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ABSTRACT

A DYNAMIC MODEL FOR DAYLIGHT IMPACT
ON ENERGY SAVINGS
IN DIRECT GAIN PASSIVE SOLAR BUILDINGS

Ahmed H. M. Mokhtar

Direct gain passive solar buildings are characterized by large glazing area which produces
a considerable amount of daylight into their interiors. Currently, passive solar building
designers are used to perceive daylight as a by-product of their designs. As an additional
energy saving incentive, designers usually ignore the potentials of natural illumination
while taking their design decisions. This thesis attempts to explore and assess the energy
saving potential of daylight in direct gain passive solar buildings. In addition, this thesis
examines the effect of daylight utilization on the design of fenestration. A mathematical
model has been developed to provide a dynamic analysis for daylight energy benefits in
passive solar buildings. The model simulates the time dependent nature of daylight and
estimates indoor illamination levels. Furthermore, it quantifies the simultaneous solar
energy gain within the space and employs these data to estimate the potential energy
saving associated with daylighting. A case study incorporating a sensitivity analysis for
window design variables has been examined. The results of this thesis have indicated that
the energy advantages of direct gain passive solar buildings increase significantly when
daylight energy benefits are considered. It also shows that considering daylight in the
design process of the direct gain passive solar building will have an implication of their

fenestration design.
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CHAPTER 1

AN INTRODUCTION TO DAYLIGHT UTILIZATION IN PASSIVE

SOLAR BUILDINGS

1.1. BACKGROUND ON PASSIVE SOLAR BUILDINGS

Climate sensitive design is not a new concept, its principles have been used by almost all
indigenous builders for centuries. Only recently, since the industrial revolution, the talent
of designing in harmony with nature has been lost. Mechanical power has become focus
of interest in satisfying the human comfort needs. As a result of the limitation of
conventional energy sources and its environmental pollution implications, governments
and researchers have recently begun to search for new and renewable alternative energy

sources.

During the last thirty years, solar energy utilization in buildings was among the most
successful attempts to reduce dependency on fossil fuels. The sun continues to send out
vast amount of energy. Although only one trillionth of this energy reaches the earth, this
is still about 10,000 times the total commercial energy used [1], so that even very modest
progress in the utilization of the solar energy could provide a large part of the energy
needs. One of the currently most popular means for utilizing the sun’s energy in buildings
is passive solar design. It is based on the admission of the solar energy into buildings
through south-facing glazed apertures. By doing so, free energy is utilized for space

heating rather than resorting to elaborate and costly mechanical equipment. Passive solar




S

design attempts to satisfy the building occupants’ needs for space heating, cooling, and

2

lighting as far as possible by natural means, using the building itself to collect, store, and

distribute solar energy within the interior space.

The most common types of passive solar designs can be classified as direct gain systems,
indirect gain systems, and isolated gain or sun space systems [2]. Direct gain passive
system is the most popular type used for space heating. This type incorporates large
south-facing glazed areas that permit significant amount of solar energy to be admitted
and absorbed by the interior surfaces. The excess heat is stored in massive thermal storage
which is strategically located to receive the admitted solar energy. During night or cloudy

conditions, the heat stored is released from the thermal mass into the interior space.

1.2. RELATION BETWEEN PASSIVE SOLAR AND DAYLIGHT

Direct gain passive solar buildings are characterized by large glazing areas. As the sun
penetrates the building through glass, it provides not only free heat but also free
illumination. Sunlight acts as an abundant light source during daytime with a colour
temperature that is pleasing to the human eye. If distributed uniformly, the lumens
contained in a single square meter of sunlight could provide five hundred lux of
illumination over an area of 180 m? [3]. When properly directed, the solar spot in an
interior space acts as a very bright luminaire in that space. Such advantage is appreciated
since electric lighting in commercial buildings consumes about 35% of the total building
annual energy. In large buildings, electric lighting represents 50% of the total building

energy consumption [3]. At the present time, energy benefits from the sunlight free
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illumination is rarely considered in passive building total energy savings. When it is
assessed accurately, the attractiveness of the direct gain passive solar buildings in saving

energy will be enhanced significantly.

1.3. IMPORTANCE OF THE TOPIC

Among the many researches realized in the passive solar buildings design, there had been
litle interest in daylighting energy benefits. One of the reasons is that the focus on
passive solar application has been limited to the residential sector, and the potential for
lighting as energy savings in that sector is minimal. As interest in the passive solar field
extends to commercial buildings, electric lighting becomes a significant building energy
consuming element, both directly and indirectly by virtue of its impact on cooling load.
Although the breakdown varies considerably by building type and location, in office
buildings for example, 50% of the building resource energy may be attributable to lighting
[3]. In new buildings, as heating and cooling loads are reduced with the use of tighter
building envelopes and improved HVAC design, lighting looms as the single largest
energy consuming element in buildings. As Rosenfield and Selkowitz [3] estimated, 20%
of the existing 2.4 billion m* of commercial floor space in the United States could be
daylit and the electric lighting dimmed and tumed off during portions of the day. The
annual saving represented by daylighting these five hundred million m? of office space
is estimated at 12.5 billion kWh. That potential in saving with daylight may be utilized

in the passive solar buildings to increase their efficiency.

Several methods of assessment have been introduced for daylight design and others for
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passive solar design but none attempted to incorporate both. A model that incorporates
both of solar heat gain and daylight benefits is essential to assess the combined heating-
lighting saving potential. Such model needs to emphasize the effect of solar illuminance.
Investigations are needed to explore the necessity to account for daylight in the energy
analysis of passive solar buildings and to explore the potential for window design

improvement for maximum heat gain and daylight utilization.

14. RESEARCH OBJECTIVES

The following are the three main objectives of this stuuy:

i) Developing a dynamic daylight model for predicting the energy benefits of
daylight in direct gain passive solar buildings, taking into account the illuminating
effect of the admitted solar beam.

ii) Examining the role of the fenestration design in passive solar building in altering
the combined benefits of solar heat and light.

iii)  Providing passive solar building designers with a design tool in the form of a
computer software that can predict daily and annual daylight profiles in buildings
as well as the sizing of windows and their orientation in reducing energy

consumption in buildings.

1.5. RESEARCH METHODOLOGY

To achieve the objectives of the research, the following eight step methodology has been
employed.

i) Studying the existing methods used in designing passive solar building in general



and daylight estimating methods in particular.

i) Surveying existing literature in the field of daylighting.

ili)  Analyzing the available daylighting computer models.

iv)  Constructing a mathematical model for both solar heat gain and daylighting
utilizing existing calculation procedures in both fields.

v) Coding the mathematical model into a computer program.

vi)  Verifying the model and the computer program by simple field measurements.

vii)  Applying model in a case study that incorporates generating a sensitivity analysis
to different design possibilities of the window.

viii) Analyzing the obtained results and acquiring conclusions.

1.6. THESIS OVERVIEW

Each of the following chapters of this thesis is devoted to a specific aspect. In chapter II,
a review and analysis of the existing literature related to daylight design is provided.
Chapter III covers the design of the model showing the sequence used in its construction
and provides insight into the equations utilized in the basic calculations. The skeleton of
the computer code, its capabilities, limitations, and structure are presented in chapter IV
along with its application. Chapter V describes the model validation and evaluation by
through experimental tests. While a case study and the results of a sensitivity analysis
constitutes the contents of chapter VI. Finally in chapter VII, summary of this thesis, the
conclusions, and the contributions made along with suggestions for future work are
presented. Appendix A contains the calculation procedure used to determine the sun spot

position in a room, while appendix B presents a list of the computer program.



CHAPTER II

DESIGNING WITH DAYLIGHT: A REVIEW

Although the interest in daylighting is now increasing at a rapid pace, the fundamentals
of the science has been established since the early decades of this century. The latest
progress in computer technology, instrumentation and data acquisition coupled with a
strong interest to conserve energy in buildings, have resulted in an impressive
development in daylighting during the last two decades. The recent development is

received here to constitute the necessary literatures review needed for this thesis.

2.1. AVAILABILITY OF DAYLIGHT

Daylight can be separated into direct sunlight and diffuse skylight. Ilumination from
direct sunlight has been investigated since the 1940s. Elvegard and Sjostedt [4] had
published an equation to describe the solar illuminance in Stockholm, Sweden. Another
equation was given by Chroscick [5]. Krockman and Seidl [6] had developed a model
based on work done in Berlin, Gennany. The most widely used equation for direct sun
light illuminance is the one recommended by the Nluminating Engineering Society of
North America (IES) [7). Daylight from the diffuse sky has always been studied through
design skies, as actual skies are almost impnssible to be numerically represented. Both
clear and overcast design sky luminance distribution are well expressed by Kitter formula
[8] and Moon and Spence- formula [9] successively. Yet other formulae can be found as

those shown by Gillette, Pierpoint, and Treado [10]. For partly clouded design sky, its
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luminance distribution is given by the IES [7]. Another work was done by Tregenza [11]
who calculated according to field measurements the association between global horizontal
illuminance and cloud ratio in the partly cloudy sky at constant altitude. In another article
[12], Tregenza described a model which requires simple meteorological measurements and
amount of high, medium, and low clouds to give statistical data of the luminance of any
given area of the sky. In another study [13], he also described a technique for calculating
ground illuminance according to arbitrary cloudiness taking into account interreflections
between cloud layers as well as that between the ground and the clouds. Diffuse sky
calculation usually depends on the sky zenith luminance. Zenith luminance for different
sky conditions were given by the IES [7] in the form of tables and equations. While
Gillette and Kusuda [14] have provided formulae for calculating clear and overcast sky
zenith luminance. El Diasty [15] studied the zenith luminance in Montreal during the
different seasons of the year and derived equation for each season to get the zenith
luminance value. Karayel, Navvab and Ne’eman [16] derived a new general equation for
zenith luminance that can be applied up to latitude 76 degree and for a 1.5 to 8.5 turbidity

range.

2.2. DAYLIGHT CALCULATION METHODS

Daylight calculation methods have been divided by Hopkinson [19] into two main groups:
i) Single stage methods where the total daylight is calculated by one operation based on
a number of empirical assumptions and compromises. An example for that is the B.R.S
daylight factor slide role.

ii) Stage by stage methods where the individual components of the daylight illumination
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reaching the reference point, that is the direct light, the reflected light from external and

internal surfaces, are calculated independently and summed up to give the total daylight
at the reference point. The stage by stage methods can be classified into the following:
- Tabular methods such as the N.P.L graded daylight factor tables and the B.R.S
simplified daylight tables.
- Diagrammatic methods such as the B.R.S daylight protractor, the half cube method
and the waldram diagram.
- Simulation methcs where artificial skies and building models are used to estimate
the daylighting in interior spaces.
- Mathematical methods like the IES daylight procedures and the lumen method.
In this review, the focus will be on the mathematical methods as they are the most
accurate and comprehensive in calculating the daylight. One of these methods is the IES
Daylight Procedure [19]. It is based on determining the quantity of illumination coming
to the window surface, calculating the light flux actually entering the illuminated space,
determining the distribution of the light flux within the room and calculating the
illuminating flux produced on the surface of interest. Another method is the Lumen
Method [20,21] which gives actual levels of illumination expressed in terms of maximum,
minimum, and average values of daylight on the horizontal working plane. It is based on
the coefficient of utilization concept and gives the illumination under uniform, CIE, and
clear sky conditions. Different method was given by DilLaura [22] who described a
technique for calculating equivalent sphere illuminance according to the direct component.
The technique was initially oriented to artificial lighting calculations but Dilaura and

Hauser [23] were able to extent the technique to include daylighting calculations but
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under constant sky conditions. The technique accounts for drapes, shades, and overhangs
and has a shadow function. The components of daylight calculation were also subjected
to improvement by many researchers. El Diasty, Shapiro and Fazio [24] developed
calculations for the direct component that take into account the different sky conditions
and the different sky luminance distribution through time. They also studied [25] both
externally and internally reflected component of daylight under the same conditions.
Nuretdinov K., Nuritdinov S. and others [26, 27] studied the effect of opposite building
as an external reflecting surface on natural illumination and suggested a model for that
purpose. DiLaura and others [22, 23, 28, 29] studied the intemally reflected component

of light including the case of unempty room.

2.3. ANALYSIS OF EXISTING DAYLIGHT COMPUTER MODELS

The computer models which were thought to be relevant to the course of this thesis are
to be discussed. A survey was published by Lawrence Berkely Laboratory [30] to cover
daylight computer programs available in U.S. up to June 1985. It compares the purpose
of the different software, their capabilities, and their output features. The three most
relevant models, Dalite, Superlite, and Jordaans’ will be analyzed in the this section. By
comparison with all models surveyed by the Lawrence Berkely Laboratory, the selected
three models can be considered as most comprehensive. The purpose, capabilities,

structure, output features, and limitations of each program will be discussed.

i) DALITE

Developed by Gillette and others.  [References number 10, 14, 31]
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- The purpose:
A system of Iortran subroutines designed for inclusion into larger building energy
simulation programs such as DOE-2 and BLAST. It makes it possible for these
programs to account for energy trade offs associated with daylighting.
- Program capabilities:
Dalite is capable to handle the following:

- Windows, skylights, clear stories, roof monitors, overhangs, and vertical louvres.

- Rooms having sloped ccilings.

- Different sky conditions.

- Direct beam illuminance as a rhomboidal patch of sunlight on the workplane.

- Reflected light from surrounding buildings, ground, and intemal surfaces.

- Hour by hour calculations.

- Program Structure: (see Fig 2.1)
The program consists of four main parts:

-  "DALITE" is the master subroutine which connect the program with the main
program (e.g: DOE-2), by taking inputs and giving outputs.

- "SKYLUM" is a subroutine for generating hourly exterior daylight values.

- "RMLITE" is a subroutine which calculates the illuminance on a horizontal plane
according to sky luminance, direct sun, extemal reflections, and intemnal
reflections.

- "LLOAD" is a subroutine for calculating the energy trade offs associated with the

previously calculated illumination level.
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= Output features:

- Numerical results in a matrix form to be fed to the main program.
- Limitation:
- Room plan should be rectangular.
- Depth to hight ratio should be less than three to one.
- Non-rectangular fenestration cannot be sufficiently represented.
- Room is assumed to be empty.
- All walls must be vertical.
- Glare analysis is not included.
- The illuminance effect of the solar beam on the reference point is calculated only

if that point position is within the solar spot.

ii) SUPERLITE
Developed by Winkelmann, Selkowitz, and Modest.
[References number 32, 33, 34, 35]
- The purpose:
To be integrated with the DOE-2 building energy analysis computer program for
determining the impact of daylight utilization on heating and cooling loads, energy
use, energy cost, and peak electrical demand.
- Program capabilities:
- Accounts for site conditions (external obstructions, orientation,...etc.)
- Variable window size, slope, and orientation.

- Accounts for window management (response to solar gain, glare control, and
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various .ight control strategies).

- Room shape can be imegular. (an important advantage)

- Relatively short computing time.

- Hour by hour simulation.

- Program structure: (see Fig 2.2)
There are three main stages:

- "Daylight factor preprocessor" which calculates the interior illuminance for a
standard overcast sky and for clear sky with 20 different sun positions, for user
selected room locations. Then these values are divided by the corresponding
exterior illuminance to get factors which are stored for later interpolation.

- "Hourly daylighting simulation" which is done by interpolating the stored daylight
factors usin ? the current-hour sun position and cloud cover, then multiplying by
the current-hour sun exterior horizontal illuminance.

- "Hourly lighting control" which simulating the stepped and continuously dimming
lighting control systems to determine the electric lighting energy needed to make
up the diff=tence between the daylighting level and the design illuminance. Then
determine hourly heating or cooling requirements for each space.

- Output features:
Series of reports that provide:

- Monthly and annual summary data.

- Hourly/monthly energy savings.

- Statistics on the frequency of occurrence of various interior daylight illuminance

value for each reference point.
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- Cumulative probability of exceeding certain illuminance value.
- Hourly values of daylight relating variables for particular day. (e.g: cloud amount,

solar altitude, solar azimuth, external illuminance,....etc.)

iii) PROGRAM # 3 (Jordaans’)

Developed by Jourdaans.  [Reference number 36]
= The purpose:
Calculating the total quantity of daylight provided to an arbitrary position in a
room.
- Program capabilities:
- Considers direct and reflected daylight (opposite buildings, ground and
interreflected).
- Computes the shadow patterns of the surrounding buildings for the cloudless sky.
- Can compute the influence of reflectance from surfaces whose colour differ from
that of the wall (such as doors).
- Possible to calculate illuminance provided by artificial lighting.
- Program structure: (Not found in literature).
- Output features:
- Iluminance due to direct incident daylight on the walls, floor, and ceiling.
- Iluminance on each reference point due to:
- only direct incident daylight.

- both direct and indirect daylighting.



14
- Program limitations:
- Does not include direct sun.
- Assumes that all light is reflected diffusely from all surfaces.
- Iluminance is not distributed gradually on the surfaces but each surface is divided

into rectangles with equal illuminance.

The previous analysis has shown the variety of approaches to construct a daylight
program. The three analyzed programs have been designed differently so as to achieve

their purposes.

24. ENERGY SAVING POTENTIAL FROM DAYLIGHT UTILIZATION

Daylight potential for energy saving has become a point of interest to many researchers.
Literature focusing on this topic differ in their investigating methods. Some have used
very simple ways and others went through complex processes. A simple way was done
by Bobenhausen and Lewis [37] who investigated an office building model and assumed
a minimum daylight penetration through the depth of the perimeter zone of the building
equal to 2% of the quantity of daylight falling on the respective wall surface and from
that they calculated the reduction in energy if the artificial light turned off. The BRE [38]
used more advanced method that predicts the saved energy by using probability charts for
switching off artificial lighting which were derived from previous BRE behavioral studies.
The prediction did not account for reduction in cooling load associated with daylighting
utilization. Another prediction was done by Sanchez and Rudoy [39], they used simple

computer program (which assumes uniform sky condition) to calculate hour b; .our
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daylight availability and the energy associated with electric lighting and the annual
cooling and heating loads. Oatman and Robbins [40] evaluated eleven passive solar
strategies (including five utilizing daylighting) by studying their impact on energy
consumption using an energy analysis computer program linked to a daylight computer
program. Daylight calculations were made on hourly basis and consequent energy
reduction was then estimated. Leaver and McQueen [41] used the PC-DOE
microcomputer program in addition to DAYLITE program and field measurements to
investigate the reduction in electric lighting and cooling loads associated with daylighting
utilization in Louisiana. An advanced energy simulation program DOE-2.1B (which
account for daylighting energy impacts) was used by Gates and Wilcox [42] to analyze
the effects of different sizes of unilateral opening, clear story, and top lighting for three
different climatic zones in California on the total energy consumption in classrooms with
different orientations. Johnson, Sullivan, Selkowitz and others [43] have studied the
influence of glazing systems (including orientation, window area, glazing properties,
window management strategy, installed lighting power, and lighting control strategy) on
annual energy use in prototypical office buildings. They used DOE-2.1B energy
simulation program which has made the investigation of different parameters that are
govemning the fenestration design becomes possible. The previous investigation has
indicated that daylighting utilization, specially in medium size non-domestic buildings,
can result in reducing the lighting electricity up to 90% and decreasing the total energy

consumption up to 30%.



16
2.5. SUMMARY

From the literature review, the main points that are important to the core of this thesis are
summarized as follows :

- There is no single comprehensive procedures for daylight calculation that is
widely accepted, hence there are several available channels to construct a
calculation sequence for daylight prediction that would satisfy any specific
requirements.

- Different models have utilized different methods so as tc serve their design
purpose.

- The IES daylight procedures can be the best available way to serve as a base for
constructing the required model as it allows calculating the availability of daylight
at a specific location in a room through the different sky conditions.

- Some models are more recognized than others and their utilization becomes more
reliable.

- It is expected that utilizing daylight in direct gain passive solar buildings will have

valuable reduction in their energy consumption.
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CHAPTER I

MODEL DEVELOPMENT AND COMPUTATIONAL PROCEDURES

31. SEQUENCE FOR THE MODEL STRUCTURE

The proposed mathematical model consists of four main parts. In the first part natural
light indoor, under different sky conditions and through a given window, is quantified.
The effect of window configuration on the illumination level of a certain point in the
room is then assessed. The amount of direct solar gain received in a room through that
window is then calculated. Values obtained are then utilized to estimate the combined

potential energy saving of both daylight and solar energy.

3.2. QUANTIFYING THE AVAILABLE DAYLIGHT

Daylight is available through its two components, the direct sunlight and the diffuse
skylight. Both are dependent on the sun’s position in the sky. In this part, the sun position
will be calculated then the available direct and diffuse light on surfaces with various

azimuth angles and in different latitudes will be determined.

3.2.1. Determination of sun position

Determining the sun position requires knowing the solar altitude, 4, and the solar azimuth,
a, (See Fig.3.1) which can be defined by knowing the site latitude, I, Julian date, J (See
Table 3.1) and time of day. Solar time of day is obtained as a function of Time zone

standard meridian, SM and the standard time at which the sun position needs to be
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determined, ST. The solar time is first calculated as a function of the standard time using

the equation of time given by the IES [7].

. 4ar . 27
ET = 0.17 AT (g - 0. 2T (7 8 3.1
0.170 sin [373 (T 80)] 0.129 sin [-2%( )] (3.1)

where ET = equation of time (decimal hours).

and the Solar time ¢ can be calculated by [7]:

t = ST+ ET + 12(SM-L) /= (3.2)

The solar declination angle, 8, which accounts for the change of the earth’s axis tilt with

respect to its ecliptic orbit throughout the year can be determined as [7].

. [ 2% _
& - 0.4093 si —3—6—8-(J 81)] (3.3)

Then, the solar altitude a, is calculated as [7]:

a, = sin ( sin/ sind - sin/ sind cos nt/12 ) (34)
This equation gives a negative value if the sun is below horizon.
The solar azimuth measured from due south, a, is determined from these equations whica
were developed from those given by kittler [44]

- If t <12 then

as-[cos*-(COSI sind + sinl cosd cos(nt/lz))] - (3.5)
cosa,
- If ¢t > 12 then
a, -m- cos*~(c°51 sind + sinl cosd cos(nt/lz)) (3.6)
cosa,
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After determining the sun position, it will be used in calculating both of the diffuse sky

illuminance and the direct solar illuminance.

3.2.2. Diffuse sky illuminance

Diffuse sky illuminance received on a surface can be estimated as a function of the sky
luminance. The sky luminance depends on the sky condition which is typically classified
as clear, partly cloudy or overcast. The clear sky has less than 30% cloud cover while the
partly cloudy sky has between 30% to 70% cloud cover, otherwisc the sky is considered

to be overcast [45].

The luminance of a point within a clear sky dome depends on the clear sky zenith

luminance, L, which can be determined by the equation of Gillette and Kusuda [14]

L,. - (514 + 3611 a?) /1000 (kcd/m?) (3.7)
where a, is in radian

Then, the clear sky point luminance, L,, can be determined by Kittler’s equation [8]

L -p | 10.91 + 10 exp(-3n) + 0.45 cos?n ] [ 1 - exp(-0.32/8in{ ]
e 0.27¢ [ 0.91 + 10 exp(-3 (Z- a,)) + 0.45 sin’a, ]

(3.8)

Where { is the altitude angle of the sky point.

1) is the angle between the sun and the sky point.  (see Fig 3.2)

1) can be calculated using the following equation [7]

n - cos™! [sina, sin{ + cosa, cos{ cosa] (3.9)
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where a is the point azimuth angle from the sun (Fig.3.2)

Similarly the partly cloudy sky zenith luminance, L, which was driven from a table

given by IES [7] should be known

L, -0.683 - 0.3744 a, + 0.744 a¢ (Kcd/m?) (3.10)

Then the luminance at any point in the partly cloudy sky can be estimated using the

equation given by Pierpoint {46]

[0.526 +Sexp (-1.59) ] [ 1 ~ exp (-0.8/8inf) ] (3.11)
0.551 [ 0.526 + 5 exp (-1.5 (l;--at)) ]

Lpp = Lap

Overcast sky zenith luminance, L,,, can be calculated by equations recommended by IES

[7].

(0.3 + 21 sina,) (ked/m?) (3.12)

1.286
20 T
another equation, which is used in the model, is given by Gillette and Kusuda [14]

L, - (123 + 8600 sina,) / 1000 (3.13)

Then the luminance at any point can be estimated by [14]

L, .
Ly, - —-j—" (1 + 2 sin{) (3.14)

For calculating the illumination from the sky on a surface, integration should be done to

the luminance of the area in the sky dome which will face that surface. The surface
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possible positions can be vertical, horizontal, or tilted.

i)  Sky illuminance on a vertical surface (E,,)

The following integration calculates the sky illuminance on a vertical surface [7]

u|=|
ula

'i‘ ]; ) f; p Sin%0 sina d® da (3.15)
where 7= solar — elevation azimuth (Fig 3.3)
6 =m/2-(
L,= L, for clear sky.
= L, for partly cloudy sky.

= L, for overcast sky.
Equation (3.15) can be put in the following form to be suitable for computer

programming [47]

n
®/2 - . - Ly .
Ep - ; (0 8 , sin26, 51n26 ) Y L, |l cosa, - cosa, ) (3.16)

wy-3

where 6, 6,, a,, o, are the parameters for the sky element as in Fig 3.4.

iil)  Sky illuminance on a horizontal surface (E,,)
The illuminance on a horizontal surface can be calculated using the following equation

[7]

.1 (3 : (3.17)
E -;fo j; L, sinf cosf df da



which can also be represented in the form given by [47]

8, - ;[(s:me -s:.ne)gL (a,-a,)

«=0

(3.18)

Other simpler relations for E,,, which are used in the model, are given by IES [7] as:

A) For clear sky:

Egp = 0.8 + 15,5 8in%5a,

B) For partly cloudy sky:

Ey = 0.3 + 45 sina,

C) For overcast sky:

E,, - 0.3 + 21 sina,

iii) Sky illuminance on a tilted surface (E,,)

Hluminance on a tilted surface is expressed as follows [47]:

where v is the angle between the surface and a horizontal plane (Fig.3.5).

(3.19)

(3.20)

(3.21)

(3.22)

E,, is the horizontal illuminance from part of the sky dome facing the surface.

Eppe = Epp — Eyg

(3.23)
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where E,, is the illuminance due to part of the sky dome which does not face the surface

and can be determined by the equation [47]

sin%@, - sin Z :
Eys - ( — 1) Y L (a,-w)) (3.24)
0--;--. “'—;"Y"l
where
¢, - sin™ (cot@,,, coty) (3.25)

Using the previous equations, it is possible to calculate the sky illuminance on a space
fenestration and consequently determine its luminance which can be used to get the

illuminance level in the space due to sky dome.

3.2.3. Direct solar illuminance

For a given position of the sun in the sky, the solar illuminance on a surface which has
an azimuth difference angle with the sun, 8 can be assessed as long as the absolute value
of § is less than 90. Procedures for this assessment start with determining the

extraterrestrial solar illuminance, E,, given by [7]

E, - 127.5[1 + 0.034 cos (—32—6’% (J - z))] (K1x) (3.26)

and the direct normal solar illuminance is given as [7]

Ey - E,, exp(-c/sina,) (3.27)
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where ¢ = (.21 for clear sky.
¢ = 0.80 for partly cloudy sky.
note that E,, = 0 for overcast sky.
The calculation of the angle a, between the beam radiation and the surfaces on which

there is a sun spot is made using the equation:

a, - cos! (cosa, cosy cosA + sina, sini) (3.28)

i
Where v = surface - sun azimuth difference.
A = surface tilted angle from vertical.

Then, calculation of the luminance of a surface that is produced by the solar beam, L,

is made as follows;

Ly = Eg, . cOsa;y (3.29)

3.3. ESTIMATING ILLUMINANCE INSIDE A ROOM

To predict the energy saving due to daylight in a room, the illuminance level on the
room’s work plane at a sufficient number of reference points should be determined.
Assuming an unobstructed window, each reference pomnt will receive direct light from the
window and multiple reflected light from the room surfaces (walls, ceiling, and floor).
Direct light through windows includes the solar beam illumination. In this model, the
illuminance from the direct solar beam on a reference point will be ignored as it will
result in a very high illuminance level which may not be a true representation throughout

the work plane. The present model considers the sunspot which results from the
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penetration of the solar beam through the window as a direct source of light illuminating
the room surfaces only. Then these surfaces will reflect the light to the reference points
of evaluation. The total illuminance at the reference points is induced by windows and
room surfaces luminance. The luminance of a room surface is the product of the surface
reflectance and its total illuminance. Total illuminance on a surface is estimated as
follows: First the sunspot location in the room is determined, then the illuminance, on
each room surface, due to the primary sources (window and solar spot) is determined.
Accordingly, the calculation of luminance due to interreflection between the interior
surfaces is determined and the tota_l illuminance on all specific reference points is
estimated. To reduce the calculation time, each room surface will be divided into three
parallel strips and the luminance of the center point of each strip represents the average

luminance on that strip.

3.3.1. Sunspot location in the room

The position of the sun spot within the room is determined at any given time. The
calculation procedure accounts for tilted windows which are usually featured in the

passive solar buildings. The procedure is designed for rectangular rooms with windows

on vertical or tilted walls.

After determining the solar spot position, it is approximated by a rectangular shape in
order to make illumination calculations simpler and faster. A prespecified 15 different
locations for the spot position in the room are determined. The four comers of a window

are denoted as 1,2,3,4 and the projected comers of the solar spot due to that window are
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denoted as 1°,2°,3’ 4’ (see Fig. 3.6). Each comer point of the solar spot can be either on

the floor, on the side wall or on the back wall. Table (3.2) and Fig. (3.7) to Fig. (3.21)

show all the possible combination of the solar spot comers location. To identify which

case is most applicable, the following nine parameters are determined, assuming the room

geometry shown in Fig. (3.6), using the following variables:

azimuth difference.

Y= window tilt angle.
v = Window - sun
£ =

window.

where € = tan™ (tan a, / cos )

The projection of the solar altitude angle, a, on a plane vertical to the

(3.30)

The nine parameters needed to identify the most applicable case are presented in the

following table:

u xl = length - (m+x)

T———_—————_—__—_————_——_'
s=a+b

sl =a + b

z=btanvy

2 =b tany

Pl =a +xl/tanvy

P2=a+xl/tanvy

P3 =a+ (m+xl)/ tany

—

P4 =a'+ (m+xl)/ tan y

After determining the values of these parameters, the flow chart in Fig. 3.22 is used to

determine the case number of the sun spot position in the room. Detailed calculations for

the determination of the final position and shape of the sun spot that is used in the

illumination calculations are shown in Appendix A.
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3.3.2. Illuminance on the room surfaces

The windows and the sun spots in the room are considered to be the primary sources of
daylight for the room surfaces. Assuming that the window glazing is a perfect diffuser,
the luminance of a window is determined by multiplying the transmittance of the window
glass by the diffuse sky illumination received by the window. Similarly, the sun spot
luminance from a surface is the product of the solar beam illuminance on the surface and

the surface reflectance.

There are three possibilities for the relation between the light source and the point at
which light is estimated. The light source may be either parallel, perpendicular, or tilted.
The following equations [48] are used in assessing the illumination at any given point:

- From parallel source

E, - %_ 2 tan™ = (3.30)
yc?+(a-£)? Vci+(a-£)?

- From perpendicular source

L
E, - 25 lean B - [—2___ ) tan? N (3.32)
2 a |\ Vazfz JatiEr
- From tilted source

tan‘1£+—3k—fc°z —a tan’l—'g +
a

Ep - —— (3.33)
21 | m cosy (tan‘1 f-a cosy | .12 cosy )
H H H



30

Where

E, = [lluminance at the point.
L, = Source centroid luminance.

and variables G and H are estimated as:

G- f? + a’-2arfcosy H = Jym?+a?sin®y
The definition of the parameters a, m, f, X, ¥, z, ¥ are shown in Fig. (3.23).
Using these relations, the illuminance on each room surface due to both window and the
sun spot can be calculated and added up for each surface. Consequently, each surface
luminance can be determined by multiplying the illuminance value by the surface
reflectance. The surface luminance will be used to calculate the interreflections between

the surfaces.

3.3.3. Interreflection within the room

The room space is represented by six nodes, each node represents a surface. Assuming
that the room acts as an ulbricht integrating sphere [19], which is a valid assumption for
wall reflectance approaching the ceiling reflectance and room depth less than twice the
ceiling hight, the room intemreflected illuminance is obtained through the following

equation [31]

E_ = —21 3.34
ret (1-pave) A ( )
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Where E, = Total luminance on the surface #n from the window and the solar spot.
A, = Area of the surface #n.
A, = Total area of the surfaces.

and  p,,., the average reflectance of the room surfaces is determined as

pave-'n_-l—'—_' (3.35)

The illuminance due to interreflection is then multiplied by each surface reflectance and
added up to the surface luminance due to the window and the solar spot to obtain the

total luminance on the surface.

3.3.4. Illuminance level at the reference point

The final illuminance level at the reference point is attributed to the direct luminance
from the window and the luminance of room surfaces. Equations 3.31, 3.32, 3.33 will be
used to calculate the illuminance at each reference point. If the calculated daylight
illuminance at any reference point is equal to or exceeds the required illuminance, the

electric light is shut off using automatic control system.

3.4. DETERMINING THE DIRECT SOLAR GAIN THROUGH A WINDOW

The recommended procedures by ASHRAE has been employed in this section to
determine the hourly available solar energy. These procedures provide the means to
accommodate windows having arbitrary orientation, overhangs, and side fins. The model
has also utilized the method given by Duffie and Beckman [S0] to accurately calculate

the transmission and the utilization of the available solar energy through a room window.




3.4.1. Hourly available solar radiation.
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An hour by hour evaluation is necessary in order to estimate the energy saving during

variable daytime conditions as will be shown later in section 3.5. A surface such as a

room window can receive hourly total rate of solar radiation according to the following

equation [49]:
L=1,+1,+]1, [W/m?]
Where
I, = Hourly total rate of solar radiation on the surface.
I, = Hourly total rate of direct beam radiation.
I, = Hourly total rate of diffuse sky radiation.
I, = Hourly total rate of reflected radiation from the ground.
The direct beam radiation at window surface is defined as:
I, = Iy . cos a; (W/m?]

Where I,y is the direct normal radiation given by

I,y = A/ eP/eine: LW/ m?]
Where the values A and B are given in Table 3.3.
The diffuse sky radiation I, can be calculated using the equation
I,=C.Iy. (I +cosy)/2 [W/m?]
Where C is the diffuse radiation factor given in Table 3.3 and
Y is the tilt angle of the surface from the horizontal.
The reflected radiation from ground I, is given by

Iy=Ipy . (C+sina).p,.(I-cosy)/2  [W/m?

(3.36)

3.37)

(3.37a)

(3.38)

(3.39)
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Where p, is the ground reflectance.

34.2 Hourly solar heat gain

As the available solar radiation on a room window is determined, it is possible to know
the solar heat gain in the room. To consider the reduction in the transmitted radiation
through the window due to glass reflection and absorption, both reflected and absorbed
portions of the beam and diffuse radiation are determined. The transmittance of radiation,

when only reflection is considered, (t,) is given by [50]

1
Tr-'E-

(3.40)

1-Il + l—IJ_

While the transmittance if only absorbtion is considered, (1,)is given by [50]

T - e-ta’./cose2 (3.50)

Where r, is the parallel component of the radiation.

r, is the perpendicular component of the radiation.

tan? (0,
tan?(0,

ai)
ai)

I, - (3.42)

+

sin?(0, - a;)
sin?(0, + a;)

(3.43)

Fig [3.24] shows the angle of refraction (8,) which is given by [50]:

0, - sin™ [fl::é] (3.44)
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The variable (K) is the extinction coefficient which is a property of the utilized glass

having the unit (m™), and the variable (L) is the thickness of the glass in (m). Finally the
portion of the beam solar radiation that is transmitted to the space (T) is

T=1T,.1, (3.45)

The preceding procedure is applicable only to beam radiation but it could be used for
diffuse radiation if some modification in the incident angle, 4, is made as suggested by
Brandemuel and Beckman [51]:
- For radiation from the ground
a, = 1.043 + 0.0938 y + 0.1543 (3.46)
- For radiation from the sky
a;, = 1.043 - 0.1307 y + 0.08577 * (347)
So by replacing a; by a;, from the first equation, the transmittance of the radiation
reflected by the ground, 7, can be obtained, and by a;, from the second equation, the sky
radiation equivalent transmittance, T, can be calculated. Thus the general equation
governing the hourly radiation that heats up the room becomes
Q=A .B.(fix. ], + 1,.1; + 7,.1) [Watt] (3.48)
where A, is the window area.
B is the effective absorptance of the room.
J; is the ratio of the window that receives direct beam radiation to the total
window area.

The effective absorptance, 3, is expressed as [50]

B=(1-pp)l(1-pg+pr.-Ts.-A1A) (3.49)
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where p, is the reflectance of the room surfaces.
A, is the window area.
A; is the room surface area.

The area of the window that receives direct beam radiation can be calculated using the

method given by Sun [52].

3.5. ENERGY SAVINGS ESTIMATION

In the previous sections, a procedure for the availability of both daylight and solar energy
in a room has been developed. A simple, direct procedure, which provides quantitative
energy saving assessment that puts the use of daylight and solar energy in a single form,
is suggested. This procedure will be demonstrated by a sensitivity analysis for window

variables.

The proposed energy savings estimation procedure is a further development to an existing
procedures by Rundquist [53]. The proposed procedure accounts for visible light, solar
heat gain, and the thermal conductance as the window energy parameters. Among the
advantages of the present method over Rundquist, is the fact that the present method takes
into account the infiltration losses as well as it provides detailed calculations for the direct
solar beam illuminance, as an input data rather than using the approximate daylight
calculations given by Rundquist that ignores the sun illuminating effect. Also, the present
procedure is based on a month by month analysis rather than a single month representing
the entire summer season and another month representing the entire winter season. The

thermal effect of turning light off, permitting solar radiation in the space, and conductance
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through the window are calculated throughout the year in the present method. In the

method suggested by Rundquist, only thermal conductance was considered in the heating
season and only the other two thermal factors were considered in the cooling season. An

automatic light control system is assumed to be available in the space .

Energy saving in a passive solar building can be realized when comparing the energy
consumption of that building to the energy consumption of a reference building. The
reference building is assumed to have the same design as the passive solar building except
that the passive solar window system and its wall are replaced by a neutral wall. A
neutral wall is a wall that does not allow any form of heat transfer through it (an

adiabatic wall).

A set of prespecified data is assumed to be available before proceeding with the energy
savings calculations. This set includes:

1) The level of illuminance required at the working plane, (E,} in klux.

ii) The area represented by each reference point, (4,) in m?.

jii)  The coefficient of utilization of the luminaire used, (CU) .

iv) The light loss factor for the luminaire, (LLF) .

v) The efficiency of the lamps used, (€, ) in lumen / watt .

vi)  The ratio of lighting heat goes to plenum, (LLP).

vii)  The efficiency of the cooling unit used, (§.) .

viii)  Start and end hours for using the building, (T, , T,,).

ix) Number of working days for each month, (T,) .
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X) The average outdoor temperature during the working hours for each month,
(T,,)in K.
xi) The probability of the sky to be clear, (P,), partly cloudy, (P,,) and
overcast,(P,,) .
It is assumed that the thermal mass of the direct gain passive solar building is well
designed to uniformly distribute the solar heat gain to the building in a given month
throughout that month. So overheating will occur only if the monthly solar gain to the

building exceeds its monthly heating requirements.

The following forms of energy consumption will be considered in the calculation of both
the reference building and the passive solar building: i) Energy consumed to provide
auxiliary heating to the building. ii) Energy consumed to cool the building in the case
of over heating. iii) Energy consumed to illuminate the building. These levels of
consumptions will be reflecting the dynamic availability of daylight and solar energy in
the building. These availability has been discussed in sections 3.2 through 3.4, yet their
effect on energy consumption is to be discussed. The 21" day of each month is assumed

to be a true representative of the average day of that month.

The_effect of daylighting
The following procedure is used to calculate the electric lighting energy consumption in
the presence of daylight and the resulting internal heat gain to the space.
- For the 21" day of each month, the available daylight illuminance at each

reference point is calculated on hourly basis for each sky condition (clear, partly
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cloudy, and overcast).
- The consumption in lighting under each sky condition = (E,* (T,,- T,)) - amount
of lux-hour covered by daylight [ the hatched area shown in Fig. 3.25].
- The average daily electric light energy consumption (C,,,) =
(C,.P,)+(C,.P,)+(C,.P,) (3.50)
where C., C,, and C,, are the lighting consumption under clear, partly cloudy,
and overcast sky conditions.
- The monthly average consumption for lighting at each reference point (C) =
(T) .(C.J - (A) | ((CU) . (LLF) . (&, )) (3.51)
Where C, units is [Watt.hr] .
- The monthly internal heat gain to the space due to lighting (g,) can be calculated
from the following equation :
(q) =(Cp . (LLP) . ( 1 - (§,/683)) [Watt.hr] (3.52)
where 683 is the maximum lumens that can be given per watt.
Both energy consumption for lighting and the consequent internal heat gain will reach
their maximum value in the case of the reference building as daylight does not exist in

the building.

The_effect of the solar energy

The heat gain from solar energy reduces the heating requirement of a building during the
heating months but it increases the cooling requirement during the cooling months. The

monthly total solar energy received by a given building, q, can be calculated as

gs=N,.Q,;. Ky [Watt.hr] (3.53)
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Where @, = the available solar energy in the room from its windows during the day,

and it can be determined by summing up the hourly solar radiation, Q (Eq.

3.48) for the whole day.
K, = the monthly average clearness index.

N, = the number of day in the month.

Knowing the effect of both daylight and solar energy, the actual building energy
consumption can be calculated for each month and then summed up to get the annual
energy consumption. The following procedure is used to determine the monthly
consumption.
- Calculating the building monthly heat loss from the envelope, q, using the
equation
g.= (AU),.DD .24 { Envelope conductance }
+ (F2 .P.DD . 24) { Floor conductance }
+ (1200 .v .DD . 24) { Infiltration [sensible] }
+ (2808 .v . Aw . 30 . 24) { Infiltration [latent] }
[Watt.hr] (3.54)
Where ( AU ), = the sum of the area of each building envelope components
multiplied by its conductance, W/’k
F2 = the floor heat loss coefficient W/m.k per m length of perimeter.
P = the perimeter of exposed edge of floor, m.
v = the volume of outdoor air entering the building, I./s.

