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EVALUATION OF AIR-FLOW WINDOWS
ABSTRACT |

Air-flow windows, which originated in Europe,vare being considered for development and applica-
tions in this country. Heat losses and gains are reduced by room air f1oWihg:through the cavity between
the inner and outer glass panes of the windows.

In order to obtain paramétr1c data for the assessment of performance, testing on two air-flow
window types (exhaust-air and returh-air) was undertaken over the course of more than one year. A con-
ventional }eference window was tested simultaneously. Several testing procedures Qéré explored. From
the test results, descriptive performance parameters‘ were determined. Based on the test résu1ts,
computerized energy balance modeling was done hourly for the coursé of a whole year. The modeling also
included the influence of make-up air replacing exhaust-air or the discarded portion of return-air.
Scenarios for various seasonal conditions and window air flow rates were developed. A proposal for a
demonstration project is outlined. The Appendix includes a report on European air-flow window instal-
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EVALUATION OF AIR-FLOW WINDOWS - FINAL REPORT

1. INTRODUCTION ' P
1.1. Short History of Air-Flow Windows

Air-flow windows use afr from conditioned
spaces to temper the impact of climate and weather
on the interior environment. The air flows through
the window cavity between the inner and outer glass
panes. It strongly reduces the energy exchange
between the two glass surfaces. Vertical or hori-
zontal blinds act as shading devices and absorbers
of solar energy.

Air-flow windows are used increasingly in cen-
tral and northern Europe. They originated in
Sweden where a related patent was filed in 1956.
The first large-scale installation dates back to
1967 when the city of Helsinki used air-flow windows
designed by the EKONO Company, in 1its Building
Department Offices.

Since the energy crisis of 1973, the energy
savings potential of these windows has resulted in
many applications; mostly f{n office buildings.
There are at least 50 large buildings and numerous
small ones with air-flow windows. The windows are

. known in Europe variously as climate windows,

extract-air windows, or exhaust-air windows.

A separate report, see Appendix A, describes
several air-flow window systems as presently used
in Europe. Recent applications in retrofit and new
construction are shown., Most of these systems use
the return-air principle. Air is extracted from
the room, flows through the window cavity and is
then returned to the central mechanical eauipment
room. One system, however, is of the exhaust-air
type. The air is not returned, but directly ex-
hausted to the outside.

1.2.  Prohlem Statement

Very little information on the performance
of air-flow windows is accessible. Available 1it-
erature usually shows the reduction in U-values
and, to a lesser extent, shading coefficients
compared to conventional windows. Such data is
insufficient for the development of conclusions on
energy efficiency and trade-offs between higher
first costs versus life-cycle costs of air-flow
windows compared with conventional windows.

As air-flow windows appear to be a promising
alternative to conventional window systems, espe-
cially in regions with high solar radiation levels,
the need for testing for the U. S. market was recog-
nized. Air conditioning of buildings is a major
use of energy in this country. Air-flow windows
offer an excellent possibility for the integration
of sun ‘shading devices and, therefore, a reduction
in cooling load.

The authors proposed to test air-flow window
samples from European manufacturers and simultan-

This energy 1is removed by the

eously test’ a high quality reference window as
typically used in the U. S.  The Building Environ-
ment and Energy Laboratory, University of Utah,
was chosen for tests in a setting close to actual
building applications. The results of the tests
were to be generalized so that they could be applied
in building design considerations.

1.3 Test and Modeling Program

The main objective of the work was to establish
parameters and performance data of air-flow windows
influencing heating and cooling loads. In addition,
the performance of air-flow windows over a year's
time was to be modeled based on the obtained data.

The purpose for establishing the parameters
and test data, as described in Section 4, is to
provide architects and engineers with information
for performing heat gain/heat loss calculations
in applications with air-flow windows. The purpose
of the performance modeling, as described in Section
6, is to develop the energy balance of air-flow
windows versus conventional windows over a year's
time.



2. THE TEST COMPONENTS AS WINDOW TYPES

2.1. Air-Flow Windows

Air-flow windows typically consist of a fixed,
double-glazed outer sash and an operable, single-
glazed inner sash which generally is opened only
for cleaning purposes. Some systems allow for an
operable outer sash also which permits window
cleaning from inside. A single-glazed outer sash
seems possible for installations in very moderate
or warm climates. The authors are not aware,
however, of any such installations. The two sashes
are typically of aluminum and are separated by a
thermal break similar to those found in many pre-
sently used window systems. At least one system
consists of wood sashes and a solid wood frame.

Either venetian or vertical louver blinds are
located in the air cavity between the outer and
inner glazing. The blinds are operated manually
at each window by simple pull or turning mechanisms.
Sometimes centralized and motorized control is used
in large buildings. Such control, though expensive,
has considerable advantages for energy conservation
as continuous adjustment of the blinds in response
to solar radiation is possible. Building occupants
seldom operate shading devices in an optimal
fashion, which 1s especially true for weekend and
holiday periods.

2.1.1. Return-Air Window Return-air windows
introduce room air at the bottom frame. The opening
at this frame typically is the width of the operable
sash. The air flows upward through the cavity and
returns via a duct system to the central HVAC equip-
ment. The window, therefore, can be considered
the first component of a conventional return duct
system. Depending on fresh air requirements for
building occupancy, part or all of this air is
discarded and is replaced by outside air.

The test window consists of a medium-bronze
colored aluminum frame with thermal break. It is
glazed with clear 1/4 1inch double pane insulating
glass outside and 1/4 inch clear single glass
inside. White venetian blinds were installed in
the window cavity. The window was provided by the
Wausau Metals Corporation, Wausau, Wisconsin, and
built according to drawings by one of the authors.
A1l extrusions were from stock items. Sections of
this window are shown in Fiqure 2.1, its specifi-
cations are given in Appendix B.

2.1.2. Exhaust-Air Window Only one system is
is known to be of the exhaust-air type. Room air
is introduced at the top frame, flows downward
through the window cavity and is exhausted at the
bottom frame to the outside. The openings at the
top and bottom typically are the width of the
operable sash.

in order to avoid outside air from entering
the cavity, a check valve is located just inside
the exhaust opening. It consists of a neoprene
strip which closes the exhaust opening under back
pressure from wind.

The test window consists of natural color
aluminum frames with thermal break. It is glazed
with clear 1/4 inch double pane insulating glass
outside and 1/4 inch clear single glass inside. A
vertical, white, opaque plastic louver blind with
adjustability from inside is installed in the win-
dow cavity. The unit was provided by the Protecta-
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Figure 2.2 Vertical and horizontal section of

exhaust-air test window.

Sol Company, Staefa, Switzerland. Sections of this
window are shown in Figure 2.2, its specifications

- are given in Appendix B.

Reference Window

As air-flow windows have been used mostly in
commercial buildings, a commercial type, fixed unit
was installed as a reference window. It has a
medium-bronze colored aluminum frame with thermal
break and clear 1/4 dinch double pane- insulating
glass. An interior white venetian blind was in-
stalled at about a 2 inch distance from the inside
glass surface. This window was also provided by
the Wausau Metals Corporation. Sections of this
window are shown in Figure 2.3, its specifications

2.2.

.are given in Appendix B.

Utilization of Test Units

A11 of the following data and results on the
air-flow window type are from the return-air window,
unless otherwise noted. Mearly all of the summer
testing and most of the winter testing was done
with this window installed. ' Tests run with the
exhaust-air window yielded very similar results
which are shown also in this report. The reference
window was permanently installed and was always
tested simultaneously when. tests for the air-flow
were performed.

2.3.
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"~ Figure 2.3.




3. TESTING PROCEDURES
3.1. Objectives

The testing procedures were guided by a primary
objective: performance comparisons between air-flow
windows and conventional windows were to be made
side-by-side in the same environment. Sufficient
experimental data was to be gathered to generalize
the performance of the windows so that they might
later be evaluated in other applications and cli-
mates.

3.2. Test Facility

The testing program took place in a facility
at the University called the Building Environment
and Energy Laboratory (BEE Lab). This facility,
actually a test rig, is a 20 ft x 20 ft x 10 ft high
steel frame box elevated from the ground approxi-
mately 3 ft on a rotatable crane base. Rotation
of the BEE Lab on its base allows for easy changes
of up to 360° of orientation. A photograph of the
facility is shown in Figure 3.1 and its Tocation
is shown in Figure 3.2.

Figure 3.1. The
Laboratory,

Building Environment and Energy
University of Utah, with
air-flow window at right and reference

window at left. XBR 823-2714

The bulk of the thermal envelope of the BEE
Lab consists of polyurethane panels 6 in (15.24
cm) thick, with a 12 in (30.48 cm) thick glass
fiber insulated floor. The polyurethane panels are
attached by a bolt/clip arrangement so that they
can easily be rearranged for evaluation of virtually
any kind of components pertinent to a building's
skin. Considerable effort has been expended to
caulk virtually all infiltration possibilities.
A double-doored entry way is used to cut down on
infiltration losses also. A vent in the middle of
the floor can be opened to furnish makeup air when
an exhaust-air window is being used.

The BEE Lab is outfitted with a through-the-
wall type two-ton air conditioner, located over
the door of the facility. Cold air from the air

conditioner can be either diffused to the space
uniformly or directed to specific Tlocations by
wire reinforced foil hoses. Control of the air
conditioner is accomplished by a conventional ther-
mostat.
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Heating of the BEE Lab is accomplished by small
electric resistance area heaters with integral fans.
Two of these units were usually used. Typically
one was set with its thermostat about 1°C lower
than the other. This allowed more uniform operating
conditions during periods of small heat loss from
the 1ab.

As can be seen in Figure 3.1, the windows were
mounted side-by-side in one facade of the Lab 4 ft
apart. An insulating wall panel was used between
the windows so that various types of experimental
equipment could be mounted on each without inter-
ference with the other.

Because of its thermal characteristics, the
BEE Lab provides a very stable interior environment.
The laboratory itself, however, is not part of the
testing apparatus beyond providing this environment
and easy changes in solar exposure.

Shortly after the windows were installed, a
heat balance was performed on the Lab. The UA
(overall heat transfer coefficient times overall
area product) was found to be 81.1 Btu/°F, including
the windows, but with no air flow. At no-flow the
UA factor for the windows (flow and reference added
together) alone was calculated to account for 23.4
Btu/°F of that total (more than 25% of the total



loss can be attributed to the windows).

1t was decided that by use of the test building
itself an overall heat balance approach to testing,
would not yield sufficient accuracy. At this point
it was decided that separate measurements on each
window would be used.

Several types of instrumentation are mounted
in and around the Lab. Included are thermocouples,
pyranometers and watt-hour meters. Thermocouples
of the iron constantan type are located at several
locations outside and inside the Lab to establish
both inside and outside ambient temperatures. The
outside ambient temperature was monitored by a ther-
mocouple located underneath the lab shaded from
solar insolation. Inside ambient temperatures were
monitored by a shaded thermocouple at the midpoint
of the window. Two Eppley pyranometers are used to
measure solar insolation. A model 8-48 Rlack and
White pyranometer is used to measure the solar
insolation in a horizontal plane at the top of the
Lab. A model PSP pyranometer is mounted in a ver-
tical plane on the same facade as used for window
mounting. The pyranometer location can be seen
at the upper left of Figure 3.1. A1l electrical
power used in the Lab 1is monitored through two
conventional watt-hour meters.

3.3. Air-Flow Window Evaluation Techniques

3.3.1. Box Approach Initially a box -approach
was used to evaluate the air flow window. A box
of slightly larger area than the window to be
tested and approximately 1 m deep was carefully
sealed around the window. A blower and flow measur-
ing device were mounted on the opposite side of
the box from the vent into the window. Over the
blower inlet to the box a flow diffuser was used
to decrease the peak velocity and distribute the
flow uniformly inside the box. It was hoped that
the sensible heat gain or loss as the air flowed
through the box could be used to infer window

performance. However, it was found that a serious -

drawback existed: If the heat gain/loss was large
across the window (large overall AT), the readings
were undesirable because of unreal interior condi-
tions (inside the box). At high solar insolation
temperatures of 130 to 150 F were encountered within
the box which created undesirable temperature dif-
ferences in relation to the space.

The box approach was determined to be an
improper way to evaluate air-flow windows, primarily
because of their low effective overall heat transfer
coefficient. However, it was adapted to the evalu-
ation of the reference conventional window with
fair success. More discussion is given on this 1in
Section 3.4

3.3.2. Separate Heat Flow Approach Testing
of the air-flow window was accomplished with air
being forced through the air-flow window from a
small centrifugal blower. Air flow was measured
with an ASME standard orifice with pressure drop
being monitored on a draft gage. Variations in air
flow, when desired, were accomplished by an adjust-
able by-pass following the blower but prior to the
orifice. Temperatures were measured at a variety
of locations along the air flow path, over the
window surface, and in the room and outside, see

- ometer.

Figure 3.3. 1Incident solar flux was measured in
the vertical plane with an Eppley model PSP pyran-
Transmitted solar flux in the vertical
plane was measured on the inner pane of the window
with a LI-COR, model LI-200S, pyranometer. Because
of the non-uniform transmitted radiation pattern
due to some settings of the blinds, a translucent-
diffuser plate was mounted between the glass and
the pyranometer, removed from the glass approxi-
mately 1 in (2.54 cm). This arrangement was cali-
brated with the Eppley pyranometer both with and
without the diffuser. A cross sectional sketch
of the testing apparatus is shown in Figure 3.3.
Photographs of the test set-ups are shown in Figures
3.4 and 3.5.

Heat flows through each air-flow window were
assessed in the following ways. The sensible heat
lost or gained in the window cavity was easily
inferred as follows:

QEAF = QRA = my + Cp = (Tgx - Tey) (3.1)

A1l of the quantities on the right hand side of
Equation 1 were measured and logged on time periods
varying from 5 minutes to 20 minutes.

How this quantity is interpreted in the energy
performance evaluation of the window depends upon
the flow type of the window and its operational
mode. For example, consider a return-air window
where 100% of the flow air is returned to the space.
In this case, the energy quantity represented by
Equation 3.1 must be added or removed by the HVAC
system or compensated by gains or losses in other
parts of the building.

A totally different situation exists for ex-
haust air operation. If all of the air circulated
through the window 1is dumped .to the outside, a
1ike quantity of outside air must be conditioned and
returned to the space. In this situation, the
associated sensible heat quantity is:

QFRESH 1 =m » Cp * (Tp - Tj) (3.2)

The enerqgy quantities represented by Equations 3.1
and 3.2 depend at least implicitly on the insol-
ation, when present, and the overall temperature
difference. Examination of these two equations can
give some insight into performance of the two types
of windows in a variety of operating conditions.
Windows of the return-air type, where a portion of
the air is exhausted, will demonstrate a proportion
of each of the two energy flow quantities shown
above.

Solar energy transmitted directly through the
window assembly as short wave length ( 1.5 um)
radiation was measured by the LI-COR pyranometer.
Incident solar energy in almost the same plane was
compared to the Eppley measurement. A transmis-
sivity for the window was easily formed from these
two measurements.

Measurement of the combined re-emitted radia-
tion and natural convection from the inside of
the window to the room caused considerable problems.
Several approaches were attempted and rejected, in-
cluding the use of a heat flux transducer (heat
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flows were too low for devices of this type that
were available) and an insulated flow box mounted
over the window (too much thermal inertia relative
to the heat flows here, but see more on this ap-
proach in the discussion on the reference window
testing). A method was finally adopted where cal-
culations of the radiation and natural convection
were used as a function of temperature difference,
the latter being between the surface temperature of
the inner window pane and the room air temperature.
In particular Newton's Law of Cooling is used

QI = htota] hd Aq * (Twi - T'{) (3.3)
where )
hiotal = f ¢ (Tyi - Ti) (3.4)

and is shown graphically in Figure 3.8. A descrip-
tion of the assumptions, equations, and values
used is given in the Appendix C.

To check the correlation, several approaches
were used. In one case, the flow-box technique
was used. Although this approach was rejected for
the regular testing of the flow window, it was used
to advantage here for calibration purposes. Also,
a Hy-Cal heat flux transducer was used. Typical
heat flows from the room side of the flow window
assembly were much too small for the normal range
of the heat flux transducer, but approximated
values could be inferred at the higher heat flows.
Both approaches led us to believe that Equation
3.3 yielded a maximum error of about 9%, except
at Yow values of Tyj - Ti. If each of our thermo-
couple calibrations were in error by approximately
0.5 F (thought to be the case), a potentially
large error could exist at very small temperature
differences. This was the source of what we believe
to be the largest error in this approach.

Great concern was held for the accuracy of the
use of a thermocouple to measure the glass surface
temperature, particularly in periods of high inci-
dent solar flux. However, thermocouples were used
and were affixed with small amounts of transparent
glue. Temperatures registered from this type of
installation were checked periodically with a
Barnes Instatherm infrared temperature indicator,
and comparisons indicated an accuracy to within 8%
in all cases.

Temperatures were measured at several locations
using calibrated iron constantan thermocouples
(see locations denoted in Figure 3.3) on the inner
pane of the windows and in the room. As would be
anticipated, some variation with location was found
in each of these groups of measurement. This vari-
ation ranged up to 3° F at high heat flow condi-
tions. Considerable effort was expended to deter-
mine the most reasonable spatial averaging of the
various readings. The spatial averaging was per-
formed by taking discrete values of area and the
corresponding temperature for two different weather

" conditions (high and low heat flow). It was found

that horizontally aligned measurements checked
within the accuracy of the thermocouple calibration,
which simplified the spatial averaging process.

From the measurements thus described, gener-
alized parameters describing the flow window per-
formance could be inferred. These are described
in Chapter 4.

3.4. Reference Window Evaluation

3.4.1. First Approach Initially the reference
window, a conventional double-glazed window, was
tested without inside blinds. In this configura-
tion, an approach similar to the one described in
Section 3.3.2 could be used. In particular, the
transmitted solar flux could be measured. Tempera-
tures on the inside of the glass and in the room
could be used to estimate the total re-radiated
energy and convection flow to the room. Since
shading devices were required by the Scope of Work
for the project, this approach was abandoned and a
second method (see below) was used.

3.4.2. Second Method To satisfy the Scope of
Work for the project inteérior venetian blinds were
used to simulate an actual commarcial building
installation. Because of the use of interior ven-
etian blinds, a totally different approach was
required in evaluating energy flows through the
reference window. For this situation, an insulated
air flow box was built over the window. Air was
forced downward through the box at low velocities
to simulate a room-type environment (see Figure
3.6). The test set-up is shown in Figure 3.7.

Heat transfer through the window translates
itself as a sensible heat flow to the air flowing
through the box. There is a tradeoff here between
errors in not representing room conditions accur-
ately because of too high an air flow, (i.e. too
high of a velocity across the reference window
surface or across the blinds), and errors in possi-
bly too high of an average box temperature (periods
of high heat gain) or too low of an average box
temperature (periods of high heat loss) at very
Tow air flows. This latter aspect does not allow
a good representation of a typical spatial environ-
ment. At any rate, an equation of the form of
Equation 3.1 is used to infer the heat flow through
the glass. Corrections were also made for heat
transfer through the polystyrene-insulated-plywood
box. This latter correction was relatively small,
always below 6% (see more information on this in
Section 4.3.4).

Clearly this approach cannot distinguish be-
tween overall heat transfer coefficient effects
and the solar transmissivity effects. However,
comparisons between the flow box technique and tra-
ditional values of U (0.58 - 0.65 Btu/ftZ hr F)*
and shading coefficients (0.51)** all gave agreement
within ten percent. This was considered excellent
for in situ-type measurements.

3.5 Blind Adjustment

An attempt was made to handle the blinds of
all windows in a manner similar to how they might
be handled in actual installations. It is generally
the case that people adjust blinds so that the beam
component of the radiation does not penetrate into
the room, particularly during bright sunlight con-

* See ASHRAE Handbook of Fundamentals, 1972, p.
370.

** See ASHRAE Handbook of Fundamentals, 1972, p.
402,
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ditions. - The blinds in the experiments were always
adjusted so that this situation prevailed. A few
measurements were made in direct bright sunlight
with no blinds, or blinds present but open, to
establish baseline information.

3.6 Data Logging

A Digitec Datalogger was available for use on
a regular basis in the BEE Lab. This particular
device has twenty dinput channels, 15 for iron-
constantan thermocouples and 5 for millivolt sig-
nals. The datalogger was outfitted with a digital
interface so that the data could be wired to the
School! of Architecture. lnterdata computer.

Unanticipated problems arose with the Digitec
device at some of the least desirable times. With-
out warning the datalogger would become very ir-
ratic, sending totally meaningless data to the
computer. The Mechanical Engineering Electronic
Technician examined the device several times. Gen-
erally it was hypothesized that problems might be
initiated because of voltage spikes on the BEE Lab
electrical 1ines. This was considered to be the
case because the datalogger performed fine in the
computer room or in the Electrical Repair shop, but
not in the Lab. The application of the voltage
stabilizing device in the Lab proved not to be a
satisfactory solution.

At one point the device was returned to the
factory. This did not make a permanent improvement
in the operation. During malfunctions and for the
last part of the project (after the Digitec instru-
ment was finally abandoned) a Fluke Datalogger was
used on a loan basis. This device performed flaw-
lessly. Operation 1in this mode required more
effort since data had to be handled by hand, but
otherwise had no effect on the test plan and oper-
ation.



4. PARAMETERS AND MODELS FOR TESTING

4.1 External and Internal Environmental Conditions

In order to develop conclusions on the perform-
ance of air-flow windows for a wide range of clim-
atic conditions, a broad range of test conditions
were included. The major ones are variations in
outside temperature, inside temperature and solar
radiation. A summer and winter testing sequence

provided the outside conditions in a natural set-

ting from very high to very low temperature and
radiation levels. Climatic data for Salt Lake City
is given in Appendix D.

Testing for the {influence of wind was not
attempted as wind velocities in Salt Lake City are
very low and uneven. Average wind velocities in
Salt Lake City vary between 7.5 and 9.6 mph. Veloc-
ities are generally much lower with occasional
strong gusts. Tests were performed when there
was no discernable wind velocity {(estimated to be
less than 2 mph)., This situation occurred even
more often because the Lab is located in a topo-
graphical depression between an earth mound and
the Architecture School building. The test results
were discarded when (unusual case of) high wind ve-
locities were encountered.

Another important environmental condition is
humidity. Although all tests were performed in
the local, low humidity climate, temperatures on
the inner surface of the double glazing of the air-
flow window were measured. These were used to
establish conditions at which condensation may
occur related to RH Tevels of the cavity air stream.

Footcandle levels of daylighting on typical
days were measured related to the same blind posi-
tions as used in the thermal test sequence. The
dimensions of the test room were 12 ft x 20 ft x
10 ft with the 4 ft x 7 ft window centered in one
of the 12 ft walls. The sill height of 2 ft 8 in
equalled the work plane for the fc measurements.
The reflectance value on walls and ceilings was
0.75 and on the floor, 0.10.

4.2 Parameters Related to Environmental Controls

The unique nature of air-flow windows re-
quired the inclusion of two components which either
do not exist in conventional window systems or
their impact 1is considered separately from the
function of the window system. These components
are the air flow rate through the window cavity
and the position of the sun-shading device.

4.2.1. Air Flow Rates and Directions Typical
air flow rates used in Europe are 3 to b6 cfm per
foot of window width. In typical exterior zones
of office buildings with 15 to 20 ft zone depth,
three to five feet of window width relate to one
occupant (spatial requirement and adequacy of
daylighting). Fresh air rates of 10 to 15 cfm per
person coincide with these window air flow rates.
Three air flow rates were tested in addition to
no-flow: 3.9, 5.4 and 7.7 cfm per foot of window
width. These values, developed from specifics of
measurement, encompassed the full range of normally
used air flows.
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. air windows

The exhaust-air window type used in Europe has
a downward air flow direction. Nearly all return-
use an upward flow direction. No
important consequences for the winter and summer
performance related to air flow direction were
expected. This assumption, however, had to be
verified by test runs. An exhaust-air window with
downward flow and a return-air window with upward
flow were tested under winter and summer conditions.

As with the conventional windows, relative
humidity levels of the inside air must be watched
with regard to condensation. During the winter
season the air flowing through the window cavity is
cooled, unless high levels of solar radiation are
present. Depending on the air flow direction,
condensation may begin to occur in the upper or
lower end of the cavity. The inside surface of the
insulating glass is the critical surface. Tempera-
tures of this surface were measured at low outside
temperatures and at various flow rates in order to
determine temperature levels at which condensation
may occur. Relative humidity levels at which
condensation would occur were not measured but
est;mated from temperature measurements (see Section
5.4).

4.2.2. Sun Shading Devices A sun shading
device in the window cavity can be positioned to
reduce the solar radiation directly entering the
space. It reflects part of the solar radiation
outside and part inside. Another part is absorbed
and reradiated outside and inside. With increasing
air flow, a major part of the energy is carried
away with the air stream.

VYenetian blinds have the advantage of excellent
solar control and can be retracted completely when
no sun shading is needed. They also reflect day-
1ight toward the ceiling which results in improved
penetration of daylight into the space. Therefore,
a typically available, white venetian blind with
one-inch wide slats was chosen for the return-air
window tests. The same type of blinds were used
for simultaneous testing of the reference window
with the same slat angles, but the blind in a
typical location of about two inches inside the
insulating glass surface. The exhaust-air window
was an imported product with integral blinds of
vertical white opaque louvers.

The slat angle influenced the thermal and day-
lighting behavior considerably. Three blind posi-
tions were tested in addition to completely re-
tracted blinds: horizontal, 30° and 45°,

Full beam sunlight striking a workplane is gen-
erally not a desirable condition. Therefore, the
blinds were adjusted into the mentioned positions
in such a way that the direct beam component was
always intercepted. During periods of significant
beam radiation on the windows, the blind slat angles
were set according to solar altitude angles for
v$netian blinds and to azimuth angles for vertical
blinds.

The same assumption was made in the computer
model of yearly energy balance calculations for
the air-flow window and the reference window.



4,2.3. Interdependence of Air Flow and Sun

Shading The energy balance of air-flow windows is
considerably influenced by the interaction of the
air-flow and sun shading device position. In order
to develop basic parameters for a year-by-year
energy balance analysis, the air flows and shading
device positions, noted above, were varied one-by-
one, This resulted in 16 testing combinations.

4.2.4, Facade Orientations Five compass
orientations were evaluated: S, SW, SE, W, E. A
large building directly to the north of the Lab
rendered this orientation unrepresentative. The
SE and E orientations were shaded by mountains and
a tree through the bulk of the morning hours, thus
yielding the data very sfite specific and thus un-
desirable. For these reasons most of the testing
was performed in the S, SW, and W orientations.
The generality of the results via the correlations
(to be discussed) rendered the orientations used
to be sufficient.

These exposures, especfally the west exposure,
force the frequent manipulation of the venetian or
the vertical blind angles in order to achieve only
diffuse and reflected 1ight to enter the test room.
Test results related to various blind and sun
angles were checked with regard to possibly signi-
ficant variations of the effective shading coeffi-
cient as described in Section 4.3.3.

4.3. Algorithms for Testing and Data Reduction

The traditional model for a window's steady
state energy balance is:

S =U- (Tg - Tij) * Ay + SC = SHGF - Ag (4.1)
where the U includes both the glazing and the frame.
For a given conventional window, the U value is
assumed to be constant. The SC value is assumed
to be constant also, whether it is related to the
shading effect of a particular glass type or shad-
ing device, such as a venetian blind. The solar
heat gain factors, SHGF, contain the reduction of
the irradiation I, by one pane of 1/8-in sheet
glass.

Accounting for the energy flows 1in the air-
flow windows is much more involved than for conven-
tional windows. This f{s due to the addition of
the cavity flow and its potential impact on the
space and the mechanical system. To generalize
the results requires the definitions of additional
parameters, and these are described below.

4.3.1. The Effective U Value, U; The Uj value
is an energy transmission property for non-solar
radiation conditions. This property 1is defined
to account for the total heat transfer (not includ-
ing directly transmitted solar radiation) from the
inner surface of the window assembly to or from
the room. U 1s determined by nighttime testing:

Ul = heotatl * (Twi - T4)/(Tg - T§) (4.2)
and represents the heat transfer off of the room-
side glass surface to the room divided by the
temperature across the whole window section. U
was determined for each air flow rate and each sun
shade position.
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Even though Uy is determined during nighttime,
it is used to represent performance during all

- conditions, so influence of sun shade positions

had to be included in the testing.
4,3.2 Energy Loss Coefficient for the Window

Afr Stream The energy 1loss or gain by the air
stream in the cavity is represented by m; Cp (Tex -
Tei). This quantity s the basis for what is

defined here as the pseudo heat transfer coeffi-
cient of air-flow windows Up.

Uz =mp =+ Cp = (Tex = Tei)/D(To = Ti) = AG] (4.3)

These values were determined also by nighttime test-
.ing with the various air flow and sun shading
device positions.

4.3.3. The Effective Shading Coefficient The
effective shading coefficient 1s broken down into
two parts for the exhaust-air window and into three
parts for the return-air window. These are required
to represent the complexities of the thermal char-
acteristics of the flow windows.

