFb! apaKAIIBIKTHIKTHIK JKBLTY
SHEPTUACHIH CaKTayFa Tikened OaimanbicTol. Kentipinren omicreme 1 M~ exiopam/bl IIBIHBI ITAKeTi OHEPTUSL
JKOFANTYIIBI T€3 €CENTEeN MIBIFapyFa KeMeKTecedi. SIFHu GenmMeneri Tepese KelieMiH Oije Typa, KepeK Kesje,
JKBUTYy SHEpTHUsl KOJIEMIiH ecenTell IIbIFapyra Ooxambl. MBIcaibl, JKblTy Oepy KYpBUIFBIIAphl CAHBIH a3alTy
HeMece KeOeiTy, coHaii-aK KbUTy SHepPTHsHBI KeperiHie Oepy/i Kajaranayra MyMKiHAIK Oap.

Kinm ce30ep: exiopamMzapl IIBIHBIIIAKETi, KbUIy SHEPTUACHIHBIH JKOFAybl, COYJETiK JKBLIy aiMacy,
KOHBEKTHUBTI Kby aJIMacy.
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MeToauka pacueTra norepb TeNnJI0BOM JHEprum B I[BOﬁHOM
H TpOﬁHOM CTCKJIOIIAKETE

B pabore mpuBeneHa MeToAOMKa pacyeTa IOTeph TEIUIOBOM SHEPrHH M3 IOMELICHUS uepe3 IBOHHOM
U TPOWHOH crexyonakeT. PaccMaTpuBaroTcst anropuTMbl pacdeTa. oTePh SHEPTUH Uepe3 MPOIECCHl TEIIo-
MIPOBOJHOCTH, KOHBEKTUBHOTO M JIy4eBOrO TeIIooOMeHa. B craThe moka3aHo, YTO 3aMeHa CTaHIapTHOTO
JIBOIHOTO CTeKJonakeTa (00Imas TOJIIMHA JBOHHOTO CTEKJIOHAaKeTa 24 MM) Ha MOAEPHH3MPOBAHHBIN TPOii-
HOH cTekyomnakeT (0o0Iasi TONMNUHA MOJEPHU3UPOBAHHOTO CTEKIonaKera 47 MM) NPUBOJUT K YMEHBIICHUIO
NOoTeph TEIUIOBOM SHEPruu He MeHee 4eM Ha 50 HPOLICHTOB; MIPU 3TOM yBEIMUYCHUE PA3HULBI MEXIY TeMIIe-
paTypoi YIMLbI U TEMIIEPATYPOI MOMEIIEHHU-HPUBOAUT K YBEINYEHNUIO SKOHOMHUM TEIUIOBOW 3Hepruu. [lo-
TepH TEMJIOBOI SHEPrHM Yepe3 OKHAa Mo/ 3aBHCAT OT TOMIIMHBI CTEKOJ, HO CYIIECTBYET CHIIbHAS 3aBHCH-
MOCTb MOTOKA TEIIOBON SHEPTUH, YXOIAIIETO Yepe3 OKHA Ha YIHIly, OT KOJHMYECTBA CTEKOJ B CTEKJIOMAKETe
U OT PACCTOSHUSA MEXIy cTeKnaMH. [IprBe/icHHas B CTaThe METO/IMKA MO3BOJIAET OBICTPO PACCUUTATH TTOTEPH
sHepruu uepes | M> CTEKIA JBOMHOTO CIEKIOMAKeTa; 3Has OGIIYIO IUIOMAh OKOH B IOMEIICHHH, MOXKHO
paccuuTaTh 00IIMe TOTEPH YHEPIHH depe3 BCe OKHA U IIPH HEOOXOMMOCTH CKOPPEKTHPOBATh MOAATy TEILIO-
BOH PHEPTUH B JaHHOE IOMEIIEHHE, HallpUMep, TTOBBICUTH MM MOHM3HUTH KOJIIMYEeCcTBO pebep Oarapeil oro-
MJICHUS.

Knioueswie cnosa: NBOHHON CTEKIONAKeT, HOTEPH TEIJIOBOI SHEPTUH, JTy4eBOH TEMI000MeH, KOHBEKTHBHBIH
TEII000MEH.
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