Aw = the humidity ratio difference.
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Both the intemal heat gain from lighting and the solar heat gain in a building are
to be subtracted from the previous values to get the monthly auxiliary required
energy for heating, C, ;.
Coch =de- 91" 94, [Watt.hr] (3.55)
If the inte~ 1l heat gain from lighting and solar energy has exceeded the heat loss
from the building envelope, the building may then need to be cooled down. An
hour by hour analysis ‘s made using the transfer function method [49] to
determine the effect of the hourly solar gain to the building, the window and wall
conductance, and the intemal heat gain from lighting on the energy consumed to
cool down the building. The following steps were taken in the calculation process:
- Reading the outside temperature for each hour in the day 21* of the month,
t, , and consequently calculating the heat gain or loss by conduction for
the window during each hour in the day, g, , by
Gne= (AU (1, - t)  [Wan] (3.56)
Where t,, = the hourly outdoor air temperature.
t; = the constant room air temperature.
A.U = the window area multiplied by its conductance.
- Assessing the average solar erergy incident on the window’s wall surface,
G, in each hour where
G =1 .K; [Watt/m?] (3.57)
Where I, can be determined using the equation (3.36).

K; is the monthly average clearness index.
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The value of G, can be utilized in the following equation to calculate the

hourly sol-air temperature, z, [54].

G AR
o " to+ﬁ—ﬁf +e-7]—; (3.58)

t

Where h, is the outside surface coefficient of heat transfer.

B is the absorptance of the wall surface.

¢ is the surface emittance of the wall.

AR is the difference between the long wavelength radiation incident on the

surface from the sky and the radiation emitted from a black body at

outdoor temperature in Watt/m® .
The term AR / h, varies from about zero for unobstructed vertical surface to
about 4°c for horizontal surface while the rate B / h, varies from about 0.026 for
light coloured surface to about 0.053 m?2.°C/w for dark surfaces.

The hourly sol-air temperature is used in determining heat gain through the

passive solar wall containing the window, ¢, , by using the equation [49]

(3.59)

Qw,c_Aw E‘bn(te,:-nA) Ed(QLan)— CEC

n-0 n-0

Where A, is the area of the solar collecting wall.
t, is the room inside temperature.
b, ,d, ,C, are shown in Table 3.4. [54]
- Calculating at each hour the average solar heat gain to the building due to

direct sun, g5 , where
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45, = Q. Ky [Watt] (3.60)
(Get Q from eq. 3.48)
- Calculating the hourly internal heat gain due to lighting, ¢, , by
e = Zyom (E. - E,) (LLP) (14&, 1683)) | ((CU) (LLF) (& )) [Watt] (3.61)
where m is the number of the reference points and
E, is the available daylight illuminance on the reference point.
- The hourly consumption for cooling the building, ¢, , can be determined
with the equation
Qet = Zimtt (Vo @it + Vo Gia + V205020 ) - W1 e, [Wa] (3.62)
Where 1=n, 2=w, 3=5s 4=1L.
Table 3.5 and Table 3.6 are to be used to choose the appropriate transfer
function coefficient ( v, , v, , v, , w, ) for each heat gain component.
- The monthly auxiliary required energy for cooling, C,,,. can be

determined by

Coire =Ny * Lout20 4.0 1 &, [Watt.hr] (3.63)

The actual building total energy consumption in any month, C,, can be now calculated
as:
C,=C,+C, [Watt.hr] (3.64)
where C,,, can be either C,,, or C,,., and
C, from equation 3.51.
Using the same procedure, the monthly energy consumption in the reference building, C,,

can be determined noting that the cooling load will be caused only by the internal heat
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gain from light. The monthly saving in the actual building energy consumption, S, can
be then calculated by

Spon = C,, - C,, [Watt.hr] (3.65)
and the annual saving by

S el = Zotes12 Smon (3.66)
This annual saving value is useful in the decision making during the design process as
indicator for choosing among daylight and solar energy systems, and it can also be
utilized in sensitivity analysis studies to determine the effect of various parameters on the

overall window design.

3.6. ASSUMPTIONS IN THE MODEL

The following assumptions were taken while structuring the mathematical model:
1) No external building obstructs the daylight availability on the room fenestration.

2) The room fenestration has a rectangular shape and uniform luminance distribution.

3) The room fenestration has a narrow sill and jamb that will not reflect light inside
the room.
4) The room is empty and rectangular in plan.

5) The room depth is not more than twice its ceiling height.
6) The thermal mass inside the room is designed to efficiently utilize all the available
solar energy in the room.

7) The room temperature is constant throughout each month.
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Figure 3.1 Solar altitude and azimuth (Northern Hemi-
sphere).

TABLE 3.1 Julian Day Calculation.

Month Days in month J
Janvary 3 i
February 28 I+
March 31 9+
April 30 90 +
May 31 120+
June 30 150+
July 3 181+
August 3 MY+
September 30 U3 +i
Qctober 3 273 +i
November 30 304 4

December 31 334+
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Fig 3.2 Angles Used to Determine the Sky Point Position
Related to the Sun Position.



Normal to the window

Fig 3.3. Angles used to calculate the horizontal sky
illumination on tilt surface
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Fig 3.4 Angles Used to Calculate the Sky Illuminance on a
Surface.



o | Verical Surface

Fig 3.5 Angle between the Sloped Surface and the Horizontal Plane.
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Inverse Cross Section
(Side Wall)

width

(Back Wall)

Longt. Sec.

Detail

Fig 3.11

(Floor)

Case No. 5
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Table 3.2 Possible Position of Sun Spot Corner Points

o ON ON
Poc 0. ON
CasprLom?|  mBor PERPINDECULAR|  OFFOSITE
1. 4.
CASE#1 L —
1' 4'
CASE #2 5 5
[ 4
CASE#3 —— %
1' 4' l' 4'
ASE #
CASE#4 T ¥ 5 T
cAsE#s | 4 “ r [ ¢4
2 T2 3
CASE#6 r | 4 v |4
= 3 > 3|
CASE#7 r 4 nr &
2v 3' 2, 3'
CAsE#s |1 & I 4 I 4
L2 § 3 j 2 |3 ] 2 3
case#o It [« I v [« , 1 [ &
2 3 | 2 3 2 3

CASE#10 Jrl'

CASE # 11 |

CASE #12

CASE#13

CASE# 14

CASE #15

A shaded corner number in a surface columnn indicates that this comer is on that surface
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case # 4 case# 13

case# 1
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caseft 15
Yes

Spot on the
three surfaces
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No
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Fig 3.22 Flow Chart for Determining the Sun Spot Position Case



f
Perpendicular Source
o m
f \
C
Parallel Source
a
m
f
Ir.zlined Source ¥

Fig 3.23 Parameters for the Equations
(3.31), 3,32), 3,33)
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Table 3.3

Extraterrestrial Solar Radiation and Related Data

For the 21st day of each month
(From ASHRAE Hundbook 1981 Fundumenials. Table 1, p. 27.2)

69

Equation
I, of tume, Deciination, 9, A B C
W/m! min. deg. Wome Dimensionless
Jan 1396 -11.2 - 20 1229 0.142 0.058
Feb 1384 -13.9 -10.8 1214 0.144 0.060
Mar 1363 -71.5 0.0 | 185 0156 007}
Apr 134} + 1.1 +11.6 11138 0.180 0.097
May 1321 +3) + 20.0 1103 0.196 0.12]
June 1310 -1.4 +23.45 1088 0 205 0.134
July 1311 -6.2 +20.6 1084 0.207 0.136
Aug 1324 -2.4 + 123 1107 0.201 0.122
Sept 1345 +17.5 0.0 1151 0177 0.092
Oct 1367 +154 -10.5 1192 0.160 0 M
Nov 1388 +138 ~-19.8 1220 0.149 0 06}
Dec 1398 ~1.6 - 21458 1213 0142 0.057
Medium |
Medium 2
8,
Fig 3.24 Solar Radiation Incident and Refraction

Angles.
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Table 3.5 Room Transfer Functions: v. and v, Coefficients

Heat Gain Room Envelope v, vy
Component Construction” Dimensionless
Soiar heat gain through glass* Light 0.224 =w -y
with no interior shade: radiant Medium 0.197 l=w =y,
heat from equipment and people Heavy 0.187 l=u =g
Conduction heat gain through Light 0.703 l=w. =3
exterior walls. roofs. partitions, Medium 0.681 J=w =1,
aoors, windows w/ blinds or drapes Heavy 0.676 l=n =1,
Coanvective heat generated by Light 1 000 0.0
eguipment and people. and from Medium 1.000 0.0
«entlation and filrration arr Heaw: 1.000 0.0
Heat Gain From Lights®

AirSupph Type of
Furnishings and Return Light Fixture Yo I
Heav.weignt Low rare; sup- Recessec.
ample fur- pi\ ana return not
nisnings. below ceiling vented
no carpet (vg25)° 0450 R 7
Orainary Megiumto ign Recessed.
turmsnings, rate. suppivanc  not
no return below or vented
carpet cethng (V 2 15 0:50 L=n -y
Orainars Mediumtohigh  Vented
turnmisnings. rate. or tnguction
witn or unit or fan ana
witnout carpet  ¢oil, suppivand
on floor return peiow, or

througn ceiling,

return air pienum

(V225 0650 -w =i
an ype Ducteareturns  Venteg or iree-
turniture, witn  through bignt hanging in air-
orwithout fintures stream with
carpet ducted returns 0 "S0 F=w =y

SThe transter JUNCLIoNns N this ;adDle were calcuiated by procegures outunea in
\1za1as and Stephenson (1967 ) ana are acceptable for cases wnere ail heat gain energh
eventually appearsascooiing ioad The computer program used was aevetopec at the
Nauonal Research Counciiof Canaga, Division of Bunaing Researcn

®The construciion aesignations denote the following
Ligntconsiruclion sucn as ‘rameextenior wall, S0-mm concrete floo” siat approx.

imatets 150 kg of materiai per square metre of floor area
\Megium construction such as 100-mrmn concrete exterior wall, 100-mm concrete floor

slat. approvamateis 30 wg i = of Nloor area
Heavy construciion sucn as )50 mm concrete exterior wali. ! S0-mmconcrete floor
siap approximaten 630 hg ‘m- of fioor area

*The coet ficients of the transier :unction that relate room cooling ioag to solar heat
gainthrough gassdepend onwnere the sofar energvis absoresc If thewnaow 'sshac.
ec ov aninside blind or curiain most of the solar energy 15 absoroed by thesnaae. and
is transierred to the room by convection and long-wave radiation in about ihe same
proportion asthe heat gun tnrough walls and roofs: thusthe same transter coefficients
appiv

“1f room suppivair isexnausted through the spaceaoore the cesling and hgntsare
recessed, such air removes some neat trom the ights that would otherwise nas e entered
theroom Thisremoved hgnt heatis suillaload on the cooling plantif theairis recir-
culated. eventnoughitisnotapart ot theroom heat gainassucn Thepercent of neat
cainappearinginineroom aepenasonthetype of hghting nxture, :ismounting. and
tne evhaust airflow

“1 15 room air suppls ratein L s per square metre of floor area



Table 3_.eRoom Transfer Functions: w Coefficient

Room Envelope Construction®
Room Air  50-mm 75-mm 150-mm  200-mm  300-mm
Circulation  Wood Concrete Concrete Concrete Concrete

and S/R Floor Floor Floor Floor Floor
Type Specific Mass per Unit Floor Area. kg/m:

50 200 370 590 780

Low -0.58 -0.92 -0.9% -0.97 -0.98

Meaium —u.be -Uvu -0.92 -0.96 -097

Hign -0.81 -0.88 -0.92 -09s -0.97

Vers High -0.7" -0.8¢ -0.92 -0.95 -0.97

-073 -0.83 -0.91 -0.94 -0.96

3Circuianon rate

Low' Mimimum reauired 1o cope with cooiing toad from Lights and occupants in
interior zone Suppt througn {loor. wall, or ceriing aiffuser Ceiling space not
used for returnair, and A = 23 W/(m- - °C) (wnere # = inside surface con-
vecuion coeffizient used in caicuiation of w | waiue)

Medium Supphea through floor wall or cethng diffuser Ceiling space not used
for return air. and A = 34 Wm- - °C)

High Room air circutation induced ™ primary air ot inguction unit. or by room
fan and cotl unit Cewing space usea tor return air ang i = -4 S Wim-+ °C)

Verv mgh Usea to mimimize iemperature gradients in a room. Caling space used
forreturnair.an@ A = -4 S Wm-- °C)

PEloor covered with carpet and ruober pad: for a bare floor or if covered with floor

tile, take next w, vaiue aown the column
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CHAPTER IV

CODING THE MATHEMATICAL MODEL

A computer program was developed for the model presented in chapter IIl. The program
runs on any IBM compatible personal computer with an operating system "DOS" version
3.3 or higher, and using "Basic" as the main programming language. The program was
written using the Quick BASIC program version 4.5 and was connected in its final steps
with LOTUS 123 version 2.2. The interface with the user was done using SCREEN

SCULPTOR version 1.2.

4.1. FUNCTION OF THE PROGRAM CODE

This program code is designed to provide the following functions: i) to estimate the
energy savings potential of daylight in passive solar buildings. ii) to provide required
sensitivity analysis for assessing the influence of windows on building energy
consumption. iii) to provide daylight designers with a user friendly software that helps
them in designing as well as comparing design alternatives. The program is able to supply
the users with general unuseful data needed in the design process. Such data includes the
sky and sun illuminance on horizontal, vertical and tilted surfaces, the solar incident angle
on a surface, the hour angle and the sunset hour angle, the azimuth and altitude angles
of the sun for a specified solar time and building location. The program would also
calculates the available llluminance level on any given point. The available solar energy

during a period of time and the saving in energy consumption due to passive solar energy
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and daylight for any given design are also available to the user.

42. THE PROGRAM STRUCTURE

The program consists of a number of subroutines. Each of them performs a specific task.
These subroutines are clustered and chained together in several combinations so as to
provide maximum flexibility to the user. Clustering and chaining the subroutines is made
by using three main modules; the Control module, the Input Data module, and the
calculation module (Fig. 4.1). The control module is designed to interface with the user
and to receive input information that orient the program towards achieving the user
requirements. The Input Data module is organised into two sections, the city weather data
section and the building data section. The calculation module is the heart of the program
and consist of three routines; the main/diffuse sky routine, the direct beam illuminance
routine, and the solar energy routine. Some of the results are performed through the
control module and the rest are presented by another peripheral module made by the
"LOTUS" program in order to show and printout graphs. This modular structure allows
easier develcpment to the different parts of the program and facilitates their future

expansion or modification.

4.3. THE CONTROL MODULE

This module guides the user and permits the selection of the required task from the
available list menu (see appendix B). Then it sends operating orders to the proper module
and receives the results to present them. Fig. (4.2) shows the different tasks made by this

module.
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4.4. THE INPUT DATA MODULE

4.4.1. Capabilities and limitations

This module allows inputting the location and weather data for any number of cities
where the weather data are entered on monthly bases. The program can deal with one
building at a time and the building can have unlimited number of rooms. Each room
should have a rectangular prism shape with possibility of only one tilted wall. In case of
a room with a tilted wall, the window must be located on the tilted wall. The walls of the
room should have equal reflectance. The reflectance of the floor and ceiling can be
different. The window azimuth angle should be the same angle as that of the wall. A
window can be positioned anywhere within the wall. If there is a window on the tilted
wall, it must have the same inclination angle as the wall. Each window could have a
perpendicular overhang and two similar perpendicular side fins. A window can have any
type and any number of glass panes as long as its transmittance and reflectance values
accounts for window type and number of panes. The maximum number of windows
within one room is ten. The reference points can be situated anywhere within the room

with a maximum number of ten points.

4.4.2. The Structure

The input data module includes two separate parts. The first sub-module includes the city
weather and location data. The second sub-module contains building data. The city
location data is stored in the form of a two dimensional matrix as shown in Fig. 4.3 and
it consists of monthly average probability of a clear, partly cloudy, and overcast sky. The

monthly average outdoor temperature is in Centigrade, the monthly average daily
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horizontal radiation is in kJ/m?, the cleamess index, and the number of heating degree
days. It also includes the city latitude, longitude, altitude, and the time zone standard
meridian. The building data is stored in four multidimensional matrices. The first matrix
(Fig. 4.4) covers the overal! building data which are the number of spaces in the building,
the cost of kWh in dollars, the number of working days in each month, the indoor air
temperature in each month. The second matrix (Fig. 4.5) describes the building rooms,
each room is described with two dimensional matrix which includes the dimensions of
the room surfaces (walls, ceiling and floor), their area and reflectance values. It also
includes the number of windows, and the azimuth angle of each wall. Other data such as
total number of reference points in the room, number of working hours per day, outside
ground reflectance, the coefficient of utilization for luminaries, their light loss factor, their
lamp efficiency, the efficiency of the light control system and the cooling unit, and the
conductance value of the room walls facing the outside are included in the second matrix.
The third matrix (Fig. 4.6) deals with building windows description. The windows of each
room are described in two dimensional matrix where every row represents a window. The
matrix includes the window wall number, the window position on the wall, width and
hight of the window, its altitude and azimuth angle, the properties of its glass and the
dimensions of any overhang or side fins around the window. The fourth matrix (Fig. 4.7)
describes the reference points. Each room is represented in two dimensional matrix that
includes the reference points positions, their corresponding areas that they cover, and the

required illuminance level at the reference point.
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4.5. THE CALCULATION MODULE

4.5.1. Capabilities and limitations

This module is designed to simulate both daylight and solar energy that enter the room
and to calculate the energy savings from daylighting. It can model time dependent clear,
partly cloudy and overcast skies taking into account the solar spot position within the
room. It does not consider the effect of adjacent buildings nor window blinds. This
module estimates the shading effect resulting from window overhang and side fins. As
luminance of a room surface may vary considerably, each surface is divided into 3 strips
of equal width having luminances that were calculated scparately. The available solar
energy and daylight are calculated on hour by hour basis and the degree of direct beam
penetration can be assessed for any given window with any tilt angle and orientation. The
angular dependence of transmittance through glazing is determined for both direct and
diffuse radiation. This module allows the calculation of the energy savings due to
daylight and solar energy for a whole year and for any specific month in the year. It also
allows the calculation »f illuminance level on any given surface at any given time and

location (see sec. 4.7).

4.5.2. The Structure
The calculation module consists of three routines: the main/diffuse sky illuminance
routine, the direct beam illuminance routine, and the solar energy routine.
- Main / Diffuse Sky lluminance Routine :
This routine is connected with the control module Fig. (4.1) to receive the operating

orders and sends the results back to the control module. It also organizes operating the
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other two routines in the calculation module. The routine answers the user requests for
the daylight and solar energy design information. It also determines the illuminance effect

of the window on the room surfaces and on the reference point. Fig. (4.8) shows the flow

chart for this routine.

- Direct Beam Routine :
In this routine, the illuminance due to the solar beam is assessed. The calculation
procedures takes into consideration the position of the sun spot within the room surface.
Fig. (4.9) presents the calculation sequence of this routine.

- Solar Energy Routine :
Its main function is to determine the available solar energy in a room according to its

fenestration design and orientation. Fig. (4.10) shows the flow of calculation in this

module.

4.6. GRAPHICAL INTERFACE USING LOTUS

In order to present graphical output from this program, the "LOTUS" was customized to
translate numerical outputs into graphics. These graphics shows the illuminance level at
each reference point, the available daylight and the potential energy savings due to

daylight and solar energy.

47. APPLICATION EXAMPLE

To illustrate the program capabilities, the following application example is introduced.
The graphs shown (Fig. 4.11) are a black and white version of the colourful screens

originally used in the program. Each screen will be followed by comments to show the
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reader which module is currently on. This example will start by introducing the program
then the user will choose running the program to get information for a case study in
Montreal. The user then inputs the latitude and longitude of Montreal, then instructs the
program to calculate both the sky illuminance on a horizontal surface and the sun position
on the 20™ of June at 3:30 p.m. Next, the user enters all building data needed. The
building name in this case study is "Test" and it is located in Montreal with only one
space (room) which is 12 x 18 m? in plan and 8 m in hight. The room has one window
in the south wall, and there will be six reference points within the room. The window
dimensions are 7 x 5 m? and it has an over hang. Having filled all the required data, the
user is going to modify the window dimensions into 10 x 6 m?. Finally the program is

executed to calculate the available daylight, solar energy and the potential energy savings.
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Fig 4.3 Schematic for Weather Data Matrix (WEATH)
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Fig 4.4 Schematic for Building Data Matrix (BIDA)
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WIDA (room #, window #, column)

& Glass conductance value
= I Window azimuth

= Glass thickness
- ] Glass extinction ceefficient
b I Fin (2') value
w | Fin (¢') value
b Fin (b') value
o ] Fin (p') value
- Over hang (d) value
~ | Over hang (b) value
S Over hang (p) value
& Over hang (a) value
o Curtain transmittance
= Window's glass transmittance
o Window altitude angle
w“ Window hight (f)
-« Window width (m)
o Value of y
«a Value of x
-

Window's wall # in the room

Window 8 1

Window 8 2
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Fig 4.6 Schematic for Window Data Matrix (WIDA)
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Fig 4.8 Main / Diffuse Sky Illumination Routine
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BUILDING NAME: TEST
NUMBER OF REQUIRED
MONTH WORKING DAYS INSIDE BUILDING LOCATION (CITY) =
PER MONTH TEMPER. MONTREAL
JaN. 19 23.0
FEB. 20 23.9 NUMBER OF SPACES IN THE BUBILDING =
MAR. 21 23.0
APR. 20 23.0 :
HayY. 24 23.0
JUN. 22 25.0 REQUIRED ILLUMINATION LEVEL =
JUL. 21 25.6
AUG. 23 25.9 560 (Lux)
SEP. 21 23.0
0CT. 20 23.0 BUILDING OUTSIDE CIRCUMFERENCE =
KOV, 22 23.0
DEC. 20 23.6 9 (w)
START WORKING HOUR = 8 NIGHT INSULATION WILL BE USED 7
END WORKING HOUR = 17 Y

Data Sheet < Input Data Module >
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BUILDING NAHE : TEST
» REFERENCE BUILDING DATA =

REFERENCE BUILDING IS A BUILDING THAT HAS THE SAME DESIGN
OF THE ACTUAL BUILDING EXCEPT THAT ITS SOLAR COLLECTING
SPACES ARE ASSUMED TO HAUE NEUTRAL EXTERNAL WALLS.
(NU TURK oi & &) JEaNSFER 1% &LLUWED THROUGH TALGE WALLS)
IIIITIAST, BN R R RN T NI MU R
ERL TSR IPERELIN I B U TR RIS I JEE L IR 2 XIE Sl Dol 3

..... e

ENVELOPE 3 TOTAL 8 winoow's  E TOTAL .
CONDUCTANCE ; EXTERNAL ! TOTAL ILLUMINATED
» AREA = ! WALLS ARER CIRCUMFER. AREA

974 W/°C £ = 5wt = 140 = = 57 wt
FEGEET  NUMEDD saomam Sumamee

Data Sheet < Input Data Module >

BUILDING MAME : TEST SPACE 8 = 1

IS THERE AN INCLIMED WALL IN

THIS SPACE (Y/N) 7 N

* IF Yes THEN YOU CAN
SPECIFY WINDOWS ONLY ON
THIS INCLIND WaLL ™

S

Data Sheet < Input Data Module >
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BUILDING NAME : TEST SPACE & = 1

0.8 1S Left wall. 1 OF WINDOWS
N :
Main wall, - MAIN WALl = 1
1 } ] | § ‘
- RIGHT WLL = ©
‘4 - OPPOS. WALL= ©
AZIMUTH ANGLE OF THE
MAIN WALL FROM SOUTH t Opposite “LEFT WLL = @
wall.
ARE THE WINDOWS
% OF REFERENCE POINTS IN IDENTICAL IN
THE SPACE = 6 Right wall. EACH WALL 7 ¥
WALLS REFLECTANCE = .50 FLOOR REFLECTANCE = .26
CIELING REFLECTANCE = .68 QUT SIDE GROUND REFLECTANCE = .30

Data Sheet < Input Data Module >

BUILDING NAME : TEST SPACE # = 1
RATIO OF LUMINAIRES LUMINAIRES
LIGHT HEAT COEFF. OF LIGHT LOSS
GOES TO UTILIZATION FACTOR =
PLENUM = .5 = .45 .75
munnm mnnmm Hnnn
LAMPS LIGHT COOL ING WALL
EFFICACY CONTROL SYS. UNIT CONDUCTANCE
Luman/watt EFFICIENCY EFFICIENCY Watt/C.m?
= 60 = .75 = .85 = 0.50

mnnnnm mmnmn mEnmm o nnpnnn

Data Sheet < Input Data Module >
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BUILDING NAME : TEST SPACE 8 = 1
DIMENSIANS
r— WAIN WALL
1 »
L
|
1 I
8.00 (w) )
18.66 (m)
4
4+——12.08 (w) —F
» PLAN = » SECTION »
nossEsD® osEsesuEmEES

Data Sheet < Input Data Module >

“WEINDOW DATA BUILDING MAME : TEST SPACE # = 1
MAIN WALL WINDOW 8 = 1
IS THERE AN
4] OVER HANG 7 ¥
B nunnnnm
d
—P——
IS THERE ANY
FIN 7 N
.ELEVATION CINSIDE VIEW). nunanam

WINDOW LIGHT TRANSMITTANCE = .BO CURTAIN LIGHT TRANSMITTANCE = 1.08

WINDOW COMDUCTAMCE 2.4  GLASS THICKNESS (cm)= .6  GLASS EXT. COEFF.=16

1

Data Sheet < Input Data Module >
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BUILDING NAME : TEST SPACE 8 = 1

MAIN UALL WINDOW 8 = 1

» QUERHANG DIMENSIONS =

4.56

{—
o 4
1.06 } 6.00

.ELEVATION (QUTSIDE VIEW). .SECTION.

Data Sheet < Input Data Module >

BUILDING NAME : TEST SPACE 8 = 1

REFEBENCE POINT 8 = 1

— MAIN WALL

I3 1

] L

+ 4
r | 5
(REFERENCE POINT)- 15.60 (w)

4— 10.80 (w) —
» PLAN » « SECTION

AREA COVERED BY THE REFERENCE POINT (m2) = 36.0

Data Sheet < Input Data Module >




» DATA IS NOW COMPLETED =

PRESS RETURN TO EXIT

OR PRESS Pglp FOR LAST SCREEN

Quit this Module

< Input Data Module >

RN . .
atlilesdn, wd o de

THE HAITN NMINU

ot aliey Ty

.
MR I T P

1) o, ENTER NEW BUILDING DATA.
2) ool MODIFY EXISTING BUILDING DATA.
K RUN PROGRAM.
) e ENTER NEW CITY DATA.
- MODIFY CITY DATA.
12 PN TERMINATE PROGRAM.

Choosing a Path

< Control Module >
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<
1

R dontilegudn i igs b

N
!
M

Bl el Qubbswia D Chn g s R Et

I . « CHAKGING BUILDING DATA = |
I3 o

O T A T, P T S A gy

s feke wra¥

CHUOSE ONE OF THE FOLLOWING :
B IO ... CHANGE SPACE DATA.
Y3 B CHANGE WINDOW DATA.
3) ... CHANGE REFERENCE POINT DATA.

Choosing a Path < Control Module >

m ot

" NaME OF THE BUILDING : YEST E
NUMBER OF THE SPACE : 1 z
NUMBER OF THE WaLL 1 SESESTIIEE

1) Main.

SE3sE=sEsS Z) Right
2 “~3) Opposite.

H E 4) Left.

NUMBER OF THE WINDOMW =
=53 - DO YOU WANT TO CHANGE THE EZE
IDENTICAL WINDOW (Y/N)

Information Request, Send Operating Orders to
the Input Data Module
< Control Module >
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e,

T

BUILDING NAME : TEST SPACE 8 = 1

HAIN WALL

WiNDOW 8 = 1

.ELEVATION CINSIDE VIEW),

WINDDW LIGHT TRANSMITTANCE - .80

HINDDW CONDUCTANCE 2.4  6LASS THICKNESS (cm)=

1S THERE AN
DUER HANG 7 ¥

8 DHunmm

1S THERE ANY
FINT N

CURTAIN LIGHT TRANSMITTANCE = 1.09

Data Sheet < Input Data Module >

U T T
REPELY

',-.v R
te

——

T‘."x“'mif!‘;'.i, v 6

¢
Py b e, nxndxxu‘nl;lu

i J K AR © o, ,x,|§H| j1ie _u'

.6 GLASS EXT. COEFF.=1b

CHOOSE ONE OF THE FOLLOWING :

1) e, ENTER NEW BUILDING DATA.
2) conenan MODIFY EXISTING BUILDING DATA,
CHOBICE:
b ) RUN PRUGRAM.
1) i ENTER NEW CITY DATA.
L I MODIFY CITY DATA.
0) e TERMINATE PROGRAM.

Choosing a Path

< Control Module >
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Cddbtals ol uhittueilu Rkl de.dduy bedi gy oot dinibn Wadi w4,

4 ‘
i fh

W ] - rrochon nunnine - § W

£ ' Ie T Rl g - Ay AAPS O s L'
e T B0 8 S T RO I o

CHOOSE ONE OF THE FOLLOWING :
;) GET GENERAL INFORMATION.
2) ...... GET ENERGY SAVED IN A BUILDING
DUE TO SOLAR ENER6Y AND DAYLIGHT.

> ) seesessnssassasss. QUIT.

Choosing a Path < Control Module >

i
RTINS SERE I REULTRTIR o (I (T L T SRR P i

NAME GF THE BUILBING FILE : TEST

CHOOSE ONE OF THE FOLLOWING :
) ONE MINTH RUNMING.
4 . ONE YEAR RUNNING.

NONTH NO. = ¢

Choosing a Path, Sending Operating Orders to the Calculation Module
< Control Module >



« RUNNING THE- PROGRAM =

*“ MONTH 8=4 =

Sun Rise. Sun Set.

" . 3 ) . oy PRTINT
widab b pholit CHb il atbe o duliad i wdeds Fduhde, wm 14 sl 2o idbie aa Wil Si0EY W

f{ )

< T 'm  RESULTS OF ONE MOHTH RUNNING = I
T UG DL TR AR G R A (T TR N (O ~{f«‘su;ﬂ{.d‘un.hgE'E‘f

CHOOSE ONE OF THE FOLLOWING :

... GOTO " LOTUS * FOR VIEW AND PLOT OF :

» .. DIAGRAM FOR THE ILLUMINATION DM SENSORS.
» .. DIAGRAM FOR THE AUAILABLE DAYLIGHT OM

HORIZONTAL SURFACE.
» .. DIAGRAM FOR THE AVAILABLE SOLAR ENERGY.

CHOICE:

2) ..., Cerensee REPORT ON THE POSSIBLE SAVINGS.
2

< «+... BACK TO THE MAIN MINU.

Choosing a Path < Control Module >
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REPORT ON THE MHTHI.Y SﬂUlHG BESULTS F E B (P1/2)

EA S TN

o AR
JPEREACTIS > S - Pk SRS v ST I

BUILDING: TEST
(M. hr)

- R.DUILDING CONSUMPTION I LISHTING 2.6

~ BUILDING CONSUMPTION IM LIGHTING 1.5
~ R.BUILDING HEAT LOSS FROM EMUVELOPE = 11.1
~ BUILDING HEAT LOSS FROM ENVELOPE
~ SOLAR ENERGY HEATING THE BUILDING

Showing Results Imported from
the Calculation Module
< Control Module >

REPORT ON THE MONTHLY SAVING RESULTS b’ t (P2,7)

o -‘ .

. .
5. © rees . TN —ih..-w--zk«- R vomblilibat.. sowas

BUILDING: TEST
(M. .br)}

R.BUILD. AUXIL. ENE. FOR HEAT.d COOL, 9.9
BUILDING AUXIL. ENE. FOR HEAT.& COOL, 16.4
R.BUILDING TOTAL ENERGY CONSUMPTION 12.5

BUILDING TOTAL ENERGY COMSUMPTION 1.9

ENERGY SAVING DUE TG DAYLIGHT & SOLAR 0.6

Showing Results Imported from
the Calculation Module
< Control Module >
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T T A T T T T R

1 ¥
l‘l
«  RESULTS OF ONE MONTH RUNNING = e :

O T D TR D NIRRT o nn !

[}
{

TR

T
'

CHOOSE OME OF THE FOLLOWING @ '

1) ..... GOTD " LOTUS “ FOR VIEW AND PLOT OF :

» .. DIAGRAN FOR THE ILLUMINATION ON SENSORS.

» .. DIAGRAM FOR THE AUVAILABLE DAYLIGHT O

HORIZONTAL SURFACE.

» .. DIAGRAN FOR THE AVAILABLE SOLAR ENERGY.

2) ..... cernaaies REPORT ON THE POSSIBLE SAUVINGS.

<) BACK TO THE MAIN MINU.

Choosing aPath < Control Module >

1
AVAILABLE_DAYLIGHT REFERECES_ILLUMINANCE BACK_TO_DAYL IGHT
Plot graph for Lhe monthly daily available solar radiation.

--------------------------------

...........................

Now you are in the LOTUS-1Z3 program.
Use the given menus to see the results in graphic form
You can plot the graphs and make any necessary changes
as normaly done in the LOTUS.

When you Finish, just quit the lotus and you
will be back in your nice "DAYLIGHT" program.

SRR R AR R A R A R AR R AR R R AR A AR AR AR AR ARAAREREARRLRRAARAN)

97-Hay-91 62:44 AN D

Starting Costumized Lotus-123,
Choosing a Path
< Lotus Program >




MOURLY AVAJLABLE SOLAR EMERCY

34

32t

2

20y

2}

2}

3 22

2 2ot

] |

}2 10

>3 iy
-

% 1

2 12

0F

s}

[ 33

4}

2

o

TIiIB’ ! ? J é‘Lﬁ1121‘.!I151L1‘71L1'921;2T£z§21;
TINE (Hours)

Showing Results < Lotus Program >

RADIATION REFERECES_ILLUMINANCE BACK_TO_DAYLIGHT
Plot graphs for the avajlable daylight in different sky conditions.

09-May-91 ©2:30 AM CHD

Choosing a Path < Lotus Program >
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' PARTLY_CHART OUERCAST_CHART MAIN_MENY
3 Show graph for the available daylight in clear sky condition

69-May-91 62:32 AM CHD]

Choosing a Path < Lotus Program >

e s A amaac

Clear Shy @vailable Daylight

110

100r

2

d
\\-
&

3
3
g 60
!
§
3
2 sot
3
- 40
30+
ZOb
10p

o Lo - e \ "
3 s ) 2 | 9 | n 13 12 172 | 9
I I 6 8 10 1'2 j“ IIG 18 ZI! 22 24
Tine (Hours)

O Shy Light [lium, + Sun Bear [1lur. Tora ek e

Show Results < Lotus Program >




RADIATION AUAILABLE _DAYLIGHT BACK_TO_DAYLIGHT
Plot graphs for the illuminance on the room sensors.

69-May-91 62:34 AN JCHD)

Choosing a Path < Lotus Program >

PARTLY_CHART OVERCAST_CHART MAIN_MENU
Show graph for the sensors illuminance in clear sky condition

69-May-91 62:36 AN CHD]

Choosing a Path < Lotus Program >
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TLLUMINATION ON THE SENSORS
FROM CLEQR SKY

24}

ZZL

w}
16+
14}

22

TLLUMINATION (Klux)

0}

Lmne B BB B 06 B 20 B BN AE D URE R 2D AR IR A S A T
F4 4 [ 8 10 12 14 16 18 20 22 24
YIME (Hours)

© SEMSORET + ' "Tnl & SENSOREI & SENSORed x SINSORaS
DA P ETY

Show Results < Lotus Program >

RADIATION AUAILABLE_DAYLIGHT REFERECES_ILLUMINANCE
End LOTUS-123

9-May-91 62:37 AN (.HD)

Quit the Lotus-123 < Lotus Program >
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A G AL

CHOOSE ONE OF THE FOLLOWING :
1) ..... GOTO ¥ LOTUS " FOR VIEW AND PLOT OF :

» .. DIAGRAM FOR THE ILLUMINATION ON SENSORS.
% .. DIAGRAM FOR THE AURILABLE DAYLIGHT ON
HORIZONTAL SURFACE.

« .. DIAGRAM FOR THE AVAILABLE SOLAR EMERGY.
¥ CHOICE:

-]

3 B N REPORT ON THE POSSIBLE SAVINGS.

6 ....... cevesresenssssss BACK TO THE MAIN MINU.

Choosing a Path < Control Module >

LI;LL'I'M.[I’L&'lluEimB.Ei’u.l.*.klit&lﬂiUEﬁﬂ.fiEl@.ﬁ'til‘lil!.:Lﬁﬁliu:Eﬂm&‘i@i.tﬁ.fit“fl}.&ti&lmﬁéi}'ﬂ.ﬁ‘&iB.Eiili’i
THE MAnlIN MINLU '

W}
: ‘*’,?,zzm:{n;zrgr»rrumugx;:;fsrg:;grcg Y

Kk (3l

PR AR AR IR R R BT R AN AT

CHOOSE ONE OF THE FOLLOWING :

... «+.... ENTER NEW BUILDING DATA.
2) ... MODIFY EXISTING BUILDING DATA.
K U RUN PROGRAM.
4) e, ENTER NEW CITY DATA.
5) ..ol Cervisavees MODIFY CITY DATA.

8) vevveeveenvennens.. TERNINATE PROGRAM.

Terminate Program < Control Module >

N 4 M £ B et T MO



CHAPTER V

MODEL VALIDITY AND EVALUATION

5.1. APPROACH

The present model is based on previously validated components found in literature. In
addition to the development made herein, the selected components found in the literature
were modified to suit the purpose of the present model. The quantification of the available
daylight on vertical and horizontal surfaces, as well as, the determination of the solar heat
gain through a window are calculated using recommended equations by the IES and
ASHRAE successively. These equations are previously validated and consequently it will
not be evaluated. On the other hand, the equations for quantifying daylight on tilted
surfaces are available from invalidated sources. Locating the sunspot in the room and
determining the total illuminance on the reference points are dependent on the calculations

developed in this thesis. These parts will be the subject of this evaluation.

5.2. DIFFUSE SKY ILLUMINANCE ON TILTED SURFACES

This model has utilized the equations given by Nettleton and Murdoch [47] to determine
the available daylight on a tilted surface. No measurements have been done to validate
these equations in Montreal. The instrument shown in Fig. (5.1) was designed to conduct
these measurements. It consists of two plates (a base and a reference plane) which are
connected together by four adjustable screws to ensure the horizontality of the reference

plane. A circular rotating plate is connected to the reference plane and it is free to rotate
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horizonially to change the azimuth angle of the measuring surface. Two vertical rods are
fixed to the rotating plate and connected together with an axis. The axis is fixed to the
measuring plate and allow it to rotate vertically to change its tilt angle. The axis is also
connected to a guiding protractor that allows it to rotate in an increment of 15°. A small
shadow band is connected to an adjustable carrier so as to protect the light sensor on the
measuring surface from direct sun light. Daylight was measured using this instrument on
the shore of St. Lawrence river at Lasalle district in Montreal. That place allowed
measuring the sky illuminance without having any significant obstructions. During the
months of January and February 1991, two overcast days, two partly cloudy days, and
two clear days were measured. The measurements were done in different hours throughout
these days. The azimuth angle of the measuring surface was changing between the main
eight angles (S, SE, E, NE, N, NW, W, SW) while the surface tilt angle was changing
from horizontal to vertical every 15°. The data was collected in sheets as the one shown
in Fig. (5.2). Same cormresponding days and sky conditions were input into the model and
the results were generated and compared with those measured. Fig. (5.3) to Fig. (5.5)
shows the comparison between the calculated and the measured results. The figures show
that the measured values are higher than those calculated in both the clear and overcast
sky conditions. That can be related to the snow covering the ground around the measuring
instrument. For the partly cloudy sky, the results are better distributed around the perfect
correlation line. That is mainly due to the variability of the cloud ratio and the cloud

distribution through the measuring period.
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5.3. SUN SPOT LOCATION ALGORITHM

This algorithm will be also examined by comparison with experimental measurements.
A room with the dimensions given in Fig. (5.6) is located on the roof of the Center for
Building Studies. The room has one relatively large window that is having an azimuth
angle of 14° from the south to the east. The window has a small overhang with 12 c¢m in
depth. During clear days in January and March, the location of the solar spot in the room
has been observed and classified into the cases shown in Table 3.2. The room data was
also fed into the model and the solar spot position cases were determined in the same
corresponding times of observation. The comparison between the calculated and the
measured results showed total agreement which confirms the creditability of the sun spot

location algorithm.

54. CALCULATING THE ILLUMINANCE ON THE REFERENCE POINTS

The reference points receive illuminance flux from the window and each point of the
room walls. It is assumed in the model that the window has a uniform luminance which
is not the real condition. The model also divides each room surface into three strips and
assumes that each strip has a homogeneous luminance. That is different from the actual
situation where each point in the room surfare has its own luminance. These assumptions
will lead to some error in the calculation process. This part measures the significance of
that error. Using the same room shown on Fig. (5.6), three light sensors have been
installed as shown in Fig. (5.7). The first one was put vertically on the window to
measure the daylight received by the window. The second and the third light sensors were

put horizontally inside the room. The three sensors were connected to a data acquisition
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instrument. The window was covered from outside with a translucent white paper to
reduce the effect of the surrounding buildings on the measurements and to help
distributing as much as possible the available daylight uniformly on the room window.
The reflectance of the room internal surfaces were assessed and were found to be 0.5 for
the walls, 0.6 for the ceiling, and 0.15 for the floor. Measurements were taken for two
separated days during the month of December 1990 while the sky condition was totally
overcast. The measured illuminance values on the two horizontal light sensors were
divided over those measured on the vertical light sensor on thc window to get the
reference point illuminance factor. The resulting numbers will reflect the effect of the
room surfaces on the light sensors final illuminance. The room data and the light sensors
positions were fed to the model and the ratios between the calculated window luminance
and the calculated illuminance on the corresponding reference points were determined.
The results of both the experiment and the model were compared as shown in Fig. (5.8).
The figure shows higher calculated values than the measured ones. That can be partly due
to the existence of some furniture in the room during the measuring procedures. It is also

due to the error in the calculating procedures.

