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ABSTRACT: The development of alternative details to managemiatrusion at the windc-wall interface
has produced a number of novel approaches to idegtdlile interface between the window and adjaceait w
assembly. Many of these approaches advocate tlietogwovide drainage at the rough opening of the w
dow subsill given that the window components thdweseare susceptible to water entry over their etque
life. Depending on the types of windows used drdadding into which the windows are installdeere
arise different methods to provide drainage thay mlao affect air leakage through the assemblyis irh
turn may give rise to the formation of condensatitong the window at the sill or along the windaasls and
glazing panels. Hence there is a need to deterifjineder cold weather conditions, specific insed details
that incorporate sill pans provide potential fondensation on the window components in which akage
paths may be prominent at the sill or elsewheréghenvindow assembly. The paper reports on a |atigra
evaluation of conditions suitable for the formatmincondensation at the window frame perimeterhefin-
terface assembly as a function of both temperatifferential and pressure difference across theassem-
bly. A summary of the laboratory test protocol mpded that includes a description of the testugetind
apparatus, fabrication details of the specimeniafadmation on instrumentation and calibration axgberi-
mental results for one type of window (box window).

1 INTRODUCTION overall test protocol, temperatures of the roone sid
and cold side, and maximum relative humidity under
Window components are susceptible to water entrtest conditions. A useful overview of these methisds
over their expected life [Lacasse et al. 2007] kBencgiven by Elmahdy [1990].
there is a need to ensure the window installaten d  The essential elements of the method, briefly de-
tails permit adequate drainage at the rough opesfing scribed, consist of testing a window in a hotbox
the window subsill. However, providing proper chamber, measuring the lowest window glazing and
drainage may also affect air leakage through the aframe surface temperatures from specified locations
sembly and under cold weather conditions condensan the window, and calculating the average exterior
tion may form along the window at the sill or alongair temperature and the average interior air andl wa
the window sash and glazing panels. Do window insurface temperatures. The “Temperature Index” ( |)
stallation details that incorporate sill pans imsethe of the window can then be determined based on the
risk for condensation on the window components irfollowing relationship provided in the CSA A440.2
which air leakage paths may be prominent at the siStandard [CSA, 2004]:
or elsewhere in the window assembly? | = (Ts=To) / (Ti — To) x 100 (1)
There exist several standard laboratory test meth- Tand T the ind d outd i tem-
ods for determining the potential for the formatadn W erte an q a1L_re the Indoor and ou Qgr ar fem
condensation on windows, however the essential agéer;%ggtsdr:rrlne; Issure(;eir?\t/r?(;at%it r(%?]rg'gm%esrl;ﬁgei
pects of such methods were first proposed by Sasa : . : X o
[Sasaki, 1971] and the standardisation work carrie e>} IS non-dlmensmnall, .and re[r)]re§ent§ the ntld?terlor
out in AAMA [AAMA, 1972; AAMA, 1998], ASTM surface temperature relative to the interior ant-ex
[ASTM, 2000] and CSA [CSA, 2004] follows on MO' & temperatures.
these initial efforts. These standards prescrite th
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This paper reports on a laboratory evaluation foand directly to the sheathing membrane (Weather Re-
assessing the potential for the formation of cosden sistive Barrier-WRB-spun bonded polyolefin). The
tion at the window frame, sash or glazing for wwdo membrane overlays an oriented strand board (OSB;
installations that incorporate sill pans. The labory  11-mm) wood sheathing panel affixed over the wood
test method given in the CSA A440.2 standard [CSAframe. Glass fibre batt type insulation was plaiced
2004] was used as a basis for determining the potethe stud cavities adjacent to the window openingd) an
tial for the formation of condensation on windovgs a the interior finish was gypsum board (12.7-mm). A
a function of both temperature and pressure differfixed (non-operable) non-flanged PVC window (610-
ence across the test assembly. mm by 1220-mm) was centered vertically within the

