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from inside the chamber. It also had a
spare panel for checking the tightness of
the apparatus itself, Both chamber and
check panel were metal covered (zinc
with soldered joints).

is a schematic presentation

-

" Figure 7

able orifices, was built in the high-capac-
ity pipe. The air superpressure was meas-
ured by differential manometers with an
accuracy of 0.1 kg per sq m. Outlets for
measurements of pressure distribution in
the joints and air spaces of the test
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TFic. 8 —Rain Penetration Test Apparatus.

of the large apparatus. The equipment
for air supply and measurements con-
sisted of a centrifugal fan connected to
a plenum. From the plenum, air could
be let into the chamber through one of
two different channels, depending on the
tightness of the specimen. The low-capac-
ity channel led through a gas flow meter.
A flow-measuring device, based upon the
pressure differences across interchange-

specimen were also connected to the same
manometer panel. Control of the super-
pressure was obtained by an adjustable
air inlet on the fan and by valves in the
two channels.

Since the apparatus was designed for
use in both window and wood frame wall
investigations, the test area was set o
185 by 185 cm. This area represented a
wood frame panel three stud spaces wide
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(2 ft spacing) and two fire-stop spaces
high. However, the windows tested were
normally 120 by 120 c¢m. It was there-
fore necessary to build the windows into
spare test panels or masking frames with
the correct exterior dimensions to match
the apparatus and with an opening re-
lated to the size of the window.

During tests, a single problem or sub-
ject was isolated in every case. Thus, the
main joints involved in the window pro-
gram, the one between window frame
and the wall and the other between the
sash and the window frame, were tested
separately. In the full scale tests on win-
dow surrounds, the sash was left out and
replaced by an aluminium pane fitting
directly in the window frame with
caulked joints. In this case, the masking
frames were complete wood frame walls.
When testing joints belween the sash
and the frame, the masking panel was
covered by sheet metal and the joints
between frame and wall were sealed by
caulking compound all around the win-
dow. This also applied to the tests on
rain penetration.

Rain Peneiration Test Apparatus:

Figure 8 is a sketch of the rain test
apparatus. The test chamber was very
similar in size and construction to the
air flow test unit. The rain apparatus
was built primarily for the window tests
but, to make it possible to test the same
specimens in both apparatus, the test
areas were kept alike. The purpose of
the chamber was only to maintain the
desired superpressure—complete  air-
tightness was not required. Air was fed
into the chamber through 16 flexible
hoses leading from a plenum outside the
chamber. A centrifugal fan was con-
nected directly to the plenum. Inside
the chamber, the hoses led to 16 air jets
pointing towards the specimen and at-
tached to the under side of a horizontal
axle parallel to the panel. Supported by

the same axle and parallel to it was a
water trough with 16 water nozzles fixed
to the bottom just above the air jets.

Drops of water with an approximate
diameter of 5 mm were formed by the
nozzles. When these drops fell into the
concentrated air stream from the jets,
they were split into a large number of
droplets of varying sizes and blown
against the specimen. By means of an
overflow, the water was kept at a con-
stant level in the trough. This level and
the opening of the nozzles determined
the amount of water. The air jets could
be adjusted to any desired angle in the
horizontal and vertical projection thus
forcing the simulated driving rain in the
desired direction.

The velocity of the drops and the
superpressure in the chamber could be
regulated independently by an adjustable
air inlet on the fan and by variable over-
flow vents in the chamber. To provide
for a uniform spray over the entire test
panel, the axle carrying the spray equip-
ment was mobile and travelled up and
down at a constant rate of one cycle
every 25 sec per sq m per hr.

The amount of water normally used
was 9 liters and the rain angle downwards
was 30 deg with the horizontal. Pressure
differences were varied from 10 to 70 kg
persqm. The test procedure was normally
a stepwise progression with increasing
pressure differences. The remaining test
factors were kept constant. The pressure
drop intervals were usually 10, 20, 35,
50, and 70 kg per sq m and the exposure
time was 5 hr at every pressure step.
In some cases, the spray equipment was
kept in a certain position to give extra
load on a specific part of the window.
If desired, some of the water nozzles
could be masked out.

CONCLUSION

The research work, which is continu-
ing, has so far included a considerable
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number of preliminary tests and approxi-
mately 75 full-scale window tests. During
the progress of the research program,
there has been a marked trend in the
work from general investigations towards
the solving of more specialized problems.
Whereas most of the time formerly was
spent in studying principles common to
large groups of windows, more work is
now done on analyzing individual con-
structions. The reason for this is that
more and more manufacturers send
their new types of windows to the labora-
tory for testing before they introduce
them on the market.

This has made it necessary to estab-
lish certain quality requirements with
regard to wind and rain tightness. As far
as Norway is concerned, there are very
few local variations in the preference of
windows, and a new construction may
be used anywhere in the country. The
quality requirements must, therefore,
principally be based upon the most
severe conditions and not upon the aver-
age climate.

Figure 9 shows tentative evaluation
curves suggested by the NBRI for the
air penetration of windows. The curves
may seem severe, but they are prepared
on the basis of the following considera-
tions: Air leakage through a window is
undesirable both because it increases the
heat loss from the house and because it
usually occurs in the form of a concen-
trated and unpleasant draft. The in-
creased heat loss is frequently considered
rather insignificant. A simple calculation
shows, however, that a leaky window in
severe climate can easily cause higher
heat loss through air penetration than
through the sum of heat transmission
and radiation. In a country like Norway
where heating costs are high, this fact is
quite important,

Even where the total leakage is small,
currents of cold air emerging from a
window may be a real nuisance. The

majority of complaints about windows
refer to just this kind of defect. There-
fore, the evaluation also has to consider
possible drafts noticed during the test.
The corners of the sash-frame joint, the
hinges of pivoted windows, and the
locking devices are frequently weak
points in this respect.

The requirements suggested for rain
tightness are also rather severe, but they
too are based upon practical considera-
tions. No water should be allowed to
leak through the window during the test,

o
Sw
]
H ot |
" f
N i
o | tcetabie
= g5 /|
& 7 =
Q
37 // <
3 o0d
g / — T |
= L~
s %/’ Cuetens
& 0 n a0 40 50 & i

Air pressure difference, mm < water

F16. 9.—Tentative Evaluation of Windows,

even at 70 kg per sq m superpressure.
It is also considered a defect if appre-
ciable amounts of water can penetrate so
far into the joint between sash and frame
as to wet the weather stripping. If this
water freezes during a sudden tempera-
ture drop, the weather stripping may be
ruined the next time the window is
opened. Cavities and pockets which can
stay full of water for a long time should
definitely be avoided.

It is evident that requirements like
those mentioned above can be valid only
within a single country. Since the super-
pressure increases with the square of the
wind velocity, even small changes in
climate can make a large difference.



40 Svarposium oN TESTING WINDOW ASSEMBLIES

From one country to another, there are
also significant dissimilarities in building
practice, customary heating systems,
housing habits, and cost of heating. All

those factors and several others have to
be taken into consideration hefore qual-
ity requirements for windows are estab-
lished.
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