Zbigniew BLASZKIEWICZ, Piotr RYBACKI, Piotr KNEBLEW  SKI
Pozna University of Life Sciences, Institute of BiosystdEngineering

ul. Wojska Polskiego 28, 60-637 Po#n&oland
e-mail: zbigniewblaszkiewicz@up.poznan.pl

Received: 2018-08-09 ; Accepted: 2018-11-02

QUANTIFICATION OF HEAT BALANCE FOR WINDOWS WITH VAR  YING NUMBERS
OF WINDOW PANES AND GEOGRAPHICAL EXPOSURE IN THE CL IMATE
OF THE WIELKOPOLSKA REGION

Summary

The paper presents results of simulation testsHerheat balance of double, triple and quadruplazgt windows with
eastern, southern, western and northern exposuwaducted for the climate conditions of the cityRafznai and the
Wielkopolska region in response to the needs ofpeeeer engineering. It was shown that in the sumpeeiod a greater
number of window panes and a change in exposume §muthern to eastern, western and northern reswudtconsiderable
reduction of heat balance for these windows. Insin@mer months from May to August heat balancerafows with east-
ern, southern and western exposure is comparalble.Heat balance of windows with the northern exposimuch lower
in each month of the summer period. In the winemiqd the highest and positive heat balance is réed for windows
with the southern exposure. Windows facing therogeegraphical directions have a comparable balamgth values
around zero. At all the exposures an increased mub window panes to a relatively limited extenproves heat bal-
ance, in general for the entire winter period andts individual months.
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KWANTYFIKACJA BILANSU CIEPLNEGO OKIEN O RO ZNEJ LICZBIE SZYB

| ORIENTACJI GEOGRAFICZNEJ W WARUNKACH KLIMATYCZNYC

H

WIELKOPOLSKI

Streszczenie

Przedstawiono wyniki badassymulacyjnych bilansu cieplnego okien 2-, 3- gbewych ustawionych na wschéd, potudnie,
zachdéd i pétnoc dla warunkéw klimatycznych Poznamégionu Wielkopolski oczekiwane w ekoenergetWgkazanoze

w okresie letnim wzrost liczby szyb i zmiana ustaisi okien z potudnia na wschod, zachod i pétnoequtug; znaczne
zmniejszanie bilansu cieplnego okien. W musih okresu letniego od maja do sierpnia bilanploig okien zorientowa-
nych na wschdd, potudnie i zachod jestzooly. Bilans okien skierowanych na poétnoc jest zmigcacszy w kadym mie-
sigcu okresu letniego. W okresie zimowym na$zy i dodatni bilans cieplny mapkna skierowane na potudnie. Okna zo-
rientowane na inne kierunki mgpodobny bilans cieplny i oscylgy okoto zera. Przy wszystkich zorientowaniach geog
ficznych okien zwkszana liczba szyb ébmato polepsza bilans cieplny ogoélnie w okresieomgm i w poszczego6lnych je-

go miesgcach.

Stowa kluczoweokna, bilans cieplny, liczba szyb, orientacja gediczna, okres letni, okres zimowy

1. Introduction

various structural elements of buildings and ro@sag]. In
turn, there is a shortage of experimental reswltsehergy

Energy performance parameters of windows affe¢t ngperformance parameters for windows specifically amnd

only the thermal comfort of buildings and roomst blso
heating costs in the winter period and cooling £astthe
summer period. In these periods the heat balancgirof
dows is crucial, consisting mainly of the volumehefit en-
ergy losses caused by heat transfer outside throvigh
dows and heat gain resulting from the transmisefosolar
radiation indoors. These energy parameters arendepé
primarily on the outdoor climate and the indoor moai-
mate, as well as technical parameters of windows.
Energy performance parameters of buildings andnsoo

are dependent on the diverse climate conditiorSurope
[1, 2], including also Poland [3, 4, 5]. Climatenditions in
Poland are relatively varied, as e.g. differencesdlar ra-
diation may be as high as approx. 30%; to dateggreer-
formance parameters have been specified for averaige
ditions in Poland or only selected regional locagig3, 4,
8]. Energy performance studies in Poland are tyigican-
ducted assuming a comprehensive approach to teet eff
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climate conditions of the city of Pozinand the Wielkopol-
ska region. The area is located in climate zoné Rotand
(PN-EN 12831:2006), with the climate being diffaréom

that in the other regions [3, 4].