5.5. CONCLUSION

The experimental work has indicated that the assumptions and the equations used in the
model give fairly close results to the real conditions. These results give confident in the

suggested model and the developed computer software.
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CHAPTER VI

CASE STUDY AND SENSITIVITY ANALYSIS

6.1. DESCRIPTION AND AIMS

This case study was made in order to evaluate the potential for energy saving when
daylight is taken into account in a passive solar building design. An abstract design is
assumed to represent the general characteristics of a passive solar building. As shown in
Fig. 6.1, the design is 24 x 24 m? in plan and 8 m in height and assumed to be a
commercial building. It has one main large south facing room 12 x 18 x 8 m* (similar to
the one shown in the application example in sec. 4.7) which is surrounded by several
rooms in two stories. The large room acts as the solar collector and the thermal storage
that provide heat to the rest of the building’s rooms. The south window is 10 m wide and
6 m in height. It has an overhang with the same window width and projected 4.5m
perpendicular to the window (see fig 6.1). The overhang is designed to eliminate the
summer sun penetration to the building. The building is located in Montreal and it is
assumed to have the following characteristics:

- Outside walls and roof conductance value = 0.5 W/m?.°c

- Insulating Double glazed window conduciance value = 2.4 W/m?°c

- Inside wall reflectance = 0.5

- Ceiling reflectance = 0.5

- Floor reflectance = 0.3

- Window average glass visible transmittance (double glazing) = 0.65
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- Area of exterior walls other than the wall of the south room = 532 m®

- Area of windows other than the south facing window = 140 m?

- Reference point height above floor = 0.9 m.

- Lamp efficacy = 60 Lumen/Watt.

- Luminaire coefficient of utilization = 0.45.

- Percent of lighting heat goes to plenum = 0.5

- The required illumination level is 500 lux.
An On/Off light control system is utilized for switching off the artificial lighting when
the available daylight exceeds the required illumination level ac auy reference point. The
south window is to be covered by insulating material during the night to reduce the heat

loss.

This chapter ~ims to examine whether considering the daylight energy savings potential
in direct gain passive solar buildings will have a valuable impact on reducing these
buildings energy consumption. It also studies whether the building fenestration design will
differ when both solar energy and daylight are taken into account in the design process.
An annual analysis of the saving in the proposed building will be done followed by a
sensitivity analysis for the effect of changing the south window tilt angle, azimuth angle,

and area on the energy saving in the building.

6.2. ANNUAL ENERGY SAVING ANALYSIS

As discussed in section 3.5, the energy saving in the proposed building will be the

difference in energy consumption between that building and its reference building. To
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calculate the consumption in the reference building, both heat loss from its envelope and
internal heat gain from its electric lighting were calculated and plotted in Fig. 6.2. The
figure shows that the internal heat gain from light exceeds the heating requirement for the
reference building in some months and as a result; the reference building may consumes
energy to be cooled down during these months. The auxiliary energy required to heat and
cool the reference building, as well as, the energy required for illumination are plotted in
Fig. 6.3. The figure also contains the total energy consumed by the reference building

which is the summation of its auxiliary energy and its illumination energy.

Calculating the energy consumption in the actual building will follow the same sequence,
yet both daylight and solar energy will be present in the calculation. Fig. 6.4 demonstrates
the actual building heat loss through its envelop which is more than the reference building
as the solar collecting window and its wall are added to the calculation. The intemnal heat
gain from the artificial lighting is variable and less than that of the reference building as
daylight utilization will lead to dimming some of the artificial light for some time. The
figure also shows the solar energy affecting the building. The solar energy is higher in
winter months than in summer months because the overhang prevents major portion of
the direct component of the solar energy to penetrate to the building in the summer and
allows only the diffused and reflected components. By adding the internal heat gain from
lighting to the solar energy affecting the building, the results will be the total energy
heating the building which will affect the auxiliary energy required for both heating and
cooling the building as shown in Fig. 6.5. The figure also shows the energy required to

illuminate the building when daylight does not provide enough iilumination. The building
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total energy consumption is the sum of its auxiliary energy and the illumination energy.
The difference between the building total energy consumption and the reference building

energy consumption will be the total saving as shown in Fig. 6.6.

To appreciate the significance of considering the daylight in the calculation, the same
procedures will be taken to calculate the saving in the building but when solar energy
alone is considered. That simulates the conventional way of designing a direct gain
passive solar building. Fig. 6.7 shows the building heat loss through its envelope and also
shows the heat gain to the building by illumination and solar energy. It can be noticed
that the available heat inside the building will be more in this case. That will reduce the
auxiliary required energy for heating but will increase the required energy for cooling.
Nevertheless, the total energy consumption will be more in this case than the case
considering daylighting. That is because of the increase in the energy required for
illumination (see Fig. 6.8). By comparing the total energy consumption in the reference
building with the actual building total energy consumption when daylight is ignored, the

saving in energy can be calculated as shown in Fig. 6.9.

Fig. 6.10 is focusing on the saved energy in the case of combining daylight with solar
energy and compares it with the case of solar energy alone. The graph demonstrates the
increase in energy saving in the first case during the cold months and the reduction in lost
snergy for cooling during the hot months. Dimming the light will result in saving the
energy consumed for illumination and also reduction in the cooling load during the hot

months. While in cold months, dimming the light will reduces the illumination energy,
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but will partially increase the auxiliary energy required to heat the building. That

explains the increase in the difference between the two saving curves during the summer.
By summing up the monthly saving for both curves to get an annual saving, the result
will show that the saving with daylight is almost double the saving without daylight. Yet,
this ratio changes by increasing the available solar energy to the building through
enlarging the solar collecting window area. Fig. 6.11 and Fig. 6.12 compare the saving
ratio as the window area increases from the proposed design window area until the
window covers all the south wall area. This result shows that ignoring the calculation of
daylight can lead to under estimation of the benefits of using the direct gain passive solar

system in building design.

6.3. WINDOW TILT ANGLE

When choosing the tilt angle of the solar collecting window, it desirable to achieve more
solar gain in winter and to prevent solar penetration in summer. That will occurs when
the window tilt angle is close to vertical (see Fig. 6.13). Meanwhile a daylight designer
will achieve better illumination distribution and higher illumination level in deep spaces
when using top windows (skylights) [48]. It is expected that combining daylight with
solar energy will result in a change in the optimum tilt angle for the solar collecting
window in the direct gain passive solar building. Fig. 6.14 shows the results of
calculating the saved energy while changing the window tilt angle for both cases; when
daylight in considered and when it is ignored. The angle of maximum saving has been

shifted as indicated on the figure.
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64. WINDOW AZIMUTH ANGLE

Facing south allows the solar collecting window to receive solar energy for the longest
period of time, which is required during the heating season. But to avoid overheating in
summer, the window is usually provided with an overhang that prevents the high altitude
summer sun from penetrating the building and increases the cooling load. As the
overhanged solar collecting window rotates towards east or west, it faces lower altitude
sun during longer period of time. This low altitude sun penetrates the building and
increases the available illumination in it. It also increases the cooling load in the building
during the summer. The balance between increasing the illumination and increasing the
cooling load determines the optimum window orientation during summer time and
consequently throughout the year. When daylight is ignored, only the solar energy effect

on the cooling load will affect the determination of the optimum azimuth angle.

Fig. 6.15 shows the annual energy saving in the proposed building as a function of
changing the azimuth angle of its solar collecting window. The figure indicates that the
maximum saving occurs when facing south for both cases. The large window provides
enough daylight to the space throughout the year even when the solar spot is prevented
by the overhang in summer time. But when the solar collecting window area is reduced
to half the initial area, the solar spot has more effect on the illuminance level in the deep
areas in the space. Fig. 6.16 shows that shifting from south increases the annual energy
saving in the building in that case. It also shows that the azimuth angle for the maximum
saving has changed in the curve represents utilizing daylight from that represents ignoring

daylight. The balance between saving in lighting and increasing the cooling load makes
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that change.

6.5. WINDOW AREA

To examine the impact of the window area and whether there might be an optimum area
for increasing the potential energy saving, the south window ratio to its wall was changed
from 2.5% to 100% with an increment of 2.5%. To keep the same effect on sun
penetration in all the cases, the overhang width and projection were adjusted. Fig. 6.17
displays the results for the proposed building. The figure shows that the more window
area available, the more the saving will be in both utilizing and ignoring daylight. That
is due to the high energy requirement to heat the building in Montreal. Yet, if the same
building is studied in warmer climate, a very large glazing area will result in high energy
consumption to cool down the building in summer. Fig. 6.18 shows the result of locating
the proposed building in Waskington. The figure shows that the maximum saving in
energy when combining daylight with solar energy has been achieved in a window ratio

different than that achieved when solar energy was utilized alone.

6.7. DISCUSSION

The results of this case study have indicated the importance of considering daylight in the
energy analysis and the design of the direct gain passive solar buildings. The daylight
contribution in energy saving makes these types of buildings more attractive and more
promising. The results also show that combining daylight with solar energy may have an
effect on the fenestration design so as to achieve the maximum energy saving. This effect

was limited in this case study, yet it can be more significant in other cases.




131

South

A LA A ol

3
| - }‘

e AR AP A A A A AP A 4 S 50545 T D Y VA A AR TS AN AR AN AAAN A




132

14,617 WO.i UIBS 18O (EBULDIUY Sul DuB 8d0i8AUS BuU:

—~

yBnNoJYy) SS0T B8 AJUILOW Cuil) NG 80uUBlid;8E 238 0 4

HLNOW

O}

Gl

0¢

Ge

14617 wouy
UigD 1BBH 1B8UJBIU]

(000L X) Jym)y

8dojeAau] Byl WwWOu)
SS07 1e8 K




133

'uolldwnsuoo ABisu]

Alyjuo 10} sjusuodwo) Buiping sousisisy £'9 Bi4g

HLNOW

X ¢l L ol 6 L 9 £ 4 b
T T T _\1\ T /.\/ T T 0
1
88— a0 Al
\\\ l_ S
/
Y
K {0t
\ 181t
A {02
162
oe

g

Guity8iy 104
pewnsuod ABisu3

Buijoog g Burijeapn s0)
ABisu3z faueipixny

(000L X) 1y my

pewnsuoy AbBisu3l 83101




134

(1yB1Aeq pue ABidu3z 1BI0G PBLIqWOYD)
Buipjing aul Ul UIBY |BSH 8yl PUeB 8d0|8AUT BY]

ubnouyy sso 1eaH Ajyluopn Buipjing 1enidoy ¢ 9 Bi4

0] ¢

Gl

....................................................................................................................................... ¢

S

—

Suipiing eul ui
U1Bg 188 H 1810

1yBi wousy
ui1Bs 18O H |BULOlUY|

—&-

Buipting ewl
Ul urgs Jej0g

R L L IS P TV

oe

(0001 X) Jymy

Wk TNy en SerS Y

edoleauy 8yYy) wol)

$507 ig®

H




135

(1yBi1Aeq pue ABlsu3z i1ej0g pauIqwon) uondwnsuon
ABiau3g A|yluon i0j Sjusuodwo) Buipjing 1BN)OY G'Q BI4

l'.m’ ————— e e o ——m —

Buniybi 10y §uiloo) ¥ 6ujiedH s0)
pewnsuon Afieu3l ABisuly Sigirxny pewnsuo) ABseul (e10y



136

ABisug 1R|OS UlIM PBUIGWOD Si 1ybBriAeg usuym
ucndwnsuo) AbBisu3z ul Buineg Ajyiuopyy 9'Q Bi4

HLNOW

o€

(0001 X) Jymy

Bu|pling |8n1oy 8y} ul Buip|ing eouei88y 8yl ul
ABiou3 ui Buiaeg uondwnsucy ABisul 8101 vodwnsuon ABieul j810)




137

(euo|y AbBisu3z Je|0g)
‘Buipiing ey} Ui ulen jeaH 8yl pue adojeaul sy)

ybnouyy sson jesH Alyjuow Buipjing |1enoy 2 9 Bi4g

oe
(0001 X) 1y my

-~~~ - ——

Buipiing eul ui 1ybit wouy Buipying eul CC;8ALT Byl WO,
UIgD 188 H 18101 UIEY 18O H 18LIBIU]| ! uigo Jg0g §S07 le8H




138

(oucdty AE43LIT =l D, WInpdwnsu Il

FrELHUT Fylusyy 40 SIUSUT ud D] TS jEniSe 2 4 Ui

- Gé
(0001 X) 4y my

—_ g —

Builybi 104 Burtoo g OurleaH 104
pewnsuos Abisu3l ABisull Aserjisny pawngucy ABisu3 (e10)L




139

‘PBISPISUC) SI BuUo|y ABisug ie|0Q usym
uodwnsuo)) ABisug ul Buineg AjYyluoN 6'9 Bi4

HLNOW
| ¢t L o] 6 8 L g ] 14 £ 4 }
T I T 1 T LI T T T T T G-
0
g
ot
Gl
(074
14
(03
(0001 X) Jymy
Bup,rg ,ENIOy @yt ui BuiD, NE B82UB.0,8K B4} »

AB.8uz U+ BuiABS LOjownsSLoD A8.sul ,e.o0, U0 I0W"SJ0] ABiaL3 2a.cC]



140

uoIlCWNSuUoY ABiaug ut Buineg AjLIUON OL'Q Big

a0uaiayjig ——  8uo|y Jejog — —  Jejos + jybiheq
HLNOW

4% L 0] 8 6 8 yA 9 g 14 € 4 2

T . T T _ u T T N 1 — c-
| -
0
b
4
e

(0001 X) Iy my




141

NN N

NN\ N\

‘ABiou] ie|0S Yyl im 1ybljAeg Buiuniquo)
0} anp buineg AbBisu3 jenuuy Ul 8SBBIOUY|

suoly Jejos [777]

Jejog + 1ybijAeg ]

% ‘Bale |[|[eAN 01 MOPUIA
06

USSR SIS S

(=)
1o ¢)

NSNS NSNS N N RN SN

NSNS NN A NSNS AN

PSS SN S AN S NN

KSSS NSRS SN

o

L

INSN AN NN NN NN AN

lL 9 Bi4

NSNS S S NN NN N
SOSSN SN SN NS

o

9
-0

- 0006

(NSNS NS S SN

- 00001}
- 0005}
- 00002

- 000S¢

0000¢
1y my



142

0]0]3

auoly ABisu3 JE|0OS O 88N 9yl

18AQ ABisuz iej0S yim JubijAeq Jo UONEZIIIN PBUIGWOD
0) anp Buineg ABliduUT jeNUUY Ul 9SEBIOU| J1uBlJ8g 2L 9 Bi4

% ‘8dly |[EM O} MOPUIM
08

06 04 08

t 1 1 1 1 1 1

| ;
T i 1

- %0¢

- %0¥

- %09

- %08

eBejusds8d MOPUIM /T %001

ubisap pasodoid

%0cC1




@ Summer Sun

Winter Sun

8 31 ot ...\
b SRR 20 SO0 SR GO R A

Vertical Window

@ Summer Sun

Winter Sun

O

m.;wﬁmomwmmxm—l

Horizontal Window

Fig 6.13 Comparizon between horizontal and
vertical windows

143

NMumination Level

Ilumination Level




144

06

&18uy

hOOLIA

/O UCIIOLn g v Sy Buireg AZusuZ (Brvuy 7L 9 3
4

auo|y 1B|0S —

iejes + ybyhAeq —

90BJING |BIUOZIIOH WOo4} 9|buy 1L
9 1% 0g

Sl

0

*

Buiaeg
wnwixsw ;0 s8jbuy

Gi

0¢

(0001 X) UMy

G¢o




145

08 69L O0¢l

910Uy Yinwizy MOPUIM
JO uoNnouNng vy Sy bBulaeg ABisul jenuuy GL'Q Bi4

auojy Jejog Jejosg + 1ybljAeq ——

yinog wou} ajbuy yinwizy
Gel 02L GOL OB S. 09 GS¥ 0O SI

1 ! ! I

! 1 | T

(0001 X) 1y my

G¢



146

08}

(281V [1BM 10 %GZ = MOPUIM] 8|CUY YINWIZY MOPUIA
JO uOIIoUN4 v Sy Builaeg ABuou3 jenuuy Q9L g Big

auoj|y Jejog iejog + jybiAeq ——

yinog wody ajbuy yinwizy
G9L OGSl GS€L 02k S0L 06 SL 09 Sy 0 Sk O

T T ) T T T T ] T T 31 V-

BuyireS WNWIXBW

(0001 X) Jym)y




147

'BOIY MOPUIM
JO uonoun4 v sy buiaeg jenuuy buipiing 219 G614

auojy Jelog — —  Jejog + ybijAeq —

% ‘ealy ||[BM O} MOPUIM
08 0oL 09 0S ov (0} 0¢ (0] 8 0

1 1 1 1 } OFI
L L L L L A L I D T R e e e B e e e D D

(000} X) Jy'my




148

ool

(UO1BuIYSEBA U!) BBIY MODUIM
1O u0NnduNng v Sy Buineg |eruuy Buipiing gL 9 614

auo|y Jejog ——  Jejog + jybijAleq —

% ‘edly ||BM O} MOPUIM
06 (0] 2] 02 09 (0]°] oV 0} 0¢ e]% 0]

ABiau3g ut
BujARS WNWIXENW

91

(0001 X) Ju'my




CHAPTER VII

CONCLUSION

71 SUMMARY AND CONCLUSION

Direct gain passive solar buildings are characterized with large giazing area. As a result
a large amount of daylight is available in the interior of these buildings. This free source
of illumination is getting more attention as a concept for designing in direct gain passive
solar buildings, particularly in commercial buildings where electric lighting represents a
large portion of the energy consumption. Several methods of assessment have been
introduced for daylight design and others for passive solar design but none attempted to
incorporate both in sufficient depth. In this study, a mathematical model that incorporates
both of solar gain and daylight has been developed to assess the combined saving
potential. The model first quantified the dynamic availability of daylight from its two
components, the sun and the sky. Clear, partly cloudy, and cloudy sky conditions were
considered. uminance can be calculated from both the sun and the sky at any time over
a surface which have any azimuth and any tilt angle. The model calculates next the
illuminance on any reference point in a rectangular room due to the available daylight on
the room window and due to the solar spot resulting from the sun penetration through that
window. An algorithm has been developed to calculate the location of the solar spot in
the room at any time and consequently the illuminance effect of that spot on the room
surfaces. In parallel with the natural lighting calculation, the model determines the

dynamic availability of solar energy and calculates the heat gain in the room. All these
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information is then used in a developed methodology that estimates the saving in energy

from the combined utilization of solar gain and daylight. This saving is calculated by
comparing any given room with a reference room. The reference room is having the same
room design but the solar collecting window and its wall are replaced by a neutral wall
that does not permit any type of heat transfer . The methodology takes into account both
the negative and the positive effect of dimming the artificial lighting on the building
energy consumption. An hour by hour calculation for both daylight and solar gain is
utilized to determine the saving in any given day. For the calculation of annual savings,
the 21* day of each month was assumed to represent that month and the sum of the
monthly saving will result in the annual saving. This methodology ass::nes well designed
thermal mass within the direct gain passive solar building that is able to distribute the
solar gained to the building evenly through that month. So over heating will occurs only
if the monthly solar gain to the building accedes its monthly heating requirements.
Cooling loads are calculated using the transfer function method which utilize the hourly
available information on solar gain, intemal heat gain from lighting, and outside
temperature as well as it consider the effect of the building material used. The
methodology aims to provide an estimate for the annual energy saving and evaluate the
building energy saving potential of different design alternatives. The model was partly
constructed using formulae recommended by the IES and by ASHRAE. Other formulae

used were evaluated using experimental work and proved to be fairly credible.

The mathematical model has been coded into a computer program. A case study was

developed to determine the energy saving potentials of combining the daylight with the
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solar gain. The buildi=2 used in the case study represents a typical design of commercial
direct gain passive solar building. The program was also used to conduct a sensitivity
analysis for factors influencing the window design to study their effect on the saving in
energy. The results have shown that combining daylight with solar gain has almost
doubled the energy saving in the proposed case study. It also indicated that the optimum
window orientation, tilt angle, and area have been changed in case of combining daylight

and solar gain from the case when solar gain is considered alone.

The research results advise the direct gain passive solar building’s designers to study the
daylight availability and distribution in their designs and to be aware of the high potential
of a good daylight design in increasing their design efficiency. This study should also
increase the attractiveness of utilizing the direct gain passive solar system in the small and

medium size non domestic buildings.

7.2. CONTRIBUTIONS

This research has offered several contributions:

- The potential saving associated with daylighting when utilized in the direct gain
passive solar buildings is explored and the solar collecting fenestration dependence
on its tilt angle, orientation, and area when daylight needs to be combined with
solar heat gain was demonstrated.

- A basic model for combining daylight and solar energy in the energy analysis of
the direct gain passive solar buildings was developed.

- A method to predict the dynamic sunspot location in a room and its consequent
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illumination impact on a point using 15 different cases was developed.

- A calculation method for energy saving due to daylight and its combination with
solar energy was developed.

- A computer software that can assists designers in comparing the energy saving
potentials of their design alternatives when they combine the daylight with solar

energy was developed.

7.3. RECOMMENDATIONS FOR FUTURE WORK

This work can be a base for further future research in the area of utilizing daylight in

passive solar buildings. The following areas are worth consideration in future studies:

- Availability of daylight can be extended to account for external obstruction,
different types of over hangs and side fins, and variable shapes of windows.

- The calculation of illumination on a reference point can take into account irregular
shapes of rooms, the existence of partitions and furniture in the room.

- The solar energy calculation can be developed to accurately account or the
thermal mass, time lag, and the different material in the room.

- Calculating the saving in energy can be done on a daily basis throughout the year
using hourly data for extemal temperature, available solar energy and daylight.
Calculation can also consider the internal heat gain from people and equipments.

- The computer program can be developed to accept graphical data and irregular
room and fenestration shapes. It can be extended to show the user in three
dimensions the locatinn of the penetrated solar spot in a room at any time.

- More studies can be done on the sensitivity analysis of the fenestration design
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elements such as changing the type and size of the overhang, the side fin, and the

fenestration shape.
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APPENDIX A

CALCULATING THE SUN SPOT POSITION IN THE SPACE

In chapter II section 3.3.1 , the parameters and the flow chart required to determine

where the sun spot will be on the space surfaces are shown. Detailed calculations for each

case will be shown in this appendix to explain how the computation was achieved.

Fig (A.1) shows the variables used to determine the sun spot position. It is also important

to refer to Fig (3.6).

Important notice:

The graphs shown in this appendix consider the sun rays flow from a direction as that

shown in Fig (A.2a). If the sun direction changed to that shown in Fig (A.2b), the

following corrections should be done:

1)
2)
3)
4)

5)

xl = x instead of xI = length-m - x.
0X1 is replaced by 0X3.
0X3 is replaced by OX1I.
FX1 is replaced by FX3.

FX3 is replaced by FX1.
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CASE#1
Definition:  all the sun spot is on the floor.
Conditions: see flow chart Fig (3.22).

Position:
FXI1 = length - x1 -m + z + (R/ 2)
FX2 =m
FX3 = length - FX1 - FX2
FY3 =5
FY2 =¢s] -5

FY1 = width - FY3 - FY2
Figure No. (3.7)

CASE #2
Definition:  all the sun spot is on the opposite wall.
Conditions: see flow chart Fig (3.22).
Parameters:
u2 = (P2 - width) tan vy
ul = (Pl - width) tan y

R'=ul - u2

Position:
OX1 = length - (R/2) - m - u2
0X2=m

OX3 = u2 + (R/2)

OZ1 = (s - width) tan €

0Z2 = (sl -s)tan ¢

OZ3 = hight - OZ1 - 022
Figure No. (3.8)

CASE#3
Definition:  all the sun spot is on the perpendicular wall.
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Conditions: see flow chart Fig (3.22).
Position:

SY3 = (P4 + P2)/ 2 - (P3 - P2) /(2 cos €)

SY2 = (P3 - P2)/ cos €)

SY1 = width - SY3 - SY2

SZI =(z1 +22-f) 12

S22 =f

SZ3 = hight - szl - sz22
Figure No. (3.9)

CASE #4
Definition:  the sun spot is partly on the floor and the rest is on the opposite wall.
Conditions: see flow chart Fig (3.22).
Parameters:
MY1 = (P1 - width) tan vy
Rl =R - ([s] - width] R | [s] - 5])
R2 =MYI + Rl + z-xl
Position:
FX]l =x +z+(R1/2)
FX2=m
FX3=x-2-(R1/2)
FY3 =5
FY2 = width - s
d FYl1 =0
OX1 = length - (MY1 + m) + (R2/2)
t 0X2=m
‘ 0X3 = MY1 - (R2/2)
OZl =0
0Z2 = (sl - width) tan ¢
0Z3 = hight - 0Z2

LT
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Figure No. (3.10)
CASE #5
Definition:  point 3 is on the floor while points 1¢, 2° & 4* are on the perpendicular

wall.
Conditions: see flow chart Fig (3.22).
Parameters:
Rl=m+xl-z
AB =(sl-s)/(1 + [R-RI]JI/RI)
HHH = (P4 - s - AB) / cos ¥
HA = AB sin y
H=(32Zl1+22+24)/5
AREAS = (s - P2)(f) cos(A -€)/ cos€ + (f+ HHH)(HA) /2
PAV = (Pl + P2 + P4)/ 3
MZZ = AREAS | H
Position:
FX1 = length - (R1/2)
FX2 =RI1/2
FX3 =0
FY3 =3¢
FY2 = AB
FY1 = width - FY3 - FY2
SZ] =221/2
SZ2 = H
SZ3 = hight - SZ1 - SZ3
SY3 = PAV -MZZ [ 2
SY2 = MZZ
SY! = width - SY3 - S§Y2

Figure No. (3.11)
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CASE #6
Definition:  points 3*, 4‘ are on the floor while points 1¢, 2‘ are on the perpendicular
wall.
Conditions: see flow chart Fig (3.22).
Position;
FXI1 = length - xI -m + z + (R/2)
FX2=xl + m-z-(R/2)
FX3=0
FY3 =5
FY2=5sl -5
FY1 = width - sl
SY3 = P2
SY2 =(sl + s-PI-P2)(si -s)tane / (ZI + Z22)
SY!1 = width - SY3 - SY2
SZ1 =0
SZ2 =(Z1 + Z22)1 2
SZ3 = hight - SZ2
Figure No. (3.12)

CASE #7
Definition: points 2‘, 3¢, 4‘ are on the floor while point 1° is on the perpendicular
wall.
Conditions: see flow chart Fig (3.22).
Parameters:
pp =5 + (xI - z)(s1 - s5) tang / (f sin  tany)
AREAS = m (pp - s) + [(m + (P4 - s1) tany)(s] - pp) | 2]
MZ = 3(sl -pp) | 4
Position:
FX1 = length - x]1 - m + z + (R/2)
FX2 = AREAS / (sl - s)
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FX3 =xI -z-(RI2)

FY3 =5

FY2 =5l -5

FY1 = width - sl

SY3 =(pp + sl -MZ)/2

SY2 = MZ

SY1 = width - SY3 - SY2

SZ1 =0

§Z22 = 2/3 Z1

SZ3 = hight - 2/3 Z1
Figure No. (3.13)

CASE #8
Definition:  the sun spot is on the floor, the perpendicular wall and the opposite wall
(point 2* is on the floor and point 1‘ is on the perpendicular wall).
Conditions: see flow chart Fig (3.22).
Parameters:
pp =S+ (x1 - z)(s] - s) tane / (f sin y tany'
AA = R (width - pp) / (s1 - 5)
H = (s] - width) tang
AREAS] = 0.5 (sl - pp{Z1) - 0.5 (s - width)(])
AREAS = m (pp - s) + (2m - AA)(width - pp) | 2
R4 = AREAS | (width - s)
RI =R - ([s] - width] R/ [s] - s])
AB = (P4 - width) tany
AAl =x] +m-z-RI
HlI =221/3
Position:
FX1! = length - (xI - z)/2 - R4
FX2 = R4
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FX3 =(x1-2)/2
FY3 =5

FY2 = width - s
FYI =0

OX1 = length - (AB + AAl) /2
OX2 = (AB + AAl) /2
0X3 =0

0Zl =0

0Z2 =H

0Z3 = hight - H

SZ1 =0

S§Z2 = Hl

SZ3 = hight - H1

SY3 = width - AREASI | HI
SY2 = AREAS] | H1

SY1 =0

Figure No. (3.14)

CASE#9
Definition:  the sun spot is on the floor, on the perpendicular wall and on the opposite
wall (point 2¢ is on the floor and point 1‘ is on the opposite wall).
Conditions: see flow chart Fig (3.22).
Parameters:
pp =5 + (x1 - z)(s] - s) tan€ / (f sin y tany)
AA = R (width - pp) | (sl - s)
H = (sl - width) tang
AREAS = m (pp - s) + (2m - AA)width - pp) i 2
Rl =R - ([s] - width] R | [s] - s])
R2=AB-m+ AA
R4 = AREAS / (widtk: - s)
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AB = (P4 - width) tany
AC = (AA)H) ! Rl
HI =2 AC/3

Position;
FX1 = length - (xI - 2)/2 - R4
FX2 = R4
FX3 =(xl-2)/2
FY3 =35
FY2 = width - s
FY1 =0
OXI = length - AB + R2 | 2
OX2 =AB+R2/2
0X3 =0
OZl =0
022 =H
0Z3 = hight - H
SY3 = width - [(AA)H )(width - pp) | 2 (RI1)(H1)]
SY2 = [(AA)(H)(width - pp) | 2 (RI)(H1)]OZI] = 0
SYl =0
SZI =0
SZ2 = HI
SZ3 = hight - H1

Figure No. (3.15)

CASE#10

Cefinition:  the sun spot is on the floor, on the perpendicular wall and on the opposite
wall (point 2* is not on the floor and point 1¢ is on the perpendicular wall).

Conditions:  see flow chart Fig (3.22).

Parameters:

H = (sl - width) tane
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Hl=221]3
Rl =R - ([s] - width] R/ [s] - s])
R2=m+xl-z
R4=R2-RI1/2
AB = (P4 - width) tany
AAl =xI +m-z-RI
AREAS = 0.5 (Z1)(sl - s) - 0.5 (H)(s1 - width) + 0.5 (f)(s - P2) cos(\ - €) / cosE
Position:
FX1 = length - R4
FX2 = R4
FX3=0
FY3 =5
FY2 = width - s
FY1 =0
OX1 = length - (AB + AAl) | 2
OX2 = (AB + AAl)/ 2
0X3 =0
0Zl =0
0Z2 = H
0Z3 = hight - H
SZ1 =0
SZ2 = HI
SZ3 = hight - H1
SY3 = width - AREAS | HI
SY2 = AREAS | H1
SY! =0
Figure No. (3.16)

CASE #11

Definition:  the sun spot is on the floor, on the perpendicular wall and on the opposite
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wall (point 2° is not on the floor and point 1‘ is on the opposite wall).

Conditions: see flow chart Fig (3.22).
Parameters:

H = (sl - width) tang

RI =R - ([s1 - width] R/ [s] - s])

R2=m+xI-2

AB = (Pl - width) tany

AA=m+xl -z-RI]

Hl = H(m - AA)/ (m - AA + AB)

H2 =2(H1)/3

AREAS =(m + AA - AB(H) /2 + 05 (m - AA + AB)(H) - 0.5 (m - AAXHI)

R4 =(R2 + R1)/ 2

R5 = AREAS | H

HH = (s - P2) cos(A - €) / cOsE

HHH = [ (H] - Z2F + (width - P2) ] %}

AREASI = 0.5 (width - s)(H1) + 0.5 (HHH)(HH)
Position:

FX1 = length - R4

FX2 = R4

FX1 =0

FY3 =5

FY2 = width - s

FYl1 =0

OX1 = length - RS - AB/ 2

0X2 = RS

OX3=AB /2

0Z1l =0

0Z2=H

OZ3 = hight -H

SZ1 =0
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SZ2 = H2
SZ3 = hight - H2
SY3 = width - AREASI | H2
SY2 = AREASI | H2
SYl =0
Figure No. (3.17)

CASE #12
Definition:  points 3‘, 4° are on the opposite wall while points 1‘, 2* are on the
perpendicular wall.
Conditions: see flow chart Fig (3.22).
Parameters:
H = (s - width) tang
HI1 = (s - width) tang
AB = (P4 - width) tany
AREAS = (H - Hl )(width - P1) + 0.5 (f)(P] - P2) cos(A - &) / cosg
H2=(Zl +Z22 +H1 +H)/ 4
H3 =H-HI
AA = (P3 - width) tany
R5 =(AB + AA) /2
Position:
OX1 = length - RS
0X2 = RS
0X3 =0
0Z1 = HI
0Z2 =H - HI
OZ3 = hight - H
SZ! =H2-H3/2
SZ2 = H3
SZ3 = HIGHT - SZ1 - §Z22
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SY3 = width - (AREAS | H3)
SY2 = width - SY3
SY1 = width - SY2 - SY3

Figure No. (3.18)

CASE #13
Definition: points 1, 4* are on the opposite wall while points 2‘, 3 are on the
perpendicular wall.
Conditions; see flow chart Fig (3.22).
Parameters:
HH = (width - P2) | cos ¥
HHI = (width - P3)/ cos y
AREAS = [(HH + HHI1) [ 2] [(P3 - P2}/ cosE] cos(A - €}
MZZ = width - (P3 + P2) /2
H = HH sin y + 22
Hl = HH] sin y + Z3
H2=(H+HIl +Z3+22)/ 4
H3 = AREAS | MZZ
AB = (P4 - width) tany
AA = (P1 - width) tany
H6 = (sl - width) tang
AREAS1 = (AB - AA){H6) + (H6 + H)(AA) / 2 - (H6 + HI)(AB) / 2
MZZl = H6- (H + HI)/2
Position:
OX! = length - AREAS] | MZZ1
0X2 = length - OX1
0X3 =0
OZ] = H6 - M2Z1
022 = MZZI
OZ3 = hight - H6
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SZI = H2 - H3/ 2
SZ2 = H3
SZ3 = hight - SZI - S22
SY3 = width - MZZ
SY2 = MZZ
SYl =0
Figure No. (3.19)

CASE # 14
Definition:  point 4‘ are on the opposite wall while points 1°, 2‘, 3‘ are on the
perpendicular wall.
Conditions: see flow chart Fig (3.22).
Parameters:
H = (sl - width) tane
HH = (z - H) / sin¢
HHI1 = (width - P3) / cos y
HIl = HHI sin y + Z3
H2 = HH cos(e - A)
H3=(Zl +Z22 +Z3 + H+ Hl) /5
H4 =(Z1-22-23 + H)/2
AREAS = (f)(H2) + (f + HHI1)/2 [( {P3 - P2}/cosE ) cos(A - €) - H2]
MZZ = AREAS | H4
AB = (P4 - width) tany
AREAS] = 0.5 (H - H1)(AB)
RS = AREASI | (H - HI)
Position:
OX1 = length - RS
OX2 = RS
0X3 =0
OZ!] = HI
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0Z2 = H - HI
0Z3 = hight - H

SZI =H3-H4 /2

SZ2 = H4

SZ3 = hight - SZI - §22
SY3 = width - MZZ
SY2 = MZZ

SYl =0

Figure No. (3.20)

CASE # 15
Definition:  points 1°, 3‘, 4° are on the opposite wall while point 2‘ is on the
perpendicular wall,
Conditions: see flow chart Fig (3.22).
Parameters:
H = (s] - width) tang
HI = (s - width) tane
H3 = (width - P2) tan(rt/2 - A) + (width - P2) tang + HI
AB = (P3 - width) tany
AREAS =m (H - Hl) + (m + AB)H3 - H1} /2
AA = (PI - width) tany
R4 =AA/2
RS = AREAS / (H - HI)
AREASI = (H3 - H1)width - P2) ] 2
MZZ = 2 (width - P2) ! 3
H4 = AREAS1 | MZZ
HS = (Hl + 22 + H3) ! 3
Position:
OX1 = length - R4 - RS
0OX2 = RS



OX3 = R4
0Z1 = Hl
022 = H - HI
0Z3 = hight - H
SZI = HS - H4 | 2
SZ2 = H4
SZ3 = hight - SZI - SZ2
SY3 = width - MZZ
SY2 = MZZ
SYl =0

Figure No. (3.21)
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APPENDIX B

COMPUTER PROGRAM LISTING

THE CONTROL MODULE

DAYLIGHT

rovesssctevivet PROGRAM DEVELOPEDBY:AHMED MOKHTAR IN 1990 AT CONCORDIA UNIVERSITY

12
15

100

DIM VL.8S$(5), LO.SS%(S, 2), LE.SSH(S), TY.6S8{5), PIC.SS$(5), RRSS(S, 2), CLES%{5, 2), SPECCHR.SS%(5): GOTO 15

DIM TENS{12), BTMSL{12), RBHLT(12), RBAUXIL(12), RBEREQ(1aw, BHLDT(12), BAUXN(12), BEREQ(12), BHFLIGHT(12), BMLOONS(12), OS1(12):
RETURN

DIM YTMSLINSP), YTMHR(NSP), YTMRGL(NSP), YTENS(NSP): RETURN

KEY OFF: 50.85% « 1: NUMSCRSS% = 19: BLNK.SS$ =~ SPACES(78)

GOSUB 62850 Test For Mono OR Golor Display

INIT.85% w -1: BAME.S5% = 0

ON ERROR QOTO 82080  * Emor Handling Routine - Delete

3100
s110

320
N5

3130

3135

1100

1120

CLS :SCR8S% = 1: QOSUB €0000 ‘Introduction
X.8S$ = INKEYS: IF X.SS8 < CHR${13) THEN 3110

SCASS% =2: GOSUB 60000 ‘page 1
X888 = INKEYS: IF RIGHT$(XSS$, 1) = *1* THEN 3100
IF X858 o CHR$(13) THEN 3125

SCRSS% = 3: GOSUB 80000: GOSL!B 1100  'maim meru

IF X.68$ « *i* THEN 3120

{F CHOICE = 0 THEN CLS : LOCATE 12, 25: PRINT = THANK YOU FOR USING DAYUGHT **: GOTO 3135
ON CHOICE GOSUB 1500, 2000, 2500, 2600, 2650: GOTO 3130

X.55¢ = INKEYS: IF X.85% < CHR$(13) THEN 3135

CLS : END

pessreesess SUBROUTINE TO GET USER NEXT ACTION *eresesroeseesentonses
INIT.SS% = -1: SAME.SS% = 0
IF LASTCHR.SS$ = *I* OR LASTCHR.SS$ = CHR${13) THEN RETURN
X.85$ = INKEYS
IF X.58$ = °I” OR X.55% =« CHR${13) THEN RETURN ELSE 1120

1500

2000

2100

2150

receeresistcss NEW BUILDING DAT " stesessesostasacstasecs

ROUT.N% = 2: OPEN "ROUTF.AA, * FOR OUTPUT AS #1: PRINT #1, ROUT.N%: CLOSE
SHELL *B_DATA"

RETURN

essseeveesss CHANGING BUILDING DATA socevocecssessstose
SCASS% = 17: GOSUB 80000: GOSUB 1100
IF X.888% = "I* THEN 3130
iF CHOICE = 0 THEN 3130
ON CHOICE GOSUB 2100, 2150, 2200
RETURN

GCHANGE SPACE DATA w=sesesseserssasserens
SCRSS% = 14: GOSUB 60000: GOSUB 1100

IF X.8S§ = *I* THEN GOTO 2000

ROUT.N% = 3: OPEN "ROUTF.AAA® FOR OUTPUT AS #1: PRINT #1, ROUT.N%: CLOSE
OPEN *INFO.AAA® FOR OUTPUT AS #1: PRINT #1, FILS: PRINT #1, I: CLOSE

SHELL *B_DATA®

RETURN

ssosesseveesst CHANGE WINDOW DATA sooosrossssesssorsenser
SCASS% = iI* GOSUB 60000: GOSUB 1100
IF X.88$ « "I THEN GOTO 2000
ROUT.N% = 4: OPEN "ROUTF.AAA* FOR OUTPUT AS #1: PRINT #1, ROUT.N%: CLOSE
OPEN "INFO.AAA® FOR OUTPUT AS #1: PRINT #1, FILS: PRINT #1, |, SW, SM, IDEWS: CLOSE
SHELL *B_DATA"
RETURN

ks S




wesvesseors CHANGE SENSOR DATA
SCRSS% = 16: GOSUB 60000: GOSUB 1100
IF X.5S8 = *I* THEN GOTO 2000
ROUT.N% = 5: OPEN "ROUTF.AA* FOR OUTPUT AS #1: PRINT #1, ROUT.N%: CLOSE
OPEN *INFO.AAA" FOR OUTPUT AS #1: PRINT #1, FILS: PRINT #1, |, 13: CLOSE
SHELL *B_DATA®