specimen. The window was installed with the glazing
aligned with the plane of thermal resistance of the
2 EXPERIMENTAL SETUP AND PROCEDURE  wall. Figure 1 provides installation details of axb
window incorporating pan flashing, sloped sill, up-
The purpose of the test was to obtain surface teanpe stand and related details that help promote draioag
ture measurements on specific window componenwater from the windowsill if subjected to inadverte
that thereafter permitted determining whether thergvater entry. Figure 1 shows the location of thepla
existed conditions suitable for the formation ofico of thermal resistance of the wall in relation tattbf a
densation given specified interior and exteriordion box window installed along the same plane.
tions. The CSA A440.2 [CSA, 2004] test method for
determining condensation potential on windows, as
described by Elmahdy [1990], was followed with the C
following exceptions: the pressure difference acros
the specimen was adjusted to 20 and 40 Pa and at le
vels in excess of that required in the standaed @i+
5 Pa); steady state conditions were maintainectfor
least 6 hours (compared to 5 h in the standarda)e on "
steady state was achieved, readings were averaged
over a period of at least 2 hours; deficienciesevier
troduced at the wall-window interface. A guarded
hotbox [Bowen 1985] was used to subject a suitable
specimen, incorporating a window and related inter-
face details, to temperature differentials spedifie
the test. A description of the hotbox is provided b
Brown et al. [1961]. Details on the experimentad-pr
cedure, the calibration of the hotbox, specimen in-
strumentation and data acquisition are provided in
subsequent sections.

)

Exterior Interior

80mm

2.1 Test setup Figure 1. Installation detail for box window

In respect to the choice of installation detaitssid-
eration was only given to those details that had in
previous study [Lacasse et al., 2007] demonstrated
ability to adequately manage rainwater entry. Suc
installation details typically include a sloped siith

The space between the window frame and wood
frame wall was left empty (Test set 1), was filled
Hvith glass fibre insulation (Test set 2) or spray-i
place polyurethane foam (SPF) (Test set 3). Finally

sill pan flashing incorporating a back dam. Reshearcgiven the interest in using installation detailattim-

and analysis has been completed on installation g&§lYded a sill pan, thought was given to possible
tails for flanged mounted and box windowiis pa- paths of air leakage through the assembly at the si

per reports on results derived from testing thealtes f’md tt.he tydpe (f[f deficiencies tth‘ﬁt {nlghtfarlse aseh .
tion details for box windows; results on flanged oca |onst ue folllmpror:)er |r}sa ation otco%ﬁ)ogetn
windows are given in Maref et al. [2010]. or premature failure of seal components. The intro-

The nominal size of the test frame incorporatingfuc“()n of two deficiencies at the wall-window inte
the wall-window interface was 1.22-m wide by 2.44-1aC€ provided a means to evaluate whether air lea-
m high, and framed with 51 by 152-mm Spruce-Pinekage across different components of the window

Fir lumber. The test assembly was intended to pe re a_ssembly caused condensation to form on the warm
resentative of typical North American wood frame.Slde of the wall assembly_when I_eakage was induced
construction practice. The exterior cladding of sise in the test assembly. A first deficiency was lodate

sembly was hardboard wood composite siding inat the exterior of the wall-window interface and at

stalled in accordance with current building pragtic 1€ Juncture of the cladding and window frame at th



lower extreme corner of the window, whereas théests were conducted with pressure difference®af O
second one was situated at the interior of thenasse 20Pa and 40Pa by evacuating the warm side chamber.
bly at the interface between the window frame and

the interior finish but located at the upper mastd a

opposite corner of the window assembly. 3 RESULTS

2.2 Test procedure 3.1 Test set 1 — no insulation

, - Without a pressure difference across the specimen
Both the temperature and relative humidity (RH)aver there was a very uniform temperature distribution

continuo_usly monitored over the course of a test S%ver the wall, window frame and glass on the oetsid
quence in the warm side chamber and only tempe;%OIOI side) of the specimen (-28.3°C to -28.7°Q)isT
tuerreat'ﬂréhﬁ] iﬁ:ed Csr']g?nggfvvgfg M:daesttjge;egf‘cl?:af iS, consistent throughout all measurements, regazdle
P y8f‘ pressures and deficiencies. On the inside (warm