Heat balance of windows depends on their exposigre,
termining first of all heat gains produced by tlotas radia-
tion penetrating indoors. Another major window paeter is
connected with the window pane structure, maing/ tm-
ber of window panes and cavities between panesfrdet-
ing the amount of energy transmitting indoors asbés re-
sulting from heat transfer outdoors. Presently igiaainits
are manufactured as heat-insulating units of ségess
panels connected at edges with spacer bars or syiaeer
materials and sealants at the glazing edge. Thty caay be
filled with air or a high molecular weight noblesggdn sin-
gle-family housing single chamber mineral glasszigig
units have been used most frequently, while regeatfdlble
and triple chamber glazing units are increasingignimon.
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When glazing windows with neutral or absorptionsglavin- Quow g = C; - 4; "I - Fyy, oi " Fo "Ggi (1)
dow panes reflective, sun protection and low-emiigscoat- ’
ings with varying light reflectance values are usedimit
heat losses or excessive heat gains due to irsulati

The aim of this study was to determine heat b&aofc
windows differing in their geographical exposurel ghe
number of window panes for the climate conditiomgtie
city of Pozna and the Wielkopolska region. Simulation
testing provided heat balance values for windowmtathe
4 geographical directions, i.e. the east, soutlst\wad the
north, providing overall values for the entire suemnand
winter periods as well as successive months oj¢ae.

where: mean monthly solar radiation enetgjkWh-m?,
C; - the ratio of glazed surface area to the totdiaserarea
of the window (averaged value of 0.7) [A,- surface area
of the window [m], Fq, - reduction factor for adjustable
shading systems in accordance with the PN-EN ISO
13790:2009 standarétgh g - reduction factor for shading in
accordance with the PN-EN ISO 13790:2009 standgye,
total transmittance of solar radiation for the vomdpanes.

Heat balance was determined following the PN-EN IS
13790;2009 standard by deducting the assesseddssat
Qtoje from heat gainson+ A positive balance indicates
2 Methods excess heat on the indoor sid(_e of the w_indow.

Total heat losses for the windd® e, in kWh were de-
termined applying the simplified method [9] fronetaqua-

Tests were conducted on typical, commercially laioée tion:

tilt and turn windows of 1230 x 1480 mm in size eylwere _3
performed on double, triple and quadruple glazeadwaivs, Qurje =Fc U m A; [Emm,ﬂ - ga,n) Tty 1077 (2)
thus the windows were single, double and triplendbered. \yhere: mean outdoor air temperatutes (K), Finecn -
Calculations were made for windows placed vertcalhd '
facing the east, south, west and the north. Settimgiess
were denoted as follows: the east 0°, south 90%t Ww80°
and the north 270°. Testing results were obtainedkam-
ple solar radiation transmission and heat trarsdefficients
adopted within the ranges specified in the newrtieeth con-
ditions for buildings and their locations enforcegt the
Regulation of the Minister of Transport, Constroctiand
Maritime Economy of 8 July 2013 (the Journal of Laws

Dziennik Ustaw of 2013, item 926). Other parametérthe are entered and made available at the websiteedf/ihis-

windows were assumed to be constant. : ;
Heat balance [in kWh] was based on heat gains antr of Infrastructure and Construction (MIiB) [10Mean

losses for the summer period and for the wintefogeas monthly _outdoor air temperatures were collectemfng-
well as successive months of the year. These pasasne year pgnod (11) ata wgather station in Paiz@a:acla Hy-
were determined in simulation studies abplying N— drologiczno-Meteorologiczna SHM and Lotniskowa $tac

mended simplified method, following the methodoIogy'vleu:"orOkJgiczna LSM, _ho. 123300).' These data_ were
specified in the Regulation of the Minister of kdtructure adopted as representative for the Wielkopolskaored-

. cated in the Dfb climate zone of Poland (accordimghe
and Development of 37February 2015 [9] and respective i
Polish standards. The summer period was assumée to PN-EN 12831:2006 standard) (Table 1). Moreover folie

from the 1st of April to the 30th of September, lehine lowing values were adopted in the calculatiohs:1.82 nf

winter period lasted from the™Iof October to the end of (in accordance with PN-EN ISO 10077-1:2017-10);=

March based on mean outdoor air temperatures fioult- 0.7, Fpgi = 1.Fsn= 0.9, 0nis = 295.16 K (22°C); f =1.

annual period for Pozng10] and observations of heating The number of hours, was determined based on the dates

system operation dates as well as recommendatiotieo marking the summer and winter periods and for thelver

PN-EN ISO 13790;2009 standard. of days in months. The assumed coefficiegggtsandU,, for
Heat gains for windows [9] generated by solaratidn  the windows are given in Table 2.