The ratio of the amount of solar radiation
directly transmitted to the room relative to the
incident radiation is defined here as RB, most com-
monly denoted as transmissivity. In addition, there
is an amount indirectly transmitted and is defined
here as Hy. Hp is the fraction of I, re-radiated
or convected into the room. A third part, denoted
here as Hy, is the amount of heat transferred to
the air stream in the window cavity. Hp is similar
to Uz but accounting for the solar impact.

The amount of solar radiation directly trans-
mitted to the room, RB x I,, is measured with the
inside pyranometer as Iy,. Consequently,

RB = Itr/Io. (4.4)
RB is not affected by the air flow rate, so there
are only as many values as there are venetian
blind settings, that is four (open, horizontal,
at 30° and at 45°). RB and Hj were determined by
daytime testing and data reduction. While RB has
some variation with incidence angle, this variation
was found insignificant in the overall energy
balance.

Hy is defined as the heat transfer off the
inside window surface to the room (during anytime)
minus the U; value effect (defined from nighttime
conditions), all divided by the solar irradiation:

Hl ={htotal * (Twi - T§) - U » (Tp - Ti)J' Aw/
Io' Ag (4.5)

Note that Hy only has a value during daytime condi-
tions, as Equation 4.5 will be zero at night (see
Equation 4.2). H; must be evaluated for all air
flow and sun shading combinations.

There is a portion of the energy transfer to
the cavity air stream which is due to the solar
irradiation, beyond that dictated by the temperature
difference between the room and the outdoors. This
effect can be included in a manner somewhat similar
to that used in defining Hj. Hp is defined as:



H2 ={[|‘|.|1 . Cp . (fo - Tfi)] - U2 * AVI ¢ (TO = Ti)}/
(4.6)

Io‘Ag

Note that Ag, the glass area, has been used here,
while Ay, tge total window area was used to define
Up. This neglects the influence of the frame re-
lated to solar radiation transfer, which is very
small compared to the heat flow through the frame
from other heat transfer modes. Hp 1is developed
from daytime testing for all air flow and sun
shading combinations. Hz {s not of interest for
the exhaust-air window as all air is discarded.
It is important, however, for evaluating the per-
formance of the return-air window. The portion
of air of the return-air window system which fis
not discarded transports the Hy of this air to
the central HVAC equipment. If heat recovery
equipment is used, an additional portion of Hp
can be saved before the exhaust air portion is
discarded.

4.3.4, The U value and the Shading Coeffi-
cient of the Reference Window The test conditions
Tor the reference window were chosen as closely
as possible resembling typical window applications
today. The window was located in the same facade
as the air-flow window with four feet of wall in
between. Tests for the air-flow and reference win-
dow were run simultaneously. The test set-up dif-
fered considerably from that of the air-flow window,
as described in Section 3.4.

Although U value information for the reference
window was available, see Appendix B, tests had
to be run to develop data for the conditions on the
testing site and for evaluating the performance
changes between the various shading device positions
for which no data is available. Again, as with
the air-flow window, the effect of the various ven-
etian blind positions on the U value must be eval-
uated because of daytime impact. The overall heat
transfer coefficient for the reference window is
calculated as:

Up = [Mp ¢ Cp = (Trx = Tpi) + Up = Ap
* (Tpox = T 1/L(To - To1) = Ayl

(4.7)

The second set of terms in the numerator of Equation
4.7 accounts for the heat exchange between the
room and the air flowing through the box. A value
of 2.75 was used for Uy » Ap*. Tp1 1s the average
temperature on the box side of the venetian blind.
From detailed testing, it was found that Ty dif-
fered from Thox.

There is also only 1ittle information available
on the daytime performance of the reference window
with interior venetian blinds at various blind
settings. Therefore, tests for the reference win-
dow were run simultaneously with the air-flow win-

dow, both having the same blind setting. The
shading coefficient is defined here as:
SC=Imp =+ Cpe (Trx = Tri) + Up = Ap »

(4.8)

(Thox - - U Ay (To - ToN VI - Ag
¥ Uy * Ap = 0.05 x 55 = 2.75 Btu/hr F.

Ti)
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This parameter was evaluated by daytime testing at
the various shading device positions. Two air

- flow rates were used for testing the reference

window. -

4.4. The Energy Balance of the Air-Flow Windows

and the Reference Window

The energy balance of the air-flow windows and
the reference window can be calculated by using
the parameters as described above. It should be
kept in mind that energy balance means the net
effect of the window under consideration on the
central HVAC equipment which holds the thermal
environment of the building in steady state. This
implies not only consideration of the window as a
barrier between the inside environment and outdoors,
but also the impact of the air fliow on energy con-
sumption.

The instantaneous energy balance of the air-
flow windows related to the barrier between the
inside environment and the outdoors, but not in-
cluding the energy carried with the flow is (

4.,9)

QS = U]_ M (To - T{) * Aw + (Hl + RB) ° Io e Ag
The energy balance of the reference window is
OS = Ur hd (To - T‘[) * Aw + SC - Io * Ag (4.10)

While QS for the exhaust-air window and for the
return-air window is very similar for the same win-
‘dow dimensions and environmental conditions, their
overall performance may vary considerably because
of their operational characteristics (exhaust-air
versus return-air features).



5. TEST RESULTS AND DISCUSSION

The test period for the windows lasted from
January 1980 through April 1981 averaging about 3
days per week. From the large amount of testing
the days listed in Appendix H were chosen for data
reduction. Two factors influenced this selection:
days were eliminated when exterior environmental
conditions were highly variable or when there was
a malfunction of equipment. Other days were elim-
inated because of data repetitivity. Sample data
is given in Appendix F.

5.1. The Uy and Up Yalues

The Uy values {effective U values) decrease
with increasing air flows through the window cavity;
see Figures 5.1 and 5.2. Reduction of the data
was performed as described in Section 4.3.1. The
range of values calculated is shown by the error
bars. The circle denotes the average of all values
for a specific air flow. These values are somewhat
lower than those given by CARDA for a 4 ft high
window with wooden sash. They are slightly higher
than values by Swiss manufacturers for aluminum sash
windows of the same 7 ft height as the test windows
(see Appendix A, Figures A5.2.6 and A5.1.2).

BTU/hre ft2 F*

=3
b
«n

Return-Afr Window
No B8linds, 0®, 30°, 4S5°

0.10

1 I L |
0 2 T4 6 8
Afr Fiow, cfm/ft

Effective U-value Uy of the Return-Air
Window.
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Figure 5.1.

At no or very low air flow through the window

cavity a somewhat peculiar situation exists.* The
window does not behave like a triple glazed window
with a U value around 0.35. The low value range
around 0.28 may be due to the window cavity being
open to the room. Free convection, though small,
could occur and produce Tow-flow rate admission
of space air into the cavity. This flow would warm

* Such low air flows are not used under typical
operational conditions. They may, nevertheless,
occur because of reduction in total air flow; for
example as an energy conservation measure at time
of no occupancy.
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Exhaust-Afr Window
No B8linds, 0°, 60°

1 | 1 1
0 2 4 6 8
Air Flow, cfm/ft

Effective U-value Uy of the Exhaust-
Air Window.
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Figure 5.2,

the inner glass pane to a higher temperature than

the inner glass pane of a conventional triple
glazed window would show at the same inside room
temperature. This free convection would produce a
heat loss. Another possible explanation is the
difference in construction, particularly the spac-
ing of the glass panes, of the air flow window
compared to conventional triple glazed windows.

The U» values, as shown in Figures 5.3 and 5.4,
must be considéred in the context of effective U
values. With decreasing air flow the Uz value
increases while the U values decrease. Increas-
ingly more energy is lost or gained by the air
stream.

Although a great deal of data was analyzed
related to the four different blind settings, no
clear differences in U values could be observed.
however, as the blinds were closed com-
pletely, U; values between 0.9 and 0.12 developed.
It became quite obvious that the radiative exchange
between the outer and inner glass panes is appre-
ciably affected only at tightly closed blinds.**

The blinds affected the Uy values differently
than they affected the Uj values. For U, as long
as the bhlinds were in the cavity, the U values
were similar, independent of blind angle. When
the blinds are retracted, however, the Uz values
are slightly decreased (see Figqure 5.3).

** Good tilting closure was possible only with ver-
ticle louver blinds in the exhaust air windows. Data
for completely closed blinds is not used in any way
related to this project and the above mentioned
values are given for possible interest beyond this
project.
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5.2. The RB, Hy and Hp Values

The reduction of {rradiation related to the
radiation barrier, that is the glass and the shading
device, is not influenced by the air flow. There-
fore, variations of RB, Figure 5.5, are obtained
only for different blind settings. At first glance,
these values may appear to be low. They, however,
contain only the directly transmitted (not re-rad-
iated) radiation component. They also are averages
over typically rather large variations of sun angles
with respect to the normal to the glass surface,
where transmission tends to decrease rapidly with
angle at very large angles of incidence,

The RB values are long term averages at various
blind settings. Clearly the tilt position has a
strong influence on the results (see Figure 5.5).
Although there was scatter in the data, the values
did not show a clear tendency related to solar
altitude and azimuth angles although there should
be some effect here. The diffusing and multi-

14

reflective geometry as created by the blinds guides
the solar radiation during clear days to the inside

. quite independentiy of the solar angles.

Venetian Blind Setting RB
Retracted 0.31
at 0° slat angle 0.14
at 30° slat angle 0.10
at 45° slat angle 0.07

Louver Blind Setting RB
Retracted 0.36
at 0° louver angle 0.14
at 60° louver angle 0.09

RB Values for Air-Flow Windows with
White Venetian Blinds at Various Slat
Angles to Horizontal Plane or with
White Opaque Vertical Louver Blinds at
Various Angles from Normal to Window
Plane.

Figure 5.5.

The H; values clearly decrease in value with
increasing air flow. Various blind positions did
not develop a pattern for differentiation. This
can be explained from the fact that the surface area
of the blinds reached by solar radiation is basic-
ally constant, independent of blind setting angles,
as long as the blinds are closed enough to block
direct radiation. Therefore, absorption and re-
radiation of glass and blinds vary little. Again
there is some uncertainty for no or very low cavity
air flow, similar to what has been said in regard
to Uy values at very low air flows. Here the
situation is even less a problem, as such low air
flows may occur in daytime only during cutbacks over
weekends and holidays.

Return-Air Window
Blinds at 0°, 30°, 45°

0. 200

H,, 8TU/hr-ft2«°F

Afr Flow, cfm/ft

Heat Transfer Coefficient Hy for
Return-Air Window.

Figure 5.6.
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5.3. The Uy and SC Values

The Upr value did not show any appreciable
decline with blind opening angle until they were
closed as tightly as possible. The Uy for this
blind closure was found to be 0.43. The average
value for blind settings from open to 45° slat
tilt was found to be 0.55 with a scatter between
0.52 and 0.62. This slightly lower value than given
in the literature (0.58 for 1/2 inch air space)*
and also somewhat lower than test results furnished
by the Wausau Metals Corporation (Appendix B) for
the reference windows, is due to our test conditions
at no or very low wind velocities. U values are
generally given for 15 mph wind velocity which is
considerably higher than experienced during our
tests.

Extensive testing for SC values at all blind
settings showed very consistent values for no
blinds present, but this condition was used in
the testing only during totally overcast conditions.
The scatter ranged from 0.52 to 0.64 with the
average at 0.57.

The values for the various slat tilts showed
scatter from 0.37 to 0.49 with the average at
0.44. Here, similarly to the Hy values, no clear
pattern could be observed in relation to blind slat
angles.

The SC value for open blinds is slightly lower
and the value for closed blinds is slightly higher
than what one would expect in comparison with
conventional shading coefficients of double glazed
windows.* (One must remember in this context that
these values are normalized to irradiation of the
outside vertical surface and not to radiation after
transmission through one pane of glass, as conven-
tionally given in ASHRAE literature.

Condensation Potential in the Air-Flow Window
Cavity

5.4.

The potential for condensation in the window
cavity of the exhaust-air window was evaluated for
five air flows: 2.8, 3.9, 5.4, 6.6 and 7.7 cfm/ft
of window width. For this purpose three thermo-
couples were attached to the inside surface of the
double glazed, outer window pane in the vertical
axis of the test window at a 6 inch distance from
the top window frame, at the center and at 6 inches
from the bottom frame.

Samples of test data are given for these air
flows in Appendix G. The temperature Tigy is the
lowest temperature of the three which was in this
case the thermocouple close to the 1lower frame
because of the down-flow air direction.

By establishing a ratio of the total temper-
ature drop across the window and the partial temper-
ature drop to the insulating glass surface

T'i - To '
= CR (5.1)

CTi - Mow

* See ASHRAE Handbook of Fundamentals, 1972, p.
370.

** See ASHRAE Handbook of Fundamentals, 1972, p.
402.




the level of any temperature on the inside of the
glass (Tiow) can be calculated in relation to
various indoor and outdoor temperature conditions.
Values of CR for various air flows are also given
in Appendix G. Figure 5.10 shows the relative
humidity limits of the room air at 65°F for various
flow rates and outdoor temperatures. At the areas
above the limits fogging or condensation may occur
at the inside of the insulating glass surface.

These 1imits are lower than for conventional
double glazing as the cavity air is cooler than
the room air. At higher flow rates, than those
tested, the glass surface temperatures will approach
levels of conventional double glazing at room air
condition. This surface temperature drop of air-
flow windows increases with the height of windows.

In cold climates, rooms with unusually high
relative humidity levels, that s, above about 40
percent, should either receive higher cavity air-
flow rates than those tested or triple glazing
should be applied for the outer part of the cavity.
The latter was specified, for example, for the
computer room of the German Texaco Building 1in
Hamburg where a relative humidity of 50 percent
was to be maintained.

A Swedish manufacturer* of air-flow windows
recommends for their winter conditions and a 1.20
m (4 ft) high window a minimum flow rate of 5
cfm/ft of window width (winter design temperature
for Stockholm is 5°F).

Conventfonal 1°
Double Glazing

70

50 Exhaust-Afr Window

Room Temperature: 65°F

Relative Humidity of Room Afr, %

1 | 1 1 1
10 20 30 40 S0
Qutside Temperature, °F

20

Relative humidity limits of room air
above which condensation may occur
in window cavity on inside of insul-
ating glass pane at outside temper-
ature {Ty} and cavity air flow rate
(m). Exhaust-air window with outer
1" insulating glass, window height
7 ft.

Fiqure 5.10.

*COMBIVENT Design Manual by CARDA Company.
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5.5. Mean Radiant Temperature

The mean radiant temperature (mrt) refers to
the equivalent radiant heat exchange between. the
human body and the surfaces that surround it: for
example, a room. An excellent discussion of the
mrt, its measurement, and its calculation is given
by Fanger.**

Although evaluation of the mrt of the test
windows was called for in the contract, this data
is of little value in specific. The reason for
this is that all surfaces surrounding a human
body contribute to the mrt through their temper-
atures and their radiation shape factors:**

Tmrt = Tl Fp_l + Tz Fp_z + ..+ Tn Fp_n (5.2)
1f, for example, surface** is the test window, its
contribution to the mrt is through the window sur-
face temperature and its shape factor with the
person. The shape factor will vary with several
characteristics, including the size of the window,
fts height from the floor, and the distance between
the person and the window. The general term T Fp-i
is totally dependent upon the specifics of the
application. For this reasoning alone, the con-
clusion can be drawn that the most critical factor
in the mrt determination for any space will be
the temperature of the inner (roomside) surface of
the window.

An examination of the appropriate methods for
measurement of the mrt underlines the conclusion
that the inner surface temperature of the window
is most ¢ritical. Two methods are used for experi-
mental determination of mrt.**

A simple device used for this purpose is the
globe thermometer. The globe thermometer consists
of a black spherical shell with a thermal sensor
located in the center. With the reading from the
globe thermometer, the air temperature and the air
velocity, the mrt can be calculated. This step
is an involved technique and is primarily influ-
enced by the details of the room and only second-
arily affected by the window (this can be seen by
comparing the shape factor from the body to the win-
dow with unity.)

The other approach substitutes some compli-
cations for others. 1In this approach the temper-
atures of all surfaces in the room are determined.
Use is then made of estimates of shape factors to
find the mrt, as shown in the equation given above.
Shape factors of this type have been tabulated.***

When consideration was given for determination
of the mrt in the present testing program, the
method using the globe thermometer was rejected as
being too site specific. Instead, the surface
temperature determination method was used. Surface

** P, 0. Fanger, THERMAL COMFORT - ANALYSIS AND
APPLICATIONS 1IN ENVIRONMENTAL  ENGINEERING,
McGraw-Hill Book Company, 1972, pp. 141-148.

*** p, 0. Fanger, op. cit., Chapter 6.



temperature data for the window given as a function
of the primary independent variables in the testing
program was determined to be the most durable and
widely applicable form of the data.

Surface temperatures for the flow window were
determined in all experimental runs.. This para-
meter was key in determining window performance,
as has been discussed above.* Hence the assumed
htota] variation coupled with the inferred {from the
experimental data) variation of U; can be used to
"return" values of the inside (roomside) surface
temperature. This is done for nighttime conditions
in Figure 5.11. As would be expected, the surface
temperature (the window contribution to the mrt)
increases with increasing air flow for winter night-
.time conditions. Comparable results for typical
single, double and triple-glazed windows are shown,

based -upon an assumed constant overall heat transfer .

coefficient but an inside heat transfer coefficient
that varies as shown in Figure 3.8. '

70 T T T T T T
65 -
2 .
S 60 -
2
[>]
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2 50 | p
= INSIDE TEMPERATURE = 65°F

T’ 1 1 1 [ hf 1 v

0 10 20 ki) a0 80

OUTSIDE TEMPERATURE, °F

Figure 5.11. Inside pane temperature for nighttime
_ winter conditions, to be used in mean
radiant temperature calculation. In-
side temperatures other than 65°F can
be found by 1linearly shifting whole

curve.

* Remember that (Ty - T,i) was used to find h¢gtal,
and then, for nighttime testing, hy (T; - Thi§
Uy (T§ - To) was used to find Uj.
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6. PERFORMANCE MNDELING

The test results, as described in Chapter 5
can be used in many practical applications. Most
importantly, however, is the potential impact on
energy consumption determinations. In the follow-
ing section, the considerations for performance
modeling are outlined. Following that, results
for year long modeling for a range of operating
parameters in Salt Lake City are given. The per-
formance modeling program is listed in Appendix H.

6.1. Description of Modeling Technique

6.1.1. Energy Balance of the Air-Flow Windows

The instantaneous enerqy balance of the air-flow
windows relative to the barrier between the inner
and outer ambient conditions, but neglecting the
energy in the air flow was noted in Section 4.4,
It is repeated here:

0S = Uy (To = T§) + Ay + (Hy + RB) +Ig *Ag (6.1)

The air used to achieve the reduction in energy
transfer across the air-flow windows must be re-
placed, if discarded, or it must be conditioned,
if returned to the central HVAC system. In case of
the exhaust-air window, all cavity air is discarded
and replaced by fresh air. In case of the return-
air window, the option exists to only partially
discard. The air not discarded will have to be
treated before recycling.

The instantaneous heat loss or gain of the
return air in the cavity is defined as:
QRT =my * Cp * (Tex = Ty (6.2)

The amount to be treated is 1-FR, where FR is the
fresh atr fraction which replaces part of the

return air. The energy required to treat the re-
cycled air can be expressed by

QRC = (1-FR) * QRT = (1-FR) « [Up * (Tq - T§)

° Aw + H2 . Io hd Ag] (6.3)
The eneray losses and gains from the fresh air flow
{balancing the exhaust air) are defined in the
following section.

6.1.2. Energy Balance of the Reference Window

As outlined in Section 4.4, the energy baTance on
the reference window 1is established by using the
overall heat transfer coefficient and the shading
coefficient

(6.4)

Os=Ur'(To-Ti)'Aw+SC°I°'Ag

6.2. Energy Content of Exhaust-Air

While evaluating the efficiencies of air-flow
windows versus conventional systems it is important
to consider the "fate" of the air after it leaves
the window cavity. In the case of the exhaust-air
window all air is discarded to the outside. 1In
the case of the return-air window all, none, or
part of the air is discarded. Only in very special
cases none of this return air may be discarded
which implies total reconditioning.
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* considered.

Discarded air must be made up from fresh out-
side air. Minimum fresh air requirements must be
For the conditioning of the fresh
air, energy is needed to provide the desired sens-
ible and latent components of a steady state room
air condition.

Fresh air requirements are generally expressed
in cfm per person. Here, for easier comparison,
fresh air requirements are expressed in cfm per ft
of window width., The sensible energy content of
make-up air for a particular requirement is then

Orpy = FR » CFM « WW « 0,92 « (Tp - Ty) (6.5)
where 0.92 represents the product of air density,
specific heat and 60 minutes per hour (0.064 «x

0.24 x 60). The latent energy content of make-up

air is

OFRz = FR * CFM « WW * 3.84 [(1070 + 0.45 « TM)
+ WO - (1070 + 0.45 + T5) « WI] (6.6)

where 3.84 represents the product of air density
and 60 minutes per hour (0.064 x 60). The sum of
1070 + 0.45 - T{ relates to the enthalpy levels
at the monthly mean outside temperatures (TM) and
the inside temperatures (Tj). The mean outside
temperatures, the inside temperatures and the
related humidity ratios for Salt Lake City as used
for the performance modeling are given in the
Appendix L.

6.3. Hourly Insolation and Temperature
Determination

As is discussed in the next section an hourly
time step is used for the modeling of the windows
to determine their year-long performance. Hence
it is very critical to have representative values
for the two most important climatic variables:
temperature and insolation.

There are two extremes that can be considered

in modeling these two parameters. In one, long-
term (e.g. month) averages can be used. This can
be a very inaccurate approach in modeling items

that respond to variability. In another, virtually
instantaneous weather records for a large number
of years can be used. Two drawbacks exist in this
approach: weather records of this type -are quite
limited (at best, hourly values are available from
the SOLMET system for some of their stations), and
the computer time and capability required for this
type of calculation is far beyond the reach of
most architectural and engineering firms.

Experience, primarily related to solar system
simulation developed at the University of Utah*
has shown that there are procedures whereby the

* S. R. Swanson and R. F. Boehm, "Experimental
Measurements and Systems Implications of Perform-
ance of Flat Plate Solar Collector Configurations,"
ASME Paper 76-WA/Sol-14, 1976.

S. R. Swanson and R. F. Boehm, “"Calculation of
Long Term Solar Collector Heating System Perform-
ance," SOLAR ENERGY, 19, 2, 1977, pp. 129-138.

»



variability of the weather can be handled approxi-
mately. This variability is so important to the
modeling of systems like the ones considered here,
and can be handled approximatley with little loss
in accuracy but with a great deal of simplification
of the weather records and computer capability
required.

The technique used in the present work 1s
described briefly here and 1in somewhat greater
detail in Appendix M. Accuracy of the simulation
is difficult to assess in absolute terms because
there are relatively few simulations published
that have used very detailed data and are considered
to be highly accurate. We have compared the very
detail calculations for solar system performance
performed at LASL with agreement within 4% maximum
error, but more typically 1-2%.** What is critical
is that the approach does include variability of
weather parameters in an approximately realistic
fashion and it is within the computer capabilities
of many firms. Since both the flow windows and
the reference window are modeled with the same code,
the comparisons given here should be relatively
valid.

In the weather modeling {described in more
detail in Appendix M), base data required for
input are (all for the 1location of interest):

1. Long term average monthly maximum and min-
imum temperatures
A specific yeart daily maximum and minimum
temperatures
Long term average monthly insolation on a
horizontal surface
A specific year*** daily insolation on a
horizontal surface.

These data are readily found in U. S. Weather Bureau
records.

2.
3.
a.

The daily insolations are normalized so that
the monthly sums of the daily values correspond to
the 1ong term monthly averages. A similar procedure
is performed on the temperatures. In this manner,

R. F. Boehm and S. R. Swanson, SOLAR SYSTEM
DESIGN HANDBOOK FOR UTAH, Utah Engineering Experi-
ment Station, 1978.

T. Newell, S. Swanson and R. Boehm, "Mass Flow
Considerations for Solar Air Heating Systems," PRO-
CEEDINGS OF THE INTERNATIONAL SOLAR ENERGY SOCIETY,
1979, pp. 857-861.

T. Newell, S. Swanson and R. Boehm, "The Effect
of Auxiliary Load Management Strategqy on Solar
System Performance," PROCEEDINGS OF THE INTERNA-
TIONAL SOLAR ENERGY SOCIETY, 1979, pp. 2143-2147.

R. Rudloff, S. Swanson and R. Boehm, "Computer
Simulation Results for Planar Reflectors and Flat
Plat Solar Collectors,” JOURNAL OF SOLAR ENERGY
ENGINEERING, May 1980, pp. 166-172.

T. Newe11 "Parametric Studies of Active Res1-
dential Solar Heating Systems,"” M.S. Thesis, Univer-
sity of Utah 1980.

ok
note.

See Boehm and Swanson, 1978, in previous foot-

*** While a specific year's data i's used, the par-
ticular year is not important because of the norm-
alized procedure used in the calculations.
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a data set reflecting specific year variability
but with long term average equivalence is generated.

In typical solar radiation modeling fashion,
the daily, horizontal, total radiation values are
separated into beam and diffuse components. The
beam component is then varied hourly via the phys-
ical variations of the sunshine so lucidly described
by many authors. This is the same as "clear sky"
condition calculations, but with a modified inten-
sity due to the degree of cloud cover present on a
particular day. As 1is the real situation, the
modeling scheme does not allow any beam radiation
on extremely overcast days (this is shown specific-
ally in Appendix M). The total and diffuse varia-
tions through the day are handled by empirical
relations and these are given in Appendix M also.

The ambient temperature is varied with time
sinusoidally between the maximum value for the day
and the minimum value for the day. A slight delay
past solar noon of the occurrence of the maximum
value is taken to more closely simulate what norm-
ally is measured.

More details on the calculation procedure for
the temperatures and the insolation are given in
the Appendix M and 1.



7. MODELING RESULTS AND DISCUSSION

7.1. Monthly Performance Results

Figures 7.1 through 7.24 show monthly perform-
ance modeling results for two cavity air flows (4
and 6 cfm/ft of window width) over the course of a
year. These results are sums of hourly calculations
by a computer program which is listed in Appendix
H. The external environment input is the reference
year data on radiation and temperatures of Salt
Lake City as described in Section 6.3 and listed in
Appendix I. The window input data is based on the
test results as shown in Figures 5.1, 5.3, 5.5,
5.6 and 5.8. The data is given in four blocks per
month which represent the south, east, west and
north orientations. This data is listed in Btu per
month and is for reference and air-flow window
sizes of 4 ft width and 7 ft height.

Only heat gain or heat loss will happen across
a window during a particular hour. Over the course
of a day or a month, however, times of heat gain
and heat loss will occur. These loads should not
be traded-off against each other, as considerable
distortions of actual performance would develop.*
Therefore, all performance modelling results are
shown as simulations of positive and negative hourly
energy balances (heat gains and Tosses).

The first four values of each block give the
heat gain and heat loss for the reference window
and air-flow windows: QREF and QEAF.

Positive values represent heat gain, negative
values represent heat loss. The simulations are
based on the assumption that the heat gains and
heat losses of the exhaust-air window and return-air
window are the same, that is QEAF = QRA; the fate
of the exhaust air or return afr and the associated
energy not being considered.

The first two 1ines of the FR columns give the
energy ORC which s required to treat with HVAC
equipment that part of the air which is recircu-
lated (not exhausted). If FR = 1, all air fis
exhausted and QRC = 0. This happens in the case
of exhaust-air windows or when all air in a return-
air window system is exhausted. With decreasing
FR less and less air is exhausted. The recirculated
air must be treated.

The Tast four lines of every block refer to
the energy which is necessary to treat the fresh
air, that is the air replacement for the exhaust-
air window or the return-air window. These values
decrease with decreasing FR. They are the same in
each block, as they are the same for each orienta-
tion.

Figure 7.43 shows the sample output of the
hourly performance over one day at 4 cfm/ft of
window width (7th of August). Figure 7.44 gives
the key for understanding these values.

* Special HVAC systems may accept functions which
allow trade-off, for example through energy shifting
in buildings, when heat gains and losses occur
simultaneously, or through energy storage.
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Since there are several components of the var-
ious energy flows, an understanding of the numerical
results of the Energy Balance Simulation Program
is somewhat involved.

Figures 7.25 through 7.42, therefore, show some
of the same data in graphic form for transmission
gains and losses on south and west orientations,
for energy required to treat recycled air and for
energy required to treat make-up air.

For the following discussion reference is made
to the graphs from Figure 7.25 onward through 7.42.
Two units on the vertical scale of these graphs
equal 0.1 x 106 Btu per month. Figure 7.25 shows
the performance of the test window (QEAF or QRA)
and the reference window (QREF) for the south
orientation at 4 cfm/ft of window width. The graph
shows an improvement for the air-flow window versus
the reference window of about 60 percent for heating
and about 55 percent for cooling during all year.
Heat losses and heat gains are separated as totals
are not representative of window energy balance.