£ 1.5 °C and that of relative humldlt_y to+1% RH'si e) of the specimen the temperature of the wall
The data were recorded on an acquisition system Al owed more variation, as could be expected. On the
then subsequently used to ensure that steady Sitside the air space between the WRB and the hard-

conditions had been maintained over the course of fbard siding blocked any thermal bridging that rhigh
test sequence. Surface temperature conditions-on @l

ther side of the window and on specified window. ave been provided by the wood studs from appear-
components (e.g. glazing: frame at sill and at gmb ing on the measurements. The temperature on the
were continuou.sli/ monito}ed with a set of 40 thermoWIndOW frame and the ms_ulated glazing unit (IGU)

. : , had a strong thermal gradient; whereas the tempera-
couples: 20 on the exterior and 20 on the intesfor

the specimen. The location of each of these therm(t?l-”eS on the middle and upper half of the window
couples followed CSA A440.2-04 specifications ange from 12.4°C to 14.2°C, temperatures between

"3.9°C and 8.6°C were evident near the sill. The gas

Thermocouples were also placed within the cavity beinside the IGU will, when heated up, rise towas t

tween the window frame and window opening. Ther-tolﬁ) of the unit, resulting in a typical thermal gjient.

mocouple temperature measurements were made to a As the cavity between the box window and the
ac%??;;ﬁ&; “(:fem erature Index” (1) at given wood framing is approximately 12 mm wide and 125
u perat 9 mm deep, internal convection within the cavity ntigh

points on the window frame and glazing were Oleterl'nduce thermal stratification in the vertical goase.

rln(')gi(i é)gsr](ecjdargrl(z;(?latlonshlp (2) given in EN ISOThis cavity is essentially open to the cavity betwe
) the hardboard siding and the wood stud wall at the
I = (Ts=To) / (Ti — To) (2) sill, and closed at the jambs and the top. At e s
Tests were carried out under a pressure differethe gap between the sill and the subsill is about
tial, continuously monitored during the test seqagen 1.9cm. At the jambs and the top there is a sldrofm
by a pressure transducer with a 250 Pa range and 4@ 5mm wide. Gustavson (2001) studied flow patterns
curacy of + 1 Pa. A pressure transducer was used to different types of window frames both experimen-
monitor the pressure in the interstitial space betw tally and with computational fluid dynamics. He eon
the window frame and window opening. The amountluded that cavities with interconnections of ltsm
of airflow due to pressurization during the tesswat about 7mm can be treated as separate cavitiesofl his
monitored. The guarded hotbox test facility was-cal course is only valid for natural convective effeatsl
brated according to the approach described in Elmavhere the influence of forced convection by externa
hdy [1992] and Elmahdy & Bowen [1988]. The film pressure gradients has not been taken into account.
heat transfer coefficient on the room-side andBased on these data one could assume that irr-all ci
weather-side surfaces was determined from the caumstances there would be a considerable air flow a
bration of the hot box with use of the Calibrationthe bottom, whereas air exchange between the wall-
Transfer Standard (CTS); the CTS is described iwindow interface cavity and the cavity behind the
Goss et al. [1991]. For calibration, the CTS wadardboard siding is rather unlikely without forced
mounted flush with the room-side surface of the surconvection.
round panel. The horizontal cavity beneath the sill was located
The temperature differential for the tests wasaset at the plane of thermal resistance of the window
50°C + 1.5°C and the temperature sensor measurgthere the highest thermal gradient from insideu o
ments were recorded once steady state conditiores weside is evident, thus intensifying the resulting\aec-
achieved following a period of 15 minutes in thesdion. Any cold air entering into this cavity wilbgher
conditions (20°C — (=30°C) = 50°C). The humidity onheat from the inner side of the window frame, and
the warm side chamber was maintained at ca. 10 %ereafter rise due to its decreasing mass density.
RH to ensure that no condensation occurred on finy blowever, due to this phenomenon one might expect a
the interior exposed surfaces of the widow framesimilar thermal gradient at the outside of the wveivd



- this was not observed. A possible explanation
be found by analyzing theonfiguration of thewin-
dow frame. Thisspecific window profile lets the -
side chamber of the franpartially act as a geomi-
cal cooling fin, shortircuiting the location of e
thermocouple. Furthermore, due to the high heat
caused by the presence of thsulatedglazing unit
spacer the effect of other components on thm-
perature at the thermocouple is outclas