Qsolb, iN KWh, were calculated from the equation:

mean indoor air temperature in the heated zonetji]the
number of hours for period [h],,fcorrection factor for
temperature in accordance with the PN 1SO 13835200
standard [-],U,,- overall heat transfer coefficient for the
window [W-m?-K™].

Mean monthly solar radiation energykWh-ni? hitting
a vertically placed surface of the window pane wskab-
lished experimentally in the years 1971-2000 by Itieti-
tute of Meteorology and Water Management (IMGW)tdDa

Table 1. Mean outdoor temperatufigsfor Pozna from a 29-year period [10]
Tab.1.Srednie temperatury zewtizne T, dla Poznania z okresu 29 lat [10]

Month | | Il i1 | v Vi VIE [ vl | IX X | XL [ Xl
T,[°C] | 0.2]-1.8]2.7| 83| 13.0| 16.8| 18.3| 18.4| 135| 7.0| 2.2| -0.1

Table 2. Overall heat transfer coefficidsi; and total transmittance of solar radiatigyfor analysed windows adopted in
the calculations

Tab. 2. Przyjte w obliczeniach wspoiczynniki przenikania prordesmnia stonecznego\J przewodzenia cieptagganali-
zowanych okien

Value
Coefficients | Units Double glazed window | Triple glazed window | Quadruple glazed window
Uy W-mi% K™t 1.3 1.0 0.7
Oyl - 0.8 0.7 0.6

Source: own studyZrodio: opracowanie wiasne
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3. Results and discussion

In this study testing results were obtained fa treat
balance of windows differing in their exposure atie

over the horizon falls at a large angle onto theica win-
dow facing the east and west, with a similar amafren-
ergy transmitting indoors as in the case of thedaim fac-
ing the south. The window with the northern expeshais a

number of window panes for the climate conditiorfs omuch lower heat balance - by approx. 120 kWh (axpro
Pozna and the Wielkopolska region. The results may b&3%) than the window facing the south, which restribm

used to ensure more accurate design of buildingsoati-
mal selection of more energy efficient and cosedtife
heating and cooling systems in eco power engingerin

3.1.Heat balance in the summer period

As can be seen in Fig. 1, in the summer perioddtsd
heat balance of analysed windows differing in thenher
of window panes and exposure is high and posifivis is
primarily the effect of high solar radiation andjmioutdoor
air temperatures generating small heat losses [10].

the much weaker, reflected and scattered solaatiadi
Generally heat balance decreases with an incieabe
number of window panes to a similar degree intal tari-
ants of window exposure. This is described by thepo-
las, which for a greater number of window panespéoted
at lower values of heat balance (Fig. 1). Withraréase in
the number of window panes heat balance decreasas-o
erage by approx. 11%/1 window pane and in termgeof
centages it is comparable for the analysed windgqosure
variants. In absolute values it ranges from appb&xkW/1
window pane for the southern exposure to approk\aal

The study generally shows that both window expssurwindow pane for the northern exposure. A lower Hest

and the number of window panes have a relativelgketh
effect on the total heat balance of windows in shenmer
period, ranging from approx. 513 to approx. 311 kiWiy.
1). As it results from that Figure, the greatesith®alance
of windows facing south decreases at exposurelseiridi-
lowing order: the eastern, western and the north€he

ance of a quadruple glazed window results fromssde
transmissivity of solar radiation through the wimdwith a
larger number of window panes to the inside ofrtmm at
a slightly decreased heat losses as a result béhgutdoor
temperatures in the summer (Tables 1 and 2).