An increase of cavity air-flow from 4 to 6 cfm/
ft improves this efficiency slightly more. This
difference is small, however, and that it is hardly
noticeable in the graph (Figure 7.34). These de-
creages of QEAF+ and QEAF- are for January: 0.104 x
x 106 - 0.101 x 106 = 0.003 x 106 Btu for hea
gain and - 0.113 x 106 + 0.100 x 106 = - 0.013 x 10
Btu for heat loss (see Figures 7.1 and 7.13). For
October, with the largest heat gain, the improvement
is 0.252 x 106 - 0.240 x 106 ='0.012 x 106 (Figures
7.10 and 7.22). These differences represent
improvements of 12 percent for the largest heating
load and 5 percent for the largest cooling load at
south orientation.

Figure 7.28 shows the performance for west
orientation at 4 cfm/ft. The performance in heating
is obviously very similar to that found for the
south orientation. The improvement in performance
of the air-flow window versus the reference window
related to cooling load is about 58 percent.

The impact of the increase in cavity air flow
from 4 to 6 cfm/ft again is hardly noticeable in
the graph. During the peak month of Julg it yields
a reduction of 0.238 x 106 - 0.227 x 107 = 0.011 «x
106 Btu (Figures 7.7 and 7.19), that is about 4.5
percent.

The values described above are the heat gains
and losses to and from the interior environment,
not considering energy in the air flow. In this
regard the exhaust-air and return-air system perform
equally: therefore the notation of QEAF = ORA in the
discussed graphs.

If the cavity air flow is larger than the fresh
air requirement of the exterior building zone, then
gains and losses for treating fresh air beyond
comfort requirements must be included in the energy
balance of the exhaust air windows, Figures 7.31
through 7.33. These graphs are shown with fresh
air fractions of 1.0, 0.75, 0.5 and 0.25. At fresh
air fraction equal to zero, all cavity air is
recycled. It is obvious that the potential for
savings exists, especially in winter, if the fresh
air flow 1is 1less than the cavity air flow. A



return-air window would be chosen over an exhaust-
air window, as the exhaust air window always has
the maximum a fresh air fraction of 1.0.

In case of the return-air window with a fresh
air fraction smaller than 1.0 must add the energy
required (QRC) to treat that part of the cavity
air which will be recycled, Figures 7.26 and 7.27,
7.29 and 7.30. The energy needed for treating
this air fs in this case (Salt Lake City) in winter
considerably smaller than the energy needed for
treating fresh air. Not so in summer, however. It
i{s noted that during summer months when there is
no heating required, there are small negative
values, representing heat loss. This 1{s due to
the static temperature setting in the computer
model of 78°F during the summer months. Salt Lake
City experiences considerable temperature
swings during summer and temperatures often fall
below 78°F. The winter setting is at 68°F which
may contribute to small gains when the outside
temperature is above this level. For consideration
of the comparative overall performance of the
windows these small losses and gains are of neglig-
ible concern.

7.2. Monthly Summary Samples Including Fresh Air
Impact

For a better understanding of overall window ,

performance the loads from window heat gain/heat
loss, from treatment of recycled afr and from
treatment of fresh air, are added. For a fresh air
fraction, for example, of 0.75 for the return-air
window and the reference window the following heat-
ing and cooling loads are found (Btu/month).

Exhaust Air Window

January, south, 4 cfm/ft, heat loss (Figure 7.1)
SQEAF = OEAF + QFRESH 1 + QFRESH 2

- 0.113 x 106 - 0.404 x 106 - 0.113 x 106

- 0.630 x 106

October, south, 4 cfm/ft, heat gain (Figure 7.10)*
SQEAF = QEAF + QFRESH 1 ,
= 0.252 x 106 + 0.773 x 103 = 0.253 x 106

July, west, 4 cfm/ft, heat gain (Figure 7.7)
SOEAF = QEAF + QFRESH 1
0.238 x 106 + 0.378 x 105 = 0.276 x 106

Return-Air Window

January, south, 4 cfm/ft, 0.75 fresh air, heat loss:
SQRA = OEAF + QRC + QFRESH 1 + OFRESH 2
= - 0.113 x 105 - 0.199 x 105 - 0.303 x 106

- 0.849 x 105

= - 0.521 x 106

October, south, 4 cfm/ft, 0.75 fresh air, heat gain:
SQRA = QEAF + QRC + QFRESH 1

0.252 x 106 + 0.264 x 105 + 0.580 x 103

0.279 x 106

* A latent heat gain component (QFRESH 2) does not
appear in the heat gain calculations because of the
low relative humidity levels in Salt Lake City.
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July, west, 4 cfm/ft, 0.75 fresh air, heat gain:
SQRA = QEAF + ORC + QFRESH 1

0.238 x 106

0.290 x 106

LU T ]

Reference Window

January, south, 4 cfm/ft, 0.75 fresh air, heat loss:
SQREF = QREF + QFRESH 1 + QFRESH 2

- 0.309 x 108 - 0.303 x 106 - 0.849 x 105

- 0.697 x 106

October, south, 4 cfm/ft, 0.75 fresh air, heat gain:
SQREF = QREF + QFRESH 1

0.629 x 106 + 0.580 x 103

0.687 x 106

un u

July, west, 4 cfm, 0.75 fresh air, heat gain:
SQREF = QREF + QFRESH 1
. 0.551 x 106 + 0.284 x 106

0.580 x 106

These values show large energy savings for the
air flow windows versus the reference windows.
Because of the fresh air fraction assumed to be
0.75, the return-air window performs considerably
better than the exhaust-air window in January (heat
loss), but not as well in October (south, heat
gain) and July (west, heat gain). For October,
this is due to the utilization of  outside air
which has a lower temperature level than the inside
air. For July, the difference between the outside
air and the inside air is smaller than the differ-
ence between the return air from the return-air
window and the inside air, resulting in larger
energy consumption for treatment than for cooling
fresh air from outside.

The sample of hourly data for the 7th of August
(Figure 7.43) clearly shows the cooling load con-
tributions of the various energy flows. The reduc-
tion in performance for the room cooling load
from reference window to air-flow window for west
orientation is nearly 60 percent: 0.255 x 104 -
0.106 x 104 = 0.149 x 104 Btu/hr.

At a fresh air fraction of 0.75 the recycled
air would bring a cooling load of 0.118 x 103
{ORCD in computerized datag and the fresh air a
cooling load of 0.136 x 10 (QFR1). The negative
sign of QFR2 indicates moisture loss to the outside
at the assumed inside relative humidity level of
30 percent.

+0.239 x 105 + 0.284 x 105

¥
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Figures 7.3 and 7.4.
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(0.100E 06 = 0.100 x 10°).
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Figures 7.7 and 7.8. Monthly performance data for cavity air flow of 4 cfm/ft of window
width and various fresh air fractions (window size 4 ft x 7 ft) in Btu per month
(0.100E 06 = 0.100 x 10°).
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Monthly performance data for cavity air flow of 4 cfm/ft of

window width and various fresh air fractions (window size 4 ft x 7 ft) in Btu per

month (0.100E 06 =

0.100 x 10°).
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Figures 7.13 and 7.14.
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Monthly performance data for cavity air flow of 6 cfm/ft of

window width and various fresh air fractions (window size 4 ft x 7 ft) in Btu per

month (0.

100E 06 =

0.100 x 10%).
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Figures 7.15 and 7.16.
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Monthly performance data for cavity air flow of 6 cfm/ft of

window width and various fresh air fract1ons (window size 4 ft x 7 ft) in Btu per

month (0.

100E 06 = 0.100 x 10°).
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Figures 7.17 and 7.18.

month (0.100E 06 = 0.100 x 10%).
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Monthly performance data for cavity air flow of 6 cfm(ft of
window width and various fresh air fractions (window size 4 ft x 7 ft) in Btu per
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Figures 7.19 and 7.20.
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Monthly performance data for cavity air flow of 6 cfm/ft of
window width and various fresh air fractions (window size 4 ft x 7 ft) in Btu per

0.100 x 10°).
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Figures 7.21 and 7.22. Monthly performance data for cavity air flow of 6 cfm/ft of
window width and various fresh air fractions (window size 4 ft x 7 ft) in Btu per
month (0.100E 06 = 0.100 x 10°).
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Figures 7.23 and 7.24. Monthly performance data for cavity air f1ow of 6 cfm/ft of

window width and various fresh air fractions
month (0.100E 06 = 0.100 x 10°).
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Figure 7.25. Heat gain and heat loss, QREF and QEAF, of reference and air-flow windows with
. southern orientation. Cavity air flow, 4 cfm/ft of window width; window size
4 ft x 7 ft, in 10° Btu.
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Figure 7.26.

Cooling 1oad from recycled air, QRC, at various fresh air fractions, southern
orientation. Cavity air flow, 4 cfm/ft of window width; window size 4 ft x

7 ft, in 10° Btu.
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Figure 7.27. Heating load from recycled afr, QRC, at variods fresh air fractions, southern .
orientationé Cavity air flow, 4 cfm/ft of window width; window size 4 ft x
7 ft, in 10° Btu.
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Figure 7.28. Heat gain and heat loss, QREF and QEAF, of reference and air-flow windows,
western orientation. Cavity air flow, 4 cvm/ft of window width; window size
4 ft x 7 ft, in 10° Btu.
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ure 7.29. Cooling load from recycled air, QRC, at various fresh air fractions, western
orientation. Cavity air flow 4 cfm/ft of window width; window size 4 ft x 7 ft,
in 108 Btu.
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Figure 7.30. Heating load from recycled air, QRC, at various fresh air fractions, western
oriengation. Cavity air flow, 4 cfm/ft of window width; window size 4 ft x 7 ft,
in 10° Btu. '
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Figure 7.31. Sensible cooling load from fresh air, QFRESH 1, at various fresh-air fractions.
Cavity air flow, 4 cfm/ft of window width; window size 4 ft x 7 ft, in 10% BTU.
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Figure 7.32.

Sensible heating load from fresh air, QFRESH 1, at various fresh air fractions.

Cavity air flow, 4 cfm/ft of window width; window size
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Figure 7.33. Latent energy load (addition of moisture) from fresh air, QFRESH 2, at various
freshair fractions, Cavity air flow, 4 cfm/ft of window width; window size
4 ft x 7 ft, in 10° BTU.
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Figure 7.34. Heat gain and heat loss, QREF and QEAF, of reference and air-flow windows,
southern orientation. Cavity air flow 6 cfm/ft of window width; window size
4 ft x 7 ft, in 10° Btu.
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Cooling load from recycled afr, QRC, at various fresh air fractions, southern
orientation. Cavity air flow, 6 cfm/ft of window width; window size 4 ft x
7 ft, in 10% Btu.
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Figure 7.36.

Heating load from recycled air,

QRC, at various fresh air fractions, southern

orientation. Cavity air flow, 6 cfm/ft of window width; window size 4 ft x

7 ft, in 10° Btu.
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Figure 7.37. Heat gain and heat loss, QREF and QEAF, of reference and air-flow windows,
western orientation. Cavity afr flow, 6 cfm/ft of window width; window size
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gure 7.38. Cooling load from recycled air, QRC, at various fresh air fractions, western
orientation. Cavity air flow, 6 cfm/ft of window width; window size 4 ft x
7 ft;, in 10% Btu.
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ure 7.39. Heating load from recycled afr, QRC, at various fresh air fractions, western
' orientation. Cavity air flow, 6 cfm/ft of window width; window size 4 ft x

7 ft, in 10° Btu.

b—
-

TTTTTTTTTTITTITITITTITITI I Td

.. Figure 7.40. Sensible cooling load from fresh air, QFRESH 1, at various fresh air fractions.
Cagity air flow, 6 cfm/ft of window width; window size 4 ft x 7 ft, in
10° BTU. .
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'Figure 7.41. Sensible heating load frbm fresh air, QFRESH 1, at various fresh air fractions.

Cavity air flow, 6 cfm/ft of window width, window size 4 ft x 7 ft, in 10% BTU.
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Figure 7.42. Latent energy load (addition of moisture) from fresh air, QFRESH 2, at various
fresh air fractions. Cavity air flow, 6 cfm/ft of window width; window size
4 ft x 7 ft, in 10° BTU.
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Yearly Summary Samples Including Fresh Air
Impact

7.3.

Discussing this broader context of Section 7.2
and of the following, which goes beyond the window
performance itself, one should be aware that it
relates to the hot and arid climate of Salt Lake
City. In other places, especially where temperature
and humidity levels are considerably different,
the heating and cooling loads from make-up air
will be quite different.

Figure 7.45 shows the yearly heat loss at
south orientation for the reference, exhaust-air and
return-air windows. For the exhaust-air window or
for the return-air window with all return air
exhausted and without application of an energy re-
covery system, the air-flow window systems have at
fresh air fraction 1.0 about 22 percent lower heat
losses than the reference window. If the return-
air exhaust rate is 75 percent (FR = .75), then the
exhaust-air window {s about 7 percent and the
return-air window about 24 percent lower than the
reference window. At 50 percent return air exhaust
rate the heat loss of the exhaust-air window has a
13 percent higher and the return-air window a 26
percent lower loss than the reference window. The
same trend holds for other window orientations.

Figure 7.46 shows the yearly heat gain at south

orientation. With a fresh air fraction of 1.0 the
air-flow windows have a 59 percent lower heat gain
than the reference window. With a fresh air frac-
tion of 0.5 the return-air window is about 12 per-
cent less efficient than the exhaust-air window.
Similar relationships exist for other orienta-
tions, such as the west orientation, shown in
Figure 7.47.

This only slightly better performance of the
exhaust-air window versus the return-air window
in summer and the considerably better performance
of the return-air window in winter, may lead to
the decision for application of the return-air
system. Considering internal heat gains, however,
may change the basis for such a decision.

If one uses the rather low amount of 3 W per
sq ft of internal heat gain (people, lighting,
equipment), a 20 ft deep exterior building zone
will, at 4 ft window width, produce a gain of
240 W or 818 Btu/hr. For 9 work hours and a 5 day
work week a gain of 1.914 x 106 Btu per year will
occur. This load which occurs mostly during daytime
will slightly counterbalance the losses in winter,
but substantially contribute to summer cooling loads
in buildings with the reference or the return-air
windows at lower than 1.0 fresh air fraction. The
exhaust-air window will directly discard this load
with the cavity air.

Yearly Heat Losses*

QREF QEAF QRC QFR1 QFR2 TOTAL
at fresh air fraction FR = 1.0
Reference
Window 1.904 + 2.536 + 0.977 = 5.417
Exhaust-Air
Window 0.699 + 2.536 + 0.977 = 4,212
Return-Air
Window 0.699 + 2.536 + 0.977 = 4,212
; at fresh air fraction FR = 0./5
Reference
Window 1.908 + 1.902 + 0.733 = 4.539
Exhaust-Air
Window 0.699 + 2.536 + 0.977 = 4,212
Return-Air
Window 0.699 + 0.124 + 1,902 + 0.733 = 3.458
at fresh air fraction FR = 0.5
Reference
Window 1.904 + 1.268 + 0.489 = 3.661
Exhaust-Air
Window 0.699 + 2.536 + 0.977 = 4,212
Return-Air
Window 0.699 + 0.247 + 1.268 + 0.489 = 2,703

* including January through May and October through December.

Figure 7.45.

Yearly heat losses, south orientation
width, window size 4 ft x 7 ft, in 10

45

window cavity air flow 4 cfm/ft of window

Btu per year.



Yearly Heat Gains*

QREF QEAF QRC QFR1 QFR2** TOTAL
at fresh air fraction FR = 1.0
Reference
Window 4,512 + 0.078 = 4.590
Exhaust-Air
Window 1.791 + 0.078 = 1.869
Return-Air
Window 1.791  + 0.078 = 1.869
. at fresh air fraction FR = 0./5
Reference LN
Window 774,512+ 0.059 = 4,571
Exhaust-Air
Window ' 1.791 + 0.078 = 1.869
Return-Air
Window 1.791 + 0.182 + 0.059 = 2.032
at fresh air fraction FR = 0.50
Reference
Window 4,512 + 0.039 = 4,551
Exhaust-Air
Window 1.791  + 0.078 = 1.869
Return-Air :
Window 1.791 + 0.264 + 0.039 = 2.094

* including all months
**no latent heat gains because of low relative humidity conditions in Salt Lake City.

Figure 7.46. Yearly heat gains, south orientation, window cavity air flow 4 cfm/ft of window
width, window size 4 ft x 7 ft, in 106 Btu per year.

Yearly Heat Gains*

QREF QEAF ORC QFR1 QFR2** TOTAL
at fresh air traction FR = 1.0

Reference

Window 3.550 + 0.078 = 3.628
Exhaust-Air

Window 1.541 + 0.078 = 1.619
Return-Air

Window 1.541 + 0.078 : = 1.619

at fresh air fraction FR = 0./5

Reference

Window 3.550 + 0.059 = 3,609
Exhaust-Air

Window 1.541 + 0.078 = 1.619
Return-Afir

Window 1.541 + 0.141 + 0.059 = 1.741

at fresh air fraction fR = 0.5

Reference '

Window 3.550 - 0.039 = 3.589
Exhaust-Air

Window 1.541 + 0.078 = 1.619
Return-Air

Window 1.541 + 0.182 + 0.039 = 1.763

* including all months
** no latent heat gains because of low relative humidity conditions in Salt Lake City.

Figure 7.47. Yearly heat gains, west orientation, window cavity air flow 4 cfm/ft of window width,
window size 4 ft x 7 ft, in 106 Btu per year.
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8. DEMONSTRATION PROJECT OUTLINE

The outline for a demonstration project must
address the major assets and liabilities which the
application of air-flow windows will bring into
various building situations. Therefore, instead of
discussing a project in a particular situation, a
question-and-answer method was chosen in order to
cover the relevant aspects as broadly as possible.
The questions and answers are listed in the Appen-
dix N.

Such guestions frequently will be asked by
.architects and engineers when confronted with the
choice of using air-flow windows. The answers
contain a great deal of information not directly
related to the main task of thermal testing, but
important for understanding the whole context of
air-flow window applications.

the major features of a
demonstration project are outlined. They are
developed from the question-answer content. The
recommendations are grouped in five areas of con-
sideration: Site Selection and Environmental Con-
ditions, Type of Building, Window Type and Solar
Control, HVAC System and Window Integration, and
Monitoring for Demonstration.

In the following,

8.1. Site Selection and Environmental Conditions

The tests and simulations, as described in the
previous sections have shown potentially large
energy savings .- through application of air-flow
windows in an area, Salt Lake City, with moderate
to strong fluctuations in outside temperatures and
with high solar radiation levels. Many areas in
the United States have similar conditions, except
for humidity and wind velocity levels, which are
particularly low in Salt Lake City.

In regions with mild climatic conditions the
energy conserving features of air-flow windows
will not be as obvious. Therefore, a project
demonstrating their performance should be located
in a metropolitan area with strong temperature
variations during the course of the year and high
solar radiation levels. Exterior relative humidity
levels are not an important consideration for the
operation of the windows as the potential for
condensation in the window cavity 1is depending on
maintained interior humidity levels. Exterior
humidity levels will have to be considered, however,
in comparing exhaust-air versus return-air window
performance related to make-up air requirements.

In order to allow the study of solar impact
under comparable conditions for all orientations,
the site should be located in an area as little as
possible obstructed by neighboring buildings. For
example, the upper floors of a highrise office
building would serve this purpose. The building
should be oriented in such a way that true South,
East, West and North facades are achieved and can
be monitored.

8.2. Type of Building

Although air-flow windows have been installed
in a variety of building types, such as hospitals
and schools, by far the largest number of applica-
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-{or zones.

O0ffice build-
con-

tions occurred in office structures.
ings have typically large window areas and,
sequently, large exterior building zones.

The proper functioning of air-flow windows is
dependent on sufficient air supply from such exter-
Typical space requirements per office
occupant range between 50-100 sq ft. Therefore, 3
to 5 ft of facade width is allocated per occupant
in exterior zones of buildings at 15 to 20 ft of
zone depth. As the minimum fresh air requirements
per occupant typically are 10 to 15 c¢fm per occu-
pant, 2 to 5 cfm per ft of window width are avail-
able as window supply air (space exhaust or return
air). This is in the functionally effective range
of cavity air supply rates. At larger zone depth
more supply air may be available.

Office buildings represent a large volume of
building in the private and government sector.
They lend themselves also for retrofit installa-
tions, with application of the return-air window
type, by leaving the exterior facade in place and
installation of a second window inside which pro-
vides the cavity. In most cases the extension of
the conventional return duct system to the return-
air duct headers above the window can be accom-
plished within suspended ceilings.

Because of the above mentioned items and
because office buildings contain rather uniform
space functions (with related uniform monitoring
conditions) they appear to represent the best
building type for a demonstration project.

8.3. Window Types and Installations

As evident from the results of the yearly per-
formance modeling, the overall energy balances of
the exhaust-air and the return-air window vary
considerably in dependence on outside environmental
conditions, air-flow rates and reconditioning of
window cavity air (in the case of return-air win-
dows). In order to demonstrate the operational
characteristics and compare the actual performance
of the two air-flow window types, it seems advisable
to install both systems in the same demonstration
project under the same conditions; for example, as
two floors of an otherwise conventionally built
office building.

A third floor with conventional windows could
serve as a reference arrangement for monitoring
performance. As the air-flow window contains
three panes of glass, the reference window should
contain three pane insulating glass. This would
yield a considerably improved performance of the
reference window for demonstration purposes, espe-
cially during winter.

Part of the
air-flow windows versus

improvement in performance of
conventional windows is
the integration of shading devices in the window
cavity. This difference of performance is espe-
cially evident at low solar altitude angles, that
is, in the winter half-year for South and in the
summer half-year for East and West walls.

White venetian blinds should be installed, in
the cavity of the air-flow windows except in the
North facade, to reflect part of the radiation to



the outside and to provide increased daylight pene-
tration into the space via ceiling reflections.
The shading devices of the reference floor (on the
inside of conventional windows with insulating
glass) should be of the same type.

The blinds should be automatically controlled
on all windows of the test floors in order to
achieve comparable results. For latitudes of the
United States, with the exception of Alaska, only
four adjustments of the blinds over the year's
course are necessary: retracted at overcast skies,
horizontal, 30 degree and 45 degree positioning
of the slats at sun exposure (the latter three
blocking the solar beam completely). Such automatic
venetian blind controls are on the market in Swit-
zerland and West Germany.

8.4. HVAC System and Window Integration

A separate HVAC and air-distribution system
should be installed for each of the three window
types. This will allow separate demonstrations
and monitoring. It will also allow identification
of shifts and tradeoffs in building cost which
will occur because of differences in the physical
and operational characteristics of the system.

The same functional uses, occupant numbers and
Tighting levels should be maintained in order to
achieve similar heat gains for comparative evalua-
tion. For the same reason, air-flow rates should
be maintained at the same levels. The effects of
higher heat gains and higher air-flow rates, as
encountered in other building types, than offices,
and potentially favoring the overall energy balance
of one system over another, should not be subject
to physical demonstration, but part of energy per-
formance modeling.

Which HVAC and air-distribution system should
be chosen depends on many parameters of which the
choice of windows and shading devices are only
two, although crucial ones. Certain aspects, how-
ever, directly related to a demonstration project
with air-flow windows need to be emphasized:

1) While the air supply to the exterior zones
of the test floor can be achieved by identical
distribution systems, the air return (or air ex-
haust) systems will have to accommodate the par-
ticulars of each window type.

2) Pressurization for air flow window operation
must be provided. 1In case of the exhaust-air win-
dow the pressure must be exerted on the supply
side. For the return-air window this may be accom-
plished on the supply, on the return or on combined
rides.

3) Return duct connections are necessary in
case of return-air windows. As return-air windows
are typically of the up-flow type, these connections
are accomplished by flexible ducting pieces and,
to the outside well insulated, sheet metal duct
headers connected for the full width openings above
the window cavities.

4) Zoning related to the facade orientations
should be provided for separate monitoring. This
is done most effectively through partitioning with
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8.5,

walls. It also implies separation hetween the core
and the outer zones of the test floors.

Monitoring for Demonstration

Monitoring for the demonstration could be done
on two levels, microscopic and macroscopic. Assume
that a multifloored office building has been chosen
for the discussion here. Each floor might have a
different type of window. On the macroscopic basis,
the total energy consumption for the floor (heating
or cooling) would be determined. This would be
done by measuring the total air flow to each floor
and by inferring its enthalpy content from temper-
ature and humidity measurements. Care would have
to be taken to avoid any gross dissimilarities of
loads of the floors.

If some problem exists in the HVAC system of
the building such that the floorwise macroscopic
measurements cannot be made, a series of semi-
macroscopic measurements might be made on a room-
by-room approach.

On the microscopic level, some samples of the
various types of windows would be selected for
detailed studies, temperatures should be measured on
the inside (roomside) surface of the inner glazing.
This can be used for various demonstrations, such
as mean radiant temperature comparisons between
windows. Also, temperatures of selectively chosen
windows will be measured in more detail to infer
condensation possibilities.

An electronic panel display exhibiting instan-
taneous energy flows and recorded long term per-
formance data of the individual test floors and
orientations would help its demonstration purpose.



9. CONCLUSIONS

The major goal of this project was energy per-
formance comparisons of air-flow type windows with
the conventional insulating glass window. The
project included the development of testing and
performance modeling parameters, simultaneous test-
ing of air-flow window and conventional window
components, data reduction and computer modeling
of window performance. It should be noted that
very little testing and performance modeling for
-air-flow windows had been undertaken and often
unusual procedures had to be developed for achieving
desired data. The results are shown in Sections 5
and 7. They show considerable energy savings of
air-flow windows versus the conventional insulating
glass type for most of the environmental and oper-
ational conditions, and related to the climate of
Salt Lake City. It is important to consider the
results within the context of a particular building.
The examples of monthly and yearly heat losses and
heat gains in Section 7 reinforce this comment.

The following items are the major conclusions
from this project:

1. The .energy balance across the windows,
that is transmission losses or gains between the
outside and the exterior zones of a building, is,
on a yearly basis, 30 to 60 percent in favor of
air-flow windows.

2. The air-flow window principle is effective
in reducing heat losses and heat gains. It is,
however, crucial to consider the disposal/reutili-
zation mode of cavity air with regard to its impact
on the energy balance combined with transmission
losses. Both the sensible and the latent heat
content of the exhaust-air/return-air must be con-
sidered. ’

3. The exhaust-air window often shows large
heat losses in winter, compared with the return-air
window, in situations where only part of the return-
air is replaced by fresh air.

4. The performance of air-flow windows related
to transmission losses and gains improves with in-
creasing cavity air flow rates. The improvement
rate is strong for air flows up to about 6 cfm/ft
of window width but is small beyond this level.

5. A general statement regarding the choice
between return-air window versus exhaust-air window
cannot be made, based on window testing alone.
Other factors related to a particular building's
functions and HVAC system, such as occupancy load,
artificial lighting level, air change rate, energy
recovery equipment, will play important roles in
the decision process between the two window types.

6. The mean radiant temperatures in spaces
with large window walls will be favorably influenced
in winter and summer by installation of air-flow
windows, as the inside surface temperatures will be
considerably closer to. room air temperatures than
dou?]e glazed, or even triple glazed, windows would
yield.

7. Condensation from humidity of room air may
occur on the cavity side of the outer insulating

glass pane of air-flow windows at slightly higher
room air temperatures than on the room side of

- conventional insulating glass.

49

8. A simulation procedure has been developed
which can be adapted to any location where long
term averages of solar insolation and maximum and
minimum temperatures are available.

9. Considerations are given for the definition
of a demonstration project where full scale applica-
tions of flow windows can be made.
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APPENDIX A

Air-Flow Window Applications in Europe

This report describes the state of the art of
atr-flow windows as developed from a literature
search and from visits to air-flow window installa-
tions in Germany, Sweden and Switzerland.

1. Introduction

The air-flow window which is increasingly used
in central and northern Europe has originated in
Sweden. A related Swedish patent was filed on
September 27, 1956. The first large-scale instal-
lation dates back to 1967 when the city of Helsink{
used air-flow windows, designed by the EKONO Company
in its Building Department offices.

Since the energy crisis of 1973, the energy
savings potential of these windows has resulted in
a strong interest in their application. There are
at least 50 large buildings and numerous small ones
in Europe with air-flow window installations. The
components are known in Europe as exhaust-air win-
dows or climate windows.

2. Window Type

The air-flow windows use return or exhaust air
from conditioned spaces to temper the impact of
climate and weather on the interior environment.
The air flows through the window cavity between the
inner and outer glass panes. It strongly reduces
the energy exchange hetween the two surfaces. Ver-
tical or horizontal blinds act as shading devices
and absorbers of solar energy. Some of this
energy is removed by the air stream.