The six thermocouples located in tvertical cav-
ity confirm a strong temperature gradient over
height (Figure ® rising from 0.4°C at the sill 1
12.9°C at the top of the cavityhe vertical therme
gradient in the cavity was monitored throughoui
measurements and was consistent in neHowever,
when compared to the experiments with spray f
insulation in the cavity{please refer to section 3,
the addition of which eliminates both natural thak
stratification and forced air flow, it seems thanaall
part of the observed temperature geatlis caused L
other effects. The mounting brackets are not ¢
enough to the thermocouples to affect the me-
ment and given that this is a fixed window with
hinges or stays, neither of these items can afe-
sults.
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Figure 2. Surface temperatureso- deficiencie

3.1.1 Effect of pressure differences

In order to analyze the effect of cold air infittrey
into the assembly, a positiygessure of 20 and 40!
was applied. Due to this unbalance, cold air

drawn into the assembhhrough small cracks ar
holes in the different components of the specinar
there were no wilful deficiencies in this -up, air
could only enter through local imperfections of

wall, window-wall interface or window frame. Figu
3 shows a clear terepture drop on the windo
frame while the indoor temperature remained
same, and this is most distinct at the upper laé
lower left corner of the window. In general, thm-
perature index dropped between 0.02 and 0.1z
average 0.04). A temperire drop at that location can
be caused by two effecy:air running along the pe-
rimeter of the window frame can cool the wind
frame, even causing the glazing stop to cool a
degrees (the thermocouples on the window fram
mounted on the glazinctop); (i) there might be air
leakagethrough the window frame its¢ Leakage
through the frame camether from outside directl
through the frame to the inside or via the cave-
tween the window frame and the wood stud \and
thereafter though theimdow frame to the inside.
detailed analysis with smoke pencindicated that
the interior perimeter of the window frame v
tightly sealed with caulking, so air leakage ¢
around the window could not account for thee-
sults. By comparing these rdts with other test sets it
was concluded that the window frame itself wase
leaky. In test set 3, SPF was installed in thetgde-
tween the window frame and the wood stud wall. .
cooling effects would then be caused by cold i-
rectly entering irough the window from the outsi
to the inside. A comparison of temperature in
drops on the frames showed that direct air lea
through the window frame from outside to insic-
counts for about 40% of the overall temperaturgc
That means the meaining 60% in temperature drop
would be caused by air coming from the spae-
tween the frame and theall into the frame

A closer examination of several samples of
window typologyused in this studrevealed imper-
fections at the mitrgoint of thewelded vinyl frame.
The mitre joint waschamfered after welding, but
some instances it apparently was cut off, there-
vealing a small opening (slit) at the exterior @g
of the window frameAs well it was observed tr at
the top and bottom side of the window thwere mi-
nor perforations caused by sta); these staples were
used to securthe wood protection strapping in ple
during transporbf windows. It was also evident that
there wereno weep holes at the bott side of the
window (contrary to good practice). In general
windows were pody fabricatec and several deficien-
cies were presem the framespecifically at the cor-
ners both inside and outside. Thdeficiencies ren-
deredit possible for cold air tonter the frame from
the outside between the window frame and the v
stud wall, and permit ato leave the frame at the inte-
rior at joints located ahe glazing stoy.

The effect of air leakage was most pronounce
the corners, where agould easilypenetrate at the
glazing stop butt jointsThe temperature on then-
dow frame decreased by as much as 4.1°C (5.9¢
the top side and 3.2°C (3.6°C) at the bottom sic



the window frame when 20Pa (40Pa) pressure
applied. Although the pressure diéace is doublec
one should take into account the effect of the ¢
law (3):

(3)

With Q: air flow rate[L/s], C: flow coefficient
[L/s-Pd], n: flow coefficient []. It can reasonably &
assumed that the flow exponent of the specifid-
ciency lies between 0.55 and 0.65 for building i-
cations. Within this rangef values for flow coei-
cient the air flow rate would riseetween46% and
57% upon doublinghe pressure difference. Hen
one wouldnot expect that the temperature dwould
be linearly relatetb the pressure differenc