RETURN
ROUT.N% = 1: OPEN "ROUTF.AAA® FOR OUTPUT AS #1: PRINT #1, ROUT.N%: CLOSE
SHELL *B_DATA®
RETURN
2850 * CHANGING CITY DATA emtossrosversrorseeses
LOCATE 22, 15: COLOR 14, 4: PRINT*  CITY NAME = .
LOCATE 22, 37: INPUT =, CITY.N$
ROUT.N% = 6: OPEN "ROUTF.AAA® FOR OUTPUT AS #1: PRINT #1, ROUT.N%, CITY.N$: CLOSE
OPEN *INFO.AAA® FOR OUTPUT AS #1: PRINT #1, CITY.NS: CLOSE
SHELL "B_DATA"
RETURN
2500 SUBROUTINE TO RUN THE PROGRAM *vesesstermesrossromors
SCRSS% m4: GOSUB 60000: GOSUB 1100
IF X.8S$ « *I THEN 3130
IF CHOICE = 0 THEN 3130
ON CHOICE GOSUS 4500, 3000
RETURN
3000 +ewewe SUBROUTINE TO RUN FOR A SPECIFIC BUILDING
SCRSES% «5: GOSUB 60000: GOSUB 1100
IF X.858 = *I" THEN GOTO 2500
IF CHOICE = 0 THEN 3130
ON CHOICE GOSUR 3500, 4000
RETURN
3500 *veessees» SUBROUTINE TO RUN FOR ONE MONTH **voesestoresemnessserers
LOCATE 21, 15: COLOR 14, 4: PRINT*  MONTH NO. = .
LOCATE 21, 37: INPUT ™, MON: MON = INT(MON)
IF 1 > MON OR MON > 12 THEN 3500
ROUT.N% = 1: OPEN "ROUTF.AAA® FOR OUTPUT AS #1: PRINT #1, ROUT.N%: CLOSE
OPEN *DATA.AAA® FOR OUTPUT AS #1:  PRINT #1, MON, FILS: CLOSE
SHELL "D_LIGHT*
OPEN "RESU_T1.AAA® FOR INPUT AS #10;  ERASE TENS, BTMSL, RBHLT, RBAUXIL, RBEREQ, BHLDT, BAUXIL, BEREQ, BHFLIGHT,
BMLCONS, QS1: GOSUB 10
INPUT#10, MON, TENS{MON), BTMSL(MON), RBHLT(MON), RBAUXIL(MON}, RBEREG(MON), HFLIGHT, MLCONS, BH! DT{MON), BAUXIL(MON),
BEREQ{MON), BHFLIGHT(MON), BMLCONS{MON), OS1(MON): CLOSE
3550 SCRSS% =12 GOSUB 60000
IF LASTCHR.SS$ = CHR${13) THEN 3565
3560  X.SS$ = INKEYS: IF X.558 o CHRS$(13) THEN 3560
3565 IF GHOICE = 0 THEN 3130
ON CHOICE GOSUB 3600, 3700
RETURN
3600  **ewee* SUBROUTINE TO SHOW THE RESULT ON LOTUS *wsessserssrsrass

{REQUIRE THE DRIVE NUMBER FOR THE L OTUS + THE DEFAULT DRIVE)

LOCATE 22, 10: COLOR 14, 4: PRINT * .
LOCATE 22, 10: COLOR 14, 4; PRINT *  INPUT THE LOTUS DRIVE = *; ™
LOCATE 22, 40; LINE INPUT =, DRVS: XX$ = °CD * + DRVS

LOGATE 23, 10: COLOR 14, 4: PRINT *  INPUT YOUR CURRUNT DRIVE = *; =
LOCATE 23, 43: LINE INPUT ™, CDAVS:  XX3$ = “CD * + CDRVS

IF DRVS « = OR CDRVS$ = = THEN 3550

XX1$ = "COPY * + CDRVS + AMONTH.AHM®

XX2$ « "COPY * » CDRVS 4 "LOTUS1.DAT*

OPEN *LOTUS1.DAT® FOR OUTPUT AS #1¢;  PRINT #10, CDRVS: CLOSE
XX4$ = MID$(XXS$, 3, 3)

XX5$ = MIDS(XX3S, 3, 3)

SHELL XX$

SHELL XX4$

SHELL XX18

SHELL X(2%

SHELL "RENAME MONTHAHM AUTO123.WK1*

SHELL *123°

SHELL *DEL AUTO123.WK1*

SHELL XX3%

SHELL XX5$

GOTO 3550




3700

710

72

82 &

4100

4105

4109

4110

4115

4120

4125

4130

4140

4150

4152
4155

4157

5100

179

SCRSS% = 18: GOSUB 60000

X.SS$ = INKEYS:  IF RIGHTS${X.SSS, 1) » * THEN 3550
IF X.5S$ < CHR${13) THEN 3710
SCRS5% =222 GOSUB 60000

X.56$ = INKEYS: IF RIGHT$(X.SSS, 1) = I* THEN 3700
IF X588 < CHR${13) THEN 3712
GOTO 3550

seeesreresss SUBROUTINE TO RUN FOR A YEAR eeooeevesvoreosoosensoseesee
ROUT.N% = 2: : OPEN "ROUTF.AAA" FOR OUTPUT AS #1: PRINT #1, ROUT.N%: CLOSE
OPEN "DATAAAA® FOR OUTPUT AS #1:  PRINT #1, FILS: CLOSE
SHELL *D_LIGHT"
SCASS% = 13:  GOSUB 60000
IF LASTCHR.SS$ = CHR$(13) THEN 4085
X.SS% = INKEYS: IF X.658 < CHR${13) THEN 4080
IF CHOICE « O THEN 3130
ON CHOICE GOSUB 4100, 4150
RETURN

seeessteesst SUBROUTINE TO SHOW THE RESULT ON GRAPHICS *erseesmessessesss

SCRSS% = 20: GOSUB 60000
IF LASTCHR.SS$ = CHRS{13) THEN 4050
X.5S8 « INKEYS: IF X.658 < CHRS$(13) THEN 4103
IF CHOIGE w 0 THEN 4050
ON CHOICE GOSUB 4110, 4115, 4120, 4125, 4130
GOTO 4105

RESS « "RESULT1.AAA": GOSUB 4140
SHELL *PLOTT*
RETURN

RES$ = "RESULT2.AAA™ GOSUB 4140
SHELL *PLOT1*
RETURN

RESS = "RESULT3.AAA" GOSUS 4140
SHELI. *PLOTY"
RETURN

RESY » "RESULT4.AAA": GOSUB 4140
SHELL *PLOTY*
RETURN

RESS = "RESULTS.AAA" GOSUB 4140
SHELL *PLOT1®
RETURN

OPEN "RESUD.AAA® FOR OUTPUT AS #10: PRINT #10, RESS: CLOSE : RETURN

messssseres GUBROUTINE TO MAKE A REPORT
OPEN "RESULT.AAA® FOR INPUT AS #15: INPUT #15, T.SAV, BTMSLT, RBHLTT, RBAUXILT, REEREQT, HFLIGHTT, MLCONST, BHLDTT,
BAUXILT, BEREQGT, BHFLIGHTT, BMLCONST, OS1T: CLOSE

SCRSS% = 19: GOSUB 60000

X.5S$ = INKEYS: IF RIGHTS$(X.SS$, 1) = 1* THEN 4050
IF XSS$ o CHRS(13) THEN 4155
SCRSS% = 211 GOSUB 60000

X.5S$ » INKEYS: IF RIGHTS(X.SSS. 1) = 1° THEN 4152
IF X.§S$ < CHR${13) THEN 4157
GOTO 4050

resssteenirs SUBROUTINE TO RUN FOR GENERAL INFORMATION estersesecerses
SCRSS% = 6: GOSUB 60000. GOSUB 1100
IF X.SS$ « *I* THEN GOTO 2500
IF CHOICE « 0 THEN 3130
ON CHOICE GOSUB 5000, 5100, 5250, 5350, 5400, 5500, 5800
RETURN

messrssosss SUBROUTINE FOR GENERAL INFORMATION (1) *vemevswesereree
SCRSS% =7: GOSUB 60000: GOSUB 1100
IF X.5S$ = *I* THEN GOTO 4500
ROUT.N% = 3: OPEN "ROUTF.AAA" FOR OUTPUT AS #1: PRINT #, ROUT.N%: CLOSE
OPEN "DATA.AAA" FOR OUTPUT AS #1:  PRINT #1, JULN, STT, LAT, LONGT, SKCO: CLOSE
SHELL *D_UGHT
OPEN *RESULT.AMA® FOR INPUT AS #1: INPUT #1, EKH: CLOSE : EKH = INT(EKH * 10) / 10
MAGTS = * SKY ILLUMINANGE ON":  MAG2S = A HORIZONTAL SURFACE =" MAG3S = *  * 4 STRB(EKM) + * Klune
GOTO 6000
RETUAN

messesssess SUBROUTINE FOR GENERAL INFORMATION (2) *eomsesememss
SCRSS% =8 GOSUB 60000: GOSUB 1100
IF X.SSS$ = *I* THEN GOTO 4500
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ROUT.N% = 4: OPEN *ROUTF.AAA® FOR OUTPUT AS #1: PRINT #1, ROUT.N%: CLOSE
OPEN "DATAAAA® FOR OUTPUT AS #1:  PRINT #1, JULN, STT, LAT, LONGT, SKCO, AZM: CLOSE
SHELL *D_UGHT
OPEN "RESULT.AAA® FOR INPUT AS #1: INPUT #1, LWIND: GLOSE : LWIND = INT(LWIND * 10} / 10
MAG1S$ « * 8KY ILLUMINANCE ON": MAG2S = * A VERTICAL SURFACE =% MAG3S = *  * + STRHLWIND} + = KLux®
GOTO 6000
RETURN
8250 """+ SUBROUTINE FOR GENERAL INFORMATION (3)
SCRSS% «9: GOBUB 60000: GOSUB 1100
IF X.5S8 = " THEN GOTO 4500
ROUT.N% = 5: OPEN "ROUTFAAA® FOR OUTPUT AS #1: PRINT #1, ROU(.N%: CLOSE
OPEN "DATAAAA® FOR OUTPUT AS #1:  PRINT #1, JULN, STT, LAT, LONGT, SKCO, AZM, SLOP: CLOSE
SHELL *D_UGHT
OPEN °RESULT.AAA® FOR INPUT AS #1: INPUT #1, LWIND: CLOSE : LMIND = INT(LWIND * 10}/ 10
MAG1S$ «° ILLUMINANCE ON" MAG2$ = * A TILTED SURFACE =" MAG3S «*  * 4 STRE{LWIND) + ° Klux"
GOTO 6000
RETURN
sas0 SUBROUTINE FOR GENERAL INFORMATION (4)
ROUT.N% » 6: OPEN "ROUTF.AAA® FOR OUTPUT AS #1: PRINT #1, 0UT.N%: CLOSE
OPEN "DATAAAA® FOR OUTPUT AS #1:  PRINT #1, JULN, STT, LAT, LONGT: CLOSE
SHELL *D_UGHT"
OPEN *RESULT.AAA" FOR INPUT AS #1: INPUT #1, HANG, SSHANG: CLOSE : HANG = INT(HANG * 10) / 10: SSHANG = INT(SSHANG * 10)
/10
MAGIS w*HOUR  SUNSET™: MAG2S«"ANGLE HOUR ANGLE": MAG3$ = STRE(HANG) + ° deg. ° + STRS(SSHANG) + * deg. *
GOTO 8000
RETURN

£400 "***"**** SUBROUTINE FOR GENERAL INFORMATION (5) »*eesoressswosres
SCRSS%«0: GOSUB 80000: GOSUB 1100
IF X.55$ = *I' THEN GOTO 4500
ROUT.N% « 7: OPEN "ROUTF.AAA® FOR OUTPUT AS #1: PRINT #1, ROUT.N%: CLOSE
OPEN *DATA.AAAA® FOR OUTPUT AS #3:  PRINT #1, JULN, STT, LAT, LONGT, S8KCO, AZM, SLOP: CLOSE
SHELL *0_LGHT
OPEN *RESULY.AAA® FOR INPUT AS #1: INPUT i1, EDT: CLOSE : EDT w INT(EDT * 10)/ 10
MAGIS = * SOLAR ILLUMINANCE = MAG2S = *: MAG3S =*  *+ STRKEDT) + * Kux®
GOTO 6000
RETURN

§500 "********>* SUBROUTINE FOR GENERAL INFORMATION (6) **>ovsorsssssssess
SCRSS% = 10: GOSUB 60000: GOSUB 1100
JF X.SS$ = *I' THEN GOTO 4500
ROUT.N% = 8: OPEN "ROUTF.AAA® FOR OUTPUT AS #1: PRINT #1, ROUT.N%: CLOSE
OPEN "DATA.AAA" FOR OUTPUT AS #1:  PRINT #1, JULN, STT, LAT, LONGT, AZM, SLOP: CLOSE
SHELL *D_LIGHT*
OPEN "RESULT.AAA* FOR INPUT AS #1: INPUT #1, INANG: CLOSE : INANG = (INTUNANG * 10) / 10)
MAG1S »* INCIDENT ANGLE™: MAGZ2$ «* ON A SURFACE " MAG3$ m*  * 4 STRE(INANG) + * Degrea®
GOTO 6000
RETURN

5800 "+*"******* SUBROUTINE FOR GENERAL INFORMATION (7) *v*sswowvosswseses
ROUT.N% = 9: OPEN "ROUTF.AAA® FOR OUTPUT AS #1: PRINT #1, ROUT.N%: CLOSE
OPEN *DATA.AAA® FOROUTPUT AS #1:  PRINT #, JULN, STT, LAT, LONGT: CLOSE
SHELL *D_LGHT
OPEN *RESULT.AAA" FOR INPUT AS #1; INPU #1, SAL1, SAZMS: CLOSE
SALT & (INT(SALT * 10) / 10): SAZMS = (INT(SAZ'MS * 10) / 10)
MAGI$ ' SUN  SUN™ MAG2$ ="ALTITUDE AZIMUTH": MAG3S = STRE(SALT) + * Deg. * + STRE(SAZMS) + * Deg.”
GOTO 6000
RETURN

6000  *******>** SUBROUTINE FOR SHOWING THE RESLLTS **oreeesee
SCRSS% « 11:  GOSUB 60000
LOCATE 10, 29: COLOR 7, 1: PRINT MAG1$: L DCATE 11, 20: COLOR 7, 1: PRINT MAG2S
LOCATE 13, 20: COLOR 7, 1: PRINT MAG3S: LOCATE 13, 38

6005 X.SS$ « INKEYS: IF X SS§ = CHR${13) THEN 4500 ELSE 6005

SCREENS DATA

Copyright SS$ = (G)Copyright 84,85 The Sottware Botting Company Of New York®

30000 °
30005 Vasiables Secton For B:INTROD
30020 RETURN




30025

30030'  Assign VLLSS$ Array 1o the veriables

30045 RETURN

300850 °

30055'  Section To inalze Variables To initial Valuss
30070 RETUAN

30075

30080° *** List DATA siatements & Print DISPLAY Only Variables ™**
30085 °Lin,Col.Len,Pic lure,Low Range,High Range, Forsground,Background ¥ of Edit
30000

30095 RETURN

30100

30105°  Screen Displey Inilalizalion Statements

30110°

30115 NUMFLDS.SS% = 0: FILNM.SS$ = “INTROD.SCR":

30120 EXITCHR.SS$ = °I* + CHR$(127) ¢ *

30125 RESTORE 30000

30130 RETURN

30135’

30140  Variables Section For B:PAGE_2

30155 RETURN

30160

30165°  Assign VL.SSS Amay 1o the variabiss

30180 RETURN

30185

30100’ Section To Initiaize Variables To initial Values

30205 RETURN

30210°

30215'  **** List DATA siatements 8 Print DISPLAY Only Variables ***
30220 'Lin,Col.Len, Picture,Low Rangs,High Range, Foreground, Background# of Edit
30225 °

30230 RETURN

30285

30240°  Screen Display Initialization Statsments
3025°

30250 NUMFLDS.SS% = 0: FILNM.SS$ = "PAGE_2.SCR":
30255 EXITCHR.SSS = °I* + CHRS$(127} ¢ =

30260 RESTORE 30215

30265 RETURN

30270

30275° Variables Section For B:MAIN

30280

30285 VL.SS$(1) = STRS(CHOICE):

30200 RETURN

30205

T0300° Assign VLSSS Aray 1o the varisbles

30305 °

30310 CHOICE = VAL(VLSSS(1)):

30315 RETURN

30320

30325*  Section To inttiakize Variables To Initial Valuss
30330°

30335 CHOKCE » 3:

30340 RETURN

30345°

30350°  **** List DATA statements & Print DISPLAY Only Variables **
30355 'Lin,Col,Len,Picture,Low Range,High Range,Foteground, Background,# of Edit
30360 °

30385 DATA 72,18,1,°N""#",0,5,11,4,0

30370 RETURN

30375

30380 Screen Display Initialization Statements
30085 *

30300 NUMFLDS.SS% = 1: FILNM.SS$ « "MAIN.SCR":
30395 EXITCHR.SSS « "I° + CHR$(127) + =

30400 RESTORE 30350

30405 RETURN

30410°

30415° Variables Secton For B:RUNN_1

30420’

30425 YL.SS$(1) » STR$(CHOICE):

30430 RETURN

30435 °

30440 ' Assign VL.SS$ Aray to the variables

30445

30450 CHOICE = VALIVLSSS$(1)):

30455 RETURN

30460

30485  Section To Initialize Variables To initial Values
30470
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30475 CHOICE » 2:

30480 RETURN

30485 °

30490 °  *** List DATA statements & Prirt DISPLAY Only Variables **

30405 'Lin, Col,Len, Picture,Low Aange High Range,Foreground, Background # of Edit
30500 *

30505 DATA 72,18,1,°N°,"#",0,2,11,4,0

30510 RETURN

30515 *

30520°  Screen Display Initialization Statements
30525 °

30530 NUMFLDS.88% « 1: FILNM.5SSS$ = "RUNN_1.SCR":
30535 EXITCHASSS » I°* + CHR$(127) + =

30540 RESTORE 304900

30545 RETURN

30550 °

30555  Variables Section For B:RUNN_2

30560 *

30565 VL.558{1) = FIL$: V1.5S${2) « STRS(CHOICE):
30570 RETURN

30875 °

30580 Aseign VLLESS Array 10 the varisbles

30885 *

30500 FILS = VL.SS8${1): CHOICE = VAL{VL.ES${2)):
30505 RETURN

30800 *

30605°  Saciion To inlalize Varlables To inftal Values
30610 °

30818 FILS « ™: CHOICE = 1:

30620 RETURN

30625 ¢

30830 *™* Ust DATA statements & Print DISPLAY Only Variables ***
30835 ‘Lin,ColLen Picture,Low Range.High Range,Foreground,Background # of Edit
30640

30845 DATA 30,10,10,°C",m0000000X",,3,4,0

30650 DATA 72,18,1,°N","#",0,2,11,4,0

30855 RETURN

30880

30865 '  Screen Display Initialization Statements
30670 *

50675 NUMFLDS.SS% = 2: FILNM.SS$ « *RUNN_2.SCR*:
30880 EXITCHALSSS w *I* + CHR$(127) &
30685 RESTORE 30630

30600 RETURN

30805 °

30700 Variables Section For B:GENERAL
30705

30710 VLSS${1) = STR$(JULN): VLES$(2) « STRYSTT): VLES$(3) = STRE(LAT):

30715 VL.SS$(4) « STR${SEV5.5S):

30720 RETURN

30725

30730 Assign VLSSS Array 0 the varisblee

30738 *

30740 JULN « VAL(VL.SSS$(1)): STT w VAL(VLSSS$(2)): LAT = VAL(VL.SS$(3)):
30745 CHOICE = VAL(VLSS$(4)):

30750 RETURN

30755 °

30760°  Section To Initialize Variables To initia! Values
30765 *

30770 JULN « 170: STT = 15.5: LAT » 4554: S8V5.SS » O:
30775 RETURN

30780

30785°  *** List DATA statements & Print DISPLAY Only Variables ***
30790 *Lin,Col Len, Picture,Low Range, High Range, Foreground, Backgrotnd # of Edit
0705

30800 DATA 70,12.3,°N","$##°,1,365,3,4,0

30805 DATA 70,16,4,°N","##.#°,0.0,24.0,3,4,1

30810 DATA 70,19,8,"N",sti.a",-90.00,00.00,3,4,1

30820 DATA 72,22,1,°N°,"¥",0,7,3 4,0

30825 RETURN

30830

30835 *  Screen Display (nitialization Statements

30840 °

30845 NUMFLDS.SS% = 4: FILNM.SS$ « "GENERALSCR";
30850 EXITCHA.SSS w °I* + CHR${127) + =

30855 RESTORE 30785

30860 RETURN

30865 *

30870° Variablss Section For B'IN_G_H

30875 °
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30880 VLSS$(1) » STRESKLO):

30885 RETURN

30800 '

30805  Assign VI.SS$ Aray 1 the variables

30900 *

30905 SKCO = VAL(VL.SS$(1)):

30910 RETURN

30015 °

30920  Section To intiakze Veriables To inlial Values

0025 °

30030 SKCO = 1:

30035 RETURN

30040 °

30045°  ** List DATA statements & Print DISPLAY Only Variablee ****
30050 'Lin,Col,Len,Picture,Low Range,High Range,Foreground, Background.¥ of Edit
30955 °

30080 DATA 45,10,1,°N°,*¥",13,14,4,0

30065 RETURN

30070

30975°' Screen Disolay Initializalion Statements
30980 °

30085 NUMFLDS.SS5% = 1: FILNM.SSS = *IN_G_H.SCR":
30000 EXITCHR.SSS = *I* + CHR${127) + =

30995 RESTORE 30045

31000 RETURN

31005 °

31010’ Variables Section For BiIN_G_V

31015

31020 VLSS$(1) = STRY{AZM): VLES$(2) = STRE(SKCO):
31025 RETURN

31030

31035 °  Assign VL.SSS Amrsy o the variables

31040

31045 AZM = VAL(VL.SS${1)): SKCO « VAL(VLSS$(2)):
31050 RETURN

31055

31060 °  Section To Iniakze Variables To initial Values
31065 °

31070 AZM = 0; SKCO = 1:

31075 RETURN

31080

31085°' *™* List DATA statements 5 Print DISPLAY Only Variables ***

31090 ‘Lin,Col,Len,Picture,Low Range,High Range,Foreground, Background,# of Edit
31005 °

31100 DATA 52,7,3,°N","W##",0,360,14,4,0

31105 DATA 45,13,1,"N","%".1,3,14.4,0

31110 RETURN

NS5

31120 Screen Display Initisiization Statements
31125

31130 NUMFLDS.SS% = 2: FILNM.SS$ = *IN_G_V.SCR":

31135 EXITCHRSSS w ™I* + CHR${127) + =

31140 RESTORE 31085

31148 RETUAN

31150°

31155'  Variables Section For BIN_G_Y

aneo’

31165 VL.SS$(1) = STRS(AZM): VLSS$2) » STRE(SLOP): VLESS(3) » STRS{SKCO):
31170 RETURN

375’

31180  Assign VL.SSS Aay 10 the variabise

31185

31100 AZM = VAL(VLSS$(1)): SLOP = VALVLSS$(2)): SKCO » VAL(VLSSS(3)):
31105 RETURN

31200

31205°  Section To Intialize Variables To Iniial Values
31210°

31215 AZM = 0: SLOP = 0: SKCO = 1:

31220 RETURN

31225

31230'  *** List DATA statements & Primt DISPLAY Only Variables ***

31235 ‘Lin,Col,Len,Picture,Low Range,High Range, Foraground, Background # of Edit
31240

31245 DATA 51,8,3,°N°,"#4#",0,360,14,4,0

31250 DATA 52,9,2,°N","##",0,$0,14,4,0

31255 DATA 45,13,1.°N°,"#",1,3,14,4.0

31260 RETURN

31265

31270 Screen Display irit. lization Statements

azrs’
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31280 NUMFLDG.85% « 3: FILNM.SS$ = *IN_G_T.SCR";
31265 EXITCHR.8SS = *1* + CHR${127) + ™

31200 RESTORE 31230

31295 RETURN

31300

31305 ' Variables Section For B:IN_G_{

3110°

31315 VL.§8(1) = STRI(AZM): VL.88(2) « STRE{SLOP):
31320 RETURN

31328

31330 Assign VLL8SS Arrey 1o the varisbles

31335

31340 AZM » VALIVL.8S$(1)): SLOP « VAL(VL.8S$(2)):
31345 RETURN

31380°

31355 °  Section To inlialize Variables To initial Values
31380

31365 AZM = 0: SLOP » 0:

31370 RETURN

31375

31380° ™ List DATA staterments & Print DISPLAY Only Variables ****

31385 ‘Un,Col.Len.Picture,Low Range,High Range,Foreground, Background.# of Edit
31300 °

31305 DATA 52,0,3,°N°,"9Wi",0,360,14,4,0

33400 DATA 52,15,2,"N°,"Wr",0.00,14,4,0

31405 RETURN

31410°

31415° S Display Initakzssion Statements
31420°

31425 NUMFLDS.SS% « 2: FILNM.SS$ = *IN_G_L.SCR™:
21430 EXITCHR.SSS « °I* + CHR3(127) + ™

31438 RESTORE 31380

31440 RETURN

s

31450 Variables Section For B:INPUT_R
31485 RETURN

314

31478 Fn VL.SSS$ Array 10 the varichies
31490 RETURN

31405 °

31500°  Sechon To Iniialize Variables To Initial Velues

31515 RETURN

31520

31525 “** Liet DATA statements & Print DISPLAY Only Verisbles ***
31530 ‘Lin,ColLen Picture,Low Range High Range,Foreground, Background.# of Edit
31550 RETURN

31555 °

31560 Screen Display Initislization Statements

31565 °

31570 NUMFLDS.SS% = 0: FILNM.SS$ « “INPUT_RSCR":

31575 EXITCHR.SSS & *i* + CHR$(127) + =

31580 RESTORE 31525

31585 RETURN

31500 Variables Secson For A:RESULT_M

31595

31800 VLL.SS$(1) : STRS(l): VL.S5$(2) « STRYCHOICE):

31605 RETURN

31810°

31615 Asoign \L.553 Amay b the vasiablee

31620°

31625 [ w VAL(VL.8S$(1)): CHOICE « VAL(VL.S5%(2)):

31630 RETURN

31635

31640°  Section To Initalize Variables To Inital Valuess

31845 °

31850 | » 1: CHOICE w 2:

31655 RETURN

31660

31665 **** List DATA statements & Prit DISPLAY Only Variables ~**
31870 ‘Un,Col Len.Picture, Low Range,High Range,Foreground, Background,# of Edit
31675 °

31680 DATA 71,14.2,°N°"Ws°,1,00,11,4,0

31685 DATA 72,20,1,°N°,"#",0,2,11,4,0

31600 RETURN

31605 °

31700°  Screen Display Initialization Statements
31705 "

31710 NUMFLDS.S8% = 2: FILNM.558 « *RESULT_M.SCR™:
31715 EXITCHR.SSS = *I* + CHRS{127) + =
31720 RESTORE 31665

184




31725 RETURN

31730

31735'  Variables Secon For A:RESULT_Y
31740°

31745 VLSS$(1) . STR${CHOICE):

31750 RETURN

31785°

31760  Assign VL.SS$ Aray i the varisbles
31765°

31770 CHOICE = VALVLSSS(1)):

31775 RETURN

31780°

31785'  Secion To inNakze Variables To Initial Valuee
31700°

31795 CHOKCE = 2:

31800 RETURN

31805

31810°  **** List DATA statements & Print DISPLAY Orly Variables =+

31815 ‘Lin,Col,Len, Picture, Low Rangs, High Fange, Foreground. Background# of Edit
820"

31830 DATA 72,20,1,N"#°.0.2.11,4,0

31835 RETURN

31840°

31845 Scraen Display IniSaltzaion Statements

31850

31855 NUMFLDS.S5%  1: FILNM.SS$ « *RESULT_Y.SCR™:

31860 EXITCHR.SS$ = 1° « CHR$(127) + =

31865 RESTORE 31810

31870 RETURN

kLY

31880 "' Variables Secion For A:xCHAN_S
31885

31890 VL5S$(1) = FILS: VL.SS$(2) = STRS(i):
31805 RETURN

31900

31905°  Assign VL.SSS Array 1o the variables
31910°

31915 FILS « VLSS${1): | « VAL(VL.SS${2)):
31920 RETURN

31925

31930’  Section To Initiakze Variables To initial Values
31935°

31040FiLS ™ {m 1

31645 RETURN

31850

31955 **** List DATA statements & Print DISPLAY Only Variables —**

31060 *Lin,Col,Len,Pxcture,Low RangeHigh Range,Foreground, Background.# of Ecit
31965 °

31070 DATA 46,10,6,°C**L'UULUY",,,04,0

31075 DATA 48,12.2°N"."##",1,09,0,4,0

31080 RETURN

31085

31090°  Screen Display Initalization Statements
31005 ¢

32000 NUMFL 5.85% = 2: FILNM.SS$ = "CHAN_S.SCR™:

32005 EXITCHR.SSS « *I" + CHRS$(127) + =

32010 RESTORE 31955

32015 RETURN

32020°

22025° Variables Cection For A:-CHAN W

22030

32035 VLSS$(1) = FILS: VL.SS$(2) = STRS(I): VL.SS$(3) = STRS(SW):
32040 VL.SS${4) » STRE(SM): VL.SS$(5) = IDEWS:

32045 RETURN

32050 °

32055°' Assign VL.SSS$ Array o the variables
32060

32065 FILS = VLSS${1): | = VALIVLSS$(2)): SW = VAL(VL.SS5(3)): SM = VALVLSS${4)):

32070 IDE.WS$ = VL.SS$(5):

32075 RETURN

32080 °

32085°  Secton Ta Initiakze Varisbies To Initial Values
32000

32005 FIl$ w ™: | & 1: SW = 1: SM = 1: IDE.WS & "Y".
32100 RETURN

32105

32110°  **** List DATA statements & Print DISPLAY Only Variables ***

32115 'Un,Col Len,Picture,Low Rangs,High Rang:,Foreground, Background. 8 of Edit
32120°

22125 DATA 46,7,6,°C*,"UVUUUY",, 0,40
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32130 DATA 48,8,2°N","r,1,00,0,4,0
32138 DATA 45,9,1,°N","%",1,40.4,0
32140 DATA 48,14.2,"N",'"%e",1,10,0,4.0
32145 DATA 53,16,1,7Y",°U",,,0,4,0

32150 RETURN

32158

180 & Display initalizaion Statements
2188

32170 NUMFLDS.55% = 5: FILNM.S5$ = “CHAN_W.SCR":
32175 EXITCHR.S5S$ « *1° « CHR$(127) + =

32180 RESTORE 32110

32188 RETURN

32100°

32195 Varisbine Section For ACHAN_R

32200

37208 VL.SS$(1) » FILE: VLESH2) = STRE(): VLESH(3) » STREM)
32210 RETURN

32215°

32220 Assign VL.S5$ Anray 1o the variables

32225°

32230 FILS = VL.SS$(1): : | @ VAL(VLSSS(2)): 3 « VAL(VLESS{3))
32235 RETURN

32240

32245°  Section To inialze Varisbies To initial Vaues
32250

32285 FlilS » e 1: B 12

32280 RETURN

32265

32270'  °"* List DATA etatements & Print DISPLAY Only Variables **
32275 ‘Un,Col.Len,Piclure,Low Range,High Range,Foreground, Beckground # of Edit
32280

32285 DATA 48,10,8,°C*,"UUUUUVY",,,04,0
32200 DATA 48,12,2,°N","",1,00.0,4,0
32205 DATA 48,14,2,°N","##".1,10,0.4.0

32300 RETURN

32305 *

32310 Screen Dieplay initalizafion Statements
ans:

32320 NUMFLDS.5S% = 3: FILNM.SS$ » “CHAN_RSCR":
32325 EXITCHR.SSS « *I* + CHR${127) + =

32330 RESTORE 32270

32335 RETURN

30340

32345°  Vasiables Section For A:<CHAN_G
32350

32355 VL.SS$(1) = STR${CHOICE):

32360 RETURN

32385

32370 Assign VL SS$ Armay 1o the vasiables
32375 °

32380 CHOICE » VAL(VL.SS$(1)):

32385 RETURN

32300

32395  Secton To Initalize Variables To inital Values
32400

32405 CHOICE » 0:

32410 RETURN

32418

32420  °"° List DATA statements & Print DISPLAY Only Variables ***

32425 ‘Lin,Col.Len,Prciure,Low Range,High Range,Foreground, Background,# of Edit
32430°

32435 DATA 72,18,1,°N","¥",03,11.4,0

32440 RETURN
32448°

32450°  Gcreen Display inializasion Statement
22485°

32480 NUMFLDS.SS% = 1: FILNM.SS$ « "CHAN_C.SCR";
32465 EXITCHALSSS » "I* + CHR${127) + =

32470 RESTORE 32420

32475 RETURN

32480

32485 '  Vaslables Section For AAMRES
32490

32405 RETURN

32500

32505  Assign VLLSSS Array © the variables
32510°

32515 RETURN

32820°

32525' Secton To initiakze Variables To Inisal Values
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32530
32535 RETURN
32540 °

32545°  °™* List DATA statements & Print DISPLAY Only Variables ****

32550 "Lin,Col,Len,Piciurs,Low Range,High Renge,Foreground, Background.# of Edit
32585

32580 COLOR 1, 4: LOCATE 6, 74: PRINT USING “m*; MON;

30570 COLOR 14, 1: LOCATE 8, 26: PRINT LEFTS(FILS + LEFTS(BLNK.SS$, 10 - LEN(FILS)), 6);
32575 COLOR 15, 1: LOCATE 11, 55: PRINT USING “swe.#", MLCONS 7 1000;

32580 COLOR 15, 1: LOCATE 13, 55: PRINT USING "WNL#"; BMLCONS(MON) / 1000;
32585 COLOR 185, 1: LOCATE 15, 55: PRINT USING "o, RBHLT(MON) / 1000;
32500 COLOR 18, 1: LOCATE 17, 55: PRINT USING “saie™, BHLDT(MON] / 1000;
32505 COLOR 15, 1: LOCATE 19, 55: PRINT USING “sew.4 QS1(MON) 7 1000;
32600 RETURN

32605

32610°  Screen Dicpley nitialization Statements

32615 °

32620 NUMFLDS.SS% = 0: FILNM.SSS$ « "MRES.SCR";

32625 EXITCHR.SSS « *t" « CHR${127) + ™

32630 RESTORE 32545

32835 RETURN

32640°

32645 °  Variables Section For A:YRES
32650

32655 RETURN

32660

32685  Aseign VL.558 Aray 1o the variables
32¢70°

32675 RETURN

32680 °

32585 Section To Initalize Variables To initlal Vaiues
32600

32695 RETURN

32700

32705°  *"* Ut DATA statements & Prirt DISPLAY Only Veriables ***

32710 'Un,Col,Len,Pxture,Low Range High Rangs,Foreground, Background.# of Edit
2718

32720 COLOR 14, 1: LOCATE 8, 26: PRINT LEFT$(FILS + LEFT$(BLNK.SS$, 10 - LEN(FILS)), 8);
32730 COLOR 15, 1: LOCATE 11, 55: PRINT USING “ww.a"; MLCONST;

32735 COLOR 15, 1: LOCATE 13, 55' PRINT USING “s. ¥, BMLCONST;

32740 COLOR 15, 1 LOCATE 15, 55: PRINT USING “Wwa.#"; RBMLTT;

32745 COLOR 15, 1: LOCATE 17, 55;: PRINT USING "ws.#; BHLDTT;

32750 COLOR 15, 1: LOCATE 10, §5: PRINT USING s, OS1T;

32755 RETURN

32760 °

32765° Screen Display initializeton Statemants

32770

32775 NUMFLDS.SS% = 0: FILNM.SSS » "YRES.SCR":

32780 EXITCHR.SSS = °* » CHR$(127) + =

32785 RESTORE 32705

32790 RETURN

32800°

32805° Variables Secbon For D:RESULTIY
32810°

32815 VLES$(1) = STRS(CHOICE):

32820 RETURN

32828

22830  Assign VLSSS$ Amay 10 the variables
22835

32840 GHOICE m VAL(VL.SSS$(1}):

32845 RETURN

32850

32855°  Section To Initiaize Variables To Initial Valuse
32860

32865 CHOICE = 0:

32870 RETURN

32875 °

32880° **** List DATA statements & Print DISPLAY Only Variables ~**

32885 'Lin,Col,Len, Picture,Low Range, High Range,Foreground,Background # of Edit
32890°

32005 DATA 72,20,1,°N°,"#°,0,5,11,4,0

32000 RETURM

32005

32010°  Screen Display Initalzation Statements
32015°

32020 NUMFLDS.5S% = 1: FILNM.SS$ = "RESULT1Y.SCR":
32025 EXITCHR.SSS = *I* + CHR$(127) + ™

32030 RESTORE 32880

32035 RETURN

32040
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32045°  Variables Section For D.MRES1

32950°

32088 RETURN

32080

32005°  Aseign VLLESS Amray © the variables
32070

32075 RETURN

32080°

32005°  Section To iniiakize Varisbles To Initial Values
32000

32005 RETURN

33000 *

33005' ™ List DATA statements & Prit DISPLAY Only Veriables ****

33010 'Uin,Col, Len,Pictsre, Low Rangs,High Range,Foreground, Background.# of Edit

33015°

33020 COLOR 14, 1: LOCATE 8, 26: PRINT LEFT${FILS + LEFT{BLNK.SSS, 10 - LEN(FILS)), 6);
33025 COLOR 15, i: LCCATE 11, 55: PRINT USING "WWL#"; RBAUXILT;

33030 COLOR 15, 1: LOCATE 13, 55: PRINT USING W8~ BAUXILT;

33035 COLOR 18, 1: LOCATE 15, 55: PRINT USING *“W.#*; RBEREQT;

33040 COLOR 15, 1: LOCATE 17, 58: PRINT USING "w.#*; BEREQT;

33048 COLOR 18, 1: LOCATE 19, 55: PRINT USING "s.#"; T.SAV;

33050 RETURN

30058

33080 Screen Display initelization Statemernts
33085 *

33070 NUMFLDS.S5% = 0: FILNM.SSS = "YRES1.SCR":
33075 EXITCHR.S88 = ** « CHRE(127) ¢

33080 RESTORE 33005

33085 RETURN

3145'  Variables Secion For D:YRES!
0150°

33185 RETURN

33160°

33168'  Asrign VLESS Array b the variables
170’

33175 RETURN

33180°

33185°  Section To In"ialize Varables To inital Values
33190

33195 RETURN

33200°

33205'  °=* List DATA siatements & Frinmt DISPLAY Only Veriables ***

33210 'Un, Col Len,Picture,Low Rangs, High Range,Forsground, Background.# of Edit

k4L

33216 COLOR 1, 4: LOCATE 6, 74: PRINT USING “#"; MON;

33220 COLOR 14, 1: LOCATE &, 26: PRINT LEFT${FIL$ + LEFT${BLNK.SSS, 10 - LEN(FILS)), 8);
33225 COLOR 15, 1: LOCATE 11, 55: FRINT USING ‘%We.#~; RBAUXIL(MON) / 1000;

33230 COLOR 15, 1: | OCATE 13, 55: PRINT USING “WWL.#<; BAUXIL(MON) / 1000;

33235 COLOR 15, 1: LOCATE 15, 55' PRINT USING “st.a~; RBEREQ(MON) / 1000;

33240 COLOR 15, 1: LOCATE 17, 55: PRINT USING W4~ BEREQ(MON) 7 1000;

33245 COLOR 15, 1: LOCATE 19, 55: PRINT USING “Wut.#"; TENS(MON) / 1000;

33250 RETURN

33285

33260' Screen Displsy Initalizetion Statements

33265

33270 NUMFLDS.55% = 0. FitNM.SS$ = “MRES1.SCR*

33275 EXITCHR.SSS = *I* + CHR${127) + ™

33280 RESTORE 33205

33285 RETURN

60000 *
80010° ¢
60020 ' | START OF SCREEN SCULPTOR FULL SCREEN EDITING ROUTINE |

mo A 1 F]
€0050° ]
€0060 ° | Main body of suvoutine |
60070 * L— ]

60080 *

60085 IF SAME.SS% THEN 60200 To retum 1o the SAME screen with SAME valuss
80090 'IF SCRSS% o SCRLST.SS% THEN 60140’ if same screen as last, don reload
60100 ' Got screon sslup parameters

-

60105 ON SCR.SS% GOSUB 30105, 30240, 30380, 30520, 30685, 30835, 30975, 31120, 31270 31415, 31560, 31700, 31845, 31900, 32160, 32310, 32450,

32610, 32765, 32910, 33060, 33260
60110  GOSUB 60550 * Road fleld daia for this screen
80120 OUT &H3D8, 8H1 * Turn off screen display
60125 * CALL QUBLOAD(FILNM.SSS) ‘<~ Fot QuickBASIC, See READ.ME fis
60130 DEF SEG « SCRNSEG.SS%: BLOAD FILtNM.SS$, 0: DEF SEG * Load screen picturs
80135 * Setinvbn vaiues

60140 IF INIT.SS% THEN ON SCR SS% GOSUB 30055, 30100, 30325, 30465, 30605, 30760, 30020, 31080, 31205, 31355, 31500, 31640, 31785, 31030, 32085,

32245, 32395, 32525, 32685, 12055, 32085, 33185
80145 * Assign currert vajues 10 screen airay
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60155 ON SCR.SS% GOCUB 30005, 30140, 30275, 30415, 30555, 30700, 30870, 31010, 31155, 31305, 31450, 31500, 31735, 31850, 32028, 3219 32345,
32485, 32645, 32805, 32045, 33145

60160 OUT &H3D8, &H20 * Tum on screen dreplay
60170  GOSUB 60590 * Pad Selds with blanks and Sepley
80175 * Display iniia) DISPLAY vanables

60180 ON SCRSS% GOSUB 30030, 30215, 30350, 30490, 30630, 30785, 30945, 31085, 31230, 31380, 31525, 31685, 31810, 31958, 32110, 32270, 32420,
32545, 32705, 32880, 33005, 33205

60185 OUT 8H3D8, 8H28 * Tum an screen dieplay

60190°

60195 F.SS% = 1: 5CRLST.S5% « SCRSS%

60200 COLOR 7, 0: LOCATE 25, 1: PRINT BLNK.SSS$; ‘Cir meg om prior screen

60205 IF NUMFLDS.SS% = 0 THEN RETURN ‘Exit if no fteide on screen
60210 LOCATE, ,, 0, 1 ‘Make curecr size large

60215 EXSCR.SS% = 0 ‘Iniiakze Flag For Screen Exit

60220 WHILE NOT EXSCR.SS% 'Loop on sach feld(until Exit Flag is set)
60250 GOSUB 60740 ‘Accept input data for te fleid

60260

60320 WEND

60360

60370

60400 FOR F.S5% = 1 TO NUMFLDS.SS% ° Test Each Field Before Leaving Screen
60410  GOSUB 82500 * Check contents of thie fleld

60420 IF ERRMSG% = -1 THEN EXGCR.S5% = 0: GOTO 80220 Emor Detected
60430 NEXT F.SS%

60440 F.S5% = FLDLST.SS% 'Resel Feld indicator

60450 *

60455 ‘Assign new field valuss

60460 ON SCRSS% GOSUB 30030, 30185, 30300, 30440, 30580, 30720, 30805, 31035, 31180, 31330, 31475, 31015, 31760, 31905, 32055, 32220, 32370,
32505, 32665, 32830, 32965, 33165

60470 RETURN ‘Exit this subroutine

60480°

80400

60500 *

80510

80520

60530 * *** Read Field Data For This Screen **~*

60540 °

60550 FOR F.SS% « 1 TO NUMFLDS.SS%

60555  READ LO.SS%{F.55%, 2), LO.SSWF.85%, 1), LESS%(F.SS%), TY.SS$(F.SS%), PIC.SS$(F.SS%), RG.SS(F.SS%, 1). RA.SS{F.55%, 2).