The air flow direction is generally upwards.
At least one system, however, is based on down-
flow. This system allows space air to enter the
window cavity through the top frame and exhausts
the air through the lower frame directly to the
outside. All other systems return the air from
the window cavity to the central air-conditioning
equipment. The space air is introduced to the
window cavity at sill height, that is, just below
the window frame. In some installations, the air
enters a few inches above floor level and is ducted
via spandrel panel duct to the window cavity.

The inner window frame is always operable for
cleaning the cavity and the blinds. In large air-
conditioned buildings, the outer frame is generally
fixed. It is often an integral part of the curtain
wall. Some systems provide an operable outer sash,
allowing cleaning of the outside qlass surface from
the interior space.

The air in the up-flow windows is returned by
means of a manifold-type duct above the windows or
by individual return ducts. No return connection
exists for the direct exhaust-air window type.

* This report was initially submitted as part of the
milestone reporting procedures of the LBL contract
in January 1980; that is, before any window testing
under this contract had been done.

Although the excellent thermal properties of
these windows have been the major force behind their

- application, the potential for reducing sound trans-
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mission has been more important in certain situ-
ations. The "double skin" nature of these windows
allows for efficient acoustical separation and
absorption (cavity box lining). Typical applica-
tions are in offices and hotels with heavy auto-
mobile traffic outside and in buildings close to
airports.

The principle of the air-flow window is sim-
ilarly utilized by all manufacturers. The details,
however, vary widely; not only between manufac-
turers, but from installation to installation by the
same manufacturer. The two major groups of appli-
cations are curtain-wall-integrated components and
individual windows, which are also used in retrofit
situations.

3. Window and Blind Materials

A1l wood, all aluminum, and aluminum-wood com-
binations have been used. In the latter case, alum-
inum is generally applied as exterior cladding
material. The aluminum windows have thermal breaks
between the outer and inner frames. The frame sec-
tions are generally deep, resulting in cavity space
dimensions between the glass panes of four to eight
inches.

The blinds are either aluminum venetian blinds
in various colors or vertical, white, nylon blinds.
The blinds are either manually operated or motorized
with central controls and solar irradiation sensing
equipment.

4., Technical Discussion

There are three major considerations for justi-
fying the application and higher cost of air-flow
windows compared with conventional fenestration:

a. Architectural design, comfort conditions,
and space utilization;

b. Building and maintenance costs;

¢. Energy consumption.

4.1. Architectural Design, Comfort Conditions

and Space Utilization

The appearance of air-flow windows and facades
is basically the same as for conventional ones,
with the exception of sun shading. The location
of sun-shading devices between the glass panes of
conventional windows is generally not advisable.
Under the impact of solar radiation, the shading
devices act as absorbers and radiators, increasing
the surface temperatures of windows. The exterior
shading devices which should be used in conventional
fenestration influence the appearance of buildings
considerably. In air-flow window systems, sun-
shading devices are generally placed between the
glass panes. The solar energy absorption is a
desired effect in this case, allowing convective
transport of the collected solar energy directly
to the outside or to the central HVAC equipment.
The building exterior is not influenced by the
shading devices.

Air-flow windows have excellent thermal proper-
ties. The effective U-values are 25 to 50 percent



of those of double insulating glass windows. They
vary with the air-flow rate through the window

cavity. The effective shading coefficients are as
~low as .2 and are variable by adjustment of the
blinds. Low shading coefficients are also achieved

in some installations by heat absorbing or reflect-
ing glass.

These thermal properties establish very favor-
able comfort conditions, even close to the window
surface. At a room temperature of 68°F, an outside
temperature of 5°F, the typical air-flow rates from
6 to 15 cfm per foot of window width, temperature
drops of only 5 to 9°F below room temperature are
experienced. The mean radiant temperature of the
space is considerably improved, especially in spaces
with large windows. Down drafts on windows are
virtually eliminated.

The blinds allow individual adjustment of solar
radiation conditions for any sun angle and facade
direction. Manipulation improves the daylighting
conditions fn the interior zones of buildings by
regulating daylight intensities at high solar
irradiation and by reflecting daylight into the
depths of spaces. Glare is eliminated or consider-
ably reduced. The visual connection between inside
and outside, however, is more or less diminished
depending on the type of sun-shading device.

Because of the favorable thermal and lighting
conditions, work areas may be placed directly at
the inner facade surface, thus enhancing space
utilization. This option is supported by the fact
that terminal HVAC components such as radiators or
air induction units are rarely located at the
windows. The application of air-flow windows re-
duces the peak heat loss and heat gain compared to
windows with double insulating glass and interior
venetian blinds. Smaller duct sizes and smaller
central HVAC equipment result in vertical and hori-
zontal space savings.

4.2. Building Maintenance Costs

Smaller peak heating and cooling loads also
reduce the first costs of HVAC systems and their
maintenance costs. Such cost reductions depend very
much on the equipment needs for particular build-
ings.

As mentioned eariier, exterior shading devices
are very effective for conventional windows. Such
devices must be serviced at considerable cost. Ex-
terior venetian blinds typically have cleaning
cycles of six to twelve months. Shading devices in
air-flow window cavities have cleaning cycles of
between two and five years. In considering opera-
tional maintenance, it should be mentioned that
blinds in window cavities are not damaged by high
winds and do not have to be retracted at high-wind
conditions.

First costs of air-flow window facades, on the
other hand, are higher than those of conventional,
high-quality facades; for example, facades with
double glass windows and exterior venetian blinds.
Comparable facades have not been built in the United
States. European cost data cannot be directly re-
lated to U.S. conditions; nevertheless, they give
helpful indications. :

Comparative evaluations in Europe between two
air-flow systems (Protecta-Sol and Koller) and other

. facade systems show lower combined first and main-

« season.
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tenance costs for the air-flow type. These cost
comparisons include first costs for the facades,
sun shading, HVAC systems, and all maintenance
costs, including cleaning of windows and shading
devices.

4.3, Energy Consumption

The energy performance of conventional windows
is calculated by using the U-value of the glass
type, with correction for framing, and by using
solar heat gain factors according to solar irradi-
ation exposure. The U-value 1s, for standard wind
conditions, assumed to be a fixed value. The solar
heat gain, as a direct gain, varies strongly with
cloud cover, window orientation, time of day, and
Despite these changing conditions, predic-
tions on energy consumption are quite reliable,
either achieved through many-year averaging or long-
term hourly calculations.

Predicting the energy performance of air-flow
windows is more complex. Their thermal properties
are largely determined by the heating and cooling
capacity of the air moving through the window cav-
ity. A major variable for heating and cooling
capacity is the air-flow rate through the window.
Unlike conventional windows, air flow windows should
be considered a part of the mechanical system.

Two fundamentally different applications of
air-flow windows must be considered for predicting
energy consumption:

a. Exhaust-air windows which improve the heat
loss/heat gain performance of the building
envelope; and

b. Return-air windows, which have the same
function, but which may feed into an en-
ergy-retention system and may act at times
as an air-type solar collector. In fact,
several HVAC systems of buildings with
such air-flow windows have energy-recovery
systems (heat-wheel type and. heat pumps).

Effective U-values have been established in relation
to the air-flow rate. Although they are useful for
comparisons with other window types, they do not
help very much in calculating energy performance.
Performance measurements are important because of
the many variables, which are a result of integrat-
ing several functions in one component and which
mutually influence each other.

5. Case Studies

5.1. The Protecta-Sol System

This system exhausts space air Cirectly to the
outside. The air-conditioned space is under

slightly positive pressure which causes the exhaust
air to enter the window cavity through an aperture
in the top frame, flow down through the cavity, and
exit to the outside at the bottom. A patented check
valve in the lower frame prevents outside air from
entering the window cavity in the opposite direction
(Figure A5.1.1).

Figures A5.1.2 through A5.1.5 show effective
U-values, shading coefficients, inside surface tem-



pératures, and air flow rates according to Protecta-
Sol trade literature.

Tests were conducted by the Ingenieurgruppe
Keller + Luch to develop performance data for the
Protecta-Sol retrofit installation (aluminum win-
dows) in the office building of the Karlsruhe
Lebensversicherung Karlsruhe, West Germany (Figures
A5.1.6 and 7). This was the first large-scale
retrofit installation by Protecta-Sol (1976).

The data summary shows the following perform-
ance ranges:

a. Effective U-values at air flow between 15
and 6 cfm per ft of window width (85 to 35
m3/h m) 0.05 - 0.12 Btu/hr sq ft °F*
(0.03 - 0.70 W/m K)*

b. Inside window surface temperatures below

space temperatures at a temperature dif-
ference of 54°F between outside and inside
5.4 to 9°F.

Figures A5.1.8 through A5.1.10 show the alu-
wood window installation in the office building of
Foundry Design Company, Rapperswil near Zurich,
Switzerland.

5.2. CARDA System

The windows of this system are made with wood
frames. The exterior sash is often clad with alu-
minum. While available as a window system, the
fenestration 1s frequently marketed as part of an
HVAC-ceiling-facade package under the trade name
COMBIVENT (Figure A5.2.1).

Space air is introduced to the window cavity
in a slot in the interior, horizontal, bottom sash.
A "manifold" duct collects the air above the top
sash and return ducts carry the afr to the central
equipment (Figure A5.2.2), Space air is returned
through the 1lighting fixtures to extract heat.
Depending on the need for heating and/or cooling,
the air rate through the air-flow windows and the
lighting fixtures is varied. Both constant and
variable air-volume systems are used.

A typical installation is the Sparbanken office
building in Helsingoer, Sweden. The southeast fa-
cade has air-flow windows with venetian blinds in
the cavity (Figure A5.2.3). In addition, the
southwest facade has sun-reflecting glass (A5.2.4).

A technical report on CARDA air-flow windows
mentions that "in order to avoid condensation be-
tween the panes during winter, the flow through
the window should not_be below 5.4 cfm per linear
foot of window (30 m3 per hour) at a glass pane
height of 4 ft (1.2m). The flow must be increased
as the height .of the window is increased."

For effective U-values and shading coefficients
see Figures A5.2.5 and A5.2.6.

5.3 SIS-ISAL System

The first ISAL air-flow facade installation was

* These U-values appear to be too low compared
with data from other manufacturers.

-work between three companies:
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the Suter & Suter architectural office building in
Basel, Switzerland (1975). It resulted from team
Suter & Suter (archi-
tects), Gebrueder Sulzer AG (HVAC engineers and
contractors), and ISAL Company (facade and window
manufacturers). .

This installation consists of an outer, fixed
frame with a single sheet of heat-absorbing glass
and an inner, sliding frame with regular glass.
The frames are of aluminum with neoprene gaskets.
The window cavity contains venetian blinds (Figure
A5.3.1 and A5.3.2). HVAC 1is achieved through a
conventional dual duct system. A separate supply-
and-return air system provides ventilation of the
window cavity through a small distribution duct
in the window base.

Later installations, such as the recently com-
pleted COOP office building in Basel, consist of
clear, double pane insulating glass outside, single
glass inside, and vertical, white nylon blinds in
between. The COOP HVAC system runs with variable
air volume and heat pump energy regain.

The functional characteristics of the air-
flow windows in the COOP building were thoroughly
tested in the ISAL laboratory (Figure A5.3.3).
During winter the inside window temperatures were
not more than four degrees Fahrenheit below the
space temperatures. The effective U-value varied
between 0.12 and 0.16, depending on the air-flow
rate.

5.4. KOLLER System

The Koller Company near Basel has equipped sev-
eral large buildings with air-flow window facades.
This company {s presently installing 20,000 m of
air-flow-window curtain wall in the MICROS high-rise
office building in Zurich. Previous large projects
include two office buildings for the Kloeckner Steel
Company in Bremen and Duisburg (Figures A5.4.1
through A5.4.4).

The air-flow windows consist of outer, fixed,
1ightly heat-reflecting, insulating glass and in-
ner, clear-glass sliding frames. White nylon blinds
are located in the window cavity.

At air-flow rates of more than 14 cfm/ft (80
m3/h m), U-values of 0.14 Btu/hr sq ft °F (0.8
W/mé K) or less are achieved. This allows compli-
ance with the rather stringent German Epergy Con-
servation Regulations, even at 100 percent exterior
glass facades. Relative humidities of about 45
percent at a temperature difference of 54°F between
inside and outside can be maintained in the space
without condensation at the inner surface of the
insulating glass.

The variable air volume is introduced to the
spaces through a floor cavity and floor registers.
The air return is either through ceiling lumin-
aires or, in the building peripheral zone, through
the window cavity (Fiqure A5.4.2)., Air velocities
through the space are low, that is, below four feet
per second.

In a life cycle cost analysis of ten facade
types, with consideration of first costs, mainten-



ance, operating, and energy costs, this air-flow
window showed the lowest total yearly expenditures.

5.5 RIETH System

Rieth and Son has installed various types of
air-flow windows during the past three years.

The KWU Office Building in Erlangen, West
Germany, has a curtain wall with integrated air-
flow windows (Figure A5.5.1). The exterior insul-
ating glass consists of reflecting glass. Space
air moves through lighting troffers and then into
the window cavity from above. It flows through a
sill-panel cavity to a return duct which is located
in the suspended ceiling space below. The air flow
through the window is about 15 cfm per foot of win-
dow, which represents close to the minimum make-up
air requirement of the system. Venetian blinds
are located in the window cavity.

The largest installation by this company is
the Deutsche Texaco Office Building in Hamburg
(Figure A5.5.3). The windows have lightly reflect-
ing double pane insulating glass outside and single
glass, casement sash inside. Space air enters
about four inches above the floor and flows through
a si11 panel cavity into the window cavity. A
return air duct above the window collects the air
for transport to the central HVAC equipment. There
are no blinds in the cavity space. Fixed, exterfor,
horizontal metal louvers provide sun shading at a
distance of about three feet from the facade.
HVAC is achieved by a dual duct system. According
to technical information from the window manufac-
turer, transmission losses in winter are cut by 50
percent and summer by 20 percent.

6. Conclusions

Facades with air-flow windows have proven to
be enerqy conserving in many European buildings.
As this type of fenestration is expensive, about
50 to 60 percent more costly than conventional
facades, it can generally be Jjustified only in
buildings with all-year air conditioning. Careful
1ife cycle cost analysis is necessary. Savings from
lower energqy consumption and smaller HVAC systems
must be compared with higher building costs.

The following criteria and their potential
impact should be considered in a comprehensive
analysis of a particular building project:

Technical

- Location and type of shading device,
including type of glass
- Air flow rate through window cavity
Integration with HVAC system
- Exhaust air versus return air system
- Maximum relative humidity in spaces
- Energy recovery systems, including use
of windows as solar collectors
Economical
- First cost because of more expensive
windows
- First cost because of smaller HVAC
system and less space need because of
smaller air distribution systems
- Operation and maintenance costs
- Savings on energy consumption and costs

- Reduction 1in electrical costs because
of better daylight utilization

Functional

- Mean radiant temperature conditions

- Air-flow velocities through space

- All-year air conditioning
Daylight utilization
Improved acoustical protection

The development of facades with air-flow win-
dows is still in progress. Promising is the combin-
ation of such windows with solar energy utilization
concepts. Figure A6.1 shows a proposal for using
the air-flow window concept in combination with an
air-type, solar-collector facade.

~
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exhaust-air inlet
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protecta-sol air check
valve
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vertical louver blinds
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Figure A5.5.1. Vertical section of typical
Protecta-Sol exhaust-air window installation.
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Figure A5.1.8. Vertical and horizontal section
of Protecta-Sol exhaust-air window (Foundry
Design Corporation Building, Rapperswil, near
Zurich).
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1 central HVAC equipment
2 supply air

3 supply air register

4 air-flow window

Figure A5.1.9. Section, Foundry Design Corpora-
tion Building (Rapperswil, near Zurich).
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Figure A5.2.1.

Figure A5.71.70. Foundry Design Corporation

Building (Rapperswil, near Zurich).

XBB 823-2720

COMBIVENT is a system in which air treatment and lighting
are fully coordinated. The system is particularly suitcble
for modular offices, open-plan offices and similer premises
where strict demands are made on overall comfort.

In oddition to the central unit, ducting, and air su9ply
ond exhaust registers, the system also 1ncludes.ventxluted
fluorescent light fittings and extract windows in the outer
zone.

A. CENTRAL UNIT

B. DUCTING

C. VENTILATED FLUORESCENT LIGHT FITTINGS
D. EXTRACT WINDOWS - IN THE OUTER ZONE
E. EXHAUST AIR FAN

F. ROOM THERMOSTAT

By employing extroct windows, the cooling and heating
demands in the outer zones of the building are appreciably
reduced, and all of the necessory cooling output can there-
fore be supplied to the premises with the supply air. In
addition, the heot emitted by the lighting con be used
partially or entirely for direct heating of the premises,
which reduces the operating costs of the system. The system
is ovailoble in a constant flow version or a Varicble Air
Volume (VAV) version. The supply oir is usually at o tem-
perature below that of the premises.

Design Manual, CARDA Division, Stilwell
Company) .

COMBIVENT System {(from COMBIVENT



Figure A5.2.4 Sparbanken 0ffice Building,
Helsingoer, Sweden XBE 823-2718
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Figure A5.2.5. Effective U-values of Carda
return-air windows (from COMBIVENT Design
Manual, CARDA Division, Stilwell, Company).
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Figure A5.3.1. Vertical section of SIS-ISAL
return-air window installation (Suter + Suter
Building, Basel).
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Figure A5.3.2 SIS-ISAL return-air window in-
stallation (Suter + Suter Office Building,
Basei)
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Figures A5.4.3 and A5.4.4 Koller return-air window system (Kloeckner Office
Buildings, Bremen and Duisburg)
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Figures A5.5.1 and A5.5.2 Section and installation of Rieth return-air window
system (KWU-Office Building, Erlangen)

A9



YBB 823-2713

Figures A5.5.3 and A5.5.4 Section and installation
of Rieth return-air window system (Deutsche
Texaco AG Office Building, Hamburg)

metal sheet absorber
insulating glass for
spandrel absorber
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concrete slab
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solar blinds
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Figure A6.1. Integrated air-flow window and
spandrel components as soiar collectors (from
Ortmanns G.: "Der Einfluss von Flachglas auf
die Energiebilanz eines Gebaudes," Glasforum
6, 1978, p. 23)
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APPENDIX B

Specifications of Test Components

The following specifications were provided by
the manufacturers of the test components.

1. Return-Air Window {Wausau Metals Corporation,
Wausau, Wisconsin)

1.1. A1 aluminum afr-flow windows and related
materials, as specified and shown on the archi-
tectural drawings, shall be Wausau Metals Series
2250-T fixed windows with integral venetian blind,
as manufactured by the Wausau Metals Corporation.

Combined frames and thermal separator shall
form composite frame depth of 7.250 inches and all
walls including tubes shall have a minimum thickness
of 0.125 inches.

1.2. Air Infiltration: Air Infiltration shall
not exceed (0.6) cfm per sq ft of sash under a
static pressure drop of 6.24 psf (equivalent to
50 mph wind velocity), when tested in accordance
with ASTM 283-73.

Water resistance: During a 15 minute test
period under prescribed conditions of water appli-
cation at a rate of 5.0 gph per sq ft per ASTM E331-
70, and a static air pressure differential of 6.24
psf, there shall be no penetration of water into
the plane of the innermost face of the window unit.

Thermal: A complete 2250-T Series fixed or
operable window containing a thermal break between
the interior and exterior frame portion shall when
tested in exact accordance with AAMA publication
1502.6-1976 provide a CRF (Condensation Resistance
Factor) not less than 55 and a *U" value not to
exceed .65 Btu/hr/sq ft/°F based on nominal area
and derived from a calorimeter (guarded hot box)
constructed fn accordance with ASTM standard C236
utilizing CRF data and measuring actual heat loss
through the complete test window including air
infiltration transfer.

Structural Thermal Barrier: The frame thermal
insulator shall be poured in place polyurethane.
The polyurethane shall be self-adhering to the
adjacent aluminum surfaces. There will be a minimum
of 3/8" separation between the exterior and interior
metal surfaces after the bridge is removed.

1.3. Window Type and Construction: Fixed.
Combined frames and thermal separator shall form
composite frame depth of 2.250 inches and all
walls including tubes shall have a minimum thickness
of .125 inches.

A1l frames shall be sealed forming a hiairline
watertight joint. Corners shall be mechanically
joined with stainless steel fasteners. Metal to
metal joints must be factory sealed. Field applied
sealants at horizontal and vertical joints will not
be accepted.

Expansion will be provided for in a self-mating
mullion system. Provision for expansion in the
glazing materials only will not be accepted.

1.4, The interior sash shall be hinged at the
jamb to allow access for cleaning, access to the

- venetian blind, and be equipped with four cam-actu-
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ated locks operated by surface mounted cam handles.

A1l venetian blind access doors shall be
mitered and sealed forming a hairline, watertight
joint. Corners shall be reinforced with aluminum
gusset blocks and chemically welded followed by
hydraulic crimping.

Weatherstripping: Provide a double row of
replaceable sponge neoprene weatherstripping in-
stalled in dovetail grooves. -

A11 hardware shall be compatible with aluminum
and shall not bridge the thermal barrier.

1.5. Air Flow: Air flow through unit shall
be upward through air space between interior and
exterior glazing. Provide continuous 3/4 inch
wide air flow slots at interior face of sill and
tangential surface of head sections to allow un-
obstructed air flow through cavity.

1.6. Finish: Anodic Coatings. The exposed
surfaces of all aluminum shall be cleaned of all
fabricating oils and debris, given a medium matte
caustic etch and anodized to an Architectural Class
1 coating with a minimum coating thickness of .7
mils and a minimum coating weight of 32.0 MG per
sq inches.

An electrolytically deposited color of medium
bronze shall follow meeting the Aluminum Association
Specification AA 'M10-C22-A44.

1.7. Glazing: 1 inch insulating glass with 2
x 1/4, inch plate and 1/2 inch cavity for exterior
frame. 1/4 inch plate for interior operable sash
(custom production by Bennett's Glass Corporation,
Salt Lake City).

1.8. Venetian Blind: Venetian blind slats
shall be spring tempered aluminum 1 inch wide with
a baked enamel finish. Color: White. Heat and
bottom rail shall be aluminum. The tilting or
D-rod mechanism shall be stainless steel centered
through nylon guides. Mounting holes in head rails
shall have brass cord protectors. Bottom rails
shall have molded plastic end caps fitted with hold
down pins which engage nylon hold down brackets.
Blind slats shall be 0.010 inch aluminum. Tilt
control knob (Air-flow window only) shall be de-
signed to snap in place after the final installation
is complete and shall be designed to prevent use
as a pull handle. Blind shall be equipped with an
override to allow friction free movement of control
knob when slats are closed in either direction.
Pull cord for raising and lowering blinds shall be
located between glass lites (Air-flow window only)
and be accessible only when access door is open.*

2. Exhaust-Air Window
SwitzerTland)

{Protecta-Sol AG, Staefa,

* Pull cord was made operable for blind positioning
from inside through 1/8 inch hole of inside window
frame.



2.1. A1l aluminum Air-flow window as shown in
the sectional drawings. Total dimension from out-
side to inside frame surfaces 8 inches.

2.2. Air Infiltration: Inside profile of ex-
terior frame equipped with patented "Protecta-Sol"
air check valve for about 80 percent of window
width.

Thermal: The thermal insulator of the exterior
frame shall be of poured polyurethane and shall
separate the frame by 7/16 inch. The inside profile
of the exterior frame and the cavity profile shall
be insulated with 3/8 inch to 1/2 inch plastic
plates on the outside. The cavity profile shall
have a 1 inch thermal insulation behind a perforated
aluminum sheet lining all sides of the cavity.

2.3. Window Type and Construction: Fixed.
The exterior window frames shall be mechanically
joined including sealant.

Operable sash: The hinged interior window
frame shall consist of a single profile and be
mechanically joined including sealant. It shall
provide a 3/4 inch gap at the top allowing the
entry of space exhaust air in down-flow direction.
The operable sash shall have continuous weather-
stripping on the lower and the side frame.

2.4. Finish: A1l aluminum surfaces shall have
natural color anodization.

2.5. Glazing: 1 inch insulating glass with 2
x 1/4 inch plate and 1/2 inch cavity for exterior
frame. 1/4 inch plate for interior operable sash.

2.6. Louver Blind: 4 1inch vertical opaque
plastic louver blinds shall be located in’ window
cavity. Color: White. They shall be operated from
inside by mechanism through operable sash. The
chain type run-around line shall adjust position and
tilt angle of the louver slats.

3.

Reference Window (Wausau Metals Corporation,

Wausau, Wisconsin)

3.1. A1l aluminum windows and related materi-
als, as specified and shown on the architectural
drawings, shall be Wausau Metals Series 2250-T fixed
windows, as manufactured by the Wausau Metals Cor-
poration.

3.2. Air Infiltration: Air Infiltration shall
not exceed (0.6) cfm per sq ft of sash under a
static pressure drop of 6.24 psf (equivalent to
50 mph wind velocity), when tested in accordance
with ASTM 283-73.

Water resistance: During a 15 minute test
period under prescribed conditions of water appli-
cation at a rate of 5.0 gph per sq ft per ASTM E331-
70, and a static air pressure differential of 6.24
psf, there shall be no penetration of water into
the plane of the innermost face of the window unit.

Thermal: A complete 2250-T Series fixed or
operable window containing a thermal break between
the interior and exterior frame portion shall when
tested in exact accordance with AAMA publication
1502.6-1976 provide a CRF (Condensation Resistance
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Factor) not less than 55 and a "U" value not to
exceed .65 Btu/hr/sq ft/°F based on nominal area

" and derived from a calorimeter (guarded hot box)

constructed in accordance with AST™ standard C236
utilizing CRF data and measuring actual heat loss
through the complete test window including air
infiltration transfer.

Structural Thermal Barrier: The frame thermal
insulator shall be poured in place polyurethane.
The polyurethane shall be self-adhering to the
adjacent aluminum surfaces. There will be a minimum
of 3/8" separation between the exterior and interior
metal surfaces after the bridge is removed.

3.3. Window Type and Construction: Fixed.
Combined frames and thermal separator shall form
composite frame depth of 2.250 inches and all
walls including tubes shall have a minimum thickness
of .125 inches.

A11 frames shall be sealed forming a hairline
watertight joint. Corners shall be mechanically
joined with stainless steel fasteners. Metal to
metal joints must be factory sealed. Field applied
sealants at horizontal and vertical joints will not
be accepted.

Expansion will be provided for in a self-mating
mullion system. Provision for expansion in the
glazing materials only will not be accepted.

3.4. Finish: Anodic Coatings. The exposed
surfaces of all aluminum shall be cleaned of all
fabricating oils and debris, given a medium matte
caustic etch and anodized to an Architectural Class
I coating with a minimum coating thickness of .7
mils and a minimum coating weight of 32.0 MG per
sq inches.

An electrolytically deposited color of medium
bronze shall follow meeting the Aluminum Association
Specification AA M10-C22-A44,

3.5. Glazing: 1 inch insulating glass with 2
x 1/4 inch plate, and 1/2 inch cavity (custom pro-
duct;on by Bennett's Glass Corporation, Salt Lake
City). :

3.6. Venetian Blind: 1 inch slat venetian
blind, 47 1/2 inch wide, 84 inch high. Tempered
aluminum with baked enamel finish, color: white.

Pull cord for raising and lowering blinds. Rod
mechanism for tilt adjustment (custom production
by Solar Window Company, Salt Lake City).



APPENDIX C

Estimate of Room-side Heat Transfer Coefficient*

Convectivé Transfer:

- An average temperature for property
evaluation is 70°F.
An average atmospheric pressure is
12.5 psi.
The window height is 6 ft.

Assume:

Correlation will be of the form

Nu = ¢ (Gr Pr)P, with Gr = g8ATL3/vZ"
From the assumed,

‘ g8
— =172 x 106

v
Assume:

|AT] = 4F. Then Gr = 1.72 x 106(4)(6)3 = 1.49 x 109

Then Gr Pr = 1.07 x 109 is at the break point
between laminar and turbulent.