With regards to the condensation potential, e-
sults differ significantly to the tests without psere
difference due to the air flows in the window fraras
temperature index of 0.68 at OPa, 0.64 OPa and
0.63 at 40Pa. Note that without pressure differt
the edge of the glass pane is the coldest spo
hence the most likelgondensation surface, whert
this shifts towards the frame during pressure r-
ences. This may seem a trivial remark might have
major consequences. Even though condens
should be avoided at all times, it is likely to ocdue
to specific circumstances, e.g. extremely low oai
temperatures or high indoor moisture loads. Cn-
sation on the glass itself can beersevery easily b
building tenants, whanight react by turning up tt
heat, ventilate more or regularly wipe it dIf con-
densation first occuren the frame, it might not t
noticed and the water might get absorbed by adi:
porous finishing componensuch as wood or p-
sum. This could cause staining and deterioratio
the materials. The temperatures at the window fi
in the cavity between thevindow andsill are ex-
tremely low when a pressure difference is pres
The thermocouple at the lower tleorner show
0.4°C at OPa, -4.6°C at 20Pa aidd2°C at 40Pa. Th
couldcause severe problems during a rapid chan
air flow direction: a temperature ¢-7.2°C corre-
sponds tdhe dew point of 20°C room air at 16%-
midity, so indoor air could easilgondense on th
surface.

3.1.2 Effect of deficiencies

During the second series of tests two deficier
were installed: one at the lower right corner oe
outside and one on the upper left corner on thidet
(when looking from the inside of the window). 'en
no pressure difference is applied, results nearly
identical to the previous tesithout deficienc.

3.1.3Effect of deficiencies anatessure differenc

When a pressure difference of 20Pa is applied v
deficiencies are present (see Figure 3), thtside
surface temperatures remain the same, but thecsi
temperature of the window profile on the insis re-

ducedan extra 0.9°C compared to the test withce-
ficiencies (1.3°C for 40Pa). A temperature drog
1°C corresponds to a drop of 0.02 pc in the tem-
perature index (for the given boundary conditioh
the test setup). Compared to the test witropen de-
ficiencies but no pressure difference, the upp#raqd:
the window cools down by as much as 3.9°C at :
and the lower part 4.1°C. At Pa that is 7.2°C and
4.9°C for the upper and lower part of the windce-
spectively. By comparing these results with t
without deficiencies and other test setups, theah
temperature drop of the window frame (averace-
sults for the whole frame ¢ used to compare general
trends) can bdikely attributedto three different ef-
fects. First of all, about 25% can be traced backirt
leakage from outside to inside through the win
frame itself (based on the results of the same ovir
when SPF was italled). Secondly, air leakage frc
the cavity framewall accounts for~37.5% of the
temperature drop (by comparison with the st
without deficiencies). Thirdly, anoth~37.5% is in-
troduced by the air leakage between the oute-
ciency and the innereficiency. It can be conclude
that about 60% of the temperature dmay have
been avoided by installing high grade windc
frames. In terms of temperature index, the 25%e-
sponds to a drop of 0.02, and the 37.5% to 0.08.
combined effect is on avege a change in tempera-
ture index of 0.08 (or 4°t on the window frame, but
as shown in Figure Beaksof up to 0.15 occurred de-
pending on the specific location of the air leakise
most critical reductions intemperature index from
0.69 (on the window pw) to 0.63 at 20 Pa (on the
frame) and 0.61 at 40Pa (on the frame). The tea-
tures in the cavity show a general decrease o€C5®
20 Pa and 10.1°C at 40

0.89 0.86 0.90
0.82 0.82 0.85
[0o69 | (o069 ]| [o070]
0.68 0.69 0.70
0.68 0.68
(%) (%)
o "

Figure 3.Temperature index at interior side when deficien
are introduced (no insulation)