CLSS%({F.SS%, 1), CLSS%(F.S5S%, 2), SPECCHR SSY%(F.S5%)

60560 NEXT F.S5%

60565 RETURN

80570 °

80575

80580 *** Pad Fiskds With Blanks, Insert Special Characters, and Display Fide

60585

60500 FOR F.55% = 1 TO NUMFLDS.S5%

60505  (F TY.S58(F.SS%) » *N° THEN 60655 ' Ties section for nor-numeric types

60600 IF LEN(VL.SS${F.SS%)) > LE.SS%{F.SS*%) THEN VLSS$(F.55%) » LEFTS$(VL.SS$(F.55%), LE.SS%{F.SS%)): GOTO 60610

60605 VL.SS$(F.SS%) = VLSS$(F.5S%) + MIDS(BLNK.SSS, 1, LE.SS%{F.55%} - LEN(VL SS${F.SS%)})

60610 IF INSTR(*CD", TY.SS$(F.5S%)) « 0 OR SPECCHR.SS%{F.55%)} ~ 0 THEN 60600

80615 CNT.SS% + O

60620 FOR J.S$% = 1 TO LESS%(F.SS%) * Insert Special chare

60625 IF INSTR{"ULX#89", MIDS$(PIC SS${F.SS%), J.5S%, 1)) » ¢ THEN MIDS(VLSS${F.SS%' J.S5%, 1} « MIDS(PIC.SSE(F.5S%), J.85%, 1):
CNT.SS% = CNT.5S% + 1

60630 {F CNT.5S% « SPECCHRSS%(F.SS%) THEN 60680

60635 NEXT J.SS%

60640 GOTO 60690 * End of "non-umeric type® section

60845 *

60650 * The lollowing section is for numeric types

80655  NUMDEC% = LE.SSY{F.55%) - INSTR({PIC.SS${F.SS%), *.") Calc # of :'sc places

60657  IF LEFT$(VL.SS$(F.S5%), 1) « * * THEN VL.SS$(F.SS%) = RIGHTH{VLSS$(F.SS%), LEN(VLSS$(F.SS%)) - 1)’ Strip leading blank

60660  IF NUMDEC% o LESS%{F.5S%) THEN NUMDEC% = 0: NUMINT% » LE SS%(F.5S%) ELSE NUMINT% = LE.SS%(F.S5%) - NUMDEC% - 1
* Calc # of interger places

60665 IF VAL(VL.SS$(F.S5%)) = 0 THEN VL.SSHF.SS%) = LEFTS{MIDS(BLNKSSS, 1, NUMINT% - 1) + "0." + STRING${NUMDEC%, “0"), LE.SS%{F.8S8%)):
GOTO 60690' if no irvtial value

$0670 DEC.VL% w INSTR(VL.SSS(F.SS%), .} IF DEC.VL% = 0 THEN DEC.VL% = LE. SS%{F.55%) + } * Position of decimal point in date

60675  VLSS$(F.SS%) = LEFTS$(RIGHT$(MIDS$(ELNK.SSS, 1, NUMINT%) + LEFT${VL.SS$(F.SS%), DEC VL% - 1), NUMINT%) + *.* » MID${VL.SS${F 8E%),
DEC.VL% + 1) + STRINGS{NUMDEC%, "0%), LE.SS%(F.SS%})

60680

60685 °

60690 GOSUB 62310 * Display Contents Of This Field

60605 NEXT F.SS%

60700 RETURN

60705

€0710°*

60715°

80720 ** Accept Input Data For The Current Field ***

60725

60730
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60740 IF TY.SS${F.85%) o °N* THEN A.S8% « 1: GOTO 80700

60750 NEWNUMYX = -1: NUMED.SS% = 0 'Set Rage for rum id

60760 DECPOS% « INSTR(PIC.BS$(F.85%), *."): IF DECPOS% = 0 THEN DECPOS% = LESSN(F.88%) + 1
60770 A SS% « DECPOS% - 1

60780 * * Look for non-edit characters

80700 WHILE INSTH{"ULX#08", MIDS(PIC.SE$(F.SS%), A.SS%, 1)) » 0: ABS% = A.85% + 1: WEND

60800 CURCOL% = LO.SS%(F.85%, 2) + A.85% - 1' Find cursor posifion an screen

80810 LOCATE LO.SS%{F.58%, 1), CURCOL%., 1* Starting positon in this feld

€0820°
60830 FLDLST.SS% = F.S80% * Roest foid indicator

60840 EXFLD.55% = 0 * iniakzel flag 1 exit this tield

60850 WH!LE NOT EXFLD.SS% * Loop while o8l aciing this feld

60880 X.SS$ = INKEYS: IF X.588 = = THEN 80860° Wait for next keyboard charecter

€0870 IF ERRMSG% THEN ERALMSG% = 0: COLOR 7, 0: LOCATE 28, 1, 0: PRINT STRINGS(7S, * *); * Erane old rmessage fne.

60880 IF LEN{X.S88) > 1 ORINSTR(CHRS(8) + CHR${13) + CHR${27), X.558) <> 0 THEN X.5S$ = RIGHT$(X.SS$, 1) ELSE 60960 'Exterried code key preseed?
60885  ON INSTR(%<=>?@ABCD", X.85$) GOSUB 81100, 61100, 61100, 61100, 61100, 61100, 61100, 61100, 61100, 61100" This is a DUMMY statemsnt.
1t waps the Function Keys (F1 - F10), Rt is hete 10 make user modifications simpler.
60887 * For the above line 10 be active, you need 15 set all Function Key vajues 1o null. Le.- KEY 1, ; KEY 2, ete.
60800  IF TY.SS$(F.85%) © "N* THEN 80020 i numeric, need special test
60000 IF INSTR{"GO", X.88%) <> 0 THEN 81030Codes net valld for rumerc
80010 IF INSTR{"RKM"* + CHR${8), X.858) < 0 THEN NUMED.55% = -1: NEWNUM% « 0
60020  IF INSTR(EXITCHRLSSS, X.SS8) o U THEN EXFLD.SS% = -1: EXSCR.S5% = -1: GGTO 61040'Chack CODE o EXIT SCREEN '
60030  ON INSTR("MKHPGRSO" + CHR${8) + CHR$(13), X.558) GOSUB 81110, 81140, 61210, 61260, #1650, 61440, 61300, 61800, 61140, 61260: GOTO

€0040  GOTO 61030 * Irvadd extended code key pressed

60060 IF TY.SS$(F.5S%) » "N° AND X658 = *.* THEN NEWNUMX = 0: NUMED.SS% = -1: GOTO 81010
60070 IF ASC(X.S58) « 32 OR ASC(X.8S$) » 128 THEN 61030" Irwalkd characters
60080 GOSUB 61750 IF ERRMSGY% THEN 61030 * Non-spec cher entered: Test entry

60000 GOSUB 62230 * Add cher 10 this fleld

61000 GOSUB 62310 * Print new fleld

41010 GOSUB 82380 * Move cureot 1o next position
61020 |F ERRMSQ% THEN 80740 * H orror re~edit this fleld
81030 WEND

61040 LASTCHR.SS$ = X.SS$ * Set last character indicator
61050 RETURN * Exit from editing this field

61060 °

81070

61080 **** THE FOLLOWING SUBROUTINES HANDLE EXTENDED KEYBOARD COMMANDS ***
81000

61005 ° *** DUMMY Subroutine for Function Keys (F1 - :°10)

81006 ' *= Thus ia here b user modificatons  ***

61100 RETURN

61105 "™ Cursor right >**

61110 GOSUB 62380 * Move cureor 10 next position

61120 RETURN

61130 *** Cursor left or backspace ™

61140 IF CURCOL% u LO.SS%(F.SS%, 2) THCN 61210 ‘Goto prior fieid

61150  IF TY.SS$(F.SS™%) « °N* AND INSTR(® +-*, MID$(VL.SS$(F.SS™%), A.SS%, 1)) o 0 THEN RETURN
61160 CURCOL% « CURCOL% - 1: A.S5% = ASS% - 1 ‘Pos of char in fieki

61170  IF INSTR{ULX#80°, MID$(PIC.SS${F.S5%), A.SS%, 1)) = 0 THEN 61140 Spec char?

61180 LOCATE LO.SS%{F.SS%, 1), CURCOL%, 1

61190 RETURN

61200 ' Cursor up ***  Move 1o next feld left

61210 GOSUB 62500 * Edit check field data before leaving

61226 IF ERRMSG% THEM RETURN * Eror found

61225 EXFLD.SS% = -1 * Set Flag 1o Exit this Field

61230 IF F.SS% > 1 THEN F.SS% < F.85% - 1 ELSE F.8S% « NUMFLDS.SS% * Goto prior d
61240 RETURN

61250 "™ Cursor down or carriage return - Advance 1o next field ***

61260 GOSUB 62500 * Edi check Seid data before leaving

61270 IF ERAMSG% THEN RETURN ' Don't leave fleld i srror was found

61275 EXFLD.SS% = -1 * Set Flag 1o Exit this Fleid

61277  IF F.55% = NUMFLDS.SS% AND INSTREXITCHRSSS, CHR$(127)) <> 0 THEN EXSCR.SS% = -17Test 1o leave screen after last field
61280  IF F.55% < NUMFLDS.SS% THEN F.55% = F.SS% + 1 ELSE F.85% = 1 * increment Ad num o next fid

61200 RETURN

61300 * **** Dol key pressed *™***

61310 * Start Dol routine for Numeric fid on left of decamal pt

61320 IF TY.SS$(F.SS%) o “N° AND A.SS% < DECPOS% THEN MID$(VL.SS$(F.SS%), 1) = * * + LEFT${VL SS$(F.SS%), ASS% - 1) + RIGHTHVL SS$(F.S5%),
LE SS%({F.SSY)) - ASS%): QOTO 61420

61330 * Start Del routine for Numeric fid on right of decimal pt

61340 IF TY.SS$(F.SS%) = "N* THEN MID$(VLSS${F.S5%), 1) = LEFTH{VI.SS${F.SS%), ASS% - 1) + MIDS(VLSSHF.SS%), A.SS% + 1, LESS%(F.SS%) -
A.SS%) + *0": GOTO 61420

61350 ° * Start Dol routine for id w/o non-edit che

61360 IF SPECCHR.SS%(F.SS%) = 0 THEN MID$(VLLSS$(F.SS%), 1) » LEFTS(VLSSHF.SS%), A.SS% - 1) + MID$(VLSSS$(F.S5%), A.SS% + 1, LESS%{F.S5%)
- ASS%) +* = GOTO 81420

61370 °

61380 CNT.SS% = 0 * Start del rouvtine for Ad with ron-edit chr

61300 WHILE INSTR(*ULX889°, MID$(PIC.SS${F.SS%), ASS% + 1 + CNT.SS%, 1)) & 0 AND CNT.S5% < LE.SS%{F.S5%) - A.5S%: CNT.SS% « CNT.SS%
+ 1: WEND' Count untl! next non-edit che
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61400 VL.SS$(F.SS%) » LEFTH(VLSSS(F.SS%), A.SS% - 1) » MIDS(VL.SS${F.53%), A.SS% + 1, CNT.5S%) + * * + RIGHTH(VLSSS(F.S5%), LESSK(F.S5%)
- ASS% - CNT.SS%)' New vaiue for feld

81410°

81420 CURCOL% = CURCOL™% - 1: ASS% = A.SS% - 1: GOSUB 62340: GOSUB 82380'Prirt d; Set cursor

61430 RETURN

81440 ' ***** Ine key prossed **

61450 * Start Ins routine for nuMmeric field on lefuside of dec pt

61480 IF TY.SSH{F.SS%) = "N" AND A.SS% « DECPOS% THEN MIDS(VLSS${F.S5%), 1) = MIDKVLESS{F.SI%), 2, A.S8% - 1) 4 "0" + RIGHTS(VL85${7.SS%),
LE.SS%(F.S5%) - A5S%): GOTO 61580

61470 ' Stat Ins routine for numeric. +.d on rightside of dec pt

61480 IF TY.SSH{F.SS%) = °N* THEN VLSS${F.S5%) = LEFTH{VLSSHF.SS%), ASS% - 1) + “0" + MIDS(VLSSHF.55%), A.8S%, LESSR(F.88%) - ABSK):
GOTO 1580

61490 ° * Start Ins routine ‘or non-numeric w/o non-edit chazacters

81500 IF SPECCHR.SS%{F.S5%) = 0 THEN VLSS${F.SS%) = LEFT${VL SS${F.55%). ASS% - 1) + * * + MIDS{VL SSS{F.89%), A.8S%, LE.ES%(F.SS%) -
A.SS™%): GOTO 61580

61510 * Start Ins routine for hon-numeric with non-edit charectera

61520 NEWVLS = LEFT$(V'LSS${F.S5%), ASS% - 1) + * *: NEXTCHRS = MID$(VLSS$(F.55%}, ASS%, 1)

61530 FOR 1% = A.8S% + 1 TO LESS%(F.S5%}

61540 X.S53 = MID${PIC.SSH{F.55%), 1%, 1): IF INSTR{"ULX#89", X.558) » 0 THEN NEWVLS = NEWVLS + X.553 GOTO 61570

61550 NEWVLS = NEWVLS + NEXTCHRS: NEXTCHRS = MIDS(VLCS$(F.S5%), 1%, 1)

61560 NEXT I%

81570 VL.SS${F.SS%) « NEWVLS + MIDS$(VL.SS$(F.SS%), 1% + 1, LE SS%(F.SS%))

81580 CURCOL% = CURCOL% - 1: ASS5% « ASS% - 1: GOSUB 62310; GOSUB 62380° Print fid; Set cursor

61590 RETURN

61600 * ***** END key pressed *****

61610 CURCOL% = LO.SS%(F.SS%, 2) + LE.SS%{F.SS%) - 1: A.SS% = LE.SS%(F.SS%)

61620 WHILE INSTRCULY#89", MID$(PIC.SSKF.SS%), A.S5%, 1)} = 0: A.SS% = A.SS% - 1: GURCOL% = CURCOL - 1: WEND' Look for special protected

characters

61630 LOCATE LO,SS%{F.55%, 1), GURCOL%, 1 * Starting positon in this field

61640 RETURN

61850 ° **** HOME key preessed *** put cursor at beginning of fleld

61680 A.SS% = 1 ‘Find cursor position for this fleld

61670 WHILE INSTR("ULYM89", MID${PIC.SS${F.SS%), A.S5%, 1)) = 0: ASS5% = A.SS% + 1: WEND' Look for special pr d ch

61680 CURCOL% w LO.SS*%{F.55%, 2) + A.S5% - 1

61600 LOCATE LO.SS%(F.55%, 1), CURCOL%, 1* Starting position in this field

61700 RETURN

61710

61715

61720 “** ROUTINE TO EDIT.TEST GHARACTER ENTRY ***
61730

61740 ****Check for special character type conversion®*’

61750 ON INSTR{"NDMY®, TY.SS$(F.55%)) GOTO 61700, 62100, 62000, 61950

$1760 ON INSTR{*ULX#69°, MID$(PIC.SS$(F.55%), A.S55%, 1)) GOTO 61890, 61920, 62130, 61800, 62060, 62100
81770 PRINT "EDIT PICTURE TYPE *; MID$(PIC.SS$(F.SS%), A.SS%, 1); * NOT FOUND": STOP
61780 "

61700 '** Numeric values; °.% ™% *+%; " *

61800 * NOTE: The decimal point is trapped in the"Accept input data® routine

61810 IF X.SS$ >a *0" AND X.SS$ <= *9" THEN RETURN

61820 IF X 388 © *+" AND X.8S$ © *-" AND X.SS$ © " " THEN 61850’ Is this a + or - sign?
61830 IF T 7.SS${F.5S%) = °C* THEN RETURN' 4,-," * sllowed arywhers in C type

61840 IF LEFT${VL.SS$(F.85%), A.S5% - 1) = SPACES{A.55% - 1) OR ASS% = 1 THEN RETURN
£1841°  °* *4° and °.° sign only afowed In beginning nf number

61850 MSG.SS$ = * Only numeric values can be entered hare. Please re-enter. *

61860 GOSUB 62120: RETURN * Print efror message; Exit

61870 °

61880 =** Upper case or any other character*™

61890 IF ASC(X.SS$) > 96 AND ASC(X.5SS$) < 123 THEN X.5S8 = CHR${ASC(X.SS3) - 32)
619000 GOTO 62130

61910 **** Lower case of any other character™™

61020 IF ASC{X.SS$) > 65 AND ASC(X.SS$) < 91 THEN X.SS$ » CHRS$(ASC(X.SSS$) + 32)
61830 GOTO 62130

61840 " Y/N anewst only™*

61950 IF X.553 = “Y" OR X.SS$ = "y" THEN X.SS$ » “Y™: GOTO 62130

61960 IF X.S5% = "N* OR X.85% = *n® THEN X.SS$ = "N°: GOTO 62130

61970 MSG.SS$ = " Only 'Y of ‘N’ can be entered hare. Please re-enter. *

L1980 GOTO 62180 ' Print error message

1900 " MF anawer only*™

62000 IF X.55% = *M" OR X.SS$ « "m" THEN X.SS$ = "M*: GOTO 62130

62010 IF X.5S% » "F* OR X.SS3$ = " THEN X.5S$ » "F": GOTO 62130

62020 MSG.SS$ = * Only ‘M’ of 'F can be entered here, Please re-enter. *

82030 GOTC 62180  ‘ Print error message

62040

62050 * > Numernc vakies only **™

62060 IF (ASC(X.SSS) » 47 AND ASC(X.SS$) < 58) THEN GOTO 62130

62070 MSG.SS$ = * Only numenc vajues can be entered here. Please re-enter. ®

62080 GOTO 62180 * Print error message

62080 ' *™ Numeric values and * * only ***

62100 IF (ASC(X.SSS$) > 47 AND ASC(X.SS$) < 58) OR X.SS$ = * " THEN GOTO 62130
62110 MSG.SS$ « * Only numeric valuss or blanks can be erered here. Pleste re-enter, °
62120 GOTO 62180 * Print srtor message
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2130 RETURN

02140

82150

62160 * **** Print Error Messages ™

82170 "

62180 ERR.MSG% « -1: SOUND 500, SD.SS5% * 1: LOCATE 25, INT(81 - LEN(MSG.SS$)) / 2, 0: COLOR 0, 7: PRINT MSQ.SES; : LOCATE LO.SS*%(F.55%,
1), CURCOL%, 1

62100 WHILE INKEYS <> ™ WEND * Clesr input butfer after error

62200 RETURN

62210°

62220

62230 * **** Add character to current field *=***

62240

62250 IF TY.S8$(F.SS%) = "N" AND NEWNUMY, VHEN MIDS(VL.SS$(F.SS%}, 1) » MIDS(BLNICSSS, 1, ASS% - 1) + X.85$ + =" » STRINGS(LE SS%{F.SS%),
0): NEWNUM% = 0: RETURN' Reste. 8 - New num

62260 IF TY.SS${F.S5%) <« *N°" OR NUMED.SS% = 1 THEN MID$(VLSS$(F.S5%), A.5S%, 1) » XSS$: RETURN

62270 IF LEFT$(VLSS$(F.SS%), 1) " " THEN MID${VLESS(F.ES%), 1, A.8S%) = MIDS(VL.SS${F.SS%), 2, A.SS% - 1) + X.§S$ ELSE NUMED.SS% = -1: GOTO

82260 Add character © left of decimal place

62280 AETURN

62200

62300

62310 ™** Prink new value of field *~*

62320

82330

62340 COLOR CLSS%(F.S5%, 1), CL.SS%{F.55%, 2) * Sef color for this fleld

62350 LOCATE LO SS%(F.SS%, 1), LO.SS%{F.S5%, 2), 0: PRINT VL.SS${F.S5%); * Prim field

62360 RETURN

82365

62370

62380 **** Move cursor 1o new location ****

62300

62400 IF TY.SS$(F.S5%) <> *N* OR NUMED.S5% <> 0 THEN 82420

62410 |F LEFT${VLSS$(F.SS%), 1) <> * * THEN NUMED.SS% = -1 ELSE A.SS% = DECPOS™ - 1: CURCOL% « LO.SS%{F.SS%, 2) + A.SS% - 1: LOCATE
LO.SS%{F.SS%, 1), CURCOL%, 1: RETURN

62415 '

62420 IF ASS% < LE.SS%(F.S5%) THEN A.SS% = ASS% + 1: CURCOL% = CURCOL% + 1 ELSE GOSUB 61260: RETURN' Advance cursor of go 1o next field

62430  IF INSTR{*ULX80°, MID${PIC.SS$(F.55%), ASS%. 1)) = 0 THEN 62420

62440 LOCATE LO.SS%{F.S5%, 1), CURGOL%, 1

62450 RETURN

62460

62470°

62430 ** Echt check final fisk result *

62490

62500 IF TY.SS$(F.55%) <> *N* THEN 62540 * Chack numeric input range

62510 IF VAL(VLSS$(F.S5%)) > RG.SS(F.55%. 2) THEN MSG.SS$ = * The maximum value allowad in this fiekd is * + STRS(RG.SS({F.S5%, 2)): GOSUB 62180:
RETURN'Print Err Mag

62520 IF VAL(VL.SS${F.SS%)) < RG.SS{F.S5%, 1) THEN MSG.SS$ = ° The minimum valus allowed in this Reld e * + STR$(RG.SS(F.SS%, 1)): GOSUB 62180:
RETURN'Pred Esr Msg

62530 °
62540 IF TY.SS$(F.SS%) <> *0" THEN 62720  * Date edit check

€2550 IF VLSSS(F.SS%) = ° / / ° THEN 62720 * No check

€2560 DT.SS = VAL(RIGHT$(VLSSS(F.SS%), 2) + LEFTS(VL.SSS{F.S5%), 2} + MIDS(VL.SS$(F.SS%), 4, 2)}

62570  IF INSTR{*01,02,03,04,05. 6,07,08,00,10,11,12", LEFT {(VL.SS${F.85%), 2}) <> 0 THEN 62500

62580  MSG.SS$ = “Irvald MONTH in date sniered. Please re-enter.”: GOSUB 62180; RETURN

62500  IF INSTR{MIDS(VLSSS(F.5S%). 4, 2), * ") = 0 AND VAL(MID${VL.ESS(F.S5%), 4, 2)) > 0 AND VAL{MIDS(VL.SSS(F.SS%), 4, 2)} < 32 THEN 62620
62600  MSG.SS$ = “Invalid DAY in daw entered. Please re-anter.”: GOSUB 62180: RETURN

62610

62620  IF RG.SS(F.FS%, 1) = 0 AND RG.SS(F.55%, 2) = 0 THEN 62720’ No check

62630 IF RG.SS{: 35%, 2) < RG.SS{F.S5% 1) THEN 62680'Does dale croes century?

62640  IF DT.SS >= RG.SS(F.S5%, 1) AND DT.SS <= RG.SS(F.SS%, 2) THEN 62720

62650 D1.SS$ « STR$(RG.SS{F.5S%, 1)): D25S$ » STRS{RG.SS(F.SS%, 2))

62660 MSG 558 = “The date should be betwsen = + MID$(D1.5S$, 4, 2) + 7 + RIGHT${D1.SSS, 2) + /" + MID$(D1.SSS, 2, 2) + * and * + MID$(D2.5SS,
4,2) + 77 + RIGHTS${D25S$, 2) + */ + MIDH{D2.5SS$, 2, 2): GOSUB 62180: RETURN

62670

62680 IF DT.SS > RG SS{F.S5%, 2) OR DT.SS <« RG.SS{F.55%, 1) THEN 62720

62600 D1 8S$ » STRY(RG.SH(F.SS%, 2)): D2.5S$ = STR$(RG.SS(F.SS%, 1))

62700 NML:3.5S$ w “The date thouid be between * + MID$(D1.SSS$, 4, 2) + "/ + RIGHT$(D1.5SS$, 2) + °~ + MID${D1.SS8$, 2, 2) + * and ° + MID$(D2.SSS,
4,2) + °F + RIGHT$(D2.5S8, 2) + /" « MID$(D2.53%, 2, 2): GOSUB 62180; RETURN

62710

62720 RETURN

62060 °

€2870 ' ** Test if Monochrome or Colot/Graphcs Montior =

62880

62800 DEF SEG = 8H40
62000 MONO S5 « (PEEK(&H10) AND 8H30) = AH30

62910 IF MC0.SS THEN SCRNSEG.SS% = 3HB000 ELSE SCRNSEG.SS% = 3HBS0O
62020 RETURN

2030 * Herreeseemacsintiecsetvares

62940 * ** Error Handling Routine **

o L BRI LI L LR AL L L]
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62960 ' This routine is used Mostly 10 um the screen display back on if
62070 * & sericus problem (such &s the screen irnage e not found) ocowrs.
62080 CLS : OUT AH3DS, 8H20 ' Tum screen display BACK ON (# off).
62090 The following checks for disk file erors
83000 IF NOT (ERR » 53 OR ERR « 57 OR ERR = 8¢ OR (ERR > 70 AND ERR < 77)) THEN 63030
63010 BEEP:; COLOR 12; LOCATE 10, 10: PRINT "There le & problem finding & file on the disk.  Error codes® + STR${ERR)
63020 LOCATE 13, 21: PRINT "(HINT:Check instalation of the program)*: PRINT
COLOR 0: LOCATE 24, 30: PRINT "HIT <RETURN> TO CONTINUE"
63025 XCS$aINKEYS: IF X.5S$ o CHR${13) THEN 63025
63030 RESUME 63035
63035 END
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THE INPUT-DATA MODULE

DIM VL.S5$(53), LO.SS%(S3, 2), LESS%{53), TY.558(53), PIC.8S${53), AG.SS(53, 2), CLSS%{(S3, 2), SPECCHR.ES%(53), CASE.S(4)
KEY OFF: §D.85% w 1: NUMSCRLSS% = 12: BLNK.SS$ = SPACES(78): INIT.SS% = -1: SAME.SS% = 0: LAST.S5% = 0
GOSUB 62800 ‘Test For Mono OR Color Display

ROUTFS = "ROUTFAAA™: OPEN ROUTFS FOR INPUT AS #1: INPUT #1, ROUT.N%: CLOSE
DiM BIDA(7, 12), WEATH(13, 7): Pl = 3.1415026534

ON ROUT.N% GOSUB $00, §50, 1800, 1850, 1700, 1800; END

DiM RODA(NSP, 8, 8), WIDA{NSP, 10, 20}, REFP{NSP, 10, 8): RETUSIN

aeann
iwe

1120

ssseseesress SUBROUTINE TO JET USER NEXT ACTION

INIT.55% = -1: SAME.SS% = 0: LAST.SS% = 0

IF LASTCHR.SS$ = *I' OR LASTCHR SS$ = CHR${13) THEN RETURN
X558 = INKEYS

IF X.55% « "I* OR X.858% » CHR${13) THEN RETURN ELSE 1120

weseveee:

WEATHER DATA hahiahuiattentd

50O reeveee

DATA FOR A NEW CITY
SCRSSY% = 1: GOSUB 60000: GOSUB 1100

IF X.5S$ = *I* THEN RETURN

FOR 110 = 1 TO 12: WEATH(I10, 2) » 1 - WEATH(I10, 1) - WEATH(110, 3): NEXT (10

WEATH(13, 1) » WEATH(13, 1) * P}/ 180: WEATH(13, 2) w WEATH(13, 2) * P17 180: WEATH(13, 4) « WEATH(13, 4) * P1/ 180
OPEN CITY.N$ FOR OUTPUTawS #1

FOR 110 « 1 TO 13: FOR 111 = 1 TO 7: PRINT #1, WEATH(I10, 111); : NEXT 131: PRINT #1, : NEXT 110: CLOSE

RETURN

wessoreeressrerovsrsecsrses Bji DING CATA

850  reversecveeererstes DATA FOR A NEW BUILDING

852

g8

855 reesoseseseseseisss DATA FOR A NEW SPACE DATA

570

575

580

585

587

SCR.S5% = 2: GOSUB 60000: GOSUB 1100

IF X.558 « *I* THEN END

IF INS.W$ = “Y" THEN BIDA(7, 9) » 12 ELSE BIDA(7, 9) = 24
NSP « BIDA(1, 1): GOSUB 155: FILLNS = FILS

SCR.SS% = 13: GOSUB 60000: GOSUB 1100

IF X.SS$ = "I THEN ERASE RODA, WIDA, REFP: INIT.SS% = 0: GOTO 550

BIDA(1, 4) = 615; BIDA(1, 5) = .107: BIDA(1, 6} = -.147: BIDA(1, 7) = .681: BIDA(1, 8) = -,631: BIDA(1, 0) = O:

BIDA(1, 10) = .45: BIDA(1, 11) « -4: BIDA(1, 12) = -05:

BIDA(S, 1} = 0: BIDA(S, 2) = .0026: BIDA(S, 3) = .0126; BIDA(S, 4) = .0085: BIDA(S, 5) = .0009: BIDA(S, 6) = 0:

BIDA(S, 7) = 0: BIDA(S, 8) = .0248;

BIDA(S, 1) = 0: BIDA(6, 2) = -1.7377: BIDA(6, 3) = .09: BIDA(6, 4) = -.11373: BIDA(S, 5) = .00496: BIDA(S, 8) = -.00001:

FOR!= 1 TONSP
GOSUB 555
NEXT I: GOSUB 1000: GOSUB 1500: RETURN

RODA{l, 7.2)=0: 120: RODA(,7,3)=0. RODA(L6,5)e0:

SCRSS% = 3: GOSUB 60000; GOSUB 1100

IF X.S5$ = ** AND ROUT.N% w 3 THEN END

IF X.SS$ = *I* AND | = 1 THEN INIT.SS% = 0: GOTO 552

IFXSS$ « I THEN I 1-1: 132 RODA(I, 7. 5): GOSUB 1455: GOTO 554

IF INCLS = *Y* THEN RODA(I, 7, 4) = 1 ELSE RODA(, 7, 4) = 2

SCRSES™ w 4: IF INCLS = *Y* THEN WALLNS « *INCLINED WALL® ELSE WALL.NS = "MAIN WALL®
GOSUB 60000: GOSUB 1100

IF X.SS$ = *I* THEN INIT.SS% = 0- GOTO 560

ON RODA(!, 7. 4) GOTO 570, 575

SCRSS% = 6 GOSUB 60000: GOSUB 1100

IF X.85$ = *I' THEN INIT.SS% = 0: GOTO 565

GOTO 580

SCRSS% = 5: GOSUB 60000, GOSUB 1100

IF X.858 = *I* THEN INIT.SS% = 0sWGOTO 565

SCRSS% = 7: GOSUB 60000; GOSUB 1100

IF X.SS$ = *I* AND RODA(I, 7, 4} = 1 THEN GOTO 570

IF X.SS$ « *I' AND RODA(!, 7, 4 « 2 THEN GOTO 575

GOSUB 400- GOSUB 5300; 12 = 0: 12R% = 0

FOR 110 = 1 TO 4: IF RODA(, 10, 5) <> 0 THEN I2.R% = 12.R% + 1: CASE.S{i2.R%) = 110
NEXT 10: 12 R% = 0

IF RODA(l, 7, 4) = 1 THEN WALLNS = *INCLINED WALL® ELSE WALL.NS = "MAIN WALL®
WD = RODA(L 1, 5). 11 = 1: GOSUB 900

WALLNS « *RIGHT WALL®: WD « RODA(I, 2, 5): N = 2: GOSUB 900




500
585
600

400

900

907

908

910

015

o7

920

925

1450

1455

1460

910

1900

1910
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WALL.NS » “OPPOSITE WALL®: WD = RODA(, 3, 5): 11 = 3: GOSUB 900
WALLNS o "LEFT WALL": WD = RODA(L 4, 5): It = 4: GOSUB 900
GOSUB 1450: 'REFERENCE POINTS

RETURN

resereverseensseser COMPLETING THE DATA FOR THE SPACE
RODA(Y, 1, 3) « RODA(I, 1,3)* P1/180:  RODA(, 4, 1) = RODA(}, 2, 1)
IF RODA{l, 1, 3) > Pl THEN RODA{!, 1, 3) « RODA(}, 1, 3} - 2° P
IF RODA(, 7, 4) = 2 THEN RODA(l, 1, 6) = 90
RODA(!, 1, 6) = RODA(, 1, &) * P1 / 180
RODAYI, 3, 1) » RODA(l, 1, 1): RODA(L, 5, 1) = RODA(), 1, 1): RODA(l, 5, 2) = RODA(L 2, 1)
RODA(, 1, 2) = RODA(I, 3, 2} / SIN(RODA(I, 1, 6)): RODA(1, 2, 2) = RODA(l, 3, 2): RODA{, 4, 2} « RODA{\, . 2)
RODAL, 3, 4) = RODA{I, 1, 4): RODA(l, 2, 4} « RODA(L, 1, 4): RODA(), 4, 4) = RODA(, 1, 4)
RODAI, &, 1) » RODA(I, 1, 1: RODA(I, 8, 2} » RODA(I, 2, 1) - RODA(, 3, 2) / TAN(RODA(, 1, 6))
RODA(, 3, 3) = RODA(l, 1. 3) + Pl RODA(, 2, 3) = RODA(, 1, 3) + P1/ 2: RODA(l, 4, 3} = RODA(}, 1, 3) - P/ 2
IF RODA(!, 3, 3) > P THEN RODA(I, 3, 3) = RODA{L, 3, 3) - 2°* PI
IF RODA{), 2, 3) > PI THEN RODAL}, 2, 3) = RODA(l, 2, 3) - 2* PI
IF RODA(), 4, 3) < -P) THEN RODA(I, 4, 3) « RODA(l, 4, 3) + 2° P1
RODA(I, 1, 7) « RODA(l, 1. 1) * RODA(l, 1, 2): RODA(), 3, 7) = RODA(l, 3, 1) * RODA(. 3, 2)
RODAY), 2, 7) = (RODA(I, 2, 1) - (RODA(, 3, 2} / TAN{RODA(, 1, 6)) / 2) * RODA(I, 3, 2)
RODAJI, 4, 7) = RODA(, 2, 7): RODA(L, 5, 7) = RODA(l, 5. 1) * RODA(L 3, 2)
RODA(!, 8, 7) = RODA(l, 6, 1) * RODA(, &, 2)
RODAY{I, 7, 2) = RODA{), 1, 7) » RODA(, 3, 7) + RODA(, 2, 7} + RODA(l, 4, 7)
RODA(I, 7, 3) » RODA(), 1, 5} + RODA(, 3, 5) + RODA(, 2, 5) + RODA(l, 4, 5)
RETURN

SUBROUTINE TO ENTER SEVERAL WINDOW DATA
IF WD » O THEN RETURN

IF IDENT.WE w “Y* THEN REP% =« WD - 1: WD = 1
4a1:FORM4=1TOWD

i2wi2+1: GOSUB910: NEXT 4 (2R% wI2R% 4 1: t.R% = 11: WALLNRS = WALLNS

IF IDENT.WS » “Y" THEN GOTO 907 ELSE RETURN

FOR 110 = 1 TO REP%: FOR (11 = 1 TO 20: WIDA, 12 + 110, 111} « WIDA(), 12, 111): NEXT 111: NEXT 110

12 = 12 + REP%: RETURN

13.R% = CASE.S(I12.R%): |2.R% = 12.R% - 1: ON 13.R% GOTO 585, 587, 500: ' TO DETERMINE WHERE TO GO IN CASE OF [PgUp)

rsassssesrerets SUBROUTINE TO ENTER ONE WINDOW DATA
WIDA(L 12, 1) = 11
{F RODA(l, 7, 4) = 1 THEN WIDA(), I2, 8) = Pl / 2 - RODA(], 1, 6} ELSE WIDA(, 12, 6) = 0
WIDA(, 12, 19) = RODA{|, I1, 3)
SCRSS% « 8: GOSUB 50000: GOSUB 1100
IF X.5S% = *I* AND ROUT.N% « 4 THEN END
IF X.55$ = I AND 14 = 1 AND 12.R% = 0 THEN GOTO 580
IF X.558 = "I* AND 14 » 1 THEN 12 u 2 - RODA{I. H.R%, 5) - 1: GOTO 908
IF X.55% o "1* THEN 14 = 14+ 1: 12 « 12 - 1: GOTO 905
WIDA(, 12, 18) = WIDA(, 12, 18) / 100
IF CHOICE1S = *N* THEN 920
SCR.55% = 9: GOSUB 60000: GOSUB 1100
IF X.5S$ « I* THEN INIT.SS% = 0: GOTO 915
(F GHOICEZS = *N* THEN 025
SCRSS% = 10: GOSUB 63000. GOSUB 1100
IF X.SS$ « ** AND CHOICE1$ = *N* THEN INIT.SS% = 0: GOTO 015
IF X.SS$ « *I° AND CHOICE1$ = *Y* THEN INIT.SS% = 0: GOTO 915
RETURN

weeeess SUBROUTINE TO INPUT SEVERAL REFERENCE POINT DATA

FOR I3 = 1 TO RODA(, 7, 5)
GOSUB 1460: NEXT 3
RETURN

sw+>*>** SUBROUTINE TO INPUT ONE REFERENCE POINT DATA
IF INCLS = "Y™ THEN WALL NS = *INCLINED WALL® ELSE WALL.NS » "MAIN WALL®
SCRSS% « 11: GOSUB 60000: GOSUB 1100
IF X.SS$ w °1* AND ROUT.N% = 5 THEN END
IFX.SS$ = “I* ANDI3 w 1 THEN 11 & [1,R% 14 = |4 - 1: 12 « 12 - RODA{I, 11.R%, 5) + 1: WALL NS = WALLNRS: I2.R% « R.R% - 1: i3 = 0: GOTO
IF X.5S$ = *I° THEN INIT.SS% = 0: 13 « 13 - 1: GOTO 1455
RETURN

wees>* SUBROUTINE TO INPUT THE END SCREEN
SCRSS% = 12: GOSUB 60000: IF 4 R% = 1 THEN [a (4 1
X.S5$ = INKEYS: IF X.SS$ = ™ THEN 1910
IF RIGHT$(X.SSS, 1}« *I* THEN INIT.SS% = 0:  lul-1: 13~ RODA( 7, 5): 4.R% = 1: GOSUB 1455: GOTO 1900
IF X.55% « CHR${13) THEN RETURN ELSE 1910

Iresesecnser

*** CHANGING A SPACE DATA

req: FILS,!
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1800 INFOFS = INFO.AAA®:  OPEN INFOFS FOR INPUT AS #1: INPUT 1, FILS, I: CLOSE
GOBUB 1850: INIT.8S% = -1: GOSUB 585: GOSUB 1500: RETURN

reetaeressnissssstisreseert CHANGING A WINDOW DATA

' req: FILS, |, SW(WALL #), SM(WINDOW # IN THE WALL), IDEWS{CHANGE ALL THE IDENTICAL WINDOWS)

1850 INFOFS = *INFO.AAA®:  OPEN INFOFS FOR INPUT AS #1: INPUT #1, FILS, |, SW, SM, IDEWS: CLOSE
GOBUB 1%50; INIT.SS% = 0: WIDA(I, 12. 18) = WIDA(], 12, 18) * 100
IF IDEWS « *Y* THEN REP% = RODA(l, 8W, §) - 1:SM = 1
IF W « 1 THEN B2 « SM: GOTO 1855
12 0: FORIS = 1 TOSW - 1: 12 = 12 & RODA(L, SW, 5): NEXT 15:12 = |2 + SM
1855 GOSUB 910
IF IDE.WS = *Y" THEN GOSUB 1660
GOSUB 1500:  RETURN
1880 FOR 110 » 1 TO REP%: FOR 111 = 1 TO 20: WIDA(I, 12 + 110, 111) = WIDA(, 2, 111): NEXT {19: NEXT 110: RETURN

FeSTIILcestrsssensrtestseess CHANGING A REFERENCE POINT DATA

' req: FILS. |, 13

1700 INFOFS = "INFO.AAA®:  OPEN INFOFS FOR INPUT AS #1: INPUT #1, FILS, |, 13: CLOSE
GOSUB 1550: INIT.SS% = 0:  GOSUB 1460: QOSUB 1500: RETURN

eerestsssissrsesisvereesess CHANGING A CITY DATA

' req: CITY.N$

1800 INFOFS = "INFOAAA®:  OPEN INFOFS FOR INPUT AS #1: INPUT #1, CITY.NS: CLOSE
CPEN CITY.NS FOR INPUT AS #1
FOR110 = 1 TO 13: FOR 111 « 1 TO 7: INPUT #1, WEATH(110, 111): NEXT 111: NEXT 110: CLOSE
INIT.8S% « 0: GOSUB 500: RETURN

5300 ‘reseeeeereseseest SUBROUTINE TO CALCULATE EFFECTIVE ABSORPTANCE OF THE ROOM-WINDOW COMBINATION Steseeteesresstossenteessesese

RRS = 0
FOR1 = 1TO6

RRS = RRS + RODA(\, 11, 7) * RODA(L, I, 4)

NEXT 11

RODA(I, 7, 1) = RRS / (RODA(, 5. 7) + RODAI, 7, 2) + RODA(l, &, 7))
RETURN

1500 =****"** SUBROUTINE TO WRITE A FILE ON DISK

OPEN FIL$ FOR OUTPUT AS 1

PRINT 1, CITY.NS

FOR 110« 1 TO 7: FOR 111 = 1 TO 12: PRINT #1, BIDA(I10, 111); : NEXT 111: PRINT #1, : NEXT 110

FOR 110 = 1 TO BIDA(1, 1): FOR 11 w 1 TO 8: FOR 112 « 1 TO 7: PRINT #1, RODA{110, 111, 112); : NEXT 112: PRINT #1, : NEXT 111
FOR 114 « 1 TO 10: FOR 112 = 1 TO 20: PRINT #1, WIDA{110, 111, [12); : NEXT 112: PRINT #1, : NEXT 111
FOR 111 « 1 TO 10: FOR 112 = 1 TO 5: PRINT #1, REFP{I10, 111, 12); : NEXT 112: PRINT #3, : NEXT 111