Wu, = 0.13 (6r, Pr)1/3.2 0.13 (1.07 x 109)1/3 = 133

_k 0.0145
he =r(133) = —T—(133) = 0.321

Thus, for |AT] > 4 F,
= 0.321 (1aT}/8)1/3 = 0,202 aTl/3
For |AT] < 4F

Wu = 0.555(6r, Pr)l/% = 0.555(1.07 x 10%)1/4 = 100

K
Fic = —(100) = 0.281

= AT 1/4 1/4
he = 0.281 ()14 = 0.17 laT|

Radiative Transfer:

For radiation between a surface of interest
and very large surrounding surface (two body en-
closure) is given by

= 4 4,
A = 9 A, Eg1ass (Twi = T4)

or, defining a heat transfer coefficient:

4 4
g€ (T.:% - 1M
- glass ' 'wi i 3
R = =40 T €
r ave “w
' Twi = Ty

- where the last step above {is made for Tyi = Ti.
Taking the emissivity for glass in the longwwave
region to be 0.9, find

* A1l equations and properties are taken from J. P.
Holman, HEAT TRANSFER, Fourth Edition, McGraw-Hil1,
1976.

hy 2.0.9

“which varies little over.the range of temperatures

used in the testing.
Total

The total heat transfer coefficient is found
by adding:
htotal = hc + hy



APPENDIX D
Climatic Data for Salt Lake City

from the_Natidna1 Oceanic and Atmospheric Administration collected over 30 to 40 years at Salt Lake
City, Utah. v

Temperature Jan. Feb. March April May June July Aug. Sept. Oct. Nov. Dec.
Highest 61 69 78 85 93 104 107 103 98 89 75 67
Lowest -22 =30 -2 14 25 35 40 37 27 . 16 -14 =21
Average highest 37 43 51 62 72 81 93 90 80 66 50 39
Average lowest 19 23 28 37 . 4 61 61 59 49 38 28 22
Average daily : 28 33 40 49 58 66 77 75 65 52 39 30
Heating Degree Days )

Average 1147 885 787 474 237 88 0 5 105 402 777 1076
Cooling Degree Days ’

Average 0 0 0 0 30 124 363 300 99 11 0 0
. Wind : :

Average MPH 8 8 9 10 9 9 9 10 9 9 8 8
Sunshine

Average percentge

of possible 48 56 - 64 67 73 79 84 83 84 73 54 46

Relative Humidity

Average percentage .
Morning 68 63 51 44 37 1 26 0 29 34 43 57 70
Afternoon : 67 - 67 44 39 31 25 20 22 27 40 58 71

" Solar Radiation*
Mean Daily Solar

Insolation in
Langleys** 163 256 354 479 570 621 620 551 446 316 204 146

* from Climatic Atlas of the United States, U. S. Government Printing Office, 1968.
** 1 gram cal. per cm¢ = 1 Langley.
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. APPENDIX E
Record of Test Days

The following lists show the test days from
which data was reduced for establishing of the
various thermal performance results in Section 5.
The figures give the averages of the daily results
and, in parentheses, the test dates. Nighttime
testing for Ui and Uy typically Tasted 8 to 12
hours. Daytime testing for RB, Hy and Hp typically
lasted 6 to 9 hours. Data was recorded one to
three times per hour.

Return Air Window: Ui*

Cavity Air Flow (cfm/ft)

Blind Position 0 3.9 5.4 7.7
Retracted .29 (9/4/80) 24 (9/21/80) .23 (9/16/80) 21 (9/9/80)
.29  (9/31/80) .26 (9/28/80) .18 (9/13/80)
0° ——- .20 (9/19/80) .15 (9/12/80) .16 (8/31/80)
.15  (9/10/80)
.26 (9/18/80)
.18  (9/29/80)
30° .29 (9/26/80 .28 {9/17/80) .23 (9/20/80) -—
: .24 (9/17/80) .
45° .25 (9/24/80) .26  (9/28/80) . .20 (9/25/80) .14  (9/11/80)
.13 (9/14/80)
.27  (9/30/80)

* A great deal of testing and data reduction was also done for April and May 1980. The results which
are somewhat lower were not used in Figure 5.1, however, because of an uncertainty in the hggta

_ determination.

Exhaust-Air Window: U

Cavity Air Flow (cfm/ft)

Rlind Position 0 , 3.9 5.4 7.7
Retracted, 0° and _ .18 (10/26/80)
60° v .28 (11/17/80) .14 (10/16/80) .15 (11/7/80) - .16 (11/25/80)
.26 (11/26/80) .17 (1/5/81) .13 (1/20/81) .16  (12/15/80)
.26 (1/8/81) .16 (1/6/81) .13 (1/21/81) .18 (12/5/80)
.16  (1/9/81)
.16  (1/10/81)
.16 {1/11/81)
Closed S .22 : -—- .12 (10/19/80) 12 (1/13/81)
.24 12 (1/14/81)
.22 .14 (10/10/80)
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Return-Air Window:. Up
Cavity Air Flow (cfm/ft
Blind Position 0 3.9 : 5.4 - 7.7
Retracted o .13 (4/18/80) .18 (4.16.80) .22 (5/13/80)
.12 (5/11/80) .16 (5/24/80) .22 (5/16/80)
.12 (5/12/80) .19 (5/25/80) .22 (5/28/80)
.20 (9/12/80) .29 (9/16/80) .28  (9/9/80)
.17 (9/21/80) .23 (9/28/80) .29  (9/13/80)
.20 (9/31/80)
0° -—a .13 (4/11/80) .13 (4/9/80) .30 (8/13/80)
.14 (5/14/80) .15 (4/10/80) .28 (9/10/80)
.15 (5/15/80) .21 (5/22/80) .28 (9/28/80)
.24 (9/12/80) .32 (9/29/80)
30° - .20 (8/30/80) .24 (5/21/80) .27 (5/21/80)
.20 (9/17/80) .20 (5/26/80)
.21 (9/20/80)
45° --- .17 (4/18/80) .24 (4/17/80) .33 {9/1/80)
.21 (9/28/80) ‘ .24 (9/25/80) .30 (9/11/80)
.38 (9/14/80)
.29  (9/30/80)
Exhaust-Air Window: U
. , Cavity Air Flow (cfm/ft)
Blind Position 0 3.9 5.4 7.7
Retracted, 0° and - .17 (10/16/80) © .23 (10/18/80) .34 (10/26/80)
60° .17 (1/5/81) .23 (10/17/80) .33 (11/25/80)
.15 (1/6/81) .29 (1/20/81) .32  (12/15/80)
.29 (1/21/81) 33 (1/9/81)
.32 (1/10/81)
.33 (1/11/81)
Closed -—- .20 (10/23/80) .27 (10/21/80) .35 (1/14/81)
.27 (11/21/80) - .34 (10/20/80)
.22 {10/19/80)
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Return-Air Window:

Cavity Air Flow (cfm/ft)

Blind Position 0 3.8 5.4 7.7
Retracted .09 (9/7/80) .09 (5/1/80) .06 (4/22/80) 0.6 (5/17/80)
.12 (5/12/80) .07 (5/10/80)
.11 (9/22/80) .07 (5/11/80)
.06 (5/25/80)
.07 (9/23/80)
.08 (9/25/80)
0° .13 (9/4/80) .12 (4/30/80) 11 (4/9/80) .12 (9/18/80)
.13 (9/6/80) .08 (5.7.80) .10 (5/6/80)
11 (5/15/80) .08 (5/22/80)
.12 (5/23/80)
.10 (6/4/80)
_ .12 (9/16/80)
30° 12 (4/24/80) .18 (4/23/80) .09 (4/25/80) .08 (5/28/80)
.07 (4/28/80) .08 (5/21/80) .07 - (6/10/80)
.09 (4/29/80) .09 (5/26/80)
.17 (5/16/80 .08 (5/27/80)
.08 (8/31/80) .08 (6/5/80)
.13 (9/17/80) .08 (6/9/80)
.11 (9/20/80)
45° .13 (9/8/80) .10 (4/19/80) .11 (4/16/80) .06  (9/2/80)
.11 (9/3/80) .08 (4/17/80) .08 (9/14/80)
.09 (9/15/80)
_Exhaust-Air Window: Hy L
bavity Air Flow (cfm/ft)
Blind Position 0 3.9 5.4 7.7
Retracted - .42 (10/15/80) .30 (10.16.80) .09 (10/17/80)
.09 (11/28/80)
0° and 60° . .16 (11/18/80) .11 (10/22/80) . .11 (10/19/80) .11 (10/21/80)
.11 (10/23/80) .11 (10/24/80)
.12 (10/30/80) .11 (11/19/80)
.10 (10/31/80) .12 (12/11/80)
.11 (11/20/80)
Closed .08 (10/19/80)
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Return-Air Window: . Hoy

Cavity Air Flow (cfm/ft)

Blind Position 0 3.9 5.4 7.7
Retracted - .05 (9/21/80) 06 (4/22/80) .15 (4/21/80)
.05 (9/22/80) .06 (5/10/80) A2 (5/17/80)
.07 (9/28/80) .06 (5/11/80) .20 (9/27/80)
.06 (9/31/80) .06 (9/25/80) '
11 (9/29/80)
0° == .06 (4/30/80) .13 (4/9/80) .19  (9/18/80)
.07 (5/7/80) .13 (5/6/80
.11 (5/15/80) .11 (5/22/80)
.14 (5/23/80)
.14 (6/4/80)
.15 (9/16/80)
30° —— .09 (4/23/80) .14 (4/25/80) 12  (5/28/80)
.08 (4/28/80) .10 (5/21/80) .12  (6/10/80)
.06 (4/29/80) .09 (5/26/80)
.07 (5/16/80) .09 (5/27/80)
.09 (8/31/80) .09 (6/5/80)
.12 (9/17/80) .10 (6/9/80)
.14 (9/20/80)
45° ——— .09 (4/19/80) .13 (4/16/80) .15  (9/2/80)
10 (4/17/80) .15 (9/14/80)
.13 (4/15/80)
Exhaust-Air Window: H»
Cavity Air Flow (cfm/ft)
Blind Position - 0 3.9 5.4 7.7
Retracted -——- ——- ——- .09 (10/17/80)
.07 (11/28/80)
0° and 60° 0.7 (10/22/80) .11 (10/19/80) .15  (10/21/80)
.12 (10/30/80) .14  (10/24/80)
.11 (10/23/80) .14 (11/19/80)
.12 (10/31/80) .16 (12/11/80)
.11 (11/20/80)
.13 (10/19/80)
Closed .13 (10/19/80)

E 4



Return-Air Window: RB
Blind Position Retracted 0° 30° 45°
27 (4/22/80) .13 (5/30/80) .08 (4/23/80) .08 (4/16/80)
.09 (4/24/80) .07 (4/18/80)
.31 (5/8/80) .14 (5/23/80) .09 (4/25/80) .08 (4/19/80)
.32 (5/10/80) .14 (5/22/80) .06 (9/8/80)
.32 (5/11/80) .16 (5/15/80) .09 (4/29/80) 07 (9/15/80)
.32 (5/12/80) .12 (9/6/80) .09 (5/16/80) .06 (9/14/80)
31 (5/17/80) .13 (9/18/80) .10 (5/21/80) .08 (9/19/80)
.32 (5/29/80) ' .10 (5/26/80) .08 (9/3/80)
31 (9/21/80) .10 (5/27/80) .06 (9/2/80)
.30 (9/23/80) .10 (5/28/80) .
.28 (9/31/80 .10 (6/5/80)
.27 (9/29/80) .10 (6/9/80)
.31 (9/28/80) .10 (6/10/80)
.31 (9/27/80) .08 (9/17/80)
.32 (9/22/80) .09 (8/31/80)"
.31 {(9/15/80)
Exhaust-Air Window: RSB
Blind Position: Retracted 0° 60°
0.35 {10/13/81) 0.03 (10/20/81) 0.10 (10/20/81)
0.36 (10/14/81) 0.14 (10/18/81) 0.08 (10/18/81)
0.36 (10/15/81) 0.14 (10/21/81) 0.08 (10/21/81)
0.35 (10/16/81) 0.14 (10/22/81) 0.06 (10/22/81)
0.36 {11/27/81) 0.16 (10/23/81) 0.07 . (10/23/81)
0.08 (10/29/81)
0.08 (10/30/81)
0.09 (11/17/81)
0.09 (11/18/81)
0.11 (11/24/81)
0.09 (12/8/81)
0.08 (12/9/81)
0.10 (12/10/81)
Reference Window: Uy,
Blind Position: Open 0° 30° 45°
.56  (9/20/80) .46 (9/11/80) .56 (9/21/80) .61 (9/15/80)
.54 (9/22/80) .48 (9/13/80) .50 (9/27/80) .50 (9/25/80)
.53 (9/23/80) .55 (9/19/80) .47  (9/26/80)
.53 (9/19/80) .58 (9/30/80) .68  (9/28/80)
.64 (10/1/80) .58  (9/31/80)
.61 (9/14/80)
Reference Window: SC
Blind Position: Open 0° 30° 45°
.48  (9/21/80) .58 (9/18/80) .34 (9/17/80) .43 .(9/14/80)
.57 (9/22/80) .56  (9/26/80) .45 (9/20/80) .42 (9/15/80)
.53 {9/25/80) .37 (9/30/80) .41 (9/28/80) .38 (9/16/80)
.59  (9/27/80) .38 (9/31/80) .43 (9/29/80) .41 {9/30/80)
.49  (9/28/80)
.52 {9/29/80)
.52  {(9/31/80)
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APPENDIX F where

Aq = 21.9
Samples of Test Data and Reduction for Thermal , I . _
- Performance . Up = [mp ¢ Cp o (Tpx = Tri) + Up * Ap e
The following samples of test data are repre- (Thox = T1)1/T{To - Tp1) * AWl
sentative of the measured recordings during the
test days 1isted in Appendix E. The formulas used where
for data reduction are described in Section 4 and my ¢ Cp = 64 /&P, Up = Ap = 2.75, Ay = 27.7
given here again. .
SC = [mz * Cp (Trx - Tr'i) + Ub . Ab . (Tbox -
Up = heotal * (Twi - T§)/(To - Ty)
T'i) - Up Ay (To - Tb'l)]/(lo . Ag)
where 0.25 :
heota] = 017174 - T419+2% + 0.09, where
- Ag = 23.6
when T4 - Til < 4.0
. 0.33
0.20 lTW'l - T1| + 0.9,
when [Ty - T4l > 4.0
Up =m » Cp o (Tex- Teid /LT - T4) = Al
where, '
m  Cp/Ay = 35 /AP/25.9
Hp = Chtotal = (Twi - T§) - U1« (To - T{)] -
Ay/lg ° Ag
Hp = ([my = Cp = (Tex = Tei)] - U »

Aw (TO - T'[))/Io . Ag

Day: 9/21/1980; Cavity Air Flow: 3.9 cfm/ft (AP = 0.19); Blind Position: no blinds

Hour Ty - Twi Tfq Tex To h _ (F7]
22 92.0 84.6 93.1 80.3 50.7 .23 .16
0 92.2 84.2 92.9 79.4 50.9 .25 17

2 91.5 83.7 92.3 78.6 50.4 .25 A7

4 90.8 83.0 91.6 78.2 47.0 .23 .16
6 90.1 82.1 90.9 76.9 48.6 .25 .18
Average: .24 a7

Day: 9/10/1980; Cavity Air Flow: 7.7 cfm/ft (AP = 0.76); Blind Position: down, 0°

Hour Ty Twi T Tex To Uy Uz
22 99.6 94.1 100.4 90.0 63.0 . .19 .30
0 97.4 93.8 99.3 90.0 60.3 11 .26
2 99.1 94.2 100.1 89.5 57.4 .15 .27
4 99.2 . 93.8 100.3 89.2 58.1 .16 .28
6 99.6 - 94.3 100.8 89.3 57.7 .16 .29
Average: .15 28

Figure F1. Sample of Return-Air Window Test Data: U; and Up Values.
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Day: 1/5/1981; Cavity Air Flow: 3.9 cfm/ft (AP = 0.19); Blind Position: no blinds

Hour T4 Twi Te4 TFx To U] Uz
22 85.3 78.2 88.4 65.4 28.9 .16 .21
0 84.4 77.8 87.8 64.9 29.0 .15 22
2 84.0 77 .2 87.5 63.8 28.4 .16 .22
4 84.2 76.7 87.3 63.2 28.5 .17 .23
6 83.9 76.7 87.0 63.4 28.8 .17 .22
- Average: 16 22
Day: 1/1/1981; Cavity Air Flow: 6.5 cfm/ft (AP = 0.54); Blind Position: open
Hour T4 Twi T4 Tex To U Uz
22 71.5 67.0 74.9 54.5 28.6 .13 .33
0 71.8 67.4 75.4 55.3 28.9 .13 .32
2 72.9 67.8 76.4 55.4 29.0 .13 .32
4 72.3 67.7 75.7 55.2 28.3 .13 .32
6 71.6 67.3 75.1 55.2 28.4 .14 .32
Average: I3 37
Figure F2. Sample of Exhaust-Air Window Test Data: Uy and Uy Values.
Day: 4/19/80; Cavity Air Flow: 3.9 cfm/ft (AP = 0.19); Blind Position: down, 45°;
Uy = 0.14; Up = 0.17
Hour T4 Twi TFi Tex To Iy Io Hy H RB
10 80.0 90.2 86.2 106.7 75.1 12.9 182 .083 .078 071
11 82.9 94.9 89.2 114.7 75.6 14.3 183 .097 .092 .078
12 82.7 95.5 89.7 114.7 79.9 14.3 196 .092 .081 073
13 83.4 93.7 88.2  111.0 78.0 12.6 182 .082 .082 .069
14 80n.3 90.7 86.6 104.7 78.3 10.1 131 11 .088 .077
15 81.6 87.2 84.9 97.2 79.6 7.3 90.6 .082 .087 .081
16 80.5 85.0 83.7 90.8 79.8 5.6 42.6 .13 .11 .130
Average: 097 088 083
Day: 9/14/1980; Cavity Air Flow: 7.7 cfm/ft (AP = 0.76); Blind Position: down, 45°;
U = 0.10; Up = 0.33
Hour Ty Twi ¢4 Tex  To ler Io Hy Ho RB
10 83.3 93.2 85.0 106.6 75.0 12.2 209 070 .14 .058
11 82.2 95.? 83.3 113.5 79.8 15.3 247 .073 .15 062
12 81.6 95.3 82.6 115.8 82.0 16.6 264 077 .15 .063
13 8l.1 95.6 81.9 113.6 83.5 16.1 252 064 .15 064
14 80.3 93.6 81.3 110.0 85.7 14.3 223 .078 .15 .064
15 79.2 90.2 80.4 104.8 84.0 11.8 184 .076 .15 .064
16 77.2 85.3 78.9 95.8 84.6 8.9 132 .068 .15 .068
Average: 072 1% 063

Figure F3. Sample of Return-Air Window Test Data: Hi, Hp and RB Values.
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Day: 10/23/1980; Cavity Air Flow:

5.4 cfm/ft (4P = 0.38); Uy = 0.17; Up = 0.24

Hour Blind T5 Twi T Tfx To Ter Io Hy H2 RB
10 0° 79.3 86.0 82.0 94.9 44.6- 35.5 209 071 .14 0.17
11 0° 80.2 94.7 83.4 111.1 48,7 51.8 259 078 .17 .20
12 0° 84.4 98.4 85.1 111.5 49.6 - 38.4 276 .088 .17 .14
13 60° 82.2 97.2 86.0 131.7 51.6 18.0 290 097 .17 .062
14 60° 83.3 98.1 86.8 133.3 54.9 14.4 271 096 .18 .053
15 60° 83.6 9.7 87.4 127.7 53.7 11.9 237 .11 .20 .050
16 0° 84.9 96.8 88.5 115.6 54.9 28.0 190 .12 .19 .15
’ Average: 099 17 - 0°
. .055 -~ 60°
Day: 10/21/1980; Cavity Air Flow: 7.7 cfm/ft (AP = 0.76); Uy = 0.14; Uy = 0.35
Hour Blind T-i ij Tf1 fo To Itr Io Hl Hz RB
10 0° 85.3 94.3 86.6 104.6 52.2 34.4 206 074 .16 .17
11 60° 86.4 99.7 88.1 123.2 58.0 17.5 250 089 .21 .070
12 60° - 88.2 103.6 © 90.0 133.9 62.5 22.0 277 097 .23 .079
13 60° 89.0 106.7 91.6 137.4 67.4 26.3 280 103 .23 .094
14 60° 90.4 106.9 93.1 ~135.6 65.2 18.0 256 017 .24 .070
15 60° 90.8 105.4 93.7 131.7 65.6 14.3 215 .11 .26 .067
16 0° 92.5 104.9 95.0 120.0 66.9 24.7 162 .13 .24 .15
Average: 10 . .16 - 0°
.076 - 60°

Figure F4, Sample of

Exhaust-Air Window Test Data: Hy, Hp and RB Values.

Day: 9/18/1980;
Hour

2

PN OMN

Box Air Flow: 6.4 cfm/ft (AP = 0.15); Blind Position: no blinds

Ty

93.6
96.6
98.3
99.6
99.1

Th1

88.3
89.4
89.5
90.0
90.1

To

79.2
69.4
68.3
64.6
64.9

Tri

96.1
99.2
101.1
102.5
103.2

TY'X

87.2
87.1
86.0
86.3
86.0

Thox

87.4
88.2
87.7
88.3
88.3

.55

Average: .54

Day: 9/22/1980; Box Air Flow:

Hour

2

AP NNOMN

Ty

91.2
92.9
93.7
94.0
93.9

Tl

86.7
85.4
84.9
84.6
84.4

6.4

cfm/ft (&P = 0.15); Blind Position: down, 45°

To

60.9
58.1
58.2
53.7
53.3

Tri

94.6
96.4
97.5
97.8
97.9

TPX )

84.2
81.8
81.1
80.2
79.7

Thox

86.7
85.0
84.6
84.2
83.9

Average:

Up

.38
.51
.59
.55
.56
57

Figure F5. Sample of Reference Window Test Data: Up.
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Day: 9/15/1980; Box Air Fow = 11.4 cfm/ft (4P = 0.48); Blind Position: down, 45°; U, = 0.55

Hour Ti Tb] To Tr-i Trx Tbox Io SC
10 f0.1 114.3 75.1 84.6 109.0 113.2 200 .38
11 79.1 124 .9 78.9 83.1 118.5 123.0 233 .44
12 78.7 128.2 80.5 82.6 122.0 126.5 254 .44
13 78.4 129.8 85.3 82.4 124.3 128.8 246 .46
14 78.0 127 .4 83.0 82.3 122 .4 127.6 224 .51
15 77.7 121.1 84.8 81.9 117.4 122.0 174 .55
16 77.2 110.3 79.0 81.5 108.6 112.4 115 .66
Average: .49

Day: 9/20/1980; Box Air Flow = 6/4 cfm/ft (4P = 0.15); Blind Position: down, 30°; U = 0.55

Hour Ty Ty - To Tri Trx Thox Io ‘ sC
10 81.4 120.3 62.6 83.6 114.3 119.4 203 .36
11 80.7 133.9 68.2 81.8 128.2 133.4 240 .40
12 81.3 144 .9 71.6 82.4 138.0 144 .6 256 .42
13 82.4 148.0 73.6 82.4 140.9 148.8 253 44
14 81.3 144.9 72.7 82.8 139.7 146.3 225 .48
15 78.8 137.0 75.2 81.1 132.3 139.3 182 .52
16 82.0 124.7 75.2 83.3 121.1 127.2 125 .63
Average: .46

Figure F6. Sample of Reference Window Test Data: SC.
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APPENDIX G

Time

21:45

23:45
1:45
3:45
5:45

T ow

Tmid

Time

21:20
23:20
01:20
03:20
05:20

Time
21:10
23:10
01:10
03:10
05:10

Temperature Test Data for Calculation
of Relative Humidi imi f m_Ai
xhaust-Air Wind ight 7

Air-flow Rate 2.8 cfm/ft of window width
4/13/81 and 4/14/81

T4 To T1ow Tmid Tup Tex CR
90.5 50.0 66.9 68.6 71.4 - 71.6 1.72
88.7 47 .4 64.5 66.4 69.3 69.2 . 1.72
87.9 43.9 62.9 64.8 6779 67.2 1.73
a7.0 44.0 61.5 63.6 66 .8 66.0 1.69
87.2 41.4 60.9 63.1 66.3 65.3 1.74

inside surface temperature of insulating glass 6 inches from
bottom frame

inside surface temperature of insulating glass at mid height
of window

inside surface temperature of insulating glass 6 inches from
top frame

cavity air temperature at exhaust

Ti - To

Ti - NMow

Air Flow Rate 3.9 cfm/ft of window width
3/30/81 and 3/31/81

Ty To Mow Tmid Tup Tex CR
83.7 -33.9 58.3 60.9 64.1 63.8 1.96
R3.4 35.1 59.0 61.4 64.5 63.8 1.98
82.9 34.8 58.7 61.2 64.1 63.5 1.97
82.4 32.9 56.7 59.3 62.6 61.9 1.93
81.9 32.2 55.5 58.2 61.5 60.9 1.88

Air-Flow Rate 5.4 cfm/ft of window width
4/1/81 and 4/2/81

Tq To Tow Tmid Tup Tex CR
89.6 53.4 71.6 72.9 75.3 76.1  2.01
90.7 52.0 71.3 72.6 75.1 76.6  1.99
R9.9 49,9 70.4 71.7 74.3 75.7  2.05
90.9 47.8 69.9 71.3 74.1 74.7  2.05
89.4 42.6 68.4 70.0 73.0 74.4  2.23°

61



Time

21:00
23:00
01:00
03:00
05:00

Time

21:30
23:30
01:30
03:30
05:30

T
90.9
90.4
89.0

'89.3

89.2

Ty
90.1
89.4
90.5
88.7
90.3

Air-Flow Rate 6.6 cfm/ft of window width

T0
38.3
39.0
33.8
35.6
34.3

Air-Flow Rate 7.7 cfm/ft of window width

To
47.6
47,1
44 .5
40.9
40.0

4/3/81 and 4/4/81

Tiow
66.7

67.0
64.1
64.8
64.1

Tmid
68.5
68.7
65.5
66.6
65.6

4/6/81 and 4/7/81

Tiow
72.0
70.8
69.6
67.6
68.2

G2

Tmid
72.7

71.6
70.6
68.4
69.4

Tup

71.8
71.8
69.0
70.1
69.3

75.7

74.4
73.7
71.6
72.9

73.4
73.3
71.5
71.4
71.2

78.3
77.0
76.1
74.7
75.0

CR
2.17
2.20
2.22
2.19
2.19

CR
2.34
2.27
2.20
2.27
2.28



APPENDIX H

Yearly Performance Modeling Program

This program {s broken into two sections and is
stored in two separate files. The first section
handles heat loss/heat gain calculations for win-
dows. The second section takes the results and
does further manipulations on the results and does
graphic displays of the results.

Cdntro1

This program is controlled by a routine called
"ToP."  TOP asks the user to select an option with-
in the system and branches to that option returning
after it is completed to allow the user to select
again. This subroutine is typical of the subrou-
tines which control sublevels of the program. It
makes use of the subroutine "PARS" which interprets
user commands.

Section One

The calculating portion of the program uses out-
put from another program as input. The fnput func-
tions are "GETHR" and "GETER" which read and sort
records of data. The program also uses table stored
variables and functions. System variable and func-
tion retrieval 1is handled by: "MONVAR" - monthly
variables, "GETFUN," "FUN2" - blind adjustment and
sun angle dependent functions, "BLDAJ," "CHKRAD,"
“AH1ER," "INBAS," "SETVAR" - are support functions.
The calculations are controlled by support func-
tions.

The calculations are controlled by "CALTOP"
which maintains month, day, hour pointers. The
calculations are done within "CALC" which retrieves

table stored variables and functions described
above, and calls calculation functions "CEAF,"
"OREFUN," "ORC," "OFR11," "OQFR22," which do the

final calculations.
‘Storage

Storage is handled by "SIGMA" on a daily basis,
and monthly results are then stored by "MONSIM,"

Section 1

40 FOR4, 8
2 b1 3000

102
4 AC YOUT, 206

st 3000

. PAIN

Clinsasseannsen

€ vERRLY EMENQY

€ WINDOW RODELS

® Cleastatziacaney

i caLL ToP

H Fad

4 ST 3000

S SLag- TOP

@ Cltsrsorgussesesanonene

? ¢ MAIN CONTROL ROUTING

S Cracsassxaaresragesesne

9 SUBROUT
20 INTECERT2 TOTWUR, ILAS
21 INTECER SYA, rossm 5)
ggmun;.oc(com roinTERs TO MONTH, CALDDAR Dav M@
a4 COMMON /82,091, IRONTH, 1DAVS, IBDAY
sc mcmxczsroﬂhou N OPERAT ION
% POSS/ D0 v ] CRNFIX €N
ac ua;:n: SYRTOL FOR USER ASSOCIATION IN INTERACTION uInsRocRam
3¢
2 C THE STRUCTURE OF TMIS SUBROUTIME IS TVPICAL OF THE MULTV-umy
TV C IRMNING SUBRUTINES LoD THROUGHOUT THIS PROGRAR
JC THIS 1S THE OMLY OME DOCUMENTE s
34 C INITIALIZE STORAGE ARRAYS (INDAS) AND GARW
s CALL INBAS 163 «am)
E1 CALL Gy

" "STUF2," "STUF3,"

H1

with "SUMMER" holding yearly totals. MOMSUM uses
several subordinate routines "(QS1," "0S2," "STUF1,"
"STUF4." The "STUF" routines
are contained in the second section of the program.

Section Two

The graphics portion of the program is con-
trolled by "GRAFIX" which also produces complex
functions made from the output of the calculation
routine on demand.

"READER," and "DUMPER" do input and output from
the calculation storage file made by the first pro-
gram section, and use subordinate routines "D1,"
“DZ," an ’ll "R2. L]

Graphics uses arrays of functions selected by
the user and are limited to four per display. The
functions may be output from the first program sec-
tion, or complex summation functions produced in the
second section by "ADDER," "FUNER," "FRSET," "FGET."