dependence of heat balance on window exposureris ve3.2.Heat balance in months of the summer period

well described by parabolas with the vertexes atstbuth-
ern exposure. These parabolas are similar for éoufiple
and quadruple glazed windows (Fig. 1). Windows rfgci
the east and west have a heat balance lower bpxapl$.6
and 41.8 kWh, i.e. 3 and 8%, than that of the windac-
ing the south. Generally a comparable heat balaheén-
dows facing the south, east and west results tliréectm a
similar amount of solar radiation energy generatedimi-
lar heat losses [10]. The radiant flux of high ntity as a
result of the Sun high over the horizon falls anzall angle
on the vertical window facing the south and a senall
amount of energy transmitted indoors. The radient é6f a
lower intensity as a result of the Sun being logdtaver

Changes in the heat balance of windows in theesicc
sive months of the summer period were very weltdbed
for all the window exposure variants and window gan
numbers by inverted parabolas with the vertexébeturn
of June and July (Figs. 2—4). Heat balance of wivelo-
creases considerably from April to Jun and Julyilevim
the successive months it decreases comparablyndkadse
in the balance results both from the consideraiigease in
the emission of radiation and the marked redudtioheat
losses due to growing outdoor temperatures in #reog
from June and July, whereas a decrease in the dealan
sults from the reverse trend in changes of thesenpeters.

Bilans cieplny, kWh - Heat balans,

300 | Q2=-23,7p2+83,33+4382 y
3 ] R2=0,9971 Q.4
200 - Q3 =-20,775x +73,065x+391,18 ®Q.2
2 _
R2=0,9971 mQs
100 -
Q4 = -17,625[2 + 61,7750 + 344,98
] R2=0,9978
0 T T T 1
0 90 180 270 360

Ustawienie okna (°) - Window orientation (°)

Source: own studyZr6dio: opracowanie wiasne
Fig. 1. Summer heat balan€ of double (Q.2), triple (Q.3) and quadruple (Qu#azed windows facing different geo-
graphical directions (0 — east, 90 — south, 18@styw270 — north)
Rys. 1. Letni bilans cieplny Q okien 2-, 3- i 4bgmyych (Q.2, Q.3, Q.4) zorientowanych na kierumkiata (0 — wschod,
90 — potudnie, 180 — zachdéd, 270 — péinoc)
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Fig. 2. Heat balance, in kWh, for a double glazeddaw at different exposure variants in the sudeesmonths of the
summer period (1-6), 1-6 successive months of tihenger period.
Rys. 2. Bilans cieplny, w kWh, dla okna 2-szyboveeg@nej orientacji geograficznej w kolejnych migsich roku okresu
letniego (1-6), 1-6 kolejne migsie okresu letniego
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Fig. 3. Heat balance for a triple glazed windowitierent exposure variants in the successive nsooitthe summer period (1-6)
Rys. 3. Bilans cieplny dla okna 3 szyboweganejorientacji geograficznej w kolejnych migsich roku okresu letniego (1-6)

y=-7,1411x*+49,259x - 5,15

120 R2=0,9913
o ]
o y=-4,0768x%+27,132x +33,57
2 100 - R2=0,9979
) J
2
= 380 7
]
T @ Q4 East
] 60 -
1 ] ¥ Q.4 Sud
z 2 ~
= 40 - y=-6,8232x2+47,308x - 6,31
.g‘ £ R?=0,9988 Q4 West
3] T X’/ , ‘X
" ) y=-6,3304x*+44,918x - 15,17 X Q.4 Nord
c 20 R?=0,9857
)
= _
0 T T T T T 1
0 1 2 3 4 5 6

Miesiac - Month
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Fig. 4. Heat balance for a quadruple glazed windbwifferent exposure variants in the successivath®of the summer
period (1-6)
Rys. 4. Bilans cieplny dla okna 4 szybowegozaeaporientaciji geograficznej w kolejnych migsach okresu letniego (1-6)
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Heat balance of windows facing the north, for eaat-
dow pane structure, is much lower in comparisorthi®
other exposure variants on average by approx. 26 kw

are very well described by 3rd degree regressidh thie
sinusoid-like shape with the maximum for windowsiffig
the south and the minimum for window exposure climse

each month of the summer period. The eastern, sputh the northern one (Fig. 5). These curves are sinfilathe

and western exposure of windows has a slightlyedsffit
effect on the heat balance of windows in individoainths
of the summer period, whereas it was generally cvaige

number of the number of window panes and plotteprat
gressively lower values for the windows with thesas-
sively lower number of window panes. However, the i

for windows differing in the number of window panescrement in heat balance in the period of 6 morghwther