NEXT 110

CLOSE

RETURN

1550  "*erer*t SUBROUTINE TO READ EXISTING FILE FROM DRIVE

OPEN FILS FOR INPUT AS #1
INPUT #1, CITY.NS
FOR 110 « 1 TO 7: FOR 111 » 1 TO 12: INPUT #1, BIDA(I10, 111): NEXT 111 NEXT 110
NSP - BIDA(1, 1):  GOSUB 156
FOR 110 = 1 TO NSP: FOR 11 = 1 TO 8: FOR112 » 1 TO 7: INPUT #1, RODA(10, 111, 112): NEXT 112: NEXT 111
FOR 111 = 1 TO 10: FOR 112 = 1 TO 20: INPUT #1, WIDA(I10, [11, 112): NEXT 112 NEXT 111
FON 111 = 1 TO 10: FOR 112 « 1 TO 5; INPUT #1, REFP(HO. 111, 112): NEXT 112;: NEXT 111
NEXT 110
cLost
RETURN
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SUBPROGRAM FOR SCREEN PRESENTATION

30000 CopyrightSS$ = *(C)Copyright 84,85 The Softwars Botling Company Of New York®
30005’ Variables Section For A-CITY
30010’

30015 VL.SS$(1) = C.TY.NG: VLSS$(2) = STREWEATH(1, 1)): VL.S5${3) = STREWEATH(2, 1)):

30020 VL.SS$(4) » STR$(WEATH(3, 1)): VLSS$(5) = STRYWEATH(4, 1)):
30025 VL.SS$(6) = STRE(WEATH(S, 1)): VLSSS(7) » STREWEATH(E. 1)):
30030 VL.SS$(8) = STRYWEATH(7, 1)): VLLSS$(8) =« STREWEATH(S, 1)):
30035 VL.SS$(10) « STRYWEATH(D, 1)): VL.SS${11) = STREWEATH(10, 1)):
30040 VL.SS${12) » STRYWEATH(11, 1)): VL.SS${13) = STR§WEATH(12, 1)):
30045 VL.SS$(14) « STRYWEATH(1, 3)): VLSS${15) w STRE(WEATH(2, 3):
30050 VL.SS$(16) = STRYWEATH(3, 3)): VLLSS$(17) = STRE(WEATH(4, 3)):
30055 VL.SS$(18) » STRYWEATH(S, 3)): VL-5S$(10) = STRYWEATH(S, 3)):
30060 VL SS$(20) = STRHWEATH(?, 3)): VL SS$(21) « STRE(WEATH(S, 3)):
30065 VL.SS$(22) » STRYWEATH(O, 3)): VL.SS$(23) = STR$(WEATH(10, 3)):
30070 VL.SS$(24) = STRYWEATH(11, 3)): VLSS$({25) = STREWEATH(12 3)):
30075 VL5S$(26) =« STREWEATH(1, 7)): VL.SS8(27) = STRE(WEATH(2, 7):
30080 VL.SS$(28) = STRYWEATH(3, 7)): VL.SS$(20) = STR${WEATH(4, 7)):
30085 VL.SS$(30) = STR$WEATH(S, 7)): VL.SS$(31) = STREWEATH(S, 7))
30000 VL.SS${32) =« STR$(WEATH(7, 7)): VL.5S${33) = STRS(WEATH(S, 7)):
30005 VL.SS$(34) « STRYWEATH(D, 7)): VL.SS$(35) » STRYWEATH(10, 7)):
30100 VL.SS${36) » STRYWEATH(11, 7)): VLSS$(3I?) » STREWEATH(12, 7)):
30105 VL.SS$(38) » STR$(WEATH(1. €)): VL.SS$(39) = STR§(WEATH(2, ¢)):
30110 VL.SS$(40) » STRYWEATH(3, 6)): VL.SS$(41) = STREWEATH(4, 68)):
30115 VL.SS$(42) » STR$(WEATH(S, 6)): VL.SS${43) » STRE(WEATH(E, ¢)):
30120 VL.SS${44) = STREWEATH(?, 8)): VL. SS$(45) = STRSWEATH(S, 6)):
30125 VLSS$(48) = STRYWEATH(O, 6)): VL.SS${47) = STRS(WEATH(10, 6)):
30130 VL.SS${48) = STR$WEATH(11, 6}): VLSS$H49) = STREWEATH(12, 6)):
30135 VL.SS$(50) m STRYWEATH(13, 1)): VLSS${51) = STREWEATH(13, 2)):
30140 VLSS${52) = STR$WEATH(13, 4)): VLSS${53) « STRYWEATH(13, 3)):
30145 RETURN

30150°

30155°  Assign VLLSSS Array 1 the variables

30160 °

30165 CITY.NS = VL.SS${1): WEATH(1, 1) = VALIVL.SS${2)): WEATH(2, 1)  VAL(VL.SSS(3)):

30170 WEATH(3, 1) » VAL(VL.SS${4)): WEATH(4, 1) = VAL(VLSS$(5)):

30175 WEATH(S. 1) = VAL(VL.SS$(6)): WEATH(6, 1) = VAL(VL.SS${7)):

30180 WEATH(?, 1) » VAL{VL.SS$(8)): WEATH(8, 1) = VAL(VL.SS$(9)):

30185 WEATH(0, 1) « VAL{VL.SS${10)): WEATH(10, 1) = VAL[VLSSS${11)):

30190 WEATH(11, 1) @ VAL{VLLSSS$(12)): WEATH(12, 1) =« VAL(VL.SS${13)):

30195 WEATH(1, 3) = VAL(VL.SS${14)): WEATH(2, 3) = VAL(VL.SS${15)):

30200 WEATH(3, 3) « VAL(VL.SS$(16)): WEATH(4, 3) = VAL(VL.SS$(17)}:

30205 WEATH(S, 3) = VAL(VL.SS$(18)): WEATH(S, 3) = VAL(VL.SS${10)):

30210 WEATH(?, 3) = VAL(VL.SS$(20)): WEATH(B, 3) = VALVL.SSS${21)):

30215 WEATH(D, 3) = VAL(VL.SS$(22}): WEATH(10, 3} » VAL(VL.S558(23)}.

30220 WEATH(11, 3) » VAL(VLSS${24)): WEATH(12, 3) « VAL(VL.SS$(25)):

30225 WEATH(1, 7) = VAL(VL.SS$(26)): WEATH(2. 7) » VAL(VLSS$(27)):

30230 WEATH(3, 7) = VAL{VL.SS$(28)): WEATH(4, 7) = VAL(VLSSS$(20)):

30235 WEATH(S. 7) » VAL[VL.SS$(30)): WEATH(6, 7) « VAL(VL.SS$(31)}:

30240 WEATH(7, 7) = VAL(VL.SS$(32)): WEATH(B, 7) = VAL(VL.SS$(33)):

30245 WEATH(S, 7) = VALVL.SS$(34)): WEATH(10, 7) « VAL(VL.SS$(35)):

30250 WEATH(11, 7) » VAL(VL.SS$(36)): WEATH(12, 7) « VAL(VL.SS$(37)):

30255 WEATH(1, 6) m VAL{VL.SS$({38)): WEATH(2, 8) » VAL(VL.SS$(30)):

30260 WEATH(3, 6) = VAL{VL.SS${40)): WEATH(4, 8) = VAL(VLSS${41)):

30265 WEATH(S, 6) = VAL(VL.SS${42)): WEATH(S. 6) = VAL(VILSS${43)):

30270 WEATH(7, 8) » VAL{VL.SSS({44)): WEATH(8, 8) » VAL(VI.SS$(45)):

30275 WEATH(9, 6) = VAL(VL.SS${46)): WEATH(10, 6) » VAL(VL.SS${47)):

30280 WEATH(11, 6) « VAL(VL.SS${48)): WEATH(12, 6) » VAL(VL.SS${49)):

30285 WEATH(13, 1) = VAL(VL.SS$(50)): WEATH(13, 2) » VAL{VLSS$(51)):

30200 WEATH(13, 4) » VAL(VL.SS$(52)): WEATH(13, 3) « VAL{VL.S58$(53)):

30205 RETURN

30300 °

30305° Section To intialize Vanables To Inital Valuss

30310

30315 CITY.NS = *"MONTREAL®: WEATH(1, 1) = .4: WEATH(2, 1) « .4: WEATH(3, 1) = .4;
30320 WEATH(4, 1) = .4: WEATH(S, 1) » .4: WEATH(S, 1) » .4: WEATH(7, 1) » .4,
30325 WEATH(S, 1) = .4: WEATH(9, 1) = .4: WEATH(10, 1) = .4: WEATH(11, 1) w .42
30330 WEATH(12, 1) » .4: WEATH(1, 3) = .2: WEATH(2, 3) = .2: WEATH(3, 3} = .2
30335 WEATH(4, 3) = .2: WEATH(S, 3) = .2. WEATH(8, 3) = .2: WEATH(7.3) = 2.
30340 WEATH(8, 3) = .2: WEATH(9, 3) = .2: WEATH(10, 3) = .2: WEATH(11,3) w .2
30345 WEATH(12, 3) = .2: WEATH(1, 7} = 870: WEATH(2, 7) = 767:

30350 WEATH(3, 7) = 653: WEATH(4, 7) » 380: WEATH(S, 7) = 176:

30355 WEATH(6, 7) = 38: WEATH{7, 7) » 5: WEATH(B, 7) = 24:

20360 WEATH(S, 7) = 92: WEATH(10, 7) = 280: WEATH(11, 7) » 490:

30365 WEATH(12, 7) » 773: WEATH(1, 6) = .39: WEATH(2, 6) = .40: WEATH(3, 6) = .55:
30370 WEATH(4, 6) « .51: WEATH(S, 6) = .51: WEATH(E, 6) » .5: WEATH(7, 6) = .53:
30375 WEATH(E, 6€) = .53: WEATH(S, 6) = .47: WEATH(10, 6) = .43: WEATH(11, 8) = 32:




30380 WEATH(12, 6) = .33: WEATH(13, 1) » 48.5: WEATH(13, 2) = 741: WEATH(13, 4) = 75:
30385 WEATH(13, 3) = .5:

30300 RETURN

30305 °

30400° *** List DATA statements & Print DISPLAY Only Variables ™
30405 *Un,Col,Len, Pichure,Low Range, High Range, Foreground, Background.# of Edit
30410°

30415 DATA 58,2,10,°C°,"UVUUUULLUL",,1,6,0
30420 DATA 10,8,4,"N","0.",0.00,1.00,0,8,1
30425 DATA 10,0,4°N°,"5.44,0.00,1.00,0,8,1
30430 DATA 10,10,4,°N°,"¥.49",0.00,1.00,0,8,1
30435 DATA 10,11,4,°N","%.09",0.00,1.00,0,6,1
30440 DATA 10,12,4,°N°,"8.84",0,00,1.00,0,68,1
30445 DATA 10,13.4,°N","W./",0.00,1.00,0,8,1
30450 DATA 19,14,4,°N","9.8#",0.00,1.00,0,8,1
30458 DATA 10,15,4,°N°,8.4#",0.00,1.00,0,6,1
30480 DATA 19,16,4,°N","8.047,0.00,1.00,0.8,1
30485 DATA 10,17,4,°N>,°0.0",0.00,1.00,0,6,1
30470 DATA 19,18,4,°N","8.44,0.00,1.00,0,6,1
30475 DATA 10,10,4,°N","0.¥,0,00,1,00,0,6,1
30480 DATA 38,8,4,°N°,"¥./,0.00,1.00,0,8,1
30485 DATA 38,0,4°N","8.M¢",0.00,1.00,0,6,1
30490 DATA 38,10,4,°N","%.4%",0,00,1.00,0,6,1
30405 DATA 38,11,4,°N°,"s.44",0,00,1.00,0,8,1
30500 GA'TA 38,12,4,°N","W.84",0,00,1.00,0,6,1
30505 DATA 33,13,4,"N,"%.4#,0,00,1.00,0,6,1
30510 DATA 38,14,4,°N°,"8.9,0.00,1.00,0.6,1
30515 DATA 38,15,4,"N","9.04°,0,00,1,00,0,6,1
30520 DATA 32,16.4,"N","W.¥",0.00,1.00,0,8,1
30525 DATA 38,17,4,°N*,"9.04",0,00,1.00,0,6,1
30530 DATA 38,18,4,°N°,"W.0r,0.00,1.00,0,8,1
30535 DATA 38,10,4,°N*,"%.04",0.00,1.00,0,6,1
30540 DATA 57.8,5,°N","Wawr,1,0000,0,8,0
30545 DATA 57,0,5,°N", 9w, 1,0000,0,6,0
30550 DATA 57,10,5,"N°, WWWr, 1,0060,0,6,0
30555 DATA 57,11,5,°N°, ", 1,0000,0,6,0
30560 DATA 57,12,5,°N","waer",1,9809,0,6,0
30585 DATA 57,13,5,°N°, W, 1,0000,0,6,0
30570 DATA 57,14,5,"N",“wawr, 1,0999,0,6,0
30575 DATA 57,15,5,°N", e, 1,0000,0,6,0
30580 DATA 57,16,5,"N","ww",1,9999,0,6,0
30585 DATA 57,17,5,°N*,"wwnr,1,0008,0,6,0
30500 DATA 57,18,5,"N", "W, 1,9999,C,8,0
30505 DATA 57,10,5,"N","swwr,1,00990,0,6,0
30800 DATA 72,8,5,"N°,"8.84°,0,1,0,6,1

30605 DATA 72,9,5,"N°,"s.M#",0,1,0,6,1

30810 DATA 72,10,5,"N","8.44",0,1,0,6,1

30615 DATA 72,11,5,°N","#.8%°,0,1,0,6,1

30620 DATA 72,12,5,"N","¥.04",0,1,0,8,1

30825 DATA 72,13.5,°N*."9.##",0,1,0,6,1

30830 DATA 72,14,5,°N°,"#.#4#",0,1,0,6,1

30035 DATA 72,15,5,"N","%# #w",0,1,0,6,1

30840 DATA 72,16,5,°N*,"#.##,0,1,0,6,1

30845 DATA 72,17,5,°N°,"9.#%°,0,1,0,6,1

30650 GATA 72,18,5,°N","8.4#",0,1,0,6,1

30655 DATA 72,19,5,°N*,"%.44",0,1,0,6,1

30560 DATA 20,21,6,"N","WiN.#",-00.00,90.00,0,6,1
30865 DATA €8,21,7, N", i, -1 80.00,180.00,0,6,1
30870 DATA 48,23,4,°N","SaW,-180,180,0,6,0
30675 DATA 74,23,4,°N°,"W8.#°,-1,0,10.0,0,6,1

30820 RETURN
30885
30600'  Screen Display Inftialization Statements
30805 *

30700 NUMFLDS.SS% = 53: FILNM.SS$ = *CITY.SCR":
30705 EXITCHR.SSS o °I* + CHR${127) + =

30710 RESTORE 30400

30715 RETURN

30720

34005 Varables Sechon For C:BIDA

34010°

34015 VL.SS$(1) = FILS: VLESH2) » STRI(BIDA(2, 1)): VL.SS${3) = STRS(BIDA(2, 2)):
34020 VLSS$(4) « STRS(BIDA(2, 3)): VL.SS$(5) = STRY(BIDA(2, 4)):

34025 VLSS$(6) = STR${BIDA(2, 5)): VL SS({7) = STRY(BIDA(2, 6)):

34030 VLSS$(8) = STRI{BIDA(Z, 7)): VL.SS$(9) = STRE(BIDA(2, 6);:

34035 VL.SS$(10} ~ STRS(BIDA(2, 8)): VL.SS${11) « STRE{BIDA(2, 10)):

34040 VLSS${12} = STRS{BIDA(2, 11)): VL.SS${13) = STR(BIDA(2, 12)):

34045 VL.SS3(14) = STRS(BIDA(4, 1)): VL.SS${15) = STRS{BIDA(4, 2)):

34050 VLSS$(16) = STREBIDA(4, 3)): VL.SS${17) « STRE(BIDA(4, 4)):

34055 VL.SS${18) « STRS(BIDA(4, 5)): VL.SS$(16) « STR{BIDA4, 6)):
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34080 VL.S5$(20) = STRS({BIDA(4, 7)): VL.SS${21) = STRE(BIDA(4, 8)):
34065 VL.SS$(22) « STRBIDA(4, 9)): VLSS$(23) = STRE(BIDA(4, 10)):
34070 VL5S${24) « STR(BIDA(4, 11)): VL.SS${25) = STRE(BIDA(4, 12)):
34075 VLSS${26) « CITY.NS: VL.SS${27) = STRHBIDA(1, 1)):

34080 VL.SS${28) « STRS(BIDA(?, 8)): VLSS$(20) » STRE(BIDA(7, 4)):
34085 VL.SS${30) = INS.WS: VL.SSH31) = STR${BIDA(7. 7)):

34090 VLSS$(32) = STRH{BIDA(?. B)):

34085 RETURN

34100°

34105 Aesign VL.SS$ Array o the variables
34110°

34115 FILS = VLSS${1): BIDA(2, 1) = VAL(VL.SS${2)): BIDA(2. 2) = VAL(VL SS${(3)):
34120 BIDA(2, 3) » VAL(VL.SS${4)): BIDA(2, 4) « VAL(VL SS${5)):

34125 BIDA(2, 5) = VAL(VL.SS$(8)): BIDA(2, 6) = VAL(VLSS${7)):

34130 BIDA(2, 7) = VAL(VLSSH®8)): BIDA(2, 8) « VAL(VL SS$(9)):

34135 BIDA(2, 0) = VAL{VL.SS${10)): BIDA(2, 10) = VAL(VL SS${11)):

34140 BIDA(2, 11) « VAL(VL.ES${12)): BIDA(2, 12) » VAL(VLSS${13)):

34145 BIDA(4, 1) » VAL(VLSSS${14)): BIDA(4, 2) = VAL(VLSS${15)):

34150 BIDA(4, 3) » VAL(VLSS$(18)): BIDA(4, 4) = VAL(VLSS${17)):

34155 BIDA(4, 5) = VAL(VL.SS${18)): BIDA(4, 8) = VAL{VL.SS${19)):

34160 BIDA(4, 7) = VAL(VLSS$(20)): BIDA(4, 8) = VALVL.8S${21)):

34165 BIDA4, 0) = VAL{VLSS${22)): BIDA(4, 10) = VALIVLSS${23)):

34170 BIDA(4, 11) = VAL(VLSS$(24)): BIDA(4, 12) = VALVLSSS$(25)):

34175 CITY.N$ = VLSS${26): BIDA(1, 1) « VALVLSS$(27)): BIDA(?, 6) = VAL(VL.SSH(28)):
34180 BIDA(?, 4) = VAL(VL.SS$(26)): INS.W8 = VL.SS$(30): BIDA(Z, 7) » VAL(VL.SSS(31)):
34185 BIDA(7, 8) = VAL(VLSS${32)):

34190 RETURN

34195 °

34200°'  Section To Iniialize Variables To inifal Values

34205 °

34210 FILS » "TEST™: BIDA(2, 1) = 19: BIDA(2, 2) = 20: BIDA(2, 3) = 21: BIDA(2, 4) » 20:
24215 BIDA(2, 5) = 24: BIDA(2, 6) = 22: BIDA(2, 7) = 21: BIDA(2, 8) = 23: BIDA(2, 0) = 21:
34220 BIDA(2, 10) = 20: BIDA(2, 11) = 22: BIDA(2, 12) = 20: BIDA(4, 1) = 23I:
34225 BIDAJ4, 2) » 231: BIDA(4, 3) = 231: BIDA(4, 4) = 231: BIDA(4, ) = 231:

34230 BIDA(4, &) = 25t: BIDA(4, 7) = 25I: BIDA{4, 8) = 251: BIDA(4, 0) = 231:

34235 BIDA(4, 10} = 231: BIDA(4, 11) = 231: BIDA{4, 12) = 231: CITY.NS = *MONTREAL":
34240 BIDA(Y, 1) » 1: BIDA(7, 6) = 500: BIDA(7, 4) = 100: INS.WS = *Y™: BIDA(7, 7} = 8:
34245 BIDA(7, 8) = 17:

34250 RETURN

U255

34260 ** List DATA etatements & Primt DISPLAY Only Veriables ****

34265 ‘Lin,ColLen,Ficture,Low Rangs,High Range,Foreground, Background.# of Edit
34270°

34275 DATA 58,2,6,°C*,"UVUUUV",,,1,6,0

34280 DATA 20,8,2,°N","##°,0,31,0,6,0

34285 DATA 20,0,2.°F: . %#°,031,0,6,0

34200 DATA 20,10,2,°N°,"##",0,31,0,6,0

34205 DATA 20,11,2,°N°,"#,0,31,0,6,0

34300 DATA 20,12,2,°N"°,"#r,0.31,0,6,0

34305 DATA 20,13,2,"N*,"##°,0,31,0,6,0

34310 DATA 20,14,2,°N*,"#¥",0,31,0,6,0

34315 DATA 20,15,2,°N*,"##°,0,31,0,6,0

34320 DATA 20,16,2,"N°,"##,0,31,0,6,0

34325 DATA 20,17,2,°N*,"##,0,31,0,6,0

34330 DATA 20,18,2,"N","##,0,31,0,6,0

34335 DATA 20,19,2,°N*,"",0,31,0,6.0

34340 DATA 33,8,5"N","s#4.#°,15.0,30.0,0,8,1

34345 DATA 33,0,5,°N°,"sw#.#°,15.0,30.0,0,6,1

34350 DATA 33,10,5,°N","##.#,15.0,30.0,0,6,1

34355 DATA 33,11,5,°N°,"#.#,15.0,30.0,0,6,1

34360 DATA 33,12,5,"N*,"###.4",15.0,30.0,0,6,1

34365 DATA 33,13,5,"N°,"s#8.#°,15.0,30.0,0,8,1

34370 DATA 33,14,5,°N*,"W##.47,15.0,30.0,0,6,1

34375 DATA 33,15,5,°N°,"W.#°,15,0,30.0,0,6,1

34380 DATA 33,16,5,°N","Wi¥.#,15.0,30.0,0,6,1

34385 DATA 33,17,5,°N°,"##8.#°,15.0,30,0,0,6,1

34300 DATA 33,18,5,"N°,"##8.#,15.0,30.0,0,8,1

34395 DATA 33,10,5,°N","##4.#°,15.0,30.0,0,6,1

34400 DATA 55,6,10,°C*,"UUUUUUUUUU",,1,6,0

34405 DATA 59,11,2,°N*,"##",1,09,0,6,0

34410 DATA 58,15,4,"N°,"sea#,50,0009,0.6,0

34415 DATA 57,10,5,"N", Wmir,0,08099,0,8,0

34420 DATA 59,23,1,°Y",°U",,,0,6.0

34425 DATA 30,21,2."N","#¥",1,24,0,6,0

34430 DATA 30,23,2,°N*,'#4#,1,24,0,6,0

34435 RETURN

34440 '

34445°'  Screen Display Initiiization Statements

34455 NUMFLDS.S5% = 32: FILNM.SSS$ « “BIDA.SCR":
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34480 EXITCHR.SSS = *I* ¢ CHR${127) + =

34485 RESTORE 34260
34470 RETURN

31200°

31205'  Variables Secton For A:RODA_1

31300

31308 VL.SS3{1) = INCLS:

31310 RETURN

31318

$1320°  Assign VLSSS Aney b the vaviables
31325 °

31330 INCLS « VLSSS(1):

31335 RETURN

3N}M0°

31345°  Secton To Inkiakze Variables To initel Values
31350

31385 INCLS « °N*:

31360 RETURN

31385 °

31370°  *** Lisi DATA statements & Print DISPLAY Only Variables ~**

31375 ‘Lin.ColLen, Pickure,Low Range, High Range, Foreground, Background # of Edit

31380°

31385 DATA 52,11,1,Y",U%..4,7.0

31300 COLOR 3, 6: LOCATE 2, 40: PRINT LEFTS(FILS + LEFT${BLNK.SSS, 6 - LEN(FILS)), 6);
31305 COLOR 3, 6: LOCATE 2, 73: PRINT USING "W*; |;

31400 RETURN

31405 °

31410°  Screen Dispiay initialization Statements
31418 °

31420 NUMFLDS.SS% = 1: FILNM.SS$ = "RODA_1.8CR":
31425 EXITCHRSSS = *I* + CHR$(127) + =
31430 RESTORE 31370

31435 RETURN

31440°

31445' Variables Section For A:ARODA_2
31450

31458 VL.SS$(1) = STR$(RODA(I, 1. 1)): VLLES$(2) = STRYRODA(L 2, 1)):
31480 VLSS$(3) = STR${RODA(I, 3, 2)):

31485 RETURN

31470

31475°'  Aseign VL.SSS$ Anay 10 the vasiables
J1480°

31485 RODA(L, 1, 1) = VAL(VLSS${1)): RODA(I, 2. 1) = VALVL.SS${2)):
31490 RODA(L, 3, 2) = VALIVL.SS$(3)):

31405 RETURN

31500

31505  Section To inialize Varisbles To inital Values
31510

31515 RODA(L 1, 1) = 1): RODA(L, 2, 1) = 11: RODA(., 3, 2) = 1k
31520 RETURN

31825

31530°  *"** List DATA atatements & Print DISPLAY Only Varisbles ~**

31535 'Un,ColLen,Picturs,Low Range,High Rango,Foreground,Background# of Edit

31540

31545 COLOR 3, 6: LOCATE 2, 49: PRINT LEFTS$(FIL$ + LEFT${BLNK.SSS, 6 - LEN(FILS)), 8),
31850 COLOR 3, 6: LOCATE 2, 73: PRINT USING “#¥"; |;

31555 DATA 21,18,5,°N"."#8.44°,0.00,09.90,0,6,1

31560 DATA 38,13,5,°N°,"W.4#.,0.00,99.99.0,6,1

31565 DATA 50,12.5,°N","#4.8¥°,0.00,80.99,0,6,1

31570 COLOR 1, €: LOCATE 7, 19: PRINT LEFT$(WALL NS + LEFTH{BLNK.SSS, 13 - LEN(WALLNS)), 13);
31575 RETURN

31580 °

31585 Screen Display Initializaton Statements

31500°

31595 NUMFLDS.SS% = 3: FILNM.S5$ = *"RODA_2.SCR":

31600 EXITCHR.SSS = *1" + CHR$(127) 4 =

31605 RESTORE 31530

31610 RETURN

31615°

31820 ' Variables Section For A:\RODA_3

31625

31630 VLSS$(1) = STRS(RODA(, 1. 3)): VLSS$(2) = STRE(RODA(, 1, 5)):

31635 VLSS${3) = STR${RODA(L 2, 5)): VL.SS$(4) = STR§(ROD 3 5)):

31640 VL.SS$(5) = STRS(RODA(L 4, 5)): "/L.SS${6) = IDENT.WS:

31645 VLSS$(7) = STRS(RODA(), 7, 5)): VL.SS${8) = STRS{RODA(, 1, 4)):

31650 V1.SS3(0) = STR${RODA(l, 5, 4)): VL_SS${10) = STR$(RODA(L 8, 4)): VL.SS${11) = STRS(RODA(L, 7, 7)):
31655 RETURN

31660"

31685 Asaign VL.SSS Amay  the varnables

3t670°
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31875 RODA(!, 1, 3) « VAL(VLESH1)): RODA(l, 1, 5} ~ VAL(VLSS${2)):

31680 RODA(L, 2, 5) = VAL(VL.SS${3)): RODA(I, 3, 5) » VAL(VL.5S$(4)):

31685 RODAL 4, 5) = VAL(VLSSHS)): IDENT.WS = VL SSH#):

31600 RODA(L, 7, 5) = VALVLESK7))- RODA(. 1, 4) = VALVLSS$(8)):

31605 RODA(L 5, 4} = VAL(VLSSH0}}: RODA(, 6, 4) = VALVL.SSS(10)}: RODA(L 7, 7) w VAL(VLESS{11)):
31700 RETURN

31705°

31710°  Section To initialize Variables To inital Values

31Ns

31720 RODA(L 1, 3) = OF: RODA(l, 1, 5) = 1: RODA(, 2, 5) = 0: RODA(} 3, 5) = ©:
31725 RODA(L 4, 5) = 0: IDENT.W$ = *Y*: RODA(., 7, 5} = 1: RODA(l, 1, 4) = .7:
31730 RODA(L 5, 4) = .7: RODA(I, 6, 4) = .7: RODA(l, 7, 7) =.7;

21735 RETURN

31740

1745 =*° List DATA statements & Primt DISPLAY Only Variabies

31750 'Lin,Col,Len, Picturs,Low Range,High Range,Foreground, Background # of Edit
kiriiy

31760 COLOR 3, 6: LOCATE 2, 52: PRINT LEFTS{FILS » LEFTH{BLNK SSS$, & - LEN(FILS)), 8);
31765 COLOR 3, 6: LOCATE 2, 75: PRINT USING “wer; |;

31770 DATA 10,5,5,°N°,"%¥.#°,0.0,360.0,0,8,1

31775 DATA 72,3,2,°N°,"##,0,10,0,7.0

31780 DATA 73,10,2,°N","W#",0,10,0,7,0

31785 DATA 73,12,2,°N",'%#",0,10,0,7,0

31790 DATA 73,14,2,"N",'##°,0,10,0,7,0

31795 DATA 73,18,1,"Y",'U",..4,7,0

31707 DATA 20,18,2,°N°,'#w",1,10,0,7,0

31800 DATA 28,21,4,°N"."#.##",0 10,1,00,0,6,1

31805 DATA 66,21,4,°N",'#.##°,0,10,1.00,0,6,1

31810 DATA 30,23,4,°N", ##°,0.10,1,00,0,6,1

31815 DATA 74,23.4,"N°,"#.4¥°,0.10,1.00,0,6,1

31820 RETURN

1825

31830 ' Screen Drspley Initialization Statements
31835

31840 NUMFLDS.S5% = 11: FILNM.SS$ « "RODA_3.SCR":

31845 EXITCHRSSS = *I° 4 CHR${127) + ™

31850 RESTORE 31745

31855 RETURN

31860°

31865'  Variables Secton Fot ARODA_I3

atsro’

31875 VLSS$(1) » STR${RODA(, 1, 3)): VL.SS${2) = STR$(RODA(, 1, €)):
31880 VLSS$(3) = STRS(RODA(, 1, 5)) VL.SS$(4) = IDENT.WS:

31885 VL.SS${5) = STRS(RODA(, 1, 4)). VL.SS${6) = STRERODA(, 5, 4)):

31800 VLSS$(7) = STAS(RODA(, 6, 4)): VL.SS$(8) = STRERODA(, 7, 7)): VLESS(D) = STRERODA(I, 7, 5)):

31895 RETURN

31900°

31005  Assign VLSS$ Array 1o the vasiables

31910°

31915 RODA(L 1, 3) » VAL(VL.SS${1}): RODA(), 1, 6) » VAL(VL.SS$(2)):

31920 RODA{), 1, 5) = VAL(VLSS$(3)): IDENT.WS = VL.SS${4):

31925 RODA{, 1, 4) = VAL(VL.SS$5)). RODA(, 5, 4) » VALVL.SS$(8)):

31930 RODA(L 6, 4) » VAL{VL.SS$(7)): RODA(L, 7. 7) = VALVL.SS${8)): RODA{l, 7, 5) » VAL(VL.SS$(0)):
31835 RETURN

31040

31945 Section To Initakize Vanables To initia) Values

31950

31055 RODA{), 1, 3) = O: RODA(), 1, 6) = 30): RODA(L 1, 5) = 1: IDENT.WS = "r™~

31060 RODA(L, 1, 4) = .7: RODA(l, 5, 4) = .7: RODA(I, 6, 4) = .7: RODA(!, 7, 7) = .7: RODA(), 7, 5) » 1:
31965 RETURN

31970°

31975° " List DATA statements & Prirt DISPLAY Only Variables =

31080 ‘Lin,Col,Len,Picture,Low Range,High Range,Foreground, Background ¥ of Edit

319085

31090 COLOR 3, 6: LOCATE 2, 52: PRINT LEFT$(FILS + LEFT${BLNK.SSS, 6 - LEN(FILS)). 6);
31995 COLOR 3, 6. LOCATE 2, 75: PRINT USING “w; 1,

32000 DATA 8,5,5,°N°,“##%.4°,0.0,360.0,0,6,1

32005 DATA 58,5.4,°N*,'s#.#°,0,0,80 0,0,6,1

32010 DATA 38,17,2,°N",'##",1,10,0,6,0

32015 DATA 73,17,1,°Y°.°U"...0.6.0

32020 DATA 28,19,4,°N*,"8.4#°,0 10,1.00,0,6,1

32025 DATA 66,18,4,°N",*# ##°,0.10,1.00,0,6,1

32039 DATA 30,21,4,°N","#.48°,0 10,1.00,0,6,1

32035 DATA 74,21,4,°N*,"#.8#",0.10,1.00,0,6,1

32037 DATA 50,23,2,"N","##°,01,10,0,6,0

32040 RETURNM

32045

32050 *  Screen Display Inbaiizabon Statements
32055 *

32060 NUMFLDS.SS% = 9: FILNM.SS$ = *RODA_13.5CR":
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32085 EXITCHRSSS = ° 4 CHRS(127) +
22070 RESTORE 31075

32078 RETURN

32080

32085 Variables Section For A:-RODA_4

32080

32005 VLE5$(1) = STR$(ROOA(I, 8, 7)): VL.SS$(2) = STR$(RODA(, 8, 1)):
32100 VL.SS$(3) » STRE(RODA(I, 8. 2}): VLESS(4} = STRE(RODA(I. &, 3)):
32105 VLSSH(S) = STRS{RODA(, 8, 4)): VLESS(8) = STRE(RODA(, 8, 5)):
32110 VL.S54(7) = STRS(RODAY, 8, 6)):

32118 RETURN

32120

32125 Assign V1.SS$ Array 1 the variables
2130

32135 RODA(L 8, 7) = VAL{VL.8S${(1)): RODA(L 8, 1) » VAL(VLES$(2)):
32140 RODA(L 8, 2) = VAL(VL.S5$(3)): RODA(), 8, 3) = VALVL.SS${4)):
32145 RODA{L 8, 4) = VAL{VL.SS$(5)): RODA(, 8, 5) = VALVLSS$(8)):
32150 RODA(L 8, ) = VAL(VLSSH7)):

32188 RETURN

32160

32185  Section To In¥alize Variables To inital Values
2170

32175 RODA{L, 8, 7) = .5: RODA(L 8, 1) = .75: RODA{L, 8, 2) =.75: RODA(l, 8, 3) = 80:
32180 AODA(L 8, 4) = .75: RODAJI, 8, 5) = .0: RODA(), 8, 8) = 31:

32185 RETURN

32190 °

32195°  **** List DAYA stajaments & Print DISPLAY Only Variables ***

32200 *Lin,Col,Len,Picture,Low Range,High Range, Foreground, Background.# of Edit
32205 *

32210 COLOR 3, 6: LOGATE 2, 49: PRINT LEFTS{FILS + LEFTHBLNICSSS, 6 - LENFILS)), 8);
32215 COLOR 3, 6: LOCATE 2, 73: PRINT USING *“s=; [;

32220 DATA 22,9,3,°N","#9.#°,0,1,0,7,1

32225 DATA 38,0,4,°N","%.89",0.01,1.00,0,7,1

32230 DATA 80,0,4,°N°,"#.44°,0.01,1.00,0,7,1

32235 DATA 11,19,4,°N","WWr,1,090,0,7,1

32240 DATA 20,10,4,"N°,"#.8#",0.01,1.00,0,7,1

32245 DATA 47.19.4,"N"."W.4#",0.01,1.00,0,7,1

32250 DATA 65,10,5,°N","W.a,.05,00.00,0,7,1

32255 RETURN

32260°

32265°  Screen Display Initalization Statements
32270°

32275 NUMFLDS.55% » 7: FILNM.SS$ = "RODA_4.SCR":

32280 EXITCHR.SSS = “I* + CHRS${(127) + =

32285 RESTORE 32105

32200 RETURN

32205

32300 ° Variables Section For A:WIDA_1

32305 °

32310 VLES$(1) = STREWIDA(L, 2, 2)): VL.SS${2) = STREWIDA(, 12, 4)):

32315 VL.5S$(3) = STREWIDA(), 12, 3)): VI.SS$(4) = STRYWIDA(l, 12, 5)):

32320 VL.SS$(5) = STRY(WIDA(I, 12, 7)): VL.SS$(6) « STREWIDA(I, 12, 8)):

32325 VLSS$(7) » STRY(WIDA(l, 12, 20)): VL.SS$(8) « STREWIDA(L, 12, 18)):

32330 VL.SS$(0) = STREWIDA(I, 12, 17)): VL.SS${10) « CHOICE1$: VL.SS${11) » CHOICE2S:
32335 RETURN

32340

32345 ' Assign VLSSS Array 10 the variables

32350 °

32355 WIDA(L, 12, 2) » VAL{VL.SS${(1)): WIDA(), 12, 4) » VAL(VL.SS${2)):

32360 WIDA(I, 12, 3) = VAL(VL.SS$(3)): WIDA(l, 12, 5) = VAL(VLSS$(4)):

32365 WIDA(l, 12, 7) » VAL(VL.SS¥(5)): WIDA), 12, 8) » VAL(VL.SS$(6)):

32370 WIDA{|, 12, 20) » VAL(VL.SS$(7)): WIDA(), 2, 18) = VAL(VL.SSS$(8)):

32375 WIDA(, 12, 17) = VAL(VLSS$(0)): CHOICE 1S = VL_SS${10): CHOICE2S ~ VL.SS${11):
32380 RETURN

32385

32300 °  Section To inalize Vasiabies To Inital Values

32385 ¢

32400 WIDA(I, 12, 2) = 11: WIDA{), 12, 4) = 11: WIDA(I, 12, 3} = 11

32405 WIDA(), 12, §) = 11: WIDA(I, 12, 7) = .8: WIDA(, I2, 8) = .8:

32410 WIDA(), 12, 20) = 2.4: WIDA(l, 12, 18) = .6; WIDA(L, 12, 17} » 16: CHOICE1S = °N*:
32415 CHOICE2S = *N*:

32420 RETURN

32425 °

32430° " List DATA statements & Prnt DISPLAY Only Variables ***

32435 “Lin,Col,Len.Picture,Low Range High Range, Foreground, Background,# of Edit
32440

32445 COLOR 3, 6: LOCATE 2, 52: PRINT LEFT${FILS + LEFTH{BLNK.SSS, 6 - LEN(FILS)), 6);
32450 COLOR 3. 8: LOCATE 2, 75: PRINT USING "a#": |;

32455 DATA 12,15,5,"N",".8¢,0.00,09.99,7,6,1

32480 DATA 20,15,5,"N°,"W.0".0 00,09.99,7,6,7
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32485 DATA 20,14,5,°N°,"1.00,0.00,00.90,7,6,1

32470 DATA 29,11,5,"N",“90.r,0.00,90.00,2,8,1

32475 COLOR 3, 6: LOCATE 4, 67: PRINT USING “W"; I4;
32480 DATA 33,21,4,°N*,"9.09°,0,01,1,00,0,8,1

32485 DATA 73,21,4,"N","9.4r",0.01,1.00,0,6,1

32490 DATA 23,23.3,°N","W.#.0,0.9,0,6,1

32405 DATA 51,23,4,°N","W.#°,0.1,00.0,0.8. 1

32500 DATA 76,23,2,"N°,"Nr"4,32,0,6,0

32505 DATA 72,9,1,°Y",°U"...0,7,0

32510 DATA 70,18,1,°Y","U",,,0,7.0

32515 COLOR 1, 6: LOCATE 4, 14: PRINT LEFTS(WALLNS « LEFTS(BLNK.SSS, 13 - LEN(WALLNS)), 13);
32520 RETURN

32525 °

32530 Screen Displey infiaiization Statemernts

32535 °

32540 NUMFLDS.SS% = 11: FILNM.SS$ = "WIDA_1.SCAR":

32545 EXITCHRSSS « 1" + CHRS{127) + =

32550 RESTORE 32430

32555 RETURN

32560 °

32565°  Variables Section For AWIDA_2

32570°

32575 VLSSH{1) = STRYWIDA(, 12, 11)): Vi.SS${2) » STREWIDA(L, 2, 9)):
32580 VLSS;(:) = STREWIDA(, 12, 10}): VL SS$(4) « STREWIDA(L, 12, 12)):

32585 RETU!

32500

32505 ' Aseign VL.SS$ Array b the variables
32600

32605 WIDA, i2, 11) = VAL(VL.SS$(1)): WIDA(L, 12, ) = VAL(VL.SS${(2)}:
32616 WIDA(J, 12, 10) » VAL(VL.SS${3)): WIDA(), 12, 12) = VALVL.SS${4)):

32615 RETURN

32620°

32625' Secton To Infalize Variables To initial Values
32630

32635 WIDA(Y, 12, 11} = 01: WIDA(L, 12, 0) » Ok WIDAJ, 12, 10} = OF

32640 WIDAY), 12, 12) = OF:

32645 RETURN

32650°

32655' *"** List DATA statements 3 Print DISPLAY Only Variables ***

32660 *Un,Col,Len,Picture,Low Range, High Range,Foreground, Background # of Edit

32665

32670 COLOR 3, 6: LOCATE 2, 52: PRINT LEFT$(FILS + LEFT${BLNILSSS, £ - LEN(FILS)), 6);
32675 COLOR 3, 6: LOCATE 2, 75: PRINT USING “w; I;

32680 COLOR 3, 8: LOCATE 4, 67: PRINT USING "W"; I4;

32685 "OLOR 1, 6: LOCATE 4, 15: PRINT LEFT$(WALL NS + LEFTS${BLNK.SSS, 13 - LEN(WALL.N$)), 13);
32600 DATA 19,10,5,°N","SW.4#,-0.00,9.09,7,6,4

32605 DATA 51,13,4,"N*,"8.##°,0.00,0.99,7,6,1

32700 DATA 61,10,4,"N","#.##°,0.00,0.20,7,8,1

32705 DATA 60,13,4,°N*,"#.45°,0.00,0.09,7,6,1

32710 RETURN

NS’