The data displayed is selected by using the
subroutines "GRAV2," "SLOTR," "GETOR."

Graphing is done in the "GRAF" routine which
uses "GRSET," "BOXX," "LAB" to set up the screen
and "SCAMBL," "GOUT," "GEPT" to interpret and graph
user selections. "GR1" initializes the graphics
system.

Note

Some subroutines are included in the program
listing which were in the initial phases of devel-
oping the project but are no longer used. Also,
subroutines developed for system uses prior to the
development of this orogram which are used here
are not included in the program listing, such as
"ANLIZE," "PARS," "DIS."

The program is not given in flow chart form
because it was thought to be to intricate to be
readable. Instead the program is documented
throughout the listing and these notes were written
to help interpret the program.

C SET YEAR COUNT AND L
g e o BEGINMING DAV OF THE MODEL VEAR
1BDAY=244
nc mvorugumwmwlmrumnmxw
g C’ ‘Wc ""mg USER FOR A SELECTION FRON
M (POSS) AND AETURNS THE

44 C NUNDER OF THE FUNCTION IN

p-itd rmruc A 1'0 feTio n&;nuv (POSS) THIS 1S USED FOR
“< CALL PARS(ILAD, TOTNUA,POSS, SYA)

47 C GOTO THE SELECTED ALTERMATIVE

gc GCOTO (19,20,30,40,59),ILA0

50 10 CONTIMUE

$1 C DO YEANLY CALCULATIONS

2 CALL CALTOP

£3 GOT0 §

s4 ¢C

g < 31 SY!}E"“U‘!M ot RN

34 CALL SETuan i

14 @70 §

9 ¢

: [ g\‘ uxu%‘mmm FOR PARTIAL YEAR‘S CALCULAT

.

62 € MOT RUM TESTED ' Tons
(2] CALL POSIT

[ o) T $

e ¢

[ 1] 40 CONTINMK
67 C DO CRAPWICS,COMPLID FUNCTIONS, AND DISC ACCESSING FOR RESILTS
8 CALL CRAFIX

ec “m8

} 99 contimx

3 Exp




$28YRRILELYTRNRAT LR

4
42

44

»
-

1§ 11 13+ 14 FEETTT

ks ] RIBROUT caL
e INTEGER R012)
a1 COMMON /82/D91 , IRONTH, IDAVS, 13DAY
83 € THIS BLOCK: END OF MONTMS [N COUNTING DAVS AMD MONTH POINTER
83 COMRON_/82/D08, AONS(13),K
34 DATA (mlI.t'l.ﬂ.lMll.ﬂ.ﬂ.’.n.ﬂ.)ﬂ.ﬂ.l.ﬂ.ﬂ.hl_
5 ¢
& riauz
an IT0Ts
9 00 11 Ieg, 13 l
9% ITOTsI
b1 MONS(T)e m
92 1 ¢ nx
9 1,100) (ROME(1),11,12,1)
94 100 ronnnn 'ﬂ‘,l,l(‘(li.lll.l"
-
.

7 ¢ UP INTERNEDIATE STORAQE RFFIRg
9 CALL INSIC
E’C SET UP INPUT RFFERS ANB SYSTEM \MRIANLES SET BY DNPUT DATA (
{ i: ¢ CALL IMGET(DUM,1)

2 ¢

g }gmonwt

& & CONTINUE

i 10av« DAVt

I1CDAVe

ICDAveL
IFCICDAY.LE. snmc
€ CLSE RESET MONTH COUNTER N CALEMBAR DAY

[

IF (10 .GT. IDAwS) QOTO 90

CET mONTH

§ CONTINX

g‘(‘lcm.u.mun T0 8
*

IF(X.CT.18) Kol

GoTO §

0 CoNTINVE

DG A DAvg CALCULATY
o

IFCICDAY. L. MONSIK)) QOTS 3

ToTAL

CALL RONSUN
R YEARLY TOTAL
CaLL suUwmEA

nNo 6 0 0 0 0 O

 convIvm
EMD

SLaje CALC
Crertrotceaeasissne
DO CALCULATIONS

¢
Ll L RROUTINE CALCLICDAY)
UBROU
EXTERNAL QEAF, OREFLSY, GRC, AMIER, RONUAR, OFR1 1, OFRER
BEaL OPRy (4.4 ) Fmac ai mu».wu:.mu.u
REAL ncat.eﬁ: £n,FRSC4
R REAL ROMURR, OFR

E DEPENDANT UAR],

/83/092, TR, RN, WO, W1, T1,R8, N2, U2, U1 ,ANL

< VNIS ILOCII RUN DEPENDANT UnriadlEs
OMMON_ 785/ DT, ARUT ,ARUG, AFUT, AFUG, LM

NV. (FRS(K),Ke},4,1)/1. o

URITE(1, 101) ICDAY
101 FORRAT(‘DOING DAV °,J14)

00 000

D0 ONE DAV
DO 20 K=1,24,28
GET_HOURS DATA

CALL GETHR
¢ QET_URRIABLES FOR CALGULATIONS

T1-ROMUMR(ICOAY,5)
c WRITE(1, 100) TR, RW,u0,Ul,TT

190 FORMAT(*DID ™M FR.3, “Me* ,FE.3: ‘U0’ ,FB.3, ‘UL’ F.D, *T1°,FO.D) -

1FACe1,4.13
PENDAIIT VARTABLES

BlaiTil
28 8.
28 &
a3t 3
S

Je.D
-ﬁi(l'ﬂl

f8.1
mll(t’ﬂi
~OFRRR( IFAC)

-
»,
’-

[

S

vyoeY

UL FRACTION AND SUR INTO MONTMLY TOTAL
L SIGRA(QEM,QREF,QRCD, OFRY . OFRE)

28 conTIm

H2

216 ST J0ee

217 SLAB= RONUAR

218 Cirsrtenittnsy

219 ¢ FUNCTION TO RETRIEVE MONTMLY UVARTABLES
220 Corsrsrnttesys

221 REAL FUNCTION MOMUARC IDAY, ILHO
222 REAL rua) RNHZ) uoue).ux(la).nuls
223 COMRON /1 m
24 DATA ("(!) l'l 18-1)m...ﬂ.l.”.‘,"-‘.ﬂ.:.oagn.".'".‘o
228 39.1,30.3/
2t .(lm{ 3, i é )_a . ss.o.s: 0,42.0,34.0,29.0,2.0,28.9,
228 Cwoitietee 250 3% ee 9.0035,0.0839,0.0044,0.005,
229 20,008 1956, .0042,0.0038,.0.0031/,
a»n LI, 212,1)7 952, 728.907S, »
gé ¢ W(TIC1),101,12,1)73368.0,7078.0,2%68 .0/
233 ¢ WITE(L,101) K
234 161 FORMAT(‘IN HW.I K’ 13
23 C @Y noTH DEPENDANT UMIASLES FRom DATA SIT ARRAVS
.

CET™R
R INPUT DATA PACKEY
COWO /B1/084, T, $1M0, TH(4)

[

[
6?7 C ﬁ? Ulllhlt!! l'IOR PUT WFFER
LL GETER(T

268 »1)
CALL m:msxm,u
CALL GETER(TH (l).u
CALL CITER(T‘N( 1L,
CALL GETER( (3).1)
CALL GETER(TM

(4),2
€ GRITECE.168) T STNA.THCS) MR U
100 FORMAT T SFBL5, ST: FRLD, b ‘4 (F8.3,100)
RETURN
END
ST 3900
SLaBs CETFUN
Classtsesttanagnutsess
G GET FUNCTION UALUES ORSED OM SLIND ADJUSTMENT
€ U1,u2,H2,RS IN MODULD ¢ DISTRIBUTION
Ceevatsans BEetinsTtate

REAL FUNCTION GETFUMCIFAC, IFUN)
INTEGERS2 BAJ

2
CORRON /31/D94,T,SINA, TH( 4}
CORMON /34,099, FR,CFR,UR, MR

GET BLIND ADJUSTMENT
CALL BLOAJISINA, IN)

SET FOR RADIUS CUTO!

CALL CHKRAD(IFAC,3AJ)
R_NODULO 4

FYEHRYRIERAGIIIINIIINGE

293 ¢ SET _FO
ave AJeBAJR4
285 ¢
296 ¢ .
297 C GET RESULY FROR TABLE
298 EXF+CFAL(-9.068)
299 EXFEXPLEXF )
300 SAJ=BAJeIFUN
g..; ¢ Q0T (1.2,2.4.5,8,7,8.9.10,11.12,13,14,18,16), 38
303 1 Btfﬂ.l!-. ey
I GoTO
g'“! L] GE"’W-O S423CPR
k44 k] ﬁ"ll!-. R1ICN
o8 GOTO 99
309 4 GE‘"'LI"O L
210 0 99
m s GE?FU!-O /0T
n 9070 %
3 € QETFUN+G. dadsCFN
Ne GOT
an ? GETFUN«@. sR13CPN
N GoTo 99
n & GETFUN=0.1
N TO 69
Nn 9 GETFUNeo.
32 T0 9
3 18 GETFUN«9. 4TECFR
322 10 99
bk 11 GETFUN=9.213CFN
324 GoTO 99
) 12 GETFUN=0,14
3¢ G010 99
); 13 GETFUN+0. 2838XF
% G010 99 R
X 14 GETFUN-. GIGICFR
15 GET'UN-. Q1 73CFR
16 GEWUN-O 3
4 ¢ GOTO 99
89 CONTINUE
RETURN
END
ST 3800
4@ SLABe BLDAJ
41 Cotanansstesracnsss
42 C  CALCULATE THE BLIND ADJUSTRENT
4] Crestasrtszscagngae
J4a SUBROUTINE BLDAJ(STMA, BAS)
45 INTEGER 3AJ
46 C
47 BAJe
4 IF(SINA.GT.0.5) BAJet
; ¢ IF(SINA.GT.7.07) BAI-2
5
35 END
3000
TieeEiteNLLLNL
6 C CHECK THE FACADE RADIATION LEVERL
c Fi TOFF
IS8 Casztsrrestenescendt
358 SUBROUTINE cmunc |V}
g INTEGERZ2 DAJ



Crestersresaantany . . nna’mwt «uum.m.mmn-
REAL FUNCTION QEAF(IFAC) . . (1070.00 L4SETIIIND)
COMMON /D1/094,T,SIMA, TH(4) FuN

conmon n:uwa.m.m«.m.ul.rl.n.m.lﬂ.m.m
COnMoN /84,098, FR,CFA, U, HR
com 2857090 . ARUT , ARG, AFUT , AFUG,. I

7, ST, THC IFAC), TR, B3, 40,41, T1,R
0.4, "STNA- FR.S, - TH  FB.4, S TR ,FB.4, ‘T0° FR

1TELL ) QRE
100 FORMAT(* WLII' Fo.85

0000600 ©

98 ¢
491 C WRITE(L, 1
493 100 FORMAT(/,
4,7,

JL . comON /BL/09S,T.SIM, THte) o I - S PL o T o Sk
33 aom €10,29,30,40),1F4C o5 ¢ 'Il"!# ;102) oeer,
%68 FTH(1).L7.50.8) COTO 8 87 ¢ pevum
387 20 Contince 99t 20eE™®
4
368 F(TH(21.L7.50.0) GOTO 88 18 ST 2000
g.‘,g . 'g: ""3! . 12 Cltuél;llll;s,l‘lltll
m IF(TH(21.LT.50.8) QOTO S8 SRR T
i e domine L T s
4 4 »
74 IF(THC4).LT.50.0) QOTO S8 H Sommon /83,082 Th. . 0 T REL . U2 U, A
78 govo 99 1 COnmON /347099
’7": ¢ — 13 Comon /s D53: ARt ARLG, AFUT. UG, W
. 524
1} bated 21 ¢ URITE(1.101). T, SINA, THCIFAC), TH, AH,UO, UL TL.RD
m e SR8 101 FORMAT Nf o,
180 99 CONTING g3 ¢ WRITE(L AL UL CFML AFUT, AP,
31 524 102 FORMAT(6¢FB.3,1X
. 182 END 525 ¢ URITE(1, 103) (R, U2, H2,FR
w3 ST 3008 526 103 romnswl.a.zx
% m,:um"nn sz 1.9-FR
2 )
R ey tvien mainsugs a GROSAREC UZB(T-TLIRAFUTS KEXTHCIFACISAFUG
387 Cstaasatrecaneseat FH
] AECEREE 1LAD. T0 s e URITELL,1
oo -y §; 100 FoRmaTi oRe:,Fo-2)
391 ¢ THIS BLOCK! TRANSIENT HOUR DEPENDANT UARTASLES EEH SETumm
e corrion /83,092, pr d_uo.ux.n.n.ln.m.ml
ool “" m‘ " OIJ‘ i . e o ‘e :% Clll:l?l‘llllll)!llll
95 " s C’l ’ll L] ’, 538 OUTPUT RESUL
%c “ Mg $39 Cssetaznsssessuinnsis
o8 ¢ SUSROUTIME OUTPUT
.,2 c TOTVUR-D a; ¢ COMmON Illfﬂ“.?.s"‘;m‘)
101 ¢ GET UNRIABLE CHOICE FROM USER sa¢
544 € URITE(1, 1000 (THCI3, To2,4,1)
oS ¢ et ity i iLAR, TOTUN, FOSS, SV 545 100 FORMAT(THES ¢, 7, 44F8.2,20))
e GOTO (10,20,30,40,50,60,70,80,90), I1LAD ] - GETuRN
S ¢ 10 commime gt
. M
o sd CALL MRLIZECRES.ER) G50 CHetitrearitesensIsees
bl ULsaes ssi € TEUE A DATA
is  a Sehie BB N htie  SETOR ey 1)
ut CALL AMLIZE(RES,EN) §§; c AL ARATE 106 ARmvE (k1D
o 55
"2 Goto 99 S5 ¢ LOAD ‘KMANY- CLEMENTS INTO ‘ARAV*
“We 39 CONTIMSE 5§67 DO 10 Ie1, INANY,1
“s CALL AMLIZE(RES,EN) <58 KOUNT~x QUi+ L
ne 1 oRES . §59 KQUAT.LE.27) aaT0 29
a? coT0 99 : . 323 ¢ eust AET A AEu STHING
M8 48 CONTINKE . 561 Ingcnos IRECNGeS
s CALL AMLIZE(RES,ER) s62
- ;43 cau. nxsuoﬂl. IRECHO, MMAYE, 188, 78)
@ e g ¢ wifa 1,160)(ARAYR(1), 10,20,1)°
23 CALL ANLIZE(RES.ER) 66 C LOAD An ELENENT
424 RE-RES 67 20 CONTINUE
bR L ) 8 o Sanv T I-aRAVRIKOUNT)
a7 Call wLIZECRES. EM ec ! e
28 FRSAES 1 RETURN
:g ” Con 2e T
o
ar AL o czncnes. o 73 ¢ msx L:zz UINDOW TO DATR FILE
¢l S C  INITIA NDOY *tcomp
B 3¢ IMTIeLIZE ] T A
! 44 caLL { Y .
s CALL AMLIZE(ARS.O0) 44 TT6h v iy L ave.108.78)
38 uRe 79 [RECNO= TRANY
:g o ?;Sf#x” . KOUNT =@
X t CaLL DISCIOFIL. [RECHD,ARAVZ. 108, 76)
] CALL anLIZL(RES.OR) 3¢  URITECL 190)(akavel D). ] T
e 3 100 FORMATC ARWY-, 7, 20100FT.2, 1X).01)
aay mo u ] RE TURM
adsd ¢ 5 END
441 99 CONTING 6 ST 2000 .
asa RETURN 7 sLads IN
porJPUN o 9 ¢ DFauLY INITIALIZE SvSTEN wer ABLE
447 SLABe aniER @ Crisrtirnritsee v s
Qe CITLTTan st 0a0nsesong 1 SUSROUTINE INDAS
“m’ g"ﬁ:lf““ "o »’.J' gom 784,099, FR,CFR,UR, MR
e A STLE R KX Pp— LR OMMON /05093, ARUT, ARUG, AFUT, AFUG, W
52 AH1ERCFAR( 4. 081 ) % ¢
453 AnIER=Q. 12K (ANLER ) % AFUTe25.9
454 RE TURN s privigt i
pr+ SR g 8 BRUTE7.7
457 SLAD+ POSIT 44 dG23.6
458 Cattsrtasssagntee 91
459 C  SET POSITION OF UINDOW ON YEAR 4]
4G Cotyttarriteaarse 03
461 SUBROLTIIE POSIY 3
“2 782,091, [MONTK, 10AVS, 10D +]
463 ¢ H
464 C 8
:22 m:'ln» 8
«“? CALL ANLIZE(RES,ER) 3
«3 IaDAv-RES H
90 ° 10 comme 2
AT 3 i dnirmtirecy
72 caLL e IZE(RES.EN) s D92, TH, AW, U0, UT, Y1, RE, HELUR, UL . AL
:‘;3 ¢ 1DAYS-RES H 099, ra'cn.m.m -
- 475 100 FORMAT(BECIN AT UMAT m 8¢ oea, +ARUG, APUT. AFVA,
476 101 FORMATI/MOM RaNv DAYS?’) 19 ¢
a7 ¢ 28 €
art 21 € URITEC1,101) ANL
479 €MD 23 OREFUN=TH ( IFAC ) SHRTARUG
a9 ST 21 o URECT-TIISARIT
481 SLAB- OEAF 24 WRITE(1,101) ANL
- Crisrepsrtesetesy 62s l.l fWﬂV(‘ml IN OREFUN* ¥ 1]
K] Q€A FUNCTION 6@ RECFATAILD, DB(T-T1 10
ca?
528
529
30
31
32
33
3¢
75
%

J7 seeovtNRNg

o et fon S it Sun coR, T s e : 30 ¢ LmoAr TN ASO'E DISTRIBUTION

Dac  CuatrEclian) we w

9% 101 FORMAT(‘awi- F o 4y GRS PR 4, AT PB4, ‘¢ 40 ©

+0.4 541 Cressanssenaressstaensaasness

27e o2 REAL FUNCTION FUNG(IFAC, 1UNO)

DY ‘uiriillen wm,ua . re "l Conman T B17084, T, STMA, THE4)

4 1. o N

8 108 FORMATCIUR’ FELD, FR*LFB.D, “UBY FB. 3, 'HR*,FU.D, ‘PR FE.D) s comon 734,099, R,CPR, UR, HR
4

a Atemn s 47 C oy BN AnuusTIEWT

o ouge 4 LDAS .
i e eIrac iat 49 C CMECK RADIUS FOR CUTOFF
seec CINTITE. SA8(T-TT )0 650 CALL CHKRADUIFAC, BAS)

H3



S! € SET FOR RODULO 3
BAJ-BASS2
:l <
54 C
55 BAJ=JAJS TLNO
656 €
‘z’.’ ¢ GOTO (1,2,3,4.5.6,7,8). 004
59 3 ConTy
60 FUN2+8.61
5 1 GoTO
562 CONTINUE
ol FUN2+0.44
£64 GOTO $9
165 3 comTl
66 FUN2-0.59
567 GoTO 99
68 4 CONTY
69 FUN2+@.44
79 GOTO 99
671 § CoNTIMUE
72 FUN2<0.54
73 GOTO -99
74 6 CONTINUE
7S FUN2+0.44
3] GOTO 99
77 CONTINUE
78 FUN2=9.68
79 GoTO 99
g 8 CONTl
81 FUN2+9.5?
32 GoTo 99
€33 ¢
684 C
633 9 CONTiM
36
87 ~D
88 ST 1004
89 SLAB» QFR1LL
90 Crasaazssnatasoenatsitang
€91 C FRAGNENT QUAT IOM
u Clunlulnnuunuul
REAL FUNCTION OFRLL(IFAC)
I‘ COMmON /21/D94,T, SIM,‘M
COnMoN /83092, T™H vo,uI, ﬂ.ll.ﬂ.lﬂ.ﬂhﬂl
u Cormon /Ba.033. PO s
“. ¢ COMMON 7357083, M.AM.U’W.'W.
90 ¢
’“ QFRY 1 «FRECYNSULTE . SESC T-TT)
701 URITE(1,100) OFR11
7'3 108 FORMAT(‘OFR1L’,F9.2)
T3 ¢
74 C
285
07 ST
708 LA
769 Ciasettatestusustesstnsese
nec AIR FUNC
T11 Crasrpdscrasrecasaeyrtasy
7:% ¢ REAL FUNCTION GﬂZ&(lFl‘)
e COnmON /91094, 7, sxm TH(4)
ns conmon /83,092, TH, M, .Ul TLRE,HE. U2, UL . S
16 ConmoN /84-/099, FR, Cf
;:7 ¢ CONMON ~§5/092, ARUT, ARG, AFUT . AFUG. W)
M9 ¢
22 QFR22-FRICFATUNE]. 3431 (1070, 000, SSZTRIZUD~
"’i.’aa ¢ . (1079.0+9.455T1I3ML)
7223 ¢ URITE(1,100) OFR22
;El 100 FORRATI‘OFR22",F9.3)
2
21 RE
72 END

728 ST 3000

729 SLADe SICRA

I Crerrrtrztezectaastreey

731 C SUMRATION FUNCTION

732 C  ADD HOURLY UALUES INTD MOLDING AREWYS

73 CravarrciiaraIIesITALy

SUBROUTINE SIGMA(QEA, QREF, QRCD, OFR1, OFRE)

735 REAL GER(4) CREF(4), UCDIQ 4%, U.l(‘ 4),0FRR(4,4)
?’;i C  THIS BLOCK: MONTHLY HOLDING ARRAYS

COMRON /SUN/DD7,GEAFST (41, QEAFSRC 4 ), QREF L (4) QREF2(4),
738 . GRC1(4,4),00Ca(4,41,0FR111(4,4),0FR222( 4, 4), OFRI12(4,4
),
738 . QFR221(4, 4)
748 C
741 C
742 C URITE(1,1000 CEAFSR(1)
243 108 l‘m"':nrtllm SIGM E9.4)
;:; R DO 10 Ie1,4,

746 € SUA POSITIVE UALUES INTO ‘1 ARRMYS

747 C manwwtsxm'a' s

740 1F(GEAC1)1.GT.0.0) QEATS1(]1)+QEAFS](1)+aEALT)

748 QEAFSl] x-o:»'sa« T)9QEACT)

750 TF(OREF(1).CT.0.0) GREF1(1)eQREF1(T)e0NEFLT)

751 GREF2T11SQREF2L T r0RER (1)

1’2 c

%3

] ncn 1,J1.6 J

756. aRCal T, 11:3ncac )

756 F( r-m.u ke 1,J100FR111¢1,J100PR1 (2,03
757 FRYLACL, TIeaER n

758 £ na(i hea it 1.J)°QFRERL(T, J)+0FRR(L, 1)
759 221, ieornigacl, ernd.d

760 30 CONTIMUE

71 C

762 10 CONTIMUE

7%3 RETURN

54 €

7S €

766 RETUMN

%7 L)

768 ST 2000

769 SLADe INSIG

T Craanvianinricaesaedseney

771 € INITIALIZE ST

T2 CRrasadsatIALIRCROAITRAITAE

n SUBROUTINE INSIG

e COMmON /SUM/D9?, QEAFS](4) a: u: OREF1(4),QREFR(4

77 NCI(‘.QI.?RCR(J,C ml .U‘lm(‘ 4), ﬂlll(‘ &)

7% . oFRa21ie,4

H 4

A
NaWwN-®

16

?
8
¢

e
F3
™
o
@
-

0 1 4,1
o & sulsu )-v’ro'r(n-wwsux

ST 3000
SLAe
Crustatenteseessnen
C  SUBTRACTION FUNCTION
Cranssaeatusnnnntns
SUBROUTINE QSR(YTOT,vPLUS, SUBS, 1)

REAL YTOT(4,4),YPLUS(4,4),5UBS(4)

DO 18 Jei 4,1
sups(devbof (1, 5r-vrrusci, o
ConTIMUE

o

1

o SURMER
Ceasatazzaveoascasese
C MAKE YEAMRLY §
€ SUM YEARLY TOTAL
C  THESE RESULTS WAUE NOT BEEN MADE USE OF
¢ !LSOIEQOMMV COLLECTION ARRMYS TO COLLECY THE NEXY MONT

Cryssrssaazztasinsesteg
SUBROUT

CORMON /SUR/DY?, QEAFS1(41,0EAFS2(4),0REF (4),OREF2(4
, ORCite,4), ORCZ(Q 4),0FR111(4,4),0FR222(4, u.mmau 4

oFR221 (4
[ rufs sLocxt VEAALY TOTAL AmwYS
{SUR2/098,D96.FS1(4).FS204) AFLLA), AFCA),
vt JFRiaiia, o3, FRIAZ(4, 4
JFR2A104,4,FR2A2(4,4

¢
[
[
<
€
¢
[
RETURN
END
T
SLAB. MONSUN
Citaasatetseensitesy
€ ouTPuT RO v
Clasaotarsreattaanneny
SUBROUTINE
INTEGER FACS(4

REAL SUBSL(4) sumun ﬂ.ll““).l.‘ﬂ‘).m“l

connon muui 139,
. Conmon ~SLnoBRY o€ annuu (OEAPSRL4) CREFL 4 ), GREFUCA
. ﬁg:(:n.u&u.u PRTTCas e, ORTRE 4,40, OFR 1894, 43,
¢ "DATA FACS/4HSO. ,WEAST, HAST, 4000, /
¢
URITECL, 107)

107 foﬂh?l/////uﬂ/, ENTERING RONSUN‘
¢ a1 anp oz rumchioes aRE usED TO SEPERATE THE NEGATIVE -
€ CONPONENT FROR THE STORED TOTAL RONTIALY UALES

AL 051 (ORERS GREFT . SUbS
caLL asiiocarse, ecnrsx Soas2)
C *STUFL’ 1S TME LINK TO THE GRAPNICS PORTION OF THE PROGRAN
& ANTULY UALLES AAE STORED HERE Fom CRAPING M DESC STORNGE
CALL STUFL(1.1.0EAESIK)

ACS(])
TE(S,100) QREFL(I), SUBSI(L),0EAFSI(L), SUBS2(L)
TE(8,105)

(ORCI(1,d),de1,4,1)

) (SIS Ie 40
(GFRIL1CI, ), d01,4.1)

) (SUBSACd), It 4,00

) @R DI04

(SUBSSCIYJe1,4,1)
sussi, Ky

11,60

4,K)
éaLL sru;{uo x“su“ =34

28 CONTINUE : ‘

103 FORMAT(*GREF+’,/,£10.2,7, ‘OREF=", 7,

IEAF-/,7,£30.3)
naTC FRIY, BX Tl T B S0 X, 1)

0.3,7, ‘0kAF+°,/,£10.3,7,

oRC
DRAAT( arﬂtsmt )
ORMATC QFRESAML =)
DRMAY ( * OF RESH
ORMAT( ‘GFRESHE =)
MRPAT(/7,04,7)

..
=
=
33332322
33

a0
E



Section 2

-
~1

4 yourse,
3
sLAB= matN

13
Cresedataces

SUBROUTING TESTR

- Comtom 3 LoAL e 183, B4, 1), C L4, 101,004, 18,604, 4,18)
’ 2,604, 4,1

F14,4012),G¢4, 4,121 M4, 4. 18) I

—--882

a5

on

-

C )

tzE:‘xlb"lngOII.
xzoan

SoUnr Ly
RRARS Lt .OO®

Y 2

o
2

O

CAaLL Wl(l.l 20,1)
WRITE(1,101)

101 ‘OIIMT(‘DXD FIRST OME’)
CALL Wl(!.l." 1
illfl(l

Wlll.l 7.2)

00 30 1
e ieey (BCT,d),d01,4,8)

ConY
WAITE(1,108)

o

no

WRITE(L, l“l (08{J)3,Jd#1,4,1)
WRITELL, L

L S SRR GHEE R BT RS S B T R LB PR E S A

o

(38 (1.3“5 IFF (L. 4,4 1
TE (24 og, 4,
Sontivg oddodet, 4,

(€C1.d),d01,4.1)

©

K
70 COMT

(1,1802)
NE

Yoo

100 FM&TN(FI.’)I
102 FORMAT(/)

TEST CRAFIX
CALL GRAFIX

RETURN
END

o oo

mr-§a
|
-§

l(llllllll'lllllll
m ASLES
RIPTS Ollmﬂﬂﬂl (FRESH AIR FRACTION), RONTH
TERSS  [UMDL-ARTAY POINTER
N -NIEMQHON POINTER
STFERS-ARwaY INPUT
Iy

COws
e

n-qnvnhuﬁ-‘n-qn‘.um—.==dnuou-.n-3=
g L
=

LLLTT,]

I3
-
o

1€ KROf
02 Creseaceasecsanaspssatseteeas
9

no-mn.v ARRAYS
COW /ST!IA(C 12),004,12),0(4,12), NO 12),! E lll.
JFU4,4,12),6(4,4,12) M4, 0.12) l‘i(‘.l. 1. We 1, FSie,

WHO 7
COT0 (10,20,30,40.50,68,70,20,99,110), 101
10 CONTIMUE
CALL g;l')l..m.M)

-t s 0 oe 0t

=s8sves

SOW . NN
a0

BREBARRRLERNEcRInntias

00 1 6 o 4 4= 0 0m 0m 2m
-

CONT INUE

CALL STUFR(E, IN1, STFERS, KINONTH)
goTo 99 .

oMY

CALL STUP4(F, SNL, STFENS, KRONTH)
30T0 99

CONTINUE
ALL STUFR(Q, IN1, STFERS, KMONTN )
2070 99

ZONTINUE :

2 EALL STUPA(N, IN1, STRERS, KRONTH)

2 20T0_99

% P R g ep——

37 cote 99 o ’

R T T e ———
]

iy cotc 99 e *

@ 99 comriMg

Pt RETURN

L] £

R o T A)

CULAR NUNBERS
FmavS
1"
TUF 2 XRAY, IN3, STFERS, KNONTH)
REAL XRAY(4,4,12),STFERS(4,4)

(-]

DO 10 Ie1,4,1
XRAY(INL, I, KRONTH ) *STFERS(IM, )
lll'l‘i'(“lilﬂl STFERS(ING, 1)

o 0

100 FORMT(’ XRAY *,£9.3)
RETURN

SUSROUTINE STUFI(XRAY, STFERS. KMONTH)
REAL XRAV(4,12),STFERE(4,4)

D0 19 Te1,4,1
XRAY( T, KRONTH ) s STFERS (1,1 )
€ g0 WITEC, 1001 STEERSCL, 13
108 FORMAT(ZRAV *,£0.3)
CONTIME

<
1

st
SLABs CRAFIX
Crasrraasstanciesesens
[ 3

Coasurcsanteanesenatess
SUDROUTINE GRAFIX
nTECER Pasaia.8), s
InTecERTe T ToTIm, §LaB
A POSS /'FUN __ SLOT GETOR GRWF uw ¢,

READ 124
"BATA SYM caaPX /

Tonwn-8
ZERO CReF LIST
CALL ZERGRF

o 00 oo

§ CONTINUE
CALL PARS(ILAB, TOTMUN, POSS, SYN
GOTO (10,20,30,4¢,50,56,79.99), n.n

16 €
17 16 COMTINUE
18 C SET FuncTION
19 CALL GRAVR
220 GoTo S
221 28 _CONTINUE
22 C sLoT
223 CALL SLOTR
224 GoTo
22s 30 CONTIN
226 C GET ORTENTATION
227 CALL
228 GoTO S
229 40 COMT INUE
2l ¢
an caLL
232 GOTO S
21 S8 CONTINUE
234 ¢
35 CALL DURPER
6 GOT0 S
3?7 68 CONTINUE
238 ¢ 0 IN
39 CALL READER
0T0 §
41 78 CONTINUE
42 C AD FUNCTIONS
43 CALL ADDER
44 GoTo
45 C
46 C
47 98 CONTIMK
48 RETURN
49 END

59 ST 3000

S1 SLABe ZERGRF

63 Cruetirirconnecaseaseansses

153 €

264 Coenaernsspnbrrtecasteiney

266

asé - N R LA

g; € ™ m'mtuzwxrn:nﬁ.u on sLore
o

259 ¢ TWIS BLOCKY anwwmnum

260 C MO POINTERS

261 conmon /mamu.n.m.xm

262 DATA SLaMK /

263 ¢

264

266

266

267

268 §

269 10

278

an

27§ END

274 SLAB- GRM2

ars clllll!llllllllllll

276 C  SET FUNCTION UARIADLES IN FUNCTION LIST
z‘nculuunulunn

an SUBROUTINE GRwU2

3 COMROM /GRB/IGRFS(4,2), KN, KSLOT

[
28t ¢
282 WRITEC 100)
X3 C
284 S CONTINE
28S C ‘ANLIZ2E’ READS ORRATTED (QRBENS FRON USER
% CALLR?'LIK(IES +ERY
288 IF (M. LT.0.0R. MIN.GT.28) GOTO §
289 ELSE NUNBER IS OK
290 WRITE(1.101) MuR
g ¢ IGRFS(XSLOT, L )=MM

293 100 FORMAT(’  SELECT TME IDENTIFVING UNBER OF THE FUNCTION .