3.2 Test set 2 —glass fibre insulation

For this test setup the cavity between the win
frame and the rough openimgs filled with glass fi-
bre insulation and caulked on the interior side.
surface temperatures on the outer «did not differ
from those obtained in the test sgt-without insLa-
tion (Test set 1). On the inside, the effect ofiag
insulation wasmost pronounced for the surfacm-
perature of the window frame, whiglasabout 0.5°C
higher due to the insulation. However, twas not
the case for the IGU where the temperature reed
roughly the same. The lowest temperature in
drops from 0.69 to 0.68 but thigas not a general
trend and most likely wasaused by rounding. In fa
the surface temperature of the glass perimwas
primarily determined by the centoépanel R-value
of the IGU, the IGUspacer along the edges, and
removable glazing stop of the window frame. Un
the temperature around the frame is below a ce
threshold and the frame has a limited laterarmal
resistance, the effect on the IGU will be negligi
The cavity between window and wood frame its
now packed with insulation, wasn average 4.1°
warmer as compared to the setup without insula
with peak differences of 7.6°C. It should be¢ed that
there wasstill a minor thermal gradient present, alt
less pronounced than found earlier. Tsupports the
theoryconcerning the effect of convection inside
vertical mullions of the window frame. A detail
analysis of the results pointsitothat the calculate
thermal gradient was smaller th#dratobserved with-
out insulation, but slightly bigger than the orb-
served with SPF insulationThis may have be:
caused by thermal stratification (despite the tasce
of the glass fibre insulation), or lay upward air flov
caused by a leak. In the latter case, it would &c-
count for a part of the thermal gradient in theug
without insulation. In the horizontal cavity at thd
the temperature wasgnificantly higher than the te
without insulation, consistent with thpredicted
dampening of convection effediyg the insulatio.

3.2.1 Effect of pressure differences

Both for 20 and 40Ppressure differencthere was
no important effect on the outdoor surface tera-
tures for the wall, for the window frame, and

the IGU. On the indoor sidehe effect of pressul
differences on window frame temperatuwas
nearly identical to test setup 1. Although theo-

lute temperatures and temperature indewere
slightly higher due to the insulation, the st
caused by the air flow wabe same. In the cavi
between the window frame and the wood frame
temperature drop wasonsiderably lower: on ar-

age 3.6°C at 20Pa (instead of 5.9°C) and 7.8°
40Pa (instead of 1(°C). The resistance of tt
glass fibreinsulation to air flow can account f
this change in temperature drop.

3.2.2 Effect of deficiencie

The results of the test with the two deficiencreshie
construction are nearly identical to the test wutt
deficiences. On average the surface temperatul
the window frame decreed 0.1°C, and the tempera-
ture in the cavitydecreasec0.2°C. Although this
might be attributed tgreateiconvection in the cavity
due to lower air flow resistance, the differerwas
very snall and lies within the magnitude of a-
surement error.

3.2.3 Effect of deficiencies and pressure differe
While there is no effect on the outside surfaim-
peratures due toressure differen,, a pressure differ-
ence has a small effect on the window freéempera-
tures on the inside. Figure shows the temperature
indexes for the casehere deficiencies are present
and a pressure difference of 4'is applied. The re-
sults show, from top to bottom, the test withouwu-
lation between window frame and wall,th mineral
fibre insulation and SPF respectively. Without ia-
tion, there was an additional temperature droj
1.5°C on the interior side of the window framem-
pared to the same test without deficiencWith the
glass fibreinsulation the additionzeffect of the defi-
ciencies wasegligible. While thepresence and type
of insulation had no effect on the temperature (
due to a pressure difference without deficiencie
had a clear effect when the deficiencies are in
present. This supporteetheory that the overall tem-
peraturedrop described abowas caused by air lea-
kage in the window frame itself, and not by aa-
kage in the cavity.
Temperature Index

Def3
40 Pa

Legend | Test1TIndex

Test 2 T Index
Test 3 T Index

[073] [ 0.87 | [ 0.81 |
0.74

0.80

Figure 4. Temperature indexes at 40Pa with deficiencieshie
different test sets.