32720  Screen Display (nitafization Statemnents
32725

32730 NUMFLDS.S5% w 4: FILNM.SSS = "WIDA_2.SCR*

22735 EXITCHR.SSS = "1* + CHR${127) + =

32740 RESTORE 32655

32748 RETURN

32750°

32756 Vasisbles Section For AWIDA_3

32760°

22765 VLSS${1) « STRE(WIDA(I, 12, 14)): VL.SS$(2) « STRS(WIDA(, 12, 16)):
32770 VLSS$(3) w STRS(WIDA(I, 12, 15)): VI_SS${4) » STREWIDA(, 12, 13)):

32775 RETURN

a2780°

32785'  Assign VLSSS Amay 10 the variables
22790°

32795 WIDA(I, 12, 14) = VAL(VL.SSS(1)}: WIDA(L, 12, 16) « VAL(VL.SS${2):
32800 WIDA(), 12, 15) = VAL(VL.SS${3}): WIDA(l, 2, 13) « VAL(VL SS${4)):

32805 RETURN

32810

32815°  Section To Initiaize Varfables To Initial Values
32820

32825 WIDA(), 12, 14) = Ol: WIDA(J, 12, 18) = OF: WIDA(l, [2, 15} « OF:

32830 WIDA(L, 12, 13) = OI:

326835 RETURN

32640 °

32845' " Ust DATA statements & Print DISPLAY Only Varisbies "

32850 'Lin.Col,.Len, Picture, Low Range, High Range,Foreground. Background # of Edit

32855

32860 COLOR 3, 6: LOCATE 2, 52: PRINT LEFTS{FILS + LEFTS{BLNK.SSS, 6 - LEN(FILS)), 6);
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32865 COLO 1 3, 8: LOCATE 2, 75: PRINT USING W I;
32870 COLOR 3, 6: LOCATE 4, 67; PRINT USING "W 14;

32875 COLCR 1, 6: LOCATE 4, +5: PRINT LEFT$(WALLNS + LEFTS(BLNKSSS, 13 - LEN(WALLNS)), 13);
32880 DATA 21,19.4.°N".9.04.0.00,0.00,7,6,1

32085 DATA 49,135, °N","00.00",.0.90,00.90,7,6,1

32800 DATA 45,185, °N"."00.4¢",.0.99,00.09,7,6,1

32006 DATA 60,10,4,°N°,".08,0.00,0.99,7.8,1

32000 RETURN

32008 *

32010 Sorsen Display initalization Staternenis
N8’

32020 NUMFLDE.S5% = 4: FILNM.SS$ = "WIDA_3.5CR"

32025 EXITCHR.8S$ « °* o CHRS{127) + =

32030 RESTORE 32845

32038 RETURN

32040°

32045 Variabiee Secon For A:REFP

32950

32055 VLSSH{1) » STRKREFP(, 13, 1)): VL.ESK2) = STRYREFP(l, 13, 2)):
32060 VLSSH(3) = STRS(REFPY), 13, 3)): VL.BS${4) = STRY(REFP(, 13, 5)):

32970 RETURN

N7

32080 °  Aseign VI.SS$ Amay © the variables
32088 °

32000 REFP(, 13, 1) « VALIVL.SS$(1)): REFP(L 13, 2} « VAL(VL.SS${2)):
32005 REFP(), 13, 3) « VAL(VL.SS$(3)): REFP(L, 13, 5) = VAL(VL5S$(4)):

33005 RETURN

33010

33015 Secton To inklalize Variables To Initl) Values
33020

33025 REFP(), 13, 1) = 11: REFP(), 13, 2) = 1 REFP(I, 13, 3) » 1

33030 REFP|), 13, 5) = 1k

33035 RETURN

33040 °

33045 °  *** List DATA statements & Print DISPLAY Only Variables *~**
33050 ‘Lin,Col,Len,Picture,Low Rangs, High Range, Foreground, Background.# of Edit
33055 °

33060 COLOR 3, 6: LOCATE 2, 52: PRINT LEFTS{FILS + LEFT$({BLNICSSS, 6 - LEN(FILS)), 8);
33085 COLOR 3, 6;: LOCATE 2, 75: PRINT USING “s*; |;

33070 DATA 18,18,5,°N"."W.i,0.00,00.00,0,6,1

33075 DATA 38,13.5,"N","s.,0.00,00.99,0,6,1

33080 DATA 49,14,5,"N","WL.r,0.00,09.00,0,6,1

33085 COLOR 3, 6: LOCATE 4, 47: PRINT USING "W, 13;

33090 DATA 50,23,4,"N°,“#4.4°,0.0,§0.9,0,6,1

33100 COLOR 4, 8: LOCATE 7, 10: PRINT LEFTS(WALL.NS + LEFT${BLNK.SSS, 13 - LEN(WALLNS)), 13);
33105 RETURN

3ANM10°

33115 Scteen Display iniializetion Statemnents

3120°

33125 NUMFLDS.S5% = 4: FILNM.SS$ « *REFP.SCR*":

33130 EXITCHR.SSS = “1° 4 CHR${127) + =

33135 RESTORE 33045

33140 RETURN

33148°

33150 °  Variables Section For A;[ENDS

33455 °

33180

33165 RETURN

33170

33175 Assign VLLSSS Amay 10 the variables

33180

DS

33190 RETURN

33195 °

33200°'  Section To InNalize Variables To Initial Vaiues

33205 *

33210

33215 RETURN

33220°

33225°  *™* List DATA ststements & Print DISPLAY Only Variables **
33230 'Lin,Col.Len,Piclure,Low Range,High Range, Foreground, Background.# of Edit
33238

33240 RETURN

33245 °

33250 '  Screen Display initalizalion Statements

33255 °

33260 NUMFLDS.SS% = 0; FILNM.S5$ « *ENDS.SCR";
33265 EXITCHR.SSS = *1° « CHR$(127) + =

33270 RESTORE 33225

33275 RETURN
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34480 °  Varisbles Secton For C:BIDA 1

34485

34400 VLES$(1) = STREBIDA(?, 1)): VLES${2) = STRE(BIDA(, 2)):
34405 VLSS$(3) « STRE(BIDA(7, 3)): VLEES(4) = STRYBIOA(?, 8)):

34500 RETURN

34505 °

34510  Assign VL.SS$ Array 10 the variables
34515

34520 BIDA(7, 1) = VALIVL.SS${1)): BIDA(7, 2) = VAL(VL.8S8(2)):
34525 BIDA(?, 3) = VALIVL.SS$(3)): BIDA(7, 5) = VAL(VLSS${4)):

24530 RETURN

34535

34540 Saction To inifakze Varlables To Infel Values

2845

34550 DIDA(?, 1) » 900; BIDA{7, 2) = 500: BIDA{7, 3} = 100: BIDA(?, 5) = 300:
34855 RETURN

34580

34565°  *™* List DATA statements & Print DISPLAY Only Veriasies ***

34570 'Lin,Cot Len, Picture,Low Range, High Range, Foraground, Bachground8 of Edit

34578

34580 COLOR 3, &: LOCATE 2, 62; PRINT LEFTS{FIL$ + LEFT${BLNI.SSS, 8 - LEN(FILY)). 8%
34585 DATA 0,10,6,°N°,Jniiner,0,000000,0,7,0

34500 DATA 20,10,5,'N", "W, 0,09999,0,7.0

34505 DATA 47,10,4,"N°," P, 0,0000,0,7,0

34800 DATA 65,155, N, P, 0,00999,0.7,0

34805 RETURN

34810°

34815*  Screen Displey Inifalization Statements
34820°

34625 NUMFLDS.SS% w 4: FILNM.SSS « "BIDA_1.SCR%:
34830 EXITCHR.SSS « "I* + CHR${127) + ™

34635 RESTORE 34565

34640 RETURN

80000 °
60010 * p
80020 ' | START OF SCREEN SCULPTOR FULL SCREEN EDITING ROUTINE |

60030 * & ]
40050 —
60060 * | Main body of subroutine |
60070 [

60080 *

60085 IF SAME.SS% THEN 60200 To return fo the SAME screen with SAME values
60090 IF SCR.SS% = SCRLST.SS% THEN 60140’ If same screen as last, don't relosd

J

80100 * Get screen setup parameters

80105 ON SCR.SS% GOSUB 30600, 34445, 31410, 31585, 31830, 32050, 322865, 32530, 32720, 32010, 33115, 33250, 34615
60110  GOSUB 80550 * Read field data for this screen

60120 OUT aH3Ds, 8H1 * Tumn off screen displey

60125 CALL QUBLOAD(FILNM.SS$) *<- For QuickBASIC, See READ.ME file
60130 DEF SEG = SCRNSEG.SS%: BLOAD FILNM.SSS$, 0: DEF SEG ' Load screen picturs

60135 * Set initel values

80140  IF INIT.SS% THEN ON SCRSS% GOSUB 30305, 34200, 31345, 31505, 31710, 31045, 32165, 32300, 32625, 32815, 33015, 33200, 34540
60145 ¢ Aveign cutrent values 10 szreen array

80155 ON SCA.SS% GOSUB 30005, 34005, 31205, 71445, 31620, 31885, 32085, 32300, 32565, 32755, 32045, 33150, 34480

60160 OUT 8H3D8, 8H29 * Tumn on ecreer. display

60170 GOSUB 60590 * Pad flekds with blanke and display

60175 * Display iniia) DISPLAY vansbles

60180 ON SCRSS% GOSUB 30400, 34260, 3137(, 31530, 31745, 31075, 32105, 32430, 32655, 32845, 33045, 33225, 34565

60185 OUT aH3Ds, aH20 ' Tum on screen dieplay

60190 *

60195 F.5S+% = 1: SCALST.SS% « SCRSS%
60200 COLOR 7, 0: LOCATE 25, 1: PRINT BLNK.SSS; ‘Cir meg from prior ecreen

60205 IF NUMFLDS $$% = 0 THEN RETURN *Exit #f no fiside on screen

60210 LOCATE,, , 0,1 ‘Maks cursor size large

60215 EXSCR.SS% = 0 ‘Initialize Flag For Screen Exit

60220 WHILE NOT LXSCRSS% 'Loop on eech field(untit Exit Flag is set)

60250 GOSUB 50740 ‘Accept input data for this field

60260 *

60265 * The abovs subroutne accepts data foc a single fiekd, The program wil return 10 this spot after the cursor exite any fleld on the input
screen.

60270 °

60275 ' M you want 1 do ary special input fleld testing, thie is
60280 ‘& good place o do it

60285 °

60200  * The boliowing variables are p d back for your use;
60205 * F.SS% is naxt fleld 10 be edited

60300 * FLOLST.SS% s last flaid edited

60305 * LASTCHRSSS is last keybouwrd character ermered
60310  ° VL.SS$(n) contuins the current value of field n.




Sa360 *
603749

60390 '2OLOR 7, 0: LOCATE 28, 1: PRINT BLNICSSS; : LOCATE 25, 15: PRINT “... Please WAIT A Moment While Checking Felds ...";

60400 FOR F.88% w 1 TO NUMFLDS.6S% * Test Each Fleld Before Lasving Screen

60410 GOSUB 62500 * Check cormerns of this fleld

60420  (F ERALMSG% = -1 THEN EXSCR.8S% = 0: GOTO 80220 Eror Detected
60430 NEXT F.88%

80440 F.88% w» FLDLST.88% ‘Reset Feld indicator

60450

60455 ‘Assign new fleld values

60460 CN SCR.88% GOJUB 30155, 34108, 31320, 31475, 31685, 31905, 32125, 32345, 32505, 32785, 32080, 33175, 34510
80470 FIETURN *Exit this subroutine
60480

206
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THE CALCULATIONS MODULE

Main \ Diffuse Sky Iluminance Routine

DECLARE SUB SCREENN ()

155
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INITIALIZATION

DIM SHARED BIDA(7, 12), FILNM.SS$

Pla 3.1415026538:  M.M% o O:

OPEN "ROUTF.AAA" FOR INPUT AS #1: INPUT #1, ROUT.N%: CLOSE

ON ROUT.N% GOTO 30100, 30150, 30200, 30250, 30300, 30850, 30400, 30450, 30500

DIM SHARED RODA(NSP, 8, 18), WIDA(NSP, 10, 20}, REFP(NSP, 10, 6), WEATH(13, 7), REFIL{NSP, 10, 24, 3), REFS(NSP, 18, 3}, REFW(NSP,

18, 3), REFT(NSP, 18, 3}
DIM SHARED EKH1(24, 3), EDH1(24, 3), EDH(3)

DIM SHARED TENS(12), WASE(NSP, 12), RADT(NSP, 72), TMSLINSP, 12}, TMHR(NSP, 12}, TEMP(72, 12), QW(72), QT(72}. O5(72), TE(72),

QL(72),QC{72), QG(72), GTT(NSP, 4, 72)

DIM LCONS(24, 3), RBHLT(12), RBAUXIL(12), RBEREQ{12), BEREQ(12), BAUXIL(12), BHLDT(12), GS1(12), BHFUIGHT(12), QG1{72). RQC{72),

TRADT(72,  BTMSL(12). BMLCONS(12)
RETURN

§200 "+ SUBROUTINE TO CALCULATE INCIDENT ANGLE ON A SURFACE

‘(req:- SLOP, SALT)

RAD = COS{SALT) * COS(AZMD) * SIN(SLOP) + SIN(SALT) * COS{SLOP)
INANG = ATN(SOR(1 - RAD * 2) / RAD)

IF INANG < 0 THEN INANG = INANG + P|

RETURN

reTvesstemersertesasesese SUN POSITION CALCULATIONS

10100 e******** SUBROUTINE TO CALCULATE SOLAR TIME (ST)

‘Req. JULN, STT(decimal hours), STM, LONGT(radians)

ET @ .17 SIN(4 * PI ® (JULN - 80) / 373) -.120 * SIN(2 * P! * (JULN - 8)/ 355)
ST STT+ET+12° (STM - LONGT)/ Pt
RETURN

10150 ** SUBROUTINE TO CALCULATE SOLAR ALTITUDE (SALT) & SOLAR AZIMUTH (SAZMN) & ZENITH ANGLE (ZANG)

10250 " SUBROUTINE TO CALCULATE HOUR ANGLE (HANG) & SUNSET HOUR ANGLE (SSHANG)

‘Ran  JULN, ST(decimal hours), LAT (radians)

RA3 = 0: ‘0 dewrmine whether the sun located in east or west side
SDEC & 4003 * SIN{2 * PI * (JULN - 81)/368)

RA1 = SIN{LAT) * SIN(SDEC) - COS(LAT) * COS(SDEC) * COS(PI * ST 712}
SALT = ATN(RAT / SQR(1 - RA1 » 2)): ZANG = (P}1/2) - SALT

IF SALT < 0 THEN RETURN

IF INT(SALT * 100) m 157 THEN SAZMN = 0: SAZMS « 0: RETURN

IF ST = 12 THEN SAZMN = PI; SAZMS o 0: RETURN

iF ST > 12 THEN ST = 24 - ST: RA3 = 1

RA2 = (COS{LAT) * SIN(SDEC) + SIN(LAT) * COS(SDEC) * COS(P! * ST/ 12)) / COS{SALT)
SAZMN « ATN(SQR(1 - RA2 * 2) / RA2)

IF SAZMN < 0 THEN SAZMN « SAZMN 4 P|

IF RA2 » 1 THEN SAZMN » 2 * P1 - SAZMN: ST » 24 - ST

SAZMS = SAZMN - P!

RETURN

HANG = (ST- 12) * 15 * PI/180:

RA4 u (-1)* TAN(LAT) * TAN(SDEC)

SSHANG = ATN(SOR(1 - RA4 * 2) / RA4}

IF SSHANG <0 THEN SSHANG = SSHANG + P!
RETURN
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DAYLIGHTING CALCULATIONS

11000 *=****** SUBROUTINE TO CALCULATE HORIZONTAL ILLUMINANCE FROM THE SKY (EKH)
‘req:- sky condifon 8KCO tuciear 2epartaly douded 3aclouded , SALT

FBKCO = 1 THEN RA30 = .0:  RA3T m 155: RA3Z2w .S
[FSKCO = 2 THENRA30 = 3:  RA31 w45: RA32m1
IFEKCO = 3THEN RA30 = 3:  RA3S w21: RAIZ =T

EXH = RA30 4 RA31 * (SIN(SALT)) » RAZ2: (™ Ko Lux ™)
EKH1(STT, SKCO) » INT(EKH * 100) / 100

RETURN

11450  reesovseneesvesss SUBROUTINE TO CALCULATE SKY RLUMINANCE ON A TILTED WINDOW
‘ot

IF 4.M% = 0 THEN SLOP = PI1/2 - WIDA(, I2, 6):

IF KM% = 1 THEN AZMD = ABS(SAZMS - AZM) ELSE AZMD « ABS(SAZMS - WIDA(], I2, 10))
IF AZMD > P! THEN AZMD « (2 * Pl) - AZMD

SSALT = CINT(SALT * 18/ Pj): 8SLOP = CINT(SLOP * 18 / Pl): SAZMD « CINT(AZMD * 9/ P1)
Flerwm = FREEFILE

OPEN “ILLUMAHM" FOR RANCOM AS #Flenum LEN » 32

FIELD #Flerum, 5AS AS

CODEY = (SKCO * 1000} + (SSALT * 100} + (SSLOP * 10) + (SAZMD)

GET #Filenum, CODE%

LWIND = CVS(AS)

IF 14.M*% « 1 THEN RETURN

LWIND = LWIND * WIDA(, 12, 7) * WIDA(L, {2, 8)

RETURN

13100 = SUBROUTINE TO PREPARE WALLS # ACCORDING TO WINDOW UNDER CONSIDERATION (W1, W2, W3, W4)
b WHERE W1 IS THE WINDOW WALL

IFWIDA(I, 12, 1) » 1 THENW1 = 1: W2=2: W3ed Waad
IFWIDA(, 12, ) w2 THEN W1 =2: W2w3: W3e4: Wa a1
IFWIDA(L, 12, 1) « 3 THEN W1 3: W2a4: Wiat: W4 a2
IFWIDA(, 12, 1)« 4 THEN W1 wd4: W2a1: W3a2 W4l
RETURN

13200 eseeteserreeeeeses SUBROUTINT TO PREPARE WINDOW VARIABLES
‘req. ), 12, W1, W2, W3, W4 (WALLS )

WALT = WIDA(. &2, 6): YaWIDA(, 12,3): F=WIDAJLI2 5):  ANG = ATN(WIDA(L 12, 10) / {5 * WIDA(, 12, 5)))
M = WIDA(), I2, 4): X =WIDA(L 12,2 WID = RODA(l, W2, 1)

LENGTH « RODA(L W1, 1) HIGHT = RODA(l, W2, 2)

RETURN

13400 eeesresreeserss SUBROUTINE TO CALGULATE BEAM ILLUMINANCE ON A SURFACE  ( KLUX)
‘toq: JULN, SALT, SKCO, INANG

IF SKCO = 3 THEN EDH = 0: EDV = 0: RETURN

IF SKCO a 1 THEN C = .21 ELSE C = .B

EXTS = 127.5° (1 + .034 * COS(2 * P1* (JULN - 2) / 365))

EDN w EXTS * EXP(-1 * C / SIN(SALT))

EDH = EDN * SIN(SALT): EDM(STT) » EDH

IF AZMD > (P1/2) THEN EDV = 0 ELSE EDV = EDN * COS{INANG)
RETURN

13550 ‘ovessnesereseens GUBROUTINE TO CALCULATE ILLUMINANCE IN A POINT FROM TILTED SOQURCE

AAA = SOR(H*2+ Q" 2-2°Q* H* COS(SLOPT))
BBB = SORW * 2 + Q* 2 * (SIN(SLOP1)) 2}

RA1 = ATN((H - Q * COS{SLOP1)) / BBB) + ATN({Q * COS{SLOP1)) / BBB)

ETILT o (L/2) * (ATN(W 7 Qj + (H * COS(SLOP1) - Q) * ATN(W / AAA) / AAA 4 (W * COS(SLOP1) * RAY / BEB))
RETURN

13600 ‘'eeerrretetemee= SUBROUTINE TO CALCULATE ILLUMINANCE IN A POINT FROM PARALLEL SOURCE
‘roq: Q, H, W (dimensions), L (luminance)

RAT = SOR(H* 2+ Q4 2)

RA2 = SORW * 24+ Q 4 2)

EPAR = (L/2}* ((H / RA1) * ATN(W / RA1) + (W / RA2) * ATN(H/ RA2))
RETURN

13650 reeeeereesreeeseen SUBROUTINE TO CALCULATE ILLUMINANCE IN A POINT FROM PERPENDICULAR SOURCE
‘roq: Q, H, W (dimensions), L (luminance)

RAT = SORH* 24+ Q* 2)
EPRN = (L/2)* (ATN(W/ Q) - (Q/ RA1) * ATN(W / RA1))
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RETURN
13700 ‘oveveseeiesesien SUBROUTINE TO DETERMINE THE VARIABLES FOR SUBROUTINES 13600 AND GET FINAL RESULTS
‘ot F,MUN, S, R U (mindrawings) {MsN<U or U< N)
QaF: IFUSM¢NTHENN=U-NELSEHaM+N-U: WeS+R: GOSUB 13000: LUM! « EPAR: (ABCD)
Cwf: IFUSMeNTAENNaU-NELSEHaM+N-U: WaS: OOGUR 13000: LUM2 = EPAR: (8C)
Qs=F IFUSMsNTHENHaU-M-NEISEHaN-U
WeS+R: GOSUB 13000: LUM3 » EPAR: ‘(CD)
Q«F FUSMeNTHENHaU-M-NELSEHN.U
WaS: GOSUB 13600:  LUM4 « EPAR: C}
ELL & LUMT - LUM2 - LUM3 + LUM4
RETURN
13710 roretessessessiets SUBROUTINE TO DETERMINE THE VARIABLES FOR SUBROUTINES 13600 AND GET FINAL RESULTS *ereeeren semsearsscnseese
‘req: F, M, N, K J, U (a9 in drawings), L (Luminance) {MeN <V or UcN)
QaF: FU>MeNTHENHaU-NELSEHe Mo N -U:
WaK: GOSUB 13600: LUM! = EPAR: (AD)
QaF: IFU>MeNTHENHeoU-NELSEHwM + N .- U:
Wed GOSUB 13600:  LUM2 « EPAR: (A1D1)
QaF: IFU>MsNTHENHaU-M-NELSEHaN-U
Wk GOSUB 13000:  LUM3 = EPAR: ‘(D)
QaF: WFU>MeNTHENHoU-M-NEISEHaN-U

Wal GOSUB 13600: LUM4 = EPAR: {(D1)
ELL = LUM1 + LUMZ - LUM3 - LUM4
RETURN

13720 *** SUBROUTINE TO DETERMINE THE VARIABLES FOR SUBROUTINES 13600 AND GET FINAL RESULTS *****
‘req: F. M, N, S, R (aa in drawings) {N<U<MN})
QeF: HaeM+N-U: WeS+R: GOSUB 13800: LUM1 = EPAR: (AB)
QeF: HaU.N: WaS4+R: GOSUB 13600: LUM2 = EPAR: “CD)
Qs F: HeM+N-U: WeS: QOSUB 13600: LUMS3 = EPAR: (B}
QeF: HaU-N: WaS: GOSUB 13600: LUM4 = EPAR: *(C)
ELL = LUMYT & LUMZ - LUM3 - LUM4
RETURN
13730  receesecessrecss SUBROUTINE TO DETERMINE THE YARIABLES FOR SUBROUTINES 13600 AND GET FINAL RESULTS sesesersteecsestttostorecccs
‘req: F. M, N, K, J (as in drawinge), L (Luminance) {NcU<cMsN)
Q=F: HueM+N-U: Wak: GOSUB 13600: LUM1 = EPAR: (A}
Q=F: HaMseN-U: Wad GOSUB 13600: LUM2 « EPAR: (8}
Ge=F: HeU-N: Weld: GOSUB 13600° LUM3 = EPAR: '(C)
O=F HeU-N: Wak: GOSUB 13600: LUMA4 « EPAR: "0y
ELL = LUM1 4+ LUM2 + LUM3 & LUM4
RETURN

13750 ‘eseseeseeotiesss SUBROUTINE TO DETERMINE THE VARIABLES FOR SUBROUTINES 13650 AND GET FINAL RESULTS secoseremsertastsressocssee
‘req: F, M, N, S, R (as in drawings)

IFN<OTHENN O

Q-F: HaM+N: WaSeR: GOSUB 13650:  LUM? = EPAN: "(ABCD)
Q=F: HaMsN: WaS: GOSUB 13650: LUM2 « EPRN. '(8C)
Q-F: Hal: WeS+R: GOSUB 13650: LUM3 « EPAN: “CD)
Q-F: H = K Was: GOSUB 13650:  LUMA « EPRN: C)
ELL = LUM1 - LUM2 - LUM3 » LUMA

RETURN

13760 cesresesreestntess SUBAOUTINE TO DETERMINE THE VARIABLES FOR SUBROUTINES 13650 AND GET FINAL RESULTS seeverreseesssestsrstontone
‘req: F, M, N, 1, J (as in drawings), L (Luminance)

IFN<OTHENN.O

Q=F HaMeN: Wak GOSUB 13650: LUM1 = EPAN: “(AD)
QeF: HaMaN: Wad GOSUB 13650: LUM2 « EPRN: “A1DY)
a=F HaN; Wak: GOSUB 13350 LUM3 « EPAN- “0)
Q=F: HaoN: Wl GOSUB 13650  LUMA4 = EPRN: o
ELL = LUM1 + LUM2 - LUM3 - LUM4

RETURN

13770 oot SUBROUTINE TO DETERMINE THE VARIABLES FOR SUBROUTINES 13550 AND GET FINAL RESULTS s*estrroromssessrossrecsss
‘req: F, M, N, K, J (as in drawings}, L (Luminance)

IFN <O THENN=O

QeF: HaMaN: WeK: GOSUB 13550: LUM1 L ETILT: *(AD)
Q-F HeMaN: Wed GOSUB 13550: LUM2 . ETILT: “A1D1)
QuF: HeN. Wek: GOSUB 13550: LUM3 » ETILT: ‘(D)
QaF: HeN: Wl GOSUB 13550; LUM4 « ETLT: (D1)

ELL » LUMY 4 LUM2 - LUM3 - LUM4
RETURN
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13775 “eeserevecvesserw SUBROUTINE TO DETERMINE THE VARIABLES FOR SUBROUTINES 13550 AND GET FINAL RESULTS tesevresreressosrevtsosseen
‘teq: F, M, N, 8, R (as In drawings)

IFN<OGTHENNaO
Q=F: HaM+N: WeS+R GOSUB 13550: LUM1 = ETILT: (ABCD look Murdock Ex2.13)
QaufF: HaM+e N WaS: GOSUB 13550: LUM2 = ETILT: '(BC)
QaF: H=N: WeE+R: GOSUB 13550: LUM3 = ETILT: (cn)
Qef: H=N: Was: GOSUB 13550: LUM4 = ETILT: ()
ELL = LUM1 - LUM2 - LUM3 + LUM4
RETURN
13780 "o SUBROUTINE TO DETERMINE THe VARIABLES FOR SUBROUTINES 13550 AND GET FINAL RESULTS teeesteerrosesevesssssnecen

‘raq: EE, Ut , M, N, K. J (o8 ity cdrawings), L (Luminance)

IFN<OTHENNaO

Qe Ut HeEE-N: Wak: GOSUB 13550: LUM1 « ETILT: (AD}
Qe Ut: HeEE-N: Wad: GOSUB 13550: LUM2 = ETILT: (A1D1)
Q= Ut Hae EE-N-M:Wa K: GOSUB 13550: LUM3 « ETILT: (D)

QaUt: RHeEE-N-M:WaJ: GOSUB 13550:  LUM4 » ETILT. o)

ELL = LUM? & LUM2 - LUM3 - LUM4

RETURN

13785 SUBROUTINE TO DETERMINE THE VARIABLES FOR SUBROUTINES 1355 AND GET FINAL RESULTS weveceevssereoosrssiestesss
'req: EE, U, M, N, S, R (as in drawings)
IFN<ODTHENN O
QaUt: HeEE-N: WeaS+HR: GOSUB 13550: LUM? = ETILT: (ABCD ook Murdock Ex2.13)
QaUt: HeEE-N: WaS: GOSUB 13550:  LUM2 » ETILT- ‘(8C)
Q= Ut: He EE-N-M:WeS+R: GOSUB 13550: LUM3 « ETiLT: (CD)
Qe Ut: HocE-N-M:WaS: GOSUB 13550: LUM4 « ETILT: (s3]
ELL w LUMT - LUM2 - LUM3 + LUM4
RETURN
14300 "weemeerrereestes SUBROUTINE TO CALCULATE ILLUMINANCE ON OPPOSITE WALL (i) FROM VERTICAL WINDOW
‘roqq:
F = WID: M = WIDA(L 12, 8): N = WIDA(, 12, 3): Z«LENGTH/2: UaHIGHT/2: t = LWIND

X1 = LENGTH - X - WIDA(), I2, 4)
X2 = X + WIDA(, 12, 4)
EERY: IF Z <X OR Z > X2 THEN GOTO ER20: ELSE GOTO ER21:
ER20: R = WIDA(I, 12, 4)
IFX>X1THENS »Z-R-X1ELSES=2Z2-R-X
IF U> NAND U < M + N THEN GOSUB 13720: RETURN
GOSUB 13700: RETURN
ER21: KeZ-X: J=WIDA(, 12, 4) - K:
{F U> NAND U < M + N THEN GOSUB 13730: RETURN
GOSUB 13710:  RETURN
14302 ‘reeseeresererreree SUBROUTINE TO CALCULATE (LLUMINANCE ON OPPOSITE WALL (2) FROM VERTICAL WINDOW

Z » LENGTH /6: GOTO EER1:
14304 SUBROUTINE TO CALCULATE ILLUMINANCE ON OPPOSITE WALL (3) FROM VERTICAL WINDOW
Z=5°LENGTH/ 6: QOTO EERT:

14310 mewetesererseen SUBROUTINE TO CALCULATE ILLUMINANCE ON RIGHY SIDE WALL (1) FROM VERTICAL WINDOW

req’
X1 = LENGTH - X - WIDA(, 12, 4):
FeWD/2: MaWDALI2. 4 NaX1:  ZoHGHT/2: L = LWIND
EER2: IF Z < WIDAJJ, 12, 3) OR Z < {(HIGHT - WIDA(, [2, 3) - WIDA(!, 12, 5)} THEN GOTO ER22: ELSE GOTO ER23:
ER22: R = WIDA(, 12, 5)

IF WIDA(, 12, 3)>{HIGHT - WIDA(}, 12, 3) - WIDA{). |2, 5) THEN S = Z - R~ (HIGHT - WIDA(), I2. 3) - WIDA{), 2, 5)) ELSE S<Z - R - WIDA], 12, 3)
GOSUB 13750; RETURN

ER23; K= 2Z-WIDA(L 12, 3 J=WIDA(L 12, 5) - K:
GOSUB 13760: RETURN

14312 weweesrvesmereers SUBROUTINE TO CALCULATE ILLUMINANCE ON RIGHT SIDE WALL (2} FROM VERTICAL WINDOW

FaWD/6: GOTO EER2:
14314 wreremeeseseest SUBROUTINE TO CALCULATE ILLUMINANCE ON RIGHT SIDE WALL (3) FROM VERTICAL WINDOW
Fa5°WID/6: GOTO EER2:

14320 eeeetereerees=s SUBROUTINE TO CALCULATE ILLUMINANCE ON LEFT SIDE WALL (1) FROM VERTICAL WINDOW

req:
X1 = LENGTH - X - WIDA(., 12, 4)
FaWID/2: MaWIDA(L i2,4: NeX. ZeHIGHT/2: L= LWIND

EERB: IF Z < WIDAJL, 12. 3) OR Z < (HIGHT - WIDA(, 12, 3) - WIDA(l, 12, 5)) THEN GOTO ER22: ELSE GOTO ER23:

14322 rweeesesemeseerss SUBROUTINE TO CALCULATE ILLUMINANCE ON LEFT SIDE WALL (2) FROM VERTICAL WINDOW
FaWD/6: GOTO EERS:

14324 cerereereesterte SUBROUTINE TO CALCULATE ILLUMINANCE ON LEFT SIDE WALL (3) FROM VERTICAL WINDOW
Fa5°'WID/6: GOTO EER3.




14330
EER4:
ER24:
ER25:

14332

14334

14340

EERS:

14342

14344

14350

14400

14410

EERS:

ER26:

ER27:

14412

14414

14420

EER7:
14422 -
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Feressisesseseress SUBROUTINE TO CALCULATE ILLUMINANCE ON FLOOR (1) FROM VERTICAL WINDOW

roq:
X1 = LENGTH - X - WIDA(, I2, 4)

FaWD/2: M = WIDA(L 12, 5): NaWIDA(, 12,3  ZLENGTH/2: L = LWIND
IF 2 <X OR 2 <Xt THEN GOTO ER24: ELSE GOTO ERR2S:

R = WIDA(, 12, 4)

IFXt >XTHENS«Z-R-XELSES = Z-R-X1
GOSUB 13750: RETURN
KeZ-X1: J=WIDA{, 12,4) - K: GOSUB 13760: RETURN

oo

* SUBROUTINE TO CALCULATE ILLUMINANCE ON FLOOR (2) FROM VERTICAL WINDOW
FaWiD/6: GOTO EER4:

tesssettessresress SUBROUTINE TO CALCULATE ILLUMINANCE ON FLOOR (3) FROM VERTICAL WINDOW
FeS°*WID/6: GOTO EER4:

feererreseeseseess SUBROUTINE TO CALCULATE ILLUMINANCE ON CEILING (1) FROM VERTICAL WINDOW

reg:

X1 = LENGTH - X - WIDA 12, 4)
FaWiD/2: M = WIDA(L 12, 5):
IF Z < X OR Z < X1 THEN GOTO ER24: ELSE GOTO ER2S:

[resererssstossese SUBROUTINE TO CALCULATE (LLUMINANCE ON CEILING (2) FROM VERTICAL WINDOW

FaWID/6: GOTO EERS:

fresessreserastess SUBROUTINE TO CALCULATE ILLUMINANCE ON CEILING (3) FROM VERTICAL WINDOW

FuS5*WID/6: GOTO EERS:

soss

GOSUB 14300: REFW(), W3, SKCO) = ELL * RODA{I, W3, 4):
GOSUB 14302: REFW(I, W3 4 6, SKCO) = ELL * RODA{l, W3, 4):

QOSUB 14304: REFW(I, W3 + 12, SKCO) = ELL * RODA(I, W3, 4):

GOSUB 14310: AEFW(), W2, SKCO) « ELL * RODA(I, W2, 4):
GOSUB 14312: REFW(I, W2 + 6, SKCO) = ELL * RODA(l, W2, 4):

GOSUB 14314: REFW(I, W2 + 12, SKCO) = ELL * RODA(, W2, 4):

GOSUB 14320: REFW(], W4, SKCO) = ELL * RODA(I, W4, 4):
GOSUB 14322: REFW(), W4 + 6, SKCO) = ELL * RODA{!, W4, 4):

GOSUB 14324: REFW(I, W4 + 12, SKCO) = ELL * RODA(), W4, 4):

GOSUB 14330, REFW(I, 5, SKCO; = ELL * RODA(, 5, 4):
GOSUB 14332: REFW(l, 5 + 6 SKCO) = ELL * RODA(l, 5, 4):
GOSUB 14334: REFW(I, § + 12, SKCO) = ELL * RODA(I, 5, 4):

GOSUB 14340: REFW(l,aw, SKCO) = ELL * RODA(L, 6, 4):
GOSUB 14342: REFW(I, 6 + 6, SKCO) = ELL * RODA(l, 6, 4):
GOSUB 14344° REFW(I, 6 + 12, SKCO} « ELL * RODA(), 6, 4):
RETURN

reseersssesceseeest SLIROUTINE TO CALCULATE ROOM SURFACES ILLUMINANCE DUE TO TILT WINDOW ONLY

‘roq:

* FOR FLOOR

N« (HIGHT - WIDA{l, 12, 3) - WIDA(), 12, 5)):

SUBROUTINE TO CALCULATE ROOM SURFACES LUMINANCE DUE TO VERTICAL WINDOW ONLY

Z LENGTH/2: L = LWIND

'OPPOSITE WALL (1)ILLUMINANCE
‘OPPOSITE WALL (2)ILLUMINANCE
‘OPPOSITE WALL (3)ILLUMINANCE

'RIGHT SIDE WALL (1) ILLUMINANCE
‘RIGHT SIDE WALL (2) ILLUMINANCE
'RIGHT SIDE WALL (3) ILLUMINANCE

LEFT SIDE WALL (1)ILLUMINANCE
"LEFT SIDE WALL (2)ILLUMINANCE
‘LEFT SIDE WALL (3)IL1L UMINANCE

‘FLOOR (1}ILLUMINANCE
‘FLOOR (2)ILLUM'NANCE
‘FLOOR (3)ILLUMINANCE

'CERING (1)ILLUMINANCE
‘CEILING (2)ILLUMINANCE:
CEILUNG \JILLUMINANCE

IF WALT « 0 THEN ETILT « 0: RETURN
SLOP1 & PI/2 - WALT
X1 = LENGTH - X - WIDA{, 12, 4}

FaWID/2: M = WIDA(L, 12, 5): N = WIDA(), 12, 3): L = LWIND
IF Z < X OR Z < X1 THEN GOTO ER26: ELSE GOTO ER27:
R = WIDA(, 12, 4)
IFX1 >XTHENSwZ-R-AELSES =Z-R - X1
GOSUB 13775: RETURN
Ke=Z-X1. Ja=WIDA(, 2 4) - K: GOSUB 13770:  RETURN
: FOR FLOOR
F=WID/6, GOTO EERS:
' FOR FLOOR
Fa5°*WD/6: GOTO EERS:
: FOR CEIUNG
IF WALT = 0 THEN ETILT = 0: RETURN
SLOP1 « WALT + PI/ 2: L=lWIND: Z=LENGTH/2
X1 = LENGTH - X - WIDA(, I2, 4)
FaWD/2: M~ WIDA(L 12, 5): N = (HIGHT - WIDA(), 12, 3) - WIDAY), 12, 5)): Z . LENGTH /2 L = LWIND
IF Z < X OR Z < X1 THEN GOTO ER26: ELSE GOTO ER27:
FOR CEIUNG
F=WID/6: GOTO EER?:



14424

14430

EERS:
ER28:

ER285:

14432

14434

14440

EER®:
14442

14444

14450

EER10.