294 #OERES (3)°,/,
295 o' GERF- (2)',7,
= st an
» - 2
298 M FRESN afr FrACTT
299 o .78
e 2 TQRCe (S). (6)
ELd . - (9), (10
304 JFRIS (13),(14
20 #FRI= (171,018
e
. .
Fot o/s’  SIGAA FUNCT
3 o’ 1 2
¥ » 29) (39 (
3:1 e 101 FORPAT( FUNCTION
nic
n RETURN
n END
314 ST 3000
1S sLage sLOTR
318 CIebIntstrtueseegy
317 € SET GLOT UaR
;l CranusIItIEIsIsIIgYL
1 SUBROUTINE SLOTR
g ¢ COMMON /QRB/ [CATS(4,2),KMUR, KSLOT
22 $ CONTIMUE
B ol iS00
S
328 KSLOT+|
228 IF (KSLOT_GT.4.0R.KSLOT.LT.4) GOF0 §
J27 ¢ fiist .
3:: ¢ ﬂlﬁ(l 103) KSLOT
30 100 FORMAT( UNICH SLOT 7 1-4‘)
g; ¢ 101 FORMAT(‘ SLOT SELECTED! °,[4)
33 ¢
34 RETURN
35 END
36 ST Jeee
37 LAB: CRas

38 Crerastsatanets 11

39 C  GRAPH FUNCTIONS IN IGAFS ON SCREEN
48 Clllll;‘l‘l;ll:ll 1]
41

INE CRNF
42 INTEGER 1GRAF ()
:2 ¢ COMRON 7GR/ IGAF$(4,2) ,KKUN, KSLOT
45 C DUMP INFO
46 URTTE(1,100) (1GAFS(1,1),1°8,4,1)
47 URITE(1,108) (IGRFSCI.2).T=4.4,1)

l: ¢ WRITE(1,108) KSLOT
350 106 FORPAT('CRAFS’,/, 4(14, D))
5L 10 me"('KSLW' 14)
)52 ¢ CET A SCALE OI e
URITE(], l.

4 CALL A Sﬂt )
193 FOﬂHM‘( UHQT S THE SCME 7°)
SEY UP THE Gﬂlﬂ‘

o

: L
)¢ bo 10
IF(IG!I‘SII I) !0.0' GOTO 1
TRANSLATE USER xmlm»lmwmm
CQLLWSCMILU KW

CALL GOUT( I, IGRWF, SCAL
LABEL THe GRasH FOR THIS FcTION
CALL LAB(ICRWF, 1)
16 CONTIME
RETUMN
END
ST _Jeee
sLade CITYOR
Cretoanirinaensssey
C SET ORIENATION OF FUNCTION
4 C 10 BE GRAMED
c"unuunuun;"
SUSROUTINE GE
COMRON GRS/ IGRFS(4, 8), 00N, CROT

WRITE(1.100)

[
¢
<

fhnswm=

[

§ conrime
CALL ANLIZE(RES, ER)
3 TGAFY(KSLOT, B)RES
e vl Ms«:s(or 2).L7.1.00. IGRFS(KELOT,2).6T.4) GOTO §
388 ©  ELSE_ORIENT: 8¢
- (l l.l) IGRFS (K

107, 2)
87 108 FORMAT( SELECT onmmnon 6N 1073
2 161 FORRAT(-GRTENTATION COLECTED *»14}

BT
1

€0

ALAD= SCAM
Cisvtsrzentaante
€ UNSCRARSLE USER CHOICES OF FUNCTIONS AND GRAPW
GRAFS  FUNCTION,FRESH AIR FRACTION, ORIENTATION
7 Cragussntarraen
SUSROUTINE SCARSL(I,IGRWF)
INTECER 1GRNF(J)
CONMON /CRB/IGRFS(4,3), KNUA, KSLOT
COMMON /ST1/A(4, lB).l(G 12),0(4,123,004,12), I 4,1
JFU,4,12),604,4,130,H(4,4,12),.01(4,4,12), W4 ! (4411)
3 C

04 IGRAF(2)e}
IGRAF (1 )+ 1GRFS(T, 1)

JGRAF (J)e[GRFS(1,2)

487 C CMECK FOR FUNCTION Uﬂlaﬂ '(EM‘T BE UNSCRVINLED
408 1FCICRFSIT, 10, LT S) Gﬂ

409 CHECK FOR A SIGRA F

a0 lr(lcnrsu.n cr E!) covo ]

411 € ELSE UNSCRANBLE FUNCTION

L3 EH PR LN

&8

412 C
”“3 JGRAF (2)-MOD( IGAFSIT,1),4)
414 {F LIGRAF(2).EQ.®) IW(!)
4“5 lﬂ“’tl)-( ICRFSCT, l)’lW(I) 4
LIty GoTo 99
417 ¢
us 88 _CONTIMUE
419 ¢ SEY FOR SICAm runcnon
20 JGRAF (11t

1 IW(?.)'IG'IH 1)-28
422 C
423 99 CoNTINUE
“24 CILL AFRODE
425 ¢ WRITE(1,100) (1CRAFCS), J-l.J.l)

100 FORMAT(*IGRAFS *,3(14,1X))
427 C
28 RETURN
429 [LH]
430 ST
431 SLABe GOUT
Qn Ctanssresatseasnse
C o
0)4 Clnulnnlnun
BROUTINE QOUT(I,ICANF , SONL

63 IXYE Rnat GEPY
37 REAL GLPY
438 INTEGER IGRAF(])
439 €
440 C

41
448 C FIRSY PT,

2 Ixe30
4 1Ve480.006CALAGEPT 1, IORNF )

H6

446 J0LDVY=I

4« CALL M(ﬂ.")

4“7 c

448 DO 10 Keo1,12,1

449 XV-SCA'.I (l, 1GRAF 1+450.8

458 K2=1Y-10

451 CALL Jsa:l.('u X2, 1)

452 € URITE(2, 103) IV.!W( -l“(!) 1arar(3)
453 188 FORPAT( ’!v' 14, IGRAFS*,3(13, 1))

484 joLDY=1Y

455 19 CONTINUE

7 & SETUP
458 C URITE(1,100)
459 100 FORMAT(’COUT’)
460 RETURNM

461 END

463 SLABe GRSET
464 CIstseasstsassneasstns -
OR CRAPWICS

uta)cuuutunnuuun
SUBROUTIMNE GRSET
468 COMMON /G2/ IFNER(2.4)

CALL NEUPHG

CALL DRUREL(TS,
492 CALL DRUREL(S,18)
9 20 CONTINUE
494
495 C
496 CM.L ROVABS(1,90)
497 Dt
498 uﬂ"‘t
P

mmtu ioh i [HRTTE B Y]
FUNCT. ominT

g 100 FORRAT( ‘.S, “SIGAAN FUNCTIONS*

)
508 101 FORMATI4IITX 204,/ 0)
562 C

503 RETURN
504 END
S8
508 SLABs 30XX
507 Chrareercant
{1 g ] TIVE 30X

1 uocunm.nmm
4 » IYOIR
{ mn.u
14 G

) 0.KY)
1 X, 00
1 .
1

1

524

53

- 1C8

523 CIstnteanat

52 SUBROUTINE OR1

3! CALL INITT (D)

2 caLL SIZCI)

3 CALL TERM(1,1024)
e CALL ANMODE

529 RE

30 END

31 ST

32 SLABe GEPY

33 Citsisazaeantinest

34 € VE POINT FROR & FUNCTION
IS CIsarsrrversansne

3% AL FUNCTION GEPT(IPY, IGRAF)
37 INTEGER IGRAF(3)
38 CORRON /ST1/R(4,12),0(4,12),C14,12),0(4,12),E14,4,12),
>-':: e JN.‘.12).5“.‘.12)-"“;4.15 niu 4,13) . WJ14,4, xzn Fi(‘vﬁ‘ll,
41 C

42 ILAI'IW(U

:.‘.‘l c GOTO (19;20,30,49,50,60,70,88,00,11.22). ILAB
534S 10 CONTINUE

46 K1e{GRAF (D2

7 GEPT»A(KYL, IPT)
548 GOTO 99

49 28 CONT!

50 Kie1GRAF(I)

S. GEPT-B(K1,IPT)

52 GoTo 9%

S. 39 CONTIME

554 K1+ 1GRAF ()

5§55 GEPT=CIKS, X"’

556 GOT0 99

S5 49 COMTINUE

S5 K1« [GRAF(3)

5! GEPT0(K1,IPY)

— GoTO 99

56 . TINUE

— Ki=1GRAFL])

6. = JGRAF(B)

56 4 SEPT-E(K1 KB, IPT)
56! 070 §9

564 80 CONTINUE

13 *1GRRF (3)

564 (20 [GRAF ()

3 SEP -mu.n.n-n
X4 070 99

14 , InE

7 Ki= Gﬂ”’(:)

7. K2 ICRAF (B

74 [ M-om.n.xlm
X GOTO 9%

7 89 CONTINUE

14 K1eIQRAF(3)

7 Ko [GRAF(2)

7! GEPT-m(KL,K2,IPT)
& GOTO 99

3 ] 99 CONTINUE

{13 K1eICRAF(I)

83 K2+ IGRAF(Q)

24 GEPT-HI(K] KR, IFY)
B! GOTo 99

& 11 CONTINUE

8 K1=IGRAF ()

88 K2+ {CRAF(R)

9 GEPYmJ(KX1,K2, IPY)
90 GOTQ 99

9 2B CONTINUE

9 Ke [CRAF(2)

9. GEPY<FS(K, IPT)

94 GoTO 99




W

xh,t&u 4,11)

s ¢

§ 99 CONTINE

? RETURN

] END

9 ST 3008

08 SLAD. LAB

1 CHunssrEsseasatsass

502 € LABEL FUNCTIONS

503)CII 1888821108828

. SUBROUTINE LABCICRAF, 1)

5 INTECER 1GRAF (3),L(2.10),8(2, 43,N(4)

6 DATA L /'GERF OQEAF- OREFe ance

7 ,iGRC-  GFRis QFR)-  QFR2s  OFR2= ‘s

8 DATA M /-SOUTH _ EAST NORTW ¢/
03 DATA 1 /*1.000.750.500.25°/

1

2 K1-1CRAFCT)

3 K2- IGRAF (2)

1, QeGwa

§ € POSITION rOR FUNCTION LABEL

17 CALL MOURDS(1,98)

18 CALL ANRODE

19 5O 18 Kel,[,4

529 WRITELL, 101)

2l 10 conTimd

523 IFclamwrc1).LT.8) cOTo 2

24 IF (IGRAF(1).GT.10) GOTO 3
625 ¢ ELSE FUNCTION USES FRESH ATR FRACTION
627 VRITEC1, 1000 L01,K1),L(2,K1),N(KR),N11,K3),MEKDD
&2 RETURN

30 & conTinug

35 URITE(L, 108) L(3,K10,00R,K1 )0, M01,E3) ,MBKD)
Pe T

34 3 conrImg

35 URITEC1,103) 1OMAF(B)

+] RETURR

37 E

4C 100 FORMAT(4X, 804, 10,44, 10,804 )

4 104 FoRnaT(ax. 804,61, 204)

L .

43 163 rommrcan? Noma RmerIon mo. -, 181

% rum

47 END

48 ST 2000

45 SLABe DUNPEW
iS50 Crzsavansuennet
$1 G URLTE OUT RONTILY SUMS
352 Crazeentnnsanes
53
354 Comai /ST17a(4,18),04,18).CU4,10),D(4, w £e4,4
s JF(4,4,12),004,4.12).004,4,13),1E(4,4,185, 0314, 4
¥
37 € GET LOGICAL UNIT
58 WITE(Y, 100)

59 CALL AMLIZE(RES,ER)

>+

61 ¢

62 ¢

53 REUIND 10

64 CALL D1(A,10)

65 CALL D1(B,10)

66 10-RES .

67 . €aLL D1(€,10)

68 CALL 01105102

%9 0-RES

7 CALL D(E.10)

71 CALL D2(F.10}

E EERH 3 FRRERRRE]

CALL n, 10}
100 FORMAT( 'UMAT LOGICAL UNIT ?
RETURN

ST Jeee
SLABe REA
Crastsrresagnes
C READ IN MONTHLY SUMS -
Cirtonestararse

SUIR

OUTINE READER
COMMON /ST1/A(4,12),B(4,18)

155350 a11)

(4,13),004,18),E(4, 4
SRR A P TR ST MDA IR LR X T
[ 34 LO%C‘::L UNXT
?LL MLlu(.l.ﬂl
3
93 €
94 L 21 4]
95 CALL R1(A,10)
L] CALL RE(D,10)
97 CALL m1(C, 100
98 caLl #1¢0,10)
08 CALL R2(E,10)
tood CALL R2(F,10)
291 CALL ®=g(g,10)
708 CALL R2(M, 10}
703 caLL -ami.xo»
704 ALL R2(MJ,10)
m 108 romv( wv LOGICAL UNITY’)
?
708 RETURN
08 €
710 ST 2000
711 SLARe D1
TI2 Coetacadnnesnnt
713 C URITE out annove
714 Ctatotnttesaeey
ns SUBROUTIME D1(ARAY, 107
216 REM. ARAY(4, ﬂ
717 € OUTPUT ARRAY
;::) ::{IIE:IO .2 (.ﬂ d1,1
,101) ¢ t1.d),1%1,4,1),d°8 )
720 101 FORMAT(G{REL0.3,/ itaiitied
21 1“ FORMAT(*DIING*
722 RETURN
723 M
724 ST 080
725 BLAD= D2
726 Clrssssttasensy.
I C
728 Clitazretesnac
729 SUBROUTINE D2(alav, 10)
3e AL ARAY(4, 4,12
kel WRITE(L,102)
32 163 FORRAT(‘D2ING* )
m WRITECIO, 102) C(C(ARMYI(T,J.K),1%1.4,1),d°1,4,1),K°1,28,1)
74 102 FORMAT(12(2(8K10.3,/)))
s RETURN
e END
737 5T 000
738 SLABe @t
730 Ctaagnneatteasnang
748 C READ IN SAML
741 Clatursaatanrsaaee
742 BROUTINE R1(ARAY,10)
743 AL ARV, 12
Y40 URITE(Y, 102)

H7

Lt
Yyl

7‘5

555552553553Eﬁ!!iiiii!52?iéiiii!ﬂiéiiiiiiiﬂiéiiiiﬁ

102 FORMATC RLING’ )
READ(10,191) ({ARAV(E,J),18,4,1),J1,12.4)
101 Fi Rﬂﬂ;:lﬁ(ﬁl.-:.ll)

onoey

ttpaatnatieny
SUBROUTINE REB(ARWY, 10)
wm. ARAY(4,4,12)
WRITE(1.101)
101 FORMATI RAING’
READ(10,102) mmu JoK)ol0t,401),d01,4,4),K°1,18,52
08 rgmuamtu.a.n ¥

€ND
o ADDER
CllltlItll!ll‘lllllllllllll
COMPLEX FUNCTIONS FROM RAU FUNCTION ARRAVS
cllll. steatengagetiItIsRC NN
SUBROUTIME D!
INTEGER PEca 6 ) 6w
INTEGERIR TOtIUA,
m:m SLOT  FUNCTIONWRESH DONE-

Tonunes
5 conTrm
e St b T 1
s conTIMg

PAUSE

L]

GoTo §
10 CON‘Y!NLE
SEY FACal
l'l'E 1,108)
100 FORMATC *unICH rm $.5.4,0 )
CM.I. MLIE(K’

GO\‘O 5
20 CONTINUE
DO _FunCTION

0o

WRITE(1,101)
101 FORMAT(WHICH SLOT 1=4 9°)
!;tsTMLlZ!(ES.II)

0
gsvli‘f.-!kui (lﬂn 1.KFAC, ISLOT, IFR,FR)

»

» NUE

SET FRESH AIR FRACTION
WRITE(1,102)

108 O“Y('Smcf FRESH AIR FRACTION’,/,
. l." .78 0.5 .3“- »

3
CM.L muu(m ER)

IrReas
T &
e ¢
17 ¢
318 99 cowrinu
it RETURN
320
2t
28
323 Craenteitansassenet
124
328 Iy
126 BROUTING FUMERC I Irac. setar, rem. )
127 priiieabt b vrnt e TH e T in.caeum
[ LUK R LD R e tHO I 1h3,F8ce,4,12)
30 ¢
g; c GOTO (10,29.20,40,60.80), IFUN
3¢
31 g comig
36 FSUISLOT, IPY 1At IFAC, IPT)4GE IPAC, IFW, IPY oML (IFAC, IFR, IPY
37 6oT0 98
38 20 CONTIINME
30 ¢ SQEAF-
74 FSUISLOT, IPYI=BCIFAC, IPT1onc IFAC, IFR, IPT oI IFAG, IFR, IPY
o1 6010 99
43 39 CONTINE
a1 ¢ P Psisior.ie
4 sy TISACIRAC IFT)ECIERC, IFR, 1PT I0Fms
. #(EiFaC L iR, 1P euIciFAC, IFR, IPT))
4
47 48 CONTINUE
9 ¢ *asier
. C(1SLOT, IPT1=BUIFAC, IPT )+ ( IFAC, IFR, IPTIeFRE
o  (HUIFAC, irm, 1pra e irac, 1Fm, 1PTS)
2 so-connnl
3¢ SQREFs
7] FSUISLOT, IPT)=CLIFAC, IPTI4FRE
H  (GeFac, JdFr, 1PTreutciFac, IFr IPTY)
7 60 CONTINUE
8 C  SOREF-
9 FSCISLOT, IPT)DIIFAC, IPT)eFRE
0 < irac, Jdrr, 1T indciFac, rR, 191y
2¢
4 99 coNTINUE
S RETLRN
266 END
867
68 SLADe FRSET
FP Ctantiznesasduey
¢ SH AR FRACTION ATNUS OME
J71 Cseasatnisranese
72 SUBROUTINE FRSET(IFR.FR)
74 €
75 GOTO (10,20,38,40), IFR
% 10 Ra1e
77 - GOTO 99
20 FR.0.75
30 FR-0.50
GOT0 99
40 FR-0.25
coT0 98
Rt 0~PR
90 ConTimg
RETUR
END
ST 3000
FoKT

258
891
"

cnn:lluullluu
C SET FUNCTION



!ﬂoununnnnnl

94 FaTctrum, 180t

898 TArECER PRS(E &)

8% 708/ IFRER(R, 4)

W DATA P88 /- $0RA® SORNe  SOMA~  SOREFe
e ¢

939 T

900 WRITE(1, 100)

%01 108 romn'wxeu FUNCTION 18 7%/,

soa *SGEA, SOEA~, SGANS ,santhe, soner-+)
983 ‘eaLl anLIZEkES,ERY

904 TFUNRES

o5 IFUIRN.LT.1.00.IFUN.GT.8) GOTO §

907 IFNERC1, 1SLOT)=FNSCY, IFUN)

see IFNER(Z, I5LOT ) oFNS(2, IFUND

s10 RETUN

It e

siz ™

H8

i



APPENDIX I WETRAN

Climatic Data Manipulation Program for Input to : . \\(
Yearly Performance Modeling Program

I INITIALIZE VARIABLES l

MAIN ‘ —> DAY = 1,365,]
WETHER '
: DAILY CALCULATIONS
*DAYCAL'

WETHER Y LR = 1,241

®

INITIALEZE 'INPACK' ‘ HOURLY CALCULATIONS
OUTPUT FILE ' "HACAL' WHICH ARE
- STABLE FOR EVERY DAY
READ RAW DATA . N
4 FILE 'GETWET® HOURLY CALCULATIONS
T *HWHICH' WHICH CHANGE
: AT DIFFERENT TIMES
QUTPUT FIRST RECORD OF THE DAY (ALSO STORE)
'FIREC” I
\l, ~ B
TRANSLATE AND QUTPUT AAJ
DATA 'WETRAN' \l/
OUMP LAST BUFFER
CPACK'
INPACK \\{ ENTRY INTO 'PACK' Cg
INITIALIZE DAYCAL
PACK'S VARIABLES
CALCULATIONS DONE
@ ONCE PER DAY
GETWET \\:1:/, (%>
INITIALIZE HCAL
VARIABLES . \:I:/
N
| INTTIALTZE INPUT MAKE AND STORE
FUNCTION 'SCINIT' “T* AND 'SINA’
- : . USING *PACK'
READ DATA (YEARLY) 2
UNTIL DONE SET UP HOURLY
INTERMEDIATE VARIABLES
N2
" SCANUM'
READS DATA
OUTPUT TC SCREEN HWICH
FOR VERIFICATION :
SmAgOlT 1
F OUTPUT ZEROS
‘ . ' pACK'
FIR CONTINUE HOURLY
IREC \EI;/ CALCULATIONS
"H2CAL'
THIS ROUTINE
IS BYPASSED [ -

5 S

I



H2CAL X

DO HOURLY CALCULATIONS
FOR 4 FACADES '43CAL'

H3CAL \\{

INITIALIZE CALCULATIONS
FOR 4 FACADE

W

FINAL CALCULATION 'H4CAL' OR
USE DEFAULT VALUES

Lsronz RESULTS ' PACK' ]

H4CAL y

FINAL CALCULATIONS
HVD, HVB, HVT, HR, THV, WHV

PACK Y
PACK DATA INTO

RECORC ARRAYS
AND STORE ON DISC

5

»
§
b

L
o~
A n
CaLLm

Y

..Q."N“R\

Tnae

'n:oa“
ILADe UETVER
1 50 UEATHER CONUDRSION FOR CNERGY ROBELING PWOS

SUBROUTTNE

AoARCSINGG.36)
URITE(1,108) A

18 108 FORPAT(’ARCSINIS.38)’,E3.3)

1 CALL INPaCXK

GEY FROM il DATA FILE

o o0 o0
‘l'
-

2
2
g

GET VEATHER DATA FRON AW DATA FILE

SUBROUTINE GETAMETY
gu.m mr‘&# BITCIEE), FTNCINE), BTLI2NS)
OGN T MO 1) s CALDNY GURs TOwY s 1LY

¢ b, I
WRITE(L.101)
INF1L=0
10F IL -8
101 FORMAT( (RTNG QETUET’)
CALL SCINLIT(AMTMND, 12, INFTL)

WRITE(1, 10,
163 FORMAT(°JUST INITIALIZED’}

€ BECIMNING DWW OF YEAR
CALL SCAMUACCALDAY,t, IIFIL)
1CoAV=CALDAY

.3

GET_MONTHLY DAY COUNTS
CALL SCAIIACANTHD, 1R, INFIL)
ml%.:mumiuim

o 0 00

00 19 1e1,1R,1
J1sanTINO( 1)

T LanaLLvs

DO 11 Key,Ji,1

LelTOTK

CALL scnuumu.x.nnu
DAILY Aax TERP

DO 13 Xe1,J1,8
LelTOTeK

-

SESBSaIRATINIC 840 LAASURYRNEBRLBURYRNDBNN
o
!

12

18 CALL SCAMUM(DTHC b 44
ar b RILY AL T et L)
00 13 Kei,d1,1
LeITOTex

13 caLt m(mmilimn

DO 14 Ke1,J1,1
14 CALL SCANIM(DUIY, 1, IPIL)

URITE(1,102
168 FORMAT( 'Lm N KT’ )
19 CONTIME

%2
o

URITEC1, 104 TCOmY, MIONO(1),BITCL) BT
100 FORRATIZJUST HEADYS\ 13 1N L0, DSt sy T
WRITE(S,105) umn.xq..’b i
108 FORMAT(S, 30 10e7.3. 150,
RITE(1,105) (RPHCED.Ko1,20. 1)
WRITECL.106) (BTLIK),Ke1,30,1)

s‘rm
SLAR UETRAN

UEATHER TRANSLATION ROUTDNES
JOist EUANS  SEPT. (539

SOMmON 701/ BLAT WP, 09 , BIT(365), BTH(I0E), BT (305
CORRON /B3/ANTHNOL12), CALDAY uui.xm.xciuv =
RSN TR, T

[

mic$.2

055 0.8

BLAT=Q, 7156
THROUGH DWW

Do 19 lm.“.l

LDAY=IC
URITE(1,100) ICDAY
100 gnmn'm ‘.14

D0 20 Jot,a4.1
HOUR=J
07 ¢ DO STATIC HOURLY CALCULATIONS
CALL Meal
0 C Iﬂ“t(l 184) MM M
18 104 FommATCIND: R 3, i T T PR3, e PR3,

SE3RRRBRNEERINRILN2SIIIIAIIINISRS

o

TONS AND NOUR CALOULATIONS

S3IRR22R23

11 T, FE.3, SN PR

th e i) R ey ar e

.3, Fu.