Figure 4 shows the temperature indexes on the ik CONCLUSIONS
side of the window, which shows that glass fibre in
sulation has a positive effect. The low value attip A test protocol has been developed to determine the
left corner of the window frame might be attribdéab condensation potential of windows based on existing
to minor deficiencies in the caulking, measuremenCSA A440.2 test standard but that also includes a
accuracy or rounding. The effect on the temperaturmeans to determine the effects of air leakage en th
index at the interior surface is a little over Q.0&n-  risk for condensation on windows. The windows were
sistent with the 0.5°C increase due to the insadati installed in a wood frame assembly typical of cold
(recorded in the case without pressure differeaoels climate North American construction practice. The
without deficiencies). The lowest temperature indexnstallation details were those that promote th@-ma
achieved at a pressure difference of 40Pa was 0.6dgement of rainwater entry and incorporate such fea
only slightly higher than the situation without uts-  tures as a sloped sill, sill pan flashing membrane,
tion. Due to the thermal stratification of the gashe  back dam. Air leakage across the wall-window inter-
IGU, the lowest temperature indexes can be found &ce may increase the likelihood that condensation
the sill; hence, it is evident that the insulatwili not  forms on the window frame. Hence, deficiencies
have a major effect on results at this location. simulating either the improper installation of camp
nents or the premature failure of critical sealseha
been included in the evaluation to verify the degre
which such openings influence the risk of condensa-
tion. The risk of condensation is first determiried
The application of SPF inside the cavity should- preconditions where no deficiencies are present at the
vent any convection from occurring. The surface-temwall-window interface and thereafter, a series ®f d
peratures of both the window frame as the IGU aréects are included that permit air, in varying cegy,
similar to the case with glass fibre insulation #mgs  to penetrate the interface. In each instance,utface
the same thermal criteria should apply. However, thtemperatures of the window were monitored to estab-
lower right corner of the glass pane was almost 1°Gsh any changes in comparison with the instance
colder than the setup without insulation. At thig si where no defects were present. This series of exper
SPF was installed, so similar results would be egoe  ments were first conducted with no insulation ie th
for the two cases with insulation (see Fig. 4).t@om  cavity between the window unit and the openings and
to expectations, the most critical surface tempegat thereafter with mineral fibre insulation and pokur
on the glass drops on one single point when inenlat thane spray-in-place foam. This permitted compari-
is installed in the cavity. However, the tempemdgur son of these approaches to window installation in
measured inside the cavity at the sill rose dubdon-  terms of the impact of insulation on mitigating the
stallation of SPF because thermal stratificatiopress  risk of condensation.
vented. Analysis of IR-pictures did not offer any e The following observations and analysis were
planation of the divergent results at the sill @lih made on experimental results for window-wall inter-
the divergence of this anomalous value lies withen  faces installed with box windows:
degree of uncertainty of the measurement. The exterior side of the configuration is not sensi
tive to thermal effects induced by air leakageh® t
3.3.1 Effect of deficiencies and pressure differencednside. As a result the use of IR-scans may naisee
Although there may be no convection in the wall-ful for air leakage detection from the outside.
window interface cavity, a pressure difference of The temperatures on the insulated glazing unit
20Pa results in a reduction in the surface temperat show a significant vertical thermal gradient, ahd t
of the window frame, by 0.8°C on average, and 1.0°Gpacer around the perimeter acts as an additional
for 40Pa (without insulation this was 1.6°C and®@.5 thermal bridge causing low surface temperatures in
respectively). Again, in absence of thermal efféets all configurations. However, the IGU is not veryse
the cavity around the window, the cause of thecedu sitive to the changes occurring inside the caviy b
tion in temperature lies within the window frame it tween the window frame and the rough opening: the
self. Only deficiencies in the window can permit aneffect was limited to about 1°C and was likely @lis
airflow that affects the surface temperature dat liva by imperfections in the window frame.
cation. The temperature drop is very similar to the The box window used in the measurements was of
case with glass fibre insulation. The lowest teraper lesser quality, as several cracks and deficienicies
ture index for the SPF test is 0.66 for pressufferdi the window frame, in certain instances, directly af
ences of OPa, 20Pa and 40Pa. Deficiencies caused feated results. Even for the installation with SPF
change in the temperature profile with or withoutwithout deficiencies it was observed that the si@fa
pressure difference. The SPF blocked any posdible daemperature on the window profile dropped 1°C, pos-
flow around the cavity; hence pressure differencesibly caused by insufficient airtightness of thenwi
have no influence on the surface temperatures. dow frame.

3.3 Test set 3 — SPF (Spray-in-place polyurethane
foam)
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