(Figs. 3-5). In April and September heat balancewif-

dows facing the south is greater than that of wivgléac-

ing the east and the west. This results from theatgst
amount of radiation transmitting inside throughttkan-

dow in those months at heat losses comparableote tfor
windows facing the east and the west. In the pefioth

May to August heat balance of windows with the east
southern and western exposure is comparable, mdiny
to the similar levels of energy collected throubbse win-
dows.

Generally the number of window panes has a similar
fect on the heat balance of windows differing imte of
their exposure in individual months of the summeriqu
(Fig. 3-5).

3.3.Heat balance in the winter period

Heat balance in the winter period for the analyséd
dow pane variants is presented in Fig. 5. In tleaiop heat
balance of windows changes under the influencénefin-
vestigated factors from approx. -62 to approx. 8éhk to-
tal by approx. 150 kwWh (Figs. 1 and 5). Changesénat

low, ranging on average from approx. 15 kWh/1 windo
pane in the case of the northern exposure to apB0x
kWh/1 window pane at the southern exposure. Thesdts
show that in the winter period the use of quadrghéezed
windows instead of 2 window panes has the greaféstt
at the southern exposure, providing the greatestden of
approx. 60 kWh, while it was lowest at the northerpo-
sure, with the heat gain balance of approx. 30 kwWh.

3.4.Heat balance in months of the winter period

Figures 6, 7 and 8 present heat balance for thy/sed
windows with differing numbers of window panes amnd
posure in the successive months of the winter gdefiteat
balance for all the windows is generally positimeMarch
and October and generally negative in the periothfNo-
vember to February, being the lowest in December.
Changes in the heat balance of windows in the ssooe
months of the winter period are very well descritygdin-
verted parabolas with the vertexes in Decembers(FeB).
Curves for the various exposure and window pananey
are similar. The lowest heat balance in Decembsult®

balance caused by window exposure are maximum gppramainly from the lowest emission of solar radiationthat
117 kWh, while those related to the number of wimdo month [10] at relatively higher heat losses dueatber low

pane are much smaller, amounting to approx. 60 kWh.
Generally the best positive heat balance rangiog f
approx. 55 to approx. 85 kWh is recorded for winddac-

outdoor air temperatures (Table 1).
The most advantageous heat balance of windowadgaci
the south was recorded generally in all the mowththe

ing the south. Windows with the eastern, westerd anwinter period. Heat balance of windows facing otheo-

northern exposure generally have a comparable Ireat

graphical directions is similarly lower on averaffem

ance around zero, ranging from approx. +0.17 kWh t@pprox. 15 to approx. 30 kW, in comparison to thattbal-

approx. -62 kwh. A lower value of heat balance tfeese
three windows results from a lower amount of directia-
tion reaching those windows as a result of the Being
located lower over the horizon and a shorter traver the
horizon. Changes in heat balance due to window s&xgo

600 1 R?=1
500 E
400 %
300 E
200 E

100 -

0

-100

Bilans cieplny, kWh - Heat balance,
kWh

-200

ance of windows with the southern exposure in eachth
of that period.

The effect of the number of window panes on hedt b
ance of windows facing various geographical dimwdiin
individual months of the winter period is similafhe most

Q2 =41,633033-341,3582+823,92xB-560,3

Q3=36,517[*-299,35p% +722,43B-468,9
RZ=1

Q4 =31,25-256,15 +618,13-376
R2=1

®Q.2
HQ.3
Q.4

Orientacja okna - Window orientation

Source: own studyZrodio: opracowanie wiasne

Fig. 5. Winter heat balane@ for double (Q.2), triple (Q.3) and quadruple (y¥§zed windows with different exposure

variants

Rys. 5. Zimowy bilans cieplny Q okien 2-, 3- iiesavych (Q.2, Q.3, Q.4) zorientowanych na kiergakigraficzne
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Fig. 6. Heat balance for double glazed windowsediifig in exposure in the successive months of timewperiod: 1 - 6