13 ¢ 130 foumey cALtulations GuIH ey

18 CALL MUHICH

18 2 contn

17 COAY 1CONVOL

18 FICORY.GT.366) 1CIMvel

13 10 conring

21 C MAKE SURE LAST DUFER IS DUWD TO PILE
n DO 38 Te1,X7,1

o Sbaies

2 ¢

1
we )

97 2000
. DAVERL

oe

B E DALY CALORATION

8 O

1Y 7 SUBRGUTINE DAVEAL

¥ COMRON /B1/BLAT , BT, 08F , BIT( 208}, BTH(IUE ), BYL(308)
13 Cormon /B3-anmieno(1h), cALDRY, WOk,
138 Comon /bssine Tne GOBT DCLo DLLO, ALO. RDT, N, 1D, 1009, D08 AZ
B¢ iy sene

9. ¢

e c b

2 4.89+0.01

! DCL-0. 41ESINCA)

193 ¢

44 ¢ DLEW

145 Ao TANCDCL ISTANISLATIS(=1.0)

8 DLEMe2, S3ARCOS(A)

et ¢

e ¢ 10
19 .08

e B-DLEVIS

51 Al0« 389.0% . 6IIXCOS(A)
b~} . {BLAT IZCOS(DCL TS IN(D Yol

53 . SINCRLATIESINGDEL))
ssc

%% ¢ ot

e ABIT(IDAY1/AI0
w7 C URITE(1,101) A

58 161 FORMAT( a ¢ RO *.F8.3)
%9 CALL PACK(A)
%o #DT~0.97

%1 1IF(N.CT.0.1) RDTQ.. rho.un-a.mm-n

162 ¢ WRITE(,108) OCL,DLEW
16 100 Somariioet: PR b 0, 'A10°.78.3, ROV FR. 30

RETURN

END

67 ST Jee

8 SAB= HCAL

- c--luu:nnuunuuuuulunul
76 ¢ DO 141

£§%
[

m Cllllllnlnnnlnnull"ulllllllll

SUBROUTIME HCAl
17: CORRON /HIIU\Y.M OSF, DIT(I68), BTH(IES ), BTLIIES)
5] CONNON /33/ARTHHO(12), CALDAY, NOUR, I1DAY,
s COMMON /B4-STNA, COSI, DCL, DLEU.GIO m.m.ma.m.m.a:

\;g ¢ COMMON /3S/MWUD, ml.blﬂ’ Oﬂ ™, N

178 C TEMPERATURE CM.CULM‘IMG
179 € NOTES OUTAUT LAST MOURS

8 C
W C twE
13 TAVE=(STHIDAY 1e9TL(IDAY)) 7 8.0
N -] A9, 28EHOUR= (). 14150+¢.01
{84 ToTAUE+0. S8 BTN IDAY >=DTL(IDAY) IRD0B(A)
15 ¢ STORE T
15 ¢ CALL Pack(T)
1
158 € SIN OF ALT. ANOLE
188 €
199 SINA
WEE A0, B8DMO0UR-3.14150
o8 SINA=4TH(BLATIFSINIDCL 1oCO8BLATIECOS(BCL 18(COBCA) )
BE TRt
- AETE F8.3.°7°,F0.3./, ‘sSDWe FR.D)
¢

veuE
= ¢ YoaRS(9, SRS (HOUR-12.0 VOLEY)
+ v R ggt(l‘lﬂ) \J
o = IS GREATER TWAN 1°.FR.3D
193 ¢
] [ ] llT(l%/aMm(l 1-~1.

. ~1.638ve
: »  5.008Y312-15.23VEE301.95VER4~), RERVEES )
07 € WURITE(1, I, ]
- Rl e L, TP
“ jo |
10 s 3. 7 E 248v+12.0EVEEE-34. BEAVEEI 3. SEVER4-15. 0RVEES)
1

1 GOTO 21
U C S!"LIFIED CALCULATIONS FOR YOO



23 10 coNTIME
214 ¢

-
a1 ¢ e BIT(IDAY)/DLEVESY .81

217

218 HeD=B1T¢ IDAY )SROT/DLEVESRE . 7
219 20 CONTINUE

229 IFOM.LT.4.0) =40

21 IFOMD.LT.4.0) Wided. 8

22 IF (LT D) HiteH @

26
224 C WO
22 ¢
D110
ar IF(HGE.LT.0.0) umu.xc:
gg c 108 FORFAT( ‘@ (S LESS Tvam an oFl.3,22)

23 ¢ oo
23t W Sl 1.25=0, 5 SBANITIR)
232 ¢ WURITEC1, 100

M0, N
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APPENDIX L

Monthly Mean Temperatures, Relative Humidities and Related Humidity Ratios

for Salt Lake City. .

™
January 28
February - 33.4
March 39.6
April 49.2
May | 58.3
June 66.2
July 76.7
August _ 74.6
September 64.8
October 52.4
November 39.1
December 30.3

Relative
* Humi di ty
68 68
68 65
68 53
78 42
78 34
78 29
78 A 23
78 26
78 3
78 42
68 63
68 n

WO
0.003
0.0032
0.0035

-0.0039

0.0044
0.005

0.0055
0.0056
0.0048
0.0042
0.0038
0.0031

WI (RH = 30%)
0.0052
0.0052
0.0052
0.0075

© 0.0075
0.0675
0.0075
0.0075
0.0075
0.0075
0.0052
0.0052

* The inside temperature, TI, is assumed steady state, for winter 68°F, for summer 78°F.
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APPEMDIX M

Hourly Temperature and Vertical Insolation
Subroutine

Using weather data for total daily horizontal
insolation, this subroutine calculates total hourly
insolation for vertical facades of any orientation.
Hourly temperatures are also calculated from daily
high and low temperatures. These three pieces of
information-are readily found for numerous locations
from U. S. Weather Service data. The radiation
prediction draws heavily on the technique of Liu
and Jordan,! while the temperature prediction is
an approximate method developed here. Both were
used extensively in developing 2oerfor-mance informa-
tion for active solar systems.c Some parts of thig
have been reported in a Master of Science thesis.

The daily weather data should represent an
average year, Averaging of insolation data can be
achieved by normalizing a particular year's daily
data according to monthly insolations averaged over
several years. Or:

J
Ha = H4 [J « Hp/ I Hgid
i=1
where Ha = average daily solar radiation
Hq = daily solar radiation (specific
weather year) '
J = number of days in the month
Hp = average daily solar radiation for

the month.
The temperatures can be normalized using compiled
values for degree days averaged for each month.
Our model used instead a year with reasonably
average monthly insolation and degree days.

For each day, the day number, total insolation,
and high and low temperatures are read in. The
daily calculations include declination, 6,

284 + n
§ = 23.45 sin (360 ——)
365
where n = day of the year. The sunset hour angile
wg is :

cos wg = -tan § tan ¢
where ¢ is the latitude.

The declination and day length are then used
to calculate H,, the total daily extra-terrestrial
insoIgtion on a horizontal surface at that lati-
tude.

1. J. Duffie and W. Beckman, SOLAR ENGINEERING OF

THERMAL PROCESSES, Wiley-Interscience, 1980.

2. R. Boehm and S. Swanson, SOLAR SYSTEM DESIGN
HANDBROOK FOR UTAH, Utah Engineering Experiment
Station, 1978.

3. T. Newell, PARAMETRIC STUDIES OF ACTIVE RESI-

DENTIAL SOLAR HEATING SYSTEMS, MS Thesis,
University of Utah, 1980.

M1

24 x 3600 Gg¢ 360n

Ho = [1 + 0.033 cos ( 1] .

b : 365

2w

[cos ¢ cos & sin wg + ssin ¢ sin 8]
360
where Gge = solar constant.
The ratio of terrestrial (weather data) hori-
zontal to extra-terrestrial daily insolation is
then used in an empirical equation which_determines

the ratio of diffuse to total radiation.

DOH = 0.9733 + 0.1767 KT - 3.783 KT2 + 2.833 KT3

where
DOH = ratio of daily diffuse to total radiation
KT = ratio of daily total to extra-terrestrial

radiation.

After the daily-varying parameters are set,
the hourly varying parameters are calculated. The
ambient temperature, T, is taken to vary sinusoid-
ally between the maximum and minimum temperatures
of the day. _A slight shift relative to solar noon
is inserted.

Tmax * Tmin | (Tmax - Tmin)
To = + °
2 2
cos (0.262 t - 0.0436 tq)
where t = time of day

tq = day length.

The sine of the altitude angle (SIMA) is next
calculated to determine when to start the daytime
calculations and for use in the conversion from
horizontal to vertical insolation.

SINA = sin ¢ sin 8§ + cos ¢ cos § cos w

where w is the hour angle. If SINA is less than
zero, all of the radiation variables are set to
zero. As soon as SINA is greater than zero, the
insolation components are calculated.

The horizontal total hourly insolation and
horizontal diffuse hourly insolation are distributed
differently over the day.3 The daily diffuse com-
ponent is found using the ratio of diffuse to total
from the daily calculation, as indicated above.
The hourly total and diffuse insolations are found
using empirical relations which vary aoproximate1§
sinusoidally with day fraction from solar noon.
The hourly total radiation to the daily total radia-
tion, Ry, was curve fit from the classical work of
Liu and Jordan.3

Rp = [ay + by (29/tg) + ¢y (29/td')2
+dy (20/tg)3 + o (20/t)* + £ (20/t4)51/ty

4. F. Kreith and J. Kreider, PRINCIPLES OF SOLAR

ENGINEERING, McGraw-Hill, 1979.



where g = hour from solar noon

a = 1.8128184 dy = - 15.232471
by = - 1.6258314 ep = 13.931593
¢y =  5.0047414 T fy = - 3.852214

A similar method of least squares fit was developed
for the hourly diffuse radiation to daily diffuse
radiation, Rp.

RD = [az + bz (Zg/td) + Cy (Zg/td)z + dz (Zg/td)3

+ ey (29/t9)% + £, (20/4)%1/ty

where
ap = 1.7009221 dy = - 34.836388
b = - 2.3402858 e2 = 38.541068
c2 = 11.961985 fo = - 15.046364

From the hourly total radiation and the hourly
diffuse radiation, the hourly beam radiation can
be calculated.

Ip(t) = (RT - Rp)  Hy

Now that the horizontal beam and diffuse com-
ponents have been found, the insolation for a
particular facade can be calculated. The angle of
incidence is the angle between the perpendicular to
a surface and the sun's rays on the surface. The
amount of insolation intercepted by a surface is a
function of the cosine of the incidence angle
{cosI). For a horizontal surface COSI = 1/SINA.
Therefore, the direct beam insolation on a surface
facing the sun can be found by dividing the hourly
total horizontal insolation by SINA.

The model has a ground reflectance incorporated
to account for this type of solar interaction. This
is used with the beam component always, and the
diffuse component also when a facade intercepts the
beam component (see more on this below). It is
assumed in the model that the diffuse radiation is
uniformly distributed over the sky. For that rea-
son, the view factor for the diffuse component is
simply 0.5.

When a facade is not in the direct sunlight
(COST less than zero), the insolation is assumed
totally diffuse with no ground reflected component.
This is a simplification to an equation proposed by
Klucher.® when COSI is greater than zero, the
vertical beam and diffuse components are calculated
separately, added together, and multiplied by one
plus the ground reflectance to determine the total
hourly vertical insolation.?

5. T. M, Klucher, "Evaluation of Models to Predict
Insolation of Tilted Surfaces," SOLAR ENERGY,
Vol. 23, No. 2, pp. 111-114, 1979, '
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APPENDIX N

Air-Flow Window Application: Questions and Answers

The following aquestions and answers cover
areas not directly related to the main scope of
work of the project {testing and performance model-
ing). They are helpful, however, in the discussion
on the applicability of air-flow windows and as a
basis for the demonstration project outline in Sec-
tion 8.

The questions and answers were developed from
numerous site visits in buildings with air-flow
windows in Europe and from interviews with archi-
tects and engineers who have designed and operated
such buildings. The format was chosen as many
advantages and disadvantages of building components
cannot be fully described with measurable para-
meters but are, nevertheless, of tangible value.
Where applicable, answers are based on the test
and modeling results as shown in previous sections
of the report.

1. For which building types are AF windows most
suitable?

AF windows are most suitable for buildings
which are designed with large window to opaque wall
ratio, for example, in buildings for which large
daylight contributions are desired. While air-flow
windows have been used in many building types, their
major application has been in office buildinags.

The small temperature difference of AF windows
between inside window surface and room air, 5§ to 7°F
at t outside to inside of 50°F, results in very
favorable mean radiant temperature conditions, com-
pared with other glazing types (20°F for double
insulating and 12.5°F for triple insulating glass
at the same t). This favors their application in
buildings where down-drafts close to windows or
asymmetrical radiant conditions related to windows
must be minimized, for example, in clinics and
hospitals.

In buildings with large fresh-air rates, that
is, larger or the same as the AF window cavity flow
rates, exhaust-air windows will perform favorably,
if energy recovery systems are not used for exhaust
air. With energy recovery systems, return-air win-
dows may perform better; especially during the
winter season, as the performance modeling results
show (see Section 7 of main report).

2. Which types of HVAC systems have been used in
buildings with AF windows?

AF windows reduce the impact of climate and
weather conditions on the interior environment by
means of a facade-integrated air stream. Generally,
shading devices are also located in this transition
zone and interact thermally with the air stream.
Therefore, the heating and cooling loads of the ex-
terior zones of buildings with AF windows are con-
siderably lower, which may result in smaller HVAC
distribution and central systems than for conven-
tional buildings. The sizing of the HVAC distri-
bution system will be governed by occupant air
change requirements and not, as often the case, by
heat gain/heat loss conditions.

AF windows influence mainly the HVAC systems
for the exterior zones of buildings which are typic-

- ally assumed to have a depth of 20 to 30 feet.

N1

Because of the smaller temperature difference be-
tween room air and inside window surface as compared
with conventional window systems, the air supply
outlets need not be located close to the window
wall.

For exhaust-air windows pressurization of the
building is necessary to overcome the resistance
of the window and its air check valve which pro-
tects against outside wind pressures. Protecta-
Sol gives excess pressures in the room for good
functioning of its exhaust-air windows as shown in
Figure A5.1.5.

The simplest HVAC system with exhaust-air
windows is the supply duct air distribution as shown.
in Figure A5.1.9. Depending on building zoning,
internal heat gains, needs for individual room
control, etc., such a system may use a single or
dual duct system with or without the air supply
volume to the exterior building zone being subject
to Tow limit control required for pressurization.

With return-air windows, all-air or water-air
systems are chosen mainly with respect to the gen-
eral building functions and loads. The air-flow
windows may be considered as the terminal parts of
the return duct systems in the exterior zones of
the building. Conventional dual duct systems with
or without variable volume control have been used.

A minimum air flow through the windows is pro-
vided for either constant volume or variable volume
application. The remainder of the room air is
returned through grilles or 1lighting fixtures.
The Swedish Combivent System shows an arrangement
of a dual duct system which allows constant or
variable volume operation (Figure A.5.2.1).

3. Do AF windows, considering their all-year per-
tormance, yield advantages only 1n areas with
strong daily and seasonal climate fluctuations

or are they helpful also in mild climates?

AF windows are especially useful in climates
with strong seasonal climate fluctuations and high
solar radiation impact on buildings. The peak loads
are reduced, particularly for cooling, as the air
flow combined with the adjustable shading devices
allows direct transport of radiation energy to the
outside.

In mild climates, the relatively small energy
savings achieved by AF windows generally will not
balance their rather high additional first cost.*

* Typical exhaust-air window systems including outer
1 inch double pane insulating glass, inner single
pane glass and white vertical louver blinds are 40
to 50 percent more expensive than conventional 1
inch double pane insulating glass with the same
Touver blinds (information on recent projects by
P. Wiedmer, Protecta-Sol, February 1981). Prelim-
inary cost estimates for return-air windows with
outer 1 inch double pane insulating glass, inner
single pane glass and white venetian blinds have
been estimated at about $12 above 1 inch double
insulating glass windows with the same blinds on
the room side (Steve Fronek, Wausau Metals Corpor-
ation, May 1981).



HVAC systems in mild climates can run during large
portions of the year on economizer cycles for which
AF windows are not advantageous compared with con-
ventional systems.

4. What has to be considered in life-cycle costing

07 AF windows versus conventional window
systems? .

As mentioned above, first costs of AF windows
are 40 to 50 percent higher than conventional window
systems, such as double-pane insulating glass with
venetian blinds inside. In the case of the return-
air window, first costs for return air connections
must be added. They are subject to a wide variety
of design configurations but are small or negligible
if the integration of the connections occurs during
the design stage of the project.

Against these first costs, the following major
advantages of AF windows must be considered:

1) Reduction in first costs of the HVAC equip-
ment and distribution system (in case of an exhaust-
air window, possibly the omission of the return-air
system); .

2) Reduction of space requirements because of
a smaller HVAC system;

3) Decrease in yearly energy consumption for
heating, cooling and electrical lighting;

4) Reduction in peak load conditions and re-
lated peak enerqy demand ratings;

5) Lower costs to achieve improved thermal and
visual comfort conditions.

5. How does the ratio of perimeter versus core
area of a pbuilding influence the appiicability

of AF windows?

The larger the exterior zone compared with
total floor area, the stronger is the influence
of the outside environment on the energy perform-
ance of a building. This influence can be advan-
tageous, or it may present problems depending on
the way the building skin is functioning in response
to the exterior environment.

If full advantage is taken of daylight while
using AF windows, a considerable reduction in arti-
ficial lighting consumption is the result. With
proper shading, which AF windows can provide, a
strong reduction of external and artificial 1ighting
heat gains is achievable.

Internal zones of buildings are normally not
influenced by AF window applications. In open
spaces - for example in office landscaping where
exterior and interior zones are not separated - part
or all of the return air from the interior zone may
also be used for window cavity air suprly. In
buildings with large interior zones and whnre physi-
cal separations exist, such zones obviously must
have their own return system.

One of the most favorable situations exists
when the requirement for circulated air in the
exterior zone matches a high enough air-flow rate
for successful AF window operation.

What are the advantages of AF windows in proj-
ects with daylighting being of prime consider-
ation?

Thé AF window assembly with blinds in the cav-
ity is highly adjustable to the nature and inter-
dependence of solar radiation and daylight levels.

~ With light-colored venetian blinds especially, the

N2

daylight factor sequence into space depth can be
achieved as a much flatter curve than at open win-
dow 1ight (Figures N1 through N3) and, in addition,
glare is reduced.

The blinds can be completely retracted at times
of low outside 1ight levels, thus allowing maximum
utilization of the available daylight. When sun
shading is needed, light-colored venetian blinds
provide deep penetration of daylight into the space
while effectively keeping out direct sunlight.
With the exception of exterior venetian blinds, no
other shading device can achieve such results.

Dark-colored blinds do not have the advantage
of providing substantial daylight penetration.
Where solar heat gains are desired the higher
absorptivity of dark blinds will support the col-
lector properties of the AF windows.

7. How does the application of energy recovery
equipment influence the energy efficiency of AF

Energy recovery systems can save 30 - 60 per-
cent of the heating and 20 - 40 percent of the
cooling enerqy from the exhaust air stream of a
building. Sensible and latent heat may be recov-
ered.

With exhaust-air windows this function does
not come into play as, typically, most or all of the
exterior building zone air is discarded directly
through the windows. Actually the exhaust-air win-
dow may be considered a type of energy-recovery
system as it reduces room heating and cooling loads
by use of exhaust air. If the minimum cavity air
flow is Tess or about the same as the fresh air rate
of this zone, then the exhaust air window is highly
efficient as there is little or no return air flow
through the conventional return air system. In
special cases this system may even be omitted.

The larger the minimum cavity air flow compared
with the fresh-air rate of the exterior zone, the
more efficient is the return-air window (see Section
7 of main report). '

The portion of air which is not discarded is
treated in the central HVAC system before recycling.
Energy recovery can be applied to the discarded por-
tion. If this portion is small, energy recovery may
not be economical’ly feasible unless it is large in
actual cfm. Obviously the 1larger the overall
exhaust-air portion of the total building air
flow, the more favorable the application of energy
recovery.

In cases where heating and cooling Toads often
occur simultaneously, recovery may be used for
energy savings through “load shifting" from one part
of the building to another. Under favorable solar
radiation conditions, return-air windows may func-
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tion as a solar collector system and provide useful
and rather easily transported solar gain for heating
elsewhere, with or without intermediate energy
storage.

Whether an energy recovery system together with
AF windows should be applied or not can only be de-
cided within the context of a particular building
situation and after a computerized yearly energy
consumption analysis has been performed.

8. Do high internal heat gains from people, produc-
tion processes and artificial illumination favor

the appliication of AF windows?

High internal heat gains require large amounts
of circulating air for transporting this energy to
the outside. An alternative is the cooling of the
air locally by means of elaborate water-air systems
such as induction units. For buildings with such
heat gains, thermal balance points between the
outside and inside below 40° or even lower are
quite common.

For example, the largest office building in
Salt Lake City has, during occupancy, a balance
point of 24°F at no solar influence and a balance
point of 17°F at solar influence. The mean monthly
outside temperatures for Salt Lake City from Novem-
ber through March fluctuate from 39.1° to 28.0° to
39.6°F. The building is in a cooling mode nearly
all the time, even through the coldest winter
months.

Under such conditions, and if large exterior
building zones are present as they are in the
example, AF windows would perform very well. During
most of the year, the building could be run on an
economizer cycle in conjunction with AF windows.
Such windows would be especially helpful in reducing
solar impact which would allow longer use of the
economizer cycle at the beginning and end of summer.

Large exterior zones and window surfaces with
considerable fresh air needs will favor the appli-
cation of exhaust-air windows. Energy recovery
equipment will not help during most of the heating
season, as large amounts of excess heat will be
available. Whether it would be economical in con-
sideration of the cooling season is rather doubtful
and would have to be analyzed carefully.

for example
€ choice

9. How do major facade orientations,
east-west versus north-south, affec
for or against AF windows?

Buildings with the same facade in all orienta-
tions have been notoriously energy-inefficient with
respect to heat gains and daylighting unless exter-
jor adjustable blinds are used. Such blinds have
not been popular in the United States. The AF win-
dow concept provides a situation similar to the
customary application of (inside) blinds in this
country with somewhat similar effects of exterior
blinds.

In buildings for which the same facades are
desired in all directions fixed shading devices
do not provide adequate solar protection and at
the same time allow favorable daylight utilization.
AF windows with integrated blinds can provide the
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However, they must be
shading.

necessary dynamic response.
adjusted periodically to provide full

- Because of the small solar altitude changes from

day to day at southern orientations, venetian blind
slat angles must be adjusted only in long-term in-
crements, say monthly. Vertical blinds must be
adjusted several times in the course of a day. At
east and west orientations one or two adjustments
are required per morning and afternoon respectively.

Such adjustments can be done by the occupants,
which is also customary for inside blinds. Auto-
matic adjustment by mini-motor is also available
with radiation sensors and appropriate controls.

Facade orientations evolve mainly from restric-
tions of particular sites and from functional build-
ing requirements. Because of the favorable respon-
siveness of AF windows to high solar impact, they
lTend themselves very well to installations where
extensive east/west fenestrations are unavoidable.
10. How are the comfort conditions 1in buildings
influenced by AF windows?

During winter the inside window surfaces are
generally colder than the air temperature in the
room. This temperature difference creates air
currents and possible drafts within short distances
from the window. These 1lower temperatures also
create asymmetric radiant conditions for thermal
comfort even at considerable distances from windows.

At an inside temperature of 70°F and an outside
temperature of 32°F, conventional double-pane in-
sulating glass has a temperature difference from
room to surface of 15°F and triple-pane glass a dif-
ference of 9°F. AF windows at a typical cavity air
flow of 4 cfm per foot of window width yield a dif-
ference of only 4°F. At such a small difference
level, resulting air currents are too small to be
perceived as draft (see Section 5.5 of main report).

Also, comfort conditions often are impaired
by high heat gains under solar radiation impact.
Interior venetian blinds, although shading against
direct solar exposure, cannot prevent the green-
house effect and reradiate part of the absorbed
energy to the room. With blinds in the AF window
cavity the reradiation impact is reduced. Most
of the absorbed energy is transported away by
the cavity air stream.

11. Do the energy savings from lower space heating/
cooling loads over a year's period consider-
ably outweigh the energy lost or gained in the
window cavity, and i1t applicable, in the ex-

This is one of the most difficult questions to
answer in a general way with regard to the perform-
ance of AF windows, but it is one of the most im-
portant. In addition, the fresh air requirements
of a particular project must be considered.

In comparing the performance data for the
reference window, which relates to space heating-
cooling loads only, and the data for the AF windows,
which relates to both space loads and loads absorbed
in the window cavity, one will conclude that AF
window applications bring large energy savings. The



main reason is the fact that the attack against
impact on the internal environment is fought in the
envelope after the cavity air has been used for
space heating or cooling. The energy gained or
tost in the window cavity does not affect the in-
ternal environment and, as generally most of the
cavity air will be discarded for fresh air replace-
ment, does not add substantially to the HVAC load,
if at all.

The .advantage of utilizing some or all of the
exhaust air and its energy content for a tempering
effect is clearly established in the performance
data given in Section 5 and in the performance
modeling results in Section 7 of the main report.
It is necessary, however, that fresh air rates,
which allow favorable operation of an AF window
system, be available. The answers to questions
numbers 1 and 8 must be considered in this context.
Computerized yearly energy consumption analysis is
indispensable because of the many variables and
the bulk of data involved.
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constants for curve fit

constants for curve fit

- reference window test box area (ft?)

glass area (ft2)

gross area of window (ft2)

cubic feet per minute per ft of window wjdth

specific heat of air (Btu/1b F) '

cosine of incidence angle

ratio of diffuse to total horizontal radiation

functional relationship

outside air fraction

hour from solar noon or gravitationa] acceleration

Grasoff number

solar constant (Bfu/sec £t2)

convective heat transfer coefficient (Btu/hr ft2 F)

radiative heat transfer coefficient (Btu/hr ft2 F)

total heat transfer coefficient (Btu/hr ft2 F) |

average daily solar radiation ( Btu/ft2)

daily solar radiation (specific year) (Btu/ftz)

average daily solar radiation for the month (Btu/ft2)

total daily extraterrestrial insolation, horizontal ( Btu/ft2)
fraction of long wave radiative transmission

fraction of solar energy absorbed in window cavity air stream
hourly beam radiation (Btu/hr ft2)

outside solar irradiation of the vertical window plane (Btu/hr ftz)

directly transmitted solar radiation in the vertical window plane (Btu/hr ftz)

number of days in the month

thermal conductivity (Btu/hr ft F)

height of window (ft) |

ratio of daily total to extraterrestrial radiation

mass flow of air through window cavity (1b/hr)

mass flow of air through reference window test box (1b/hr)
Nusselt number

day of the year
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SC
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SINA

SQEAF
SORA
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atmospheric pressure (psi)

Prandtl number

energy balance of air-flow in exhaust-air window {Btu/hr) or (Btu/month)
sensible heat content of fresh make-up air (Btu/hr) or (Btu/month)
latent heat content of fresh make-up air (Btu/hr) or (Btu/month)

QS less the directly transmitted solar energy (Btu/hr) or (Btu/month)
enerqy balance of air-flow in return-air window (Btu/hr) or (Btu/month)
energy needed for treating recycled air {Btu/hr) or (Btu/month)

energy balance of reference window {Btu/hr) or {Btu/month)

heat loss or gain of returned cavity air (Btu/hr) or (Btu/month)

energy balance of window, that is, transfer at inner window surface neglecting
energy in cavity air flow, if present (Btu/hr)

radfation ratio (transmissivity)

ratio of hour1y diffuse radiation to daily diffuse
radiation

ratio of hourly total radiation to daily total
radiation

shading coefficient

solar heat gain factor

sine of the altitude angle

net enerqy balance of exhaust-air window (Btu/month)

net energy balance of return-air window (Btu/month)

net energy balance of reference window (Btu/month)

time of day

day length (hr)

temperature for fluid property evaluation or average of T, and Tj (F)
temperature directly behind (room side) venetian blind of reference window, (F)
inner surface temperature inside test bos of reference window (F)
inlet temperature of air to air-flow window (F)

exit temperature of air from air-flow window (F)

inside room temperature (F)

monthly mean outside temperature (F)

maximum temperature (F)

minimum temperature (F)

outside temperature (F)

inlet temperature of air to reference window test box (F)

exit temperature of air from reference window test box (F)



€glass

inside temperature of window glass surface (F)

U of test box of reference window (Btu/hr ftZ F)
transmission coefficient of referénce window (Btu/hr £t2 F)
overall heat transfer coefficient (Btu/hr ft2 F)
effective heat transfer coefficient (Btu/hr ft2 F)
pseudo heat transfer coefficient (Btu/hr £t2 F)
inside humidity ratio {1b H20/1b dry air)

outside humidity ratio (1b Hp0/1b dry air)

window width (ft)

coefficient of thermal expansion (1/R)

long wave length emissivity

hour angle

sunset hour angle

declination

latitude
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the University of California, the: Lawrence Berkeley
Laboratory or the Department of Energy.

Reference to a company or product name does
not imply approval or recommendation of the
product by the University of California or the U.S.
Department of Energy to the exclusion of others that
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