successive months of the winter period

Rys. 6. Bilans cieplny dla okna 2-szybowego fep orientacji geograficznej w kolejnych migsach roku okresu

zimowego: 1-6 kolejne migsie okresu zimowego
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Fig. 7. Heat balance for triple glazed windowsaetiffig in exposure in the successive months of iihéewperiod 1-6
Rys. 7. Bilans cieplny dla okna 3-szybowego fnep orientacji geograficznej w kolejnych migsach roku okresu
zimowego 1-6
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Fig. 8. Heat balance for quadruple glazed windoifferthg in their exposure in successive monthshefwinter period 1-6
Rys. 8. Bilans cieplny dla okna 4-szybowegozae&porientaciji geograficznej w kolejnych migsach okresu zimowego 1-6
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advantageous positive heat balance was observegual-
ruple glazed windows with the southern exposurenyain
the beginning and end of the winter period.

(2]

4. Conclusions
The paper presents results of simulation studiésimed B
for the study assumptions concerning heat balahteree
design variants of windows facing the east, sowtst and
the north for the climate conditions of Po#nand the
Wielkopolska region. Results may facilitate moré&orzal
selection of windows for buildings and designingemy
efficient and cost-effective heating and coolingtsyns.
— In the summer period the highest and comparabd tot
heat balance was recorded for windows facing the, ea g
south and the west, particularly in the months fiday to
August. Heat balance of windows facing the nortpeser-
ally much lower in each month of the summer period.
— An increase in the number of window panes in the-wi
dows facing the 4 geographical directions resuita icon- [7]
siderable reduction of heat balance in the sumragog by 8]
approx. 11%/ 1 window pane. This decrease is gHyera
similar in individual months of the summer period. [9]
- In the winter period the highest and positive tedance
ranging from approx. 55 to approx. 86 kWh was rdedr
for windows facing the south. Windows facing otlgyeo-
graphical directions have similar heat balancesgiray
from approx. +17 kWh to approx. -60 kwWh. Heat batanof
windows facing the 4 geographical directions tyfycde-
creases in a similar manner to December and Jarauaty
increases similarly in the successive months.
- In the winter period the increment in the heat baéa
value at the increase in the number of window pases
lowest for windows facing the north and on averégis
approx. 15 kWh/1 window pane, while it is great@sthe
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(6]

ferent climates. Energy Conversion and Managemdg,2
49, 113-124.

Collins L., Natarajan S., Levermore G.: Climate cteagd
future energy consumption in UK housing stock. Buaid
Services Engineering Research and Technology, 2810,
75-90.

Grudziiska M.: Climatic Zones in Poland and the Demand
for Heating in a Typical Residential Building. “Boaif ex-
tended abstracts”. Paper presented at the conter&RE16
Hamburg, Strategies, Stakeholders, Success fadtbrs; 11
th March 2016.

Grudziaska M., Jakusik E.: The efficiency of a typical met
orological year and actual climatic data in thelgsia of en-
ergy demand in buildings. Building Services EngimegRe-
search and Technology, 2015, 36/6, 658-669. SAQHid2u
tions Ltd. DOI: 10.1177/0143624415573454.
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Rozporadzenie Ministra Infrastruktury i Rozwoju z dnia 27
lutego 2015 r. w sprawie metodologii wyznaczaniarahte-
rystyki energetycznej budynku lub gzi budynku oraz
swiadectw charakterystyki energetyczne;j.

na

[10] Wskazniki emisji i wartgci opatowe paliwa oraz typowe lata

meteorologiczne i statystyczne dane klimatycznehlczeh
energetycznych budynkow. http://mib.gov.pl/2-
Wskazniki_emisji_wartosci_opalowe_paliwa.htm. Dz.. U
2013 poz. 926.

[11] Dz. U. 2013 poz. 926. Rozpadzenie Ministra Transportu,

Budownictwa i Gospodarki Morskiej z dnia 5 lipca 20d
zmieniajce rozporadzenie w sprawie warunkéw technicz-
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Standards

case of the southern exposure and on average asntmnt [12] PN-EN 12831: 2006. ,Instalacje ogrzewcze w budyhkac

approx. 30 kwWh/1 window pane. These incrementgare
erally similar in individual months of the winteeipod.
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