14452

14454

14500

14600
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’ FOR CEIUNG
FaS°WID/6: GOTO EERY:

. FOR OPPOSITE WALL
IF WALT = 0 OR WALT « P1 / 2 THEN ETILT = 0: RETURN
UaHIGHT/2: L wLWIND
SLOP1 « WALT; EE = WID / COB{SLOPY): U1 = WID * TAN(SLOP1) - U
X1 = LENGTH - X - WIDA(), 12, 4): X2 = X + WIDA(I, 12, 4)

FoWID/2: MeWIDA{L 2.5  NaWIDA{L[2,3):  Z=LENGTH/2: L = LWIND
IF Z < X OR Z » X2 THEN GOTO ER28: ELSE GOTO ER28S:
R « WIDA(. i2, 4}

IFX) >XTHENS «Z-R-XELSESwZ-R-X1
QGO6UB 13785: RETURN

KeZ-X1: JeaWIDA(, 12 4) - K: QOSUB 13780: RETURN
' FOR OPPOSITE WALL
2= LENGTH/ &: GOTO EERS:
’ FOR OPPOSITE WALL
Z«5°LENGTH/ & GOTO EERS:
'meeenrsenvmsennsss SUBROUTINE TO CALCULATE ILLUMINANCE ON RIGHT SIDE WALL FROM TILTED WINDOW
‘roq:
X1« LENGTH - X - WIDA(I, 12, 4)
ZZ o Y * COS{WALT) - (HIGHT / 2): F & (WID/2) - (ZZ + HIGHT / 2} * TAN(WALT)
M WIOA] I2,4): NaoXi: Z«HIGHT / 2: L = LWIND
IF Z < WIDA{L, 12, 3) OR Z < (HIGHT - WIDA(I, 12, 3) - WIDA(L, 12, 5)) THEN GOTO ER22: ELSE GOTO ER22:
* SUBROUTINE TO CALCULATE ILLUMINANCE ON RIGHT SIDE WALL FROM TILTED WINDOW
F = (WID 7 6) - (ZZ + HIGHT / 2) * TAN(WALT): GOTO EER®:
st SUBROUTINE TO CALCULATE HLLUMINANCE ON RIGHT SIDE WALL FROM TILTED WINDOW
F (5 WID/8)-(2Z + HIGHT / 2) * TAN(WALT): GOTO EERS:
‘o e SUBROUTINE TO CALCULATE ILLUMINANCE ON LEFT SIDE WALL FROM TILTED WINDOW
req:
X1 w LENGTH - X - WIDA{I, 12, 4)
2Z » Y * COS(WALT) - (HIGHT / 2): F « (WID / 2) - (ZZ + HIGHT / 2) * TAN(WALT)
M= WIDA{), (2, 4): NaX: Z = HIGHT 7 2: L = LWIND
IF 2 < WIDA(L, 12, 3) OR Z < (HIGHT - WIDA(L, 12, 3) - WIDA(), 12, 5)) THEN GOTO ER22: ELSE GOTO ER23;
sememmee SUBROUTINE TO CALCULATE ILLUMINANCE ON LEFT SIDE WALL FROM TILTED WINDOW
F w (WID 7 6) - (2Z + HIGHT / 2) * TAN(WALT): GOTO EER10:
‘meremssmmennenaswes SUBROUTINE TO CALCULATE ILLUMINANCE ON LEFT SIDE WALL FROM TILTED WINDOW
Fa(5°WID/6)-(ZZ + HIGHT / 2} * TAN(WALT): GOTO EER10:
(eesssessesssmeres SUBROUTINE TO CALCULATE ROOM SURFACES LUMINANCE DUE TO TILTED WINDOW ONLY ******
GOSUB 14430: REFW({l, W3, SKCO) « ELL. * RODA{!, W3, 4): ‘OPPOSITE WALL {1) ILLUMINANCE
GOSUB 14432; PTW(l, W3 4 6, SKCO) « ELL * RODA(I, W3, 4): ‘OPPOSITE WALL (2) ILLUMINANCE
GOSUB 14434: REFW(l. W3 + 12, SKCO) = ELL * RODA(l, W3, 4): *OPPOSITE WALL (3) ILLUMINANCE
GOSUB 14440, REFW(I, W2, SKCO} = ELL * RODA(l, W2, 4): 'RIGHT SIDE WALL (1) LLUMINANCE
GOSUS 14442: REFW(!, W2 4 6, SKCO) = ELL * RODA(l, W2, 4): ‘RIGHT SIDE WALL (2) ILLUMINANCE
GOSUB 14444 REFW(I. W2 4+ 12, SKCO) = ELL " RODA(I, W2. 4): 'RIGHT SIDE WALL (3) ILLUMINANCE
GOSUB 14450, REFW(, W4, SKCO) = ELL * RODA(I, W4, 4): *LEFT SIDE WALL (t) ILLUMINANCE
GOSUB 14452: REFW(I, W4 + 6, SKCO) » ELL * RODA(I, W4, 4): 'LEFT SIDE WALL (2) ILLUMINANCE
GOSUB 14454, REFW(), W4 4+ 12, SKCO) = ELL * RODA(1, W4, 4): 'LEFT SIDE WALL (3) ILLUMINANCE
GOSUB 14410. REFW(I, 5, SKCO) = ELL * RODA(I, 5, 4): *FLOOR (1) ILLUMINANCE
GOSUB 14412- REFW(l, § + 6, SKCO) = ELL * RODA(I, 5, 4): ‘FLOGR (2) ILLUMINANCE
GOSUB 14414: REFW(L, 5 « 12, SKCO) « ELL * RODA(), 5, 4)° ‘FLOOR (3) ILLUMINANCE
GOSUB 14420: REFW(. 8, SKCO) = ELL * RODA(I, 6, 4): ‘CEILING (1) HLLUMINANCE
GOSUB 14422- REFW(l, 6 + & SKCO) = ELL * RODA{I, 6, 4): 'CEILING (2) ILLUMINANCE
GOSUB 14424: REFW(I, 6 + 12, SKCO) » ELL * RODA(1, 6, 4): 'CEILING (3) ILLUMINANCE
RETURN
resoessessnioveces SUBROUTINE TO CALCULATE ROOM SURFACES INTERREFLECTIONS

EREF » O: ROAVE? = 0: ATOT =0

FORI5=1706: ROAVE1 » ROAVE1 + RODA(l, 15, 4): ATOT = ATOT + RODA(, 15, 7)
NEXT I5: ROAVE = ROAVE1/8

FORIS= 1 TOS

EREF1 = (REFS{), IS, SKCO) + REFW(I, IS, SKCO)) * RODA(, 15, 4) * RODA(I, IS, 7)

EREF « EREF 4 EREF1

NEXT 15




14850

RRR:

14680 eereTresesreeres SUBROUTINE TO PREPARE REFERENCE POINTS VARIABLES ACCORDING TO WINDOW

14700 “eemereeesseseers SUBROUTINE TO CALCULATE ILLUMINANCE ON REFERENCE POINT FROM VERTICAL WINDOW

14710 'eencveenmscmmesacs FROM CEILING (1)

ERR7:

14712 'emssmesn e mewemmen FROM CEILING (2)

ERRO:

14714 “weme——r—s—— FROM CEILING (3)
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EREF » EREF / (1 - ROAVE) * ATOT)
RETURN

SUBROUTINE TO GET THE TOTAL LUMINANCE ON ROOM SURFACES ****=

FORIS= 17018

IF 15 <= 8 THEN REF7(l 15, SKCO) = (REFS(I, 15, SKCO) + REFW(L, 15, SKCO) + EREF) * RODA(l, IS, 4): GOTO RRR:

IF 12 5« 15 AND IS > 8 THEN REFT(), IS, SKCO) = (REFS{! 15, SKCO) + REFW(L IS, SKCO) + EREF) * RODA, I5 - 8, 4): GOTO RRR:
IF 15 > 12 THEN REFT(\, 15, SKCO} = (REFS{, 15, SKCO) + REFW(1, IS, SKCO) + EREF) * RODA(Y, 15 - 12, 4)

NEXT I5:

RETURN

UNDER CONSIDERATION (W1, W2, W3, W4)
WHERE W1 IS THE WINDOW WALL

1F WIDA{, 12, 1) = 1 THEN REFE1 = REFP(L 13, 1): REFE2 = REFPY, 13, 2)

IF WIDA(l, 12, 1) = 2 THEN REFE1 = LENGTH - REFP(), 13, 2): REFE2 « REFPY, 13, 1)

IF WIDA{, 12, 1) = 3 THEN PEFE1 » LENGTH - REFP(l, 13, 1): REFE2 = WID - REFP{l, 13, 2)
1F WIDA(l 12, 1) » 4 THEN REFE1 = REFP(, 3, 2): REFE2 = WID - REFP{, 13, 1!
RETURN

‘req:1, 13 LWIND, STT

GOSUB 14710: EP1 = ELL: QOSUB 14712: EP12 = ELL: GOSUB 14714: EP14 = ELL:

QOSUB 14720: EP2 = ELL: GOSUB 14722: EP22 m ELL: GOSUB 14724: EP24 w ELL:

GOSUB 14730: EP3 = ELL: GOSUB 14732 EP32 « ELL: GOSUB 14734: EP3M = ELL:

GOSUB 14740: EP4 » ELL: GOSUB 14742: EP42 & ELL: GOSUB 14744: EP44 = ELL:

GOSUB 14750: EP5 » ELL: GOSUB 14760; EPS = ELL:

GOSUB 14770; EP7 = ELL: GOSUB 14772 EP72 = FLL: GOSUB 14774 P74 = ELL:
EEPP = EP1 + EP2 + EP3 + EP4 + EP5 . EPS 4 EP7 + EP12 + EP22

REAILY, B3, STT, SKCO) = EEPP + EP32 » EP4Z + EP72 + EP14 & EP2¢ + EP34 + EPA4 + EP74
REFIL{l, 13, STT, SKCO) = INT(REFIL(), 13, STT, SKCO) * 100} / 100

RETURN

F = HIGHT - REFP(l, 13, 3): MeWID/3: NeWID/3:Z « LENGTH - REFE
U =WID - REFE2: L = REFT(), 6, SKCO):

JaLENGTH/ 2: Kedk

IE U> NAND U < M + N THEN GOSUB 13730. RETURN

GOSUB 13710:  RETURN

L= REFT(L,6+ 6 SKCO): NaO
1F U> NAND U < M + N THEN GOSUB 13730- RETURN
GOSUB 13710:  RETURN

LeREFT(lL 6+ 12,8KCO);  Na2’WID/3

ERR14:  IF U> NAND U < M + N THEN GOSUB 13730: RETURN
GOSUB 13710:  RETURN
14720 "emevemencem FROM OPPOSITEWALL (1)
F = REFE2: M= HIGHT - REFP(, 13,3): L REFT(. W3, SKCO): Z= REFEV:  ZZ1 = LENGTH/3
ERR11:  IF2°ZZ1 >Z AND Z > 221 THEN GOTO ERR1: ELSE GOTO ERR2:
ERRI: Jn2-Z21: KwZZi-J: GOSUB13760- RETURN
ERR2: RuZZI:FZ>2° ZITHEN S nZ-2* ZZ1 ELSES « ZZ1 - Z:

14722 ’usovwmmanaemmnm—s FROM OPPOSITE WALL (2)

ERR12:

ERR3:
ERR4:

14724 ' evereenesmanesauns FAOM OPPOSITE WALL (3}

ERRA13:

ERRS:
ERRS:

14730 ’semencesessmveness FROM RIGHT WALL (1)

GOSUB 13750: RETURN

L « REFT(l, W3 + 6, SKCO)

IF Z21 > Z THEN GOTO ERR3: ELSE GOTO ERR4:
JeZ KweZZ1.J; GOSUB 13760: RETURN
ReZ21: § = Z - R: GOSUB 13750: RETURN

L = REFT(l, W3 « 12, SKCO)

IF 2° ZZ1 < Z THEN GOTO ERRS: ELSE GOTO ERR6-
JaZ-2°2Z1uK=221-J: GOSUB13760: RETURN
ReZZ1: S 2* 221 -Z: GOSUB 13750: RETURN

F = LENGTH - REFE1: M = HIGHT - REFP(1, 3, 3): N« 0
L = REFT(l, W2, SKCO):Z = REFE2:  ZZ1 » WID/3: GOTO ERR11:
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14732 ' snuevemwnnamecsese FROM RIGHT WALL (2)
L = REFT(l, W2 + 8, 8KCO): GOTO ERR13:

14734 '

FROM RIGHT WALL (3)
L = REFT(l, W2 + 12, SKCO): GOTO ERR12:

14740 ‘wecemurenscsaseass FROM LEFT WALL (1)
F = REFE1: M« HIGHT - REFP(1, 13, 3): NeO:
L « AEFT(i, W4, SKCO): Z » WID - REFE2: ZZY « WID 7 3; GOTO ERRA11:

14742 FROM LEFT WALL (2)

L = REFT(l, W4 + 8, 5KCO): GOTO ERR:2:

14744 'emesewsmesmmasasss FROM LEFT WALL (3)
L = REFT(l, W4 + 12, SKCO): GOTO ERR13:

14750 ‘sevevmemeswassmses FROM WINDOW
X1 « LENGTH - X - WIDA(), 12, 4)
F = WID - REFE2: M = WIDA(, 12, 5): N « WIDA(), 12, 3) - REFP(}, 13, 3)
Z « LENGTH - REFE1: ZDD « REFE1
L« LWIND
IF 20D « X OR Z « X1 THEN GOTO ER29: ELSE GOTO ER30:

ER20: R « WIDA(I, 12, 4)
IFZ<X1 THENS = X1 . 2Z ELSES » X - ZDD

GOSUB 13750: RETURN
ER30: KaZ-X1: JuwWIDA(, 12, 4)-K: GOSUB 13760: RETURN
RETURN

14760 "mvememmamaanmesses FROM WINDOW (ASSUMING WALL LUMINANCE)
X1 = LENGTH - X - WIDA(l, 12, 4)
F = WID - REFE2: MaWIDA(, 12,5): N = WIDA{, 12, 3) - REFR(}, 13, 3)
2 . LENGTH . REFE1:  ZDD = REFE1
L « REFT(I. W1, SKCO)
IF ZDD < X OR Z < X1 THEN GOTO ER31: ELSE GOTO ER32:
ERd1: R = WIDA(I, 12, 4)
IFZ <Xt THENS = X1 - Z ELSES = X - 2DD
GOSUB 13750: AETURN
ER32: KmZ-X1: J=WIDA(, 12, 4)-K: GOSUB 13760 RETURN
RETURN

14770 FROIAWINDOWWALL (1)
F = WID - REFE2: M = HIGHT - REFP{L.13,3): NaO:
L « REFT(, W1, 8KCO): 2« LENGTH- REFE1: 221 « LENGTH / 3: GOTO ERR1):

14772 'comavvancemanna-— FROMWINDOWWALL (2)
L = REFT(l, W1 + 8, SKCO): GOTO ERR13:

14774 ‘nomempesncnesaasss FROMWINDOWWALL (3)
L = REFT(l, W1 + 12, SKCO): GOTO ERR12:

14800 ‘ereeeeesesseseses SUBROUTINE TO PUT LAST SURFACES LUMINANCE VALUES TO ZERQ

FOR18 = 1 TO6: RODA(L 16,9)= D: RODA(, 16, 10) = 0: RODA(l, 16,11} = 0
NEXT 16: RETURN

14900 "~ * SUBROUTINE TO CALCULATE ILLUMINANCE ON REFERENCE POINT FROM TILTED WINDOW
‘toq: I, 13, LWIND, STT
WIDM « WID - HIGHT / TAN(RODA(L, 1, 6))
GOSUB 14010: GOSUB 14020: GOSUB 14030: GOSUD 14840: GOSUB 14050: GOSUB 14960: GOSUB 14070
REFIL(L, 13, STT, SKCO) = EPT1 + EPT2 + EPT3 + EPT4 + EPT5 4 EPT6 - EPT?7
REFILY, 13, STT, SKCO) « INT(REFIL(I, 13, STT, SKCO} * 100} 7 100
RETURN
14910 ‘= wae FROM CEILING
F » HIGHT - REFE2: M = LENGTH: NaO: Z = REFE2
U « REFE1: L = REFT{l, 6, SKCO)
IF Z <« WIDM THEN GOTO ER33: ELSE GOTO ER34:
ER33: KeZ: JuoWIDM-K: GOSUB 13730. EPT1 < ELL: RETURN
ER34: R = WIDM. SeZ-R: GOSUB13720: EPT1a=ELL: RETURN
14020 ‘e FROM OPPOSITE WALL
F » REFE2: M = HIGHT - REFP(i, 13,3) Na«O0: J = REFE1: K= LENGTH.J
L« REFT(l, W3 SKCO)
GOSUB 137860: EPT2=ELL

RETURN

2o

o Pl c



14030 * FAOM RIGHT WALL
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F = LENGTH - REFE1: M = HIGHT - REFP(1, 13, 3): Nw0: ZeREFE2
L = REFT(1, W2, SKCO}
IF 2 > WIDM THEN GOTO ERAS: ELSE QOTO ER%6:
ERaS: R « WIDM: SeZ-R GOSUB13750: EPT3 - ELL: QOTO 14038
ER36: KaZ: JwWIDM-K: GOSUB 13760: EPT3=ELL: GOTO 14935

14935 'mreenecvesccsesess TRIANGLE PART OF THE RIGHT WALL

GOSUB 14730: EPT3 » EPT3 4 (EP3 - EPT3)/ 2: RETURN

14340 ‘aesemmrsenmmsmnem FROM LEFT WALL

F = REFE1: M s HIGHT - REFP(, 3, 3): NaO: ZuREFE2

L = REFT(l, W4, SKCO)

IF Z < WIDM THEN GGTO ERJ?: ELSE GOTO ERG®:
ERaT: RaWIDM: Sa2-R:  GOSUB13750: EPTA=ELL: GQOTO 14945
ERae: KaZ: JaWIDM.-K: GOSUB 13760: EPT4=ELL: GOTO 14945

14045 ‘' memmmmenes onmanass TRIANGLE PART OF THE RIGHT WALL

GOSUB 14730: EPT4 » EPT4 o (EP4 - EPT4)/2: RETURN

14050 ’nercnenmsacwenees FROM WINDOW

SLOPt = Pl/2- WALT:
X1 w LENGTH - X - WIDA(, 12, 4)
FaWD-REFE2:  M-WIDA{LLI25):  N= WIDA(, I2.3)- REFP(, 13,3)
2w LENGTH - REFE1:  ZDD = REFE1
L« LWIND
IF 2DD < X OR Z < X1 THEN GOTO ERGD: ELSE GOTO ER4O:
ER39: R = WIDA(I, 12, 4)
IF2Z<X1 THENS = X1 -2 ELSES « X - Z0D
GOSUR 13785: EPTS=ELL:  RETURN
ER40: KaZ-X1: JwWIOA(, 12 4)-K: GOSUB 13780: EPT5= ELL: RETURN
RETURN

14960 'cnrmwnemensemermess FROM WINDOW (ASSUMING WALL LUMINANCE)

L = REFT{l, W1, SKCO)
SLOP1 « P1 /2 - WALT:
X1 = LENGTH - X - WIDA(, 12, 4)
F=WD-REFE2:  MaWIDA(,12.5: N WIDA], 12, 3)- REFP(I 13, 3}
Z - LENGTH - AEFET: ZDD = REFE1
IF ZDD < X OR Z < Xt THEN GOTO ER41: ELSE GOTO ERA2:
ER4L: R = WIDA(, 12, 4)
IFZ <X THENS = X1 -Z ELSE § = X - 200
GOSUB 13785; EPT7wELL:  RETURN
ER42: KeZ-X1: JeWIDA( 2, 4)-K: GOSUB 13780: EPTI = ELL: RETURN
RETURN

14070 'sommseevannasmess FROM TILTED WALL

L = REFT(l, W1, SKCO): SLOP1 « PI/72- WALT:

F = WID - REFE2: M = HIGHT - REFP(I,13,3): NaO: J = REFE1: K= LENGTH - J
GOSUB 13780: EPTS « ELL
RETURN

FILE READING AND WRITING

20100 ‘********** SUBROUTINE TO READ EXISTING FILE FROM DRVE

OPEN FILS FOR INPUT AS #1

INPUT #1. CITY.NS

FOR110= 1 TO 7: FOR 111 = 1 TO 12: INPUT #1, BIDA(110, 111): NEXT I11: NEXT 110

NSP = BIDA(Y, 1): GOSUB 155

FOR110= 1 TONSP: FOR 111 = 1 TO 8: FOR 12 = 1 TO 7: INFUT #1, RODA(110, 119, 192): NEXT 112: NEXT 111
FOR (11 = 1 TO 10: FOR 112 » 1 TO 20: INPUT #1, WIDA(110, 111, 112): NEXT 112 NEXT 111
FOR 111« 1 TO 10: FOR 112 = 1 TO 5; INPUT #), REFP(139, 111, 112): NEXT 112: NEXT 11

NEXT 110

CLOSE

OPEN CITY.N$ FOR INPUT AS #1

FOR{110m 1 TO 13: FOR 111 w 1 TO 7: INPUT #1, WEATH(110, t11): NEXT 111: NEXT 110: CLOSE

LAT = WEATH(13, 1): LONGT « WEATH(13, 2): STM « WEATH(13, 4)

OPEN CITY.NS$ + *TEM* FOR INPUT AS #1

FOR110 = 1 TO 12: FOR 111 = 1 TO 72: INPUT #1, TEMP(I11, 11€): NEXT 111; NEXT 110: CLOSE

RETURN
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ENERGY SAVING CALCULATION

AQDOS  “weverneseneeesceeren SUBAOUTINE TO CALCULATE THE JULIAN DAY
roce L13,RODA( 1 DAY.D%, MON

ON MON GOSUB 40010, 40020, 40030, 40040, 40050, 40060, 40070, 40080, 40000, 40100, 40110, 40120: RETURN
JULN « DAY.D%: RETURN

JULN = DAY.D% + 31: RETURN
JULN « DAY.D% + 50: RETURN
JULN « DAY.D% + 90: RETURN
JULN « DAY.D% «+ 120: RETURN
JULN « DAY.D% + 151: RETURN
JULN « DAY.D% + 181: RETURN
JULN = DAY.D% + 212: RETUAN
JULN « DAY.D% + 243: REYURN
40100 JULN = DAY.D% + 273: RETURN
40110 JULN = DAY.D% + 304: RETURN
40120 JULN » DAY.D% + 334: RETURN

HHIHTE

40135 wore Peeeeeress QEFERENCE BUILDING TOTAL ELECTRIC LIGHTING CONSUMPTION

MLCONS » 0
FOR | = 1 TONSP:
MLCONS = MLCONS + (RODA(, 1, 1) * RODA{l, 2, 1) * BIDA(7, ©) / (RODA(1, 8, 1) * RODA(1, 8, 2) * RODA(1, 8, 3)}}: 'HOURLY LIGHT

CONSUMPTION (ELECTRICITY)
! area fux cou Lr sfficacy
NEXT |
HFLUIGHT = MLCONS * (1 - (RODA(1, 8, 3) / 683)) * RODA(1, 8, 7): "HEAT FROM LIGHT
' efficacy plenum

40740 * Sreerrereeestscrstens IQGHT CONSUMPTION WITH DAYLIGHT
FOR | = t TO NSP:
FOR SKCO - 1703
FOR STT = BIDA(7, 7) TO BIDA{Z, 8)
FOR 1 = 1 TO RODA(, 7. 5)
IF REFIL(), 13, STT, SKCO) * 1000 < BIDA(7, ) THEN LCONS{STT, SKCO) » LCONS(STT, SKCO)} + BIDA(7, 8} * REFPYl, 13, 5): ‘LUMEN
NEXT 13:
NEXT STT:
NEXT SKCO

TMHR = 0:  TMSL =0
FOR STT = BIDA(7, 7) TO BIDA(7, 8): EHLCONS = O:
FORSKCO=1TO3
EHLCONS = EHLCONS + LCONS{STT, SKCO) * WEATH(MON, SKCO) / (RODA(1, 8, 1) * RODA(1.8,2)* RODA(%,8,3)):  ‘WATT
NEXT SKCO
EHFUGHT « EHLCONS * {1 - (RODA(1, 8, 3)/ 683)) * RODA(1, 8, 7): "HEAT FROM LIGHT
QG(STT) « HFLIGHT - EHFLIGHT
TMHR = TMHR + QG(STT):  TMSL = TMSL + (MLCONS - EHLGONS;)
NEXT STT
TMHR(I, MON) = TMHR * BIDA({2, MON): "MONTHLY REDUCTION IN HEAT LOAD
TMSL{l, MON) « TMSL * BIDA(2, MON): 'MONTHLY SAVING IN LIGHT
NEXT )
RETURN

30140 **ee* REFERENCE BUILDING ENERGY REQUIREMENTS

RBHL1 » BIDA(7, 1) * WEATH(MON, 7) * 24: 'CONUDUCTANCE

RBHL2 = BIDA(7, 4) * .02 * WEATH(MON, 7)"24: *ELOOR

RBHL3 « BIDA(7, 2) * .00 * 1.2 * WEATH(MON, 7) * 24: ‘WALL SENSEBLE

ABHL4 « BIDA(7, 2) * .09 ° 2.603 *.5 * 24 * 30: "WALL LATENT

RBHLS = BIDA(7, 3) * .5 * 1.2 * WEATH(MON,7)* 24:  "WINLOWS SENSIBLE (INFULTRATION = .5)

RBHLE ~ BIDA(7, 3) * .5 * 2.808 * .5 * 24 °* 30: WINDOWS (ATENT

RABHLT(MON) » RBHL1 + RBHL2 + RBHL3 + RBHL4 + RBHLS + RBHL6E

MLCONS = (BIDA(7, 8) - BIDA(7, 7)) * BIDA(2, MON) * BIDA(7, 6} ° BIDA(7, 5) / (RODA(1, 8, 1) * RODA(1, 8, 2) * RODA(1, 8, 3)}:' MONTHLY LIGHT
CONSUMPTION (ELECTRICITY)

g hour/day day/month hux area cou LLF officacy

HFUGHT « MLCONS * (1 - (RODA(1, B, 3)/683)) * RODA(1, 8, 7): "HEAT FROM LIGHT
* sificacy plonum

RBAUXIL(MON) ~ RBHLT(MON) - HFLIGHT: 'REFERENCE BUILDING AUXIUARY ENERGY
RCOOLLOAD » 0
IF HFLIGHT > ABHLT(MON) THEN RAS2 = (HFUGHT - RBHLT(MON)) / HFLIGHT: GOSUB 30170: RBAUXIL(MON) = RCOOLLOAD

RBEREQ(MON) = RBAUXIL(MON} » L LCONS: 'REFERENCE BUILDING ENERGY REQUIREMENTS




30145  reeweweesssss THE ACTUAL BUILTING ENERGQY REQUIREMENTS

REE1:

30180 '

30155

REE2:
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BHLDT w 0: AR2 « 0: BHLD1 = 0

FOR!w 1 TONSP: FORI2 = 1 TO RODA(, 7, 3): I0 « WIDA(, 12, 1)

AR1 = WIDAJ), 12, 4) * WIDAYS, 12, 5)

BHLDY = BHLD1 4 (ART * WIDA(l. 2. 20}) * WEATH(MON, 7)* BIDA(7, 9):  "WINDOW CONDUCTANCE

BHLDS = BHLDS + 2* (WIDA(], 12, 4) + WIDA(l, 12, §)) * .5 * 1.2* WEATH(MON, 7) * 24: ‘WINDOWS SENSIBLE (INFULTRATION = 1)
BHLD® » BHLDE + 2 * (WIDA(I, 12, 4) + WIDA(L, 12, 8}) * .5 ° 2.808 * .5 * 24 * 30: WINDOWS LATENT

AR2 = AR2 + AR

IF RODA(L 19, 5) > 1 THEN GOTO REE1:

BHLD2 = (RODAJ, 19, 1) * RODA(L 10, 2) - AR2)* .5 * WEATH(MON, 7)° 24:  'WINDOW WALL CONDUGTANCE
BHLD3 = (RODA, 19, 1) * RODA(, 9, 2) - AR2)* .09 * 1.2 * WEATH{MON, 7) * 24: WALL SENSEBLE

BHLD4 = (RODA(l, 16, 1) * RODA(, 19, 2) - AR2)* .09 * 2.808° .5 * 24 * 30. WALL LATENT

BHLDT = BHLDT + BHLD2 4 BHLD3 4 BHLD4: AR2 = 0

NEXT 12: NEXT |

BHLDT(MON) = BHLDT + BHLD1 + BHLDS + BHLDS + RBHLT(MON)

BTMSL(MON) « 0:  QS1{MON) = 0

FOR | = 1 TO NSP: BTMSL{MON) = BTMSL{MON) + TMSL{l, MON): NEXT !

BMLCONS(MON) « MLCONS - BTMSL{MON): 'BUILDING MONTHLY CONSUMPTION IN ELECTRIC LIGHTING

IF BMLCONS{MON) < 0 THEN BMLCONS{MON) « 0

BHFLIGHT(MON) « BMLCONS(MON) * (1 - (RODA(1, 8, 3)/683))* RODA(1, 8,7)::  INTERNAL HEAT FROM LIGHT

FOR 1w 1 TONSP:
QS1{MON) » QS1{MON) + 30 * WASE(l, MON) * .278 ° 10 * -3 * WEATH(MON, 8): "SOLAR GAIN FROM WINDOW
NEXT §

BAUXIL{MON) = BHLDT(MON) - BHFLIGHT(MON) - QS1(MON}: 'ACTUAL BUILDING AUXILIARY ENERGY

COOLLOAD = 0

IF BHFLIGHT(MON} + 55 1(MON) > BHLDT(MON} THEN RAS1 » (OGS1(MON) + BHFLIGHT(MON} - BHLOT(MONJ; /{QS1(MON) + BHFLIGHT(MON}:
GOSUB 30155; BAUXIL{(MON) « COOLLOAD

BEREQ(MON) = BAUXIL{MON) + BMLCONS(MON): *ACTUAL BUILDING ENERGY REQUIREMENTS

SAVING DUE TO THE WINDOWS

TENS({MON) = RBEREQ(MON) - BEREQ(MON}): *SAVING IN HEATING + LIGHTING
RETURN

sssvessest COOLING LOAD FOR THE “CTUAL BUILDING

AREAT = 0: FOR = 1 TO NSP. AREAT = AREAT 4+ RODA(. 5, 7): NEXT )
LCONS1 = BIDA(7, 6) * AREAT / (RODA(1, 8, 1} * RODA(1, 8 2)* RODA(1, 8, 3)):
HFLY = LOONST * (1 - (RODA(1, 8, 3) 7 683)) * RODA(1, 8, 7):

FORSTT.1T024

QG1{STT) = RAGS * (HFL1 - QG(STT))

IF STT < BIDA(7, 7) OR STT » BIDA(7, 8) THEN OG1(STT) = 0
NEXT STT

FORSTT.7T072

FOR | = 1 TONSP: FOR I2 = 1 TO RODA(, 7.3}

AR1 = WIDA(), 12, 4) * WIDA{}, 12, 5)

QW(STT) = ARY * WIDA(), I2, 20) * (TEMP(STT, MON) 7 10 + WEATH(12, 5) - BIDA(4, MON)): ‘WINDOW CONDUCTANCE
AR2 = AR?2 + AR1

14 = WIDA(I, 12, 1)

IF RODA{), 14, 5) > 1 THEN GOTO REE2:

IF STT > 24 THEN GTT(l, W4, STT) = GTT(\ 4, STT - 24):

GT(STT) = GTT(), 4, STT)* WEATH(MON, 6) * 278 * 104 3: ‘WALL

TE(STT) = TEMP(STT, MON) / 10 + GT(STT) * .0305 .+ 4 * SIN(WIDA(!, 12, 6))

SIGM1 = 0: SIGM2 = 0: SIGM3 « 0

FOR Il = 0 TO 6: SIGM1 = SIGM1 + BIDAS, llt + 1) * TE(STT - I} NEXT it

FOR: ill » 1 TO 6: SIGM2 = SIGM2 + BIDA(S, Il + 1) * QUSTT - Il1) 7 (RODA(, 1, 1) * RODA(I, 1. 2) - AR2): NEXT It
QL(STT) = (RODA(. 14, 1) * RODAY, 14, 2) - ARZ} * (SIGMT - SIGM2 - BIDA(4, MON) * BIDA(S, 8)): WALL OF THE WINDOW
AR2 » 0

NEXT 12: NEXT I; NEXT STT

FOR STT » 1 TO 24: TRADT(STT) = 0: FOR | = 1 TO NSP: TRADT(STT) » TRADT(STT) « RADT{I, STT): NEXT |: NEXT STT

FORSTT=7T072:

IF STT > 24 THEN TRADT(STT) = TRADT(STT - 24)

QS{STT) « RA91 * TRADT(STT) * WEATH(MON, 6)* .278°10* 3 'SOLAR

IF STT > 24 THEN OG(STT) = OG1(STT .24 'LIGHTING

QC{STT) » BIDA(1, 5) * OS{(STT) + BIDA(3, 6) * QS(STT - 1) + BIDA(1, 7) * (QW(STT) + QUSTT)} + BIDA(1, 8) * (QW(STT - 1) + OLISTT - 1)) +
BIDA(1, 9) * QGYSTT) + BIDA(1, 10} * QG1{STT - 1) + BIDA(), 19) * OGY(STT - 2) - BIDA(3, 12) * QC{STT _
-1)

NEXT STT: COOLLOAD = 0
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FOR STT = 48 TO 72: COOLLOAD = COOLLOAD + QC{STT): NEXT §TT
COOLLOAD « COOLLOAD / RODA(1, 8, 5) * 30

IF COOLLOAD « 0 THEN COOLLOAD « 0

RETURN

COOLING LOAD FOR THE REFERENCE BUILDING

AREAT » 0: FOR | = 1 TO NSP: AREAT = AREAT « RODA(L, 5, 7): MEX1 |
LCONS1 = BIDA(7, 6) * AREAT / (RODA(1, 8, 1) * RODA(1, 8, 2) * RODA(1, 8, 3)):
HFLY « LCONS1 * (1 - (RODA(1, 8, 3) / 883)) * RODA(1, 8, 7):

FORSTT o170 24

QG1(STT) » RASZ * HFL1

IF 8TT < BIDA(7, 7) OR STT » BIDA(7, 8} THEN QG1(STT) = 0

NEXT §TT

FORSTT « 7 TO 72:

IF STT > 24 THEN QG1(STT) =« OGH(STT - 24  'LIGHTING

ROC(STT) » BIDA(1, 9) * QG1(STT) + BIDA(1, 10) * OG1(STT - 1) + BIDA{1, 11) * QGUSTT - 2) - BIDA(1, 12) * RQC(STT - 1)
NEXT STT: RCOOLLOAD = 0

FOA STT = 48 TO 722 RCOOLLOAD = RCOOLLOAD + RQC(STT): NEXT STT

RCOOLLOAD = RCOOLLOAD / RODA(1, 8, 5) * BIDA(2, MON)

IF RCOOLLOAD < 0 THEN RCOOLLOAD = 0

RETURN

TeTessesissssateeneses RUNNING THE PROGRAM

30100 ‘memmsmcaem SAVING CALCULATIONS FOR A CERTAIN MONTH

30110

RAR1:

RR3:

30180

‘req: MON

OPEN "DATAAAA" FOR INPUT AS #1:  INPUT 91, NON, FILS: GLOSE ; GOSUB 20100

FILNM.SS$ « "SUN.SCR": CALL SCREENN: COLOR 4, 7: LOCATE §, 45: PRINT MON

DAY.D% = 21: GOSUB 40005: COUNT% m 0

FORSTT = 1 TO 24

GOSUB 10100: GOSUB 10150: [F SALT < 0 THEN GOTO RRa:

GOSUB 10250: COUNT% = COUNT% » 1

OPEN "DATABAAA® FOR OUTPUT AS #1:  PRINT #1, SALT, SAZMS, JULN, STT, FILS; GLOSE

SHELL ‘BEAW"

OPEN *RESB.AAA® FOR INPUT AS #1: FOR | = 1 TO NSP: FOR SKCO = 1 TO 2: INPUT #1, EDH(SKCO): FOR I » 1 TO 18: INPUT #1, REFS()
15, SKCO): NEXT 15: NEXT SKCO: NEXT |: CLOSE

FORSKCO«1TO3:  EDHI(STT, SKCO) » INT(EDH(SKCO) * 100) / 100: NEXT SKCO

FOR!a1TONSP: FORSKCO=1TO3: FORI2=1TO RODA(, 7, 3): GOSUB 13100: GOSUB 13200

IF RODA(l, 7, 4) = 1 THEN GOTO RR1: ELSE GOTO RR2:

GOSUB 11000; GOSUB 11450: GOSUB 14500: GOSUB 14800; GOSUB 14650

FOR 13 = 1 TO RODA( 7, 5: GOSUB 14580: GOSUB 14900: NEXT I3: GOTO RR3:

GOSUB 11000: GOSUB 11450: GOSUB 14350; GOSUB 14600: GOSUB 14650

FOR I » 1 TO RODAY, 7, 5): GOSUB 14680: GOSUB 14700: NEXT I3

NEXTi2z  NEXT SKCO: NEXT

Fllerum = FREEFILE

OPEN *DATAS.AAA® FOR OUTPUT AS #Filenum: PRINT #Fienum, SALT, SAZMS, JULN, MON, STT, FILS: CLOSE

SHELL "SOLAR": ‘GOSUB 20600:

OPEN "RESSAAA® FOR INPUT AS #1: FOR | = 1 TO NSP: INPUT #1, RADT(l, STT): FOR 14 = 1 TO 4: INPUT #1, GTT(l, 4, STT): NEXT t4: WEXT

i CLOSE

FOR | = 1 TO NSP: WASE(l, MON) = WASE(l, MON) + RADT(l, STT)

NEXT |

COLOR 14, 7: LOCATE (11 + ABS{12 - STT)}, (3 + 3 * STT): PRINT **

COLORO,7: LOCATE 21, {2 + 3 * STT): PRINT ; STT

NEXT STT: GOSUB 40135: QOSUB 30140 ‘GOSUB 20605

IF ROUT.N% = 2 THEN RETURN

OPEN *RESULT.AAA® FOR OUTPUT AS #1

FORSTT = 1 TO 24: PRINT #1, STT, : FOR SKCO = 1 TO 3: PRINT #1, EKH1(STT, SKCO), EDH1(STT, SKCO), (EKH1{STT, SKCO) + EDH1(STT,

SKCO)),  :NEXT SKCO: PRINT #1, : NEXT STT: PRINT 1,

FORSTT=1TO24:  FORI= 1 TO NSP: PRINT #1, STT, RADT{l, STT), : NEXT 1: PRINT #1,;  NEXT STT: PRINT &1,

FORSKCO = 1 TO3: FOR1~ 1 TO NSP: FORSTT « 1 7O 24: PRINT #1, STT, : FOR 13 « 1 TO RODA(L, 7, 5): PRINT #3, REFIL(l, 13, STT, EKCO),

NEXT (3: PRINT #1, : NEXT STT: PRINT #1, :NEXT . NEXT SKCC:

PRINT #1, NSP. CLOSE

OPEN "RESULT1.AAA" FOR OUTPUT AS #1

PRINT #1, MON, TENS(MON) / 1000, BTMSL(MON) / 1000, RBHLT(MON} / 1000, RBAUXIL(MON) / 1000, RBEREQ(MON) / 1000, HFLIGHT / 1000,

MLCONS / 1000, BHLDT(MON) / 1000, BAUXIL(MON) / 1900, BEREQ{MON) / 1000, BHFLIGHT{MON) / 1000, BMLCONS(MON) / _

1000, QS1({MON) / 1000 CLOSE

END

CALCULATE THE SAVING FOR A WHOLE YEAR

OPEN "DATA.AAA" FOR INPUT AS #15: INPUT #15, FILS: CLOSE : GOSUB 20100
T.SAY « 0: RBAUXILT = 0: BTMSLT = 0: RBHLTT « 0

FORMON = 1 TO 12: GOSUB 30110:

TSAV « T.SAV + TENS(MON)} / 1000000



30200 ‘wwmme=we SKY ILLUMINANCE ON HORIZONTAL SURFACE

30205

30250 'eswsmwsw SKY ILLUMINANCE ON VERTICAL SURFACE

30255

30300 ‘memswmems SKY ILLUMINANCE ON TILTED SURFACE

30305

30350 ‘mmwse==a HOUR ANGLE AND SUNSET HOUR ANGLE

30400 'smmen=an SOLAR ILLUMINATION ON A SURFACE
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BTMSLT = BTMSLT + BTMSL(MON) / 1000000

RBHLTT » ABHLTT + RBHLT(MON) / 1000000
RBAUXILT » RBAUXILT + RBAUXIL{MON) / 1000000
RBEREQT = RSEREQT + RBEREQ(MON) / 1000000
HFLIGHTT w HFUGHTT + HFLIGHT / 1000000
MLCONST « MLCONST + MLCONS / 1000000

BHLDTT = BHLDTT + BHLOT(MON) / 1000000

BAUXILT = BAUXILT + BAUXIL{MON) / 1000000
BEREQT = BEREQT + BEREQG{MON) / 1000000
BHFLIGHTT = BHFUGHTT + BHFLIGHT(MON) / 1000000
BMLCONST = BMLCONST + BMLCONS{MON) / 1000000
QS1T = GS1T + QST1(MON) / 1000000

$ NEXT MON

OPEN *RESULT.AAA® FOR OUTPUT AS #5: PRINT #15, T.SAV, BTMSLT, RBHLTT, RBAUXILT, RBEREQT, HFLIGHTT, MLCONST, BHLDTT,
BAUXILT, BEREQT, BHFLIGHTT, BMLCONST, QS1T: CLOSE

OPEN "RESULT1.AAA® FOR OUTPUT AS #15:

PRINT #15, 2, ** REFERENCE BUILDING **

FOR MON = 1 TO 12: PRINT #15, MON, RBHLT(MON) / 1000, HFLIGHT / 1000

NEXT MON: PRINT #15, "HEAT LOSS FROM THE ENVELOPE": PRINT #15, “INTERNAL HEAT GAIN FROM UGHT"; CLOSE

OPEN "RESULT2.AAA" FOR OUTPUT AS #15:

PRINT #15, 3, = REFERENCE BUILDING **

FOR MON « 1 TO 12: PRINT #15, MON, RBAUXIL{MON) / 1000, RBEREQ{MON) / 1000, MLCONS / 1000

NEXT MON: PRINT #15, “AUXILIARY ENERGY FOR HEAT.A COOL.": PRINT #15, “TOTAL ENERGY CONSUMED"*: PRINT #15, “ENERGY
CONSUMED FOR LIGHTING"; CLOSE

OPEN "RESULT3.AAA® FOR OUTPUT AS #15;

PRINT #15, 4, = ACTUAL BUILDING ™

FOR MON = 1 TO 12: PRINT #15, MON, BHLDT(MON} / 1000, BHFLIGHT(MON}) / 1000, QS1(MON) / 1000, QS1{MON) / 1000 + BHFLIGHT(MON)
11000

NEXT MON: PRINT #15, "HEAT LOSS FROM THE ENVELOPE": PRINT #15, "INTERNAL HEAT GAIN FROM LIGHT™: PRINT #15, "SOLAR ENERGY
HEATING THE BUILDING*: PRINT #15, “TOTAL HEAT GAIN IN THE BUILDING": CLOSE

OPEN "RESULT4A.AAA® FOR OUTPUT AS #15:

PRINT #15, 3, = ACTUAL BUILDING =

FOR MON = 1 TO 12: PRINT #15, MON, BAUXIL(MON) / 1000, BEREQ{MON) / 1000, BMLCONS{MON) / 1000

NEXT MON: PRINT #15, "AUXILIARY ENERGY FOR HEAT.8 COOL": PRINT #15, "TOTAL ENERGY CONSUMED": PRINT #15, "ENERGY
CONSUMED FOR LIGHTING": CLOSE

OPEN "RESULT5.AAA® FOR OUTPUT AS #15;

PRINT #15, 4, ™ ANNUAL SAVING **

FOR MON « 1 TO 12: PRINT #15, MON, RBEREQ(MON) / 1000, BEREQ{MON) / 1000, TENS{MON) / 1000, 0"

NEXT MON: PRINT #15, "RBUILDING ENERGY CONSUMPTION®: PRINT #15, "ACTUAL BUILDING ENERGY CONSUMPTION®: PRINT #15,
*SAVING IN ENERGY™: PRINT #15, "ZERO LINE": CLOSE

END

OPEN “DATA.AAA® FOR INPUT AS #20. INPUT #20, JULN, ST, LAT, LONGT, SKCO: CLOSE
LAT = LAT * P1/180: LONGT = LONGT * Pi/ 180

14,M% = 1: GOSUB 10150: IF SALT < 0 THEN EKH = 0: GOTO 30205

GOSUB 11000

OPEN *RESULT.AAA® FOR OUTPUT AS #20:  PRINT #20, EKH: GLOSE : END

OPEN "DATA.AAA® FOR INPUT AS #25: INPUT #25, JULN, ST, LAT, LONGT, SKCO, AZM: CLOSE
LAT w LAT * P17180: LONGT = LONGT * PI/ 180: AZM « AZM ° Pt /180: SLOP «PI/2

14.M% = 1: GOSUB 10150: IF SALT < 0 THEN LWIND = 0: GOTO 30255

GOSUB 11450

OPEN "RESULT.AAA® FOR OUTPUT AS #25:  PRINT #25, LWIND: CLOSE : END

OPEN *DATA.AAA® FOR INPUT AS #30: INPUT #30, JULN, ST, LAT, LONGT, SKCO, AZM: CLOSE

LAT » LAT ° Pi/180: LONGT = LONGT * PI/ 180; AZM » AZM ° P17 180: SLOP =PI/ 2 - (SLOP ° P/ 180)
14.M% = 1: GOSUB 10150: IF SALT < 0 THEN LWIND = 0: GOTO 30305

GOSUB 11450

OPEN "RESULT.AAA® FOR OUTPUT AS #30:  PRINT #30, LWIND CLOSE : END

OPEN "DATA.AAA" FOR INPUT AS #35: INPUT 435, JULN, ST, LAT, LONGT: CLOSE
LAT = LAT * PI/ 180: LONGT « LONGT * PI/180

14.M% = 1: GOSUB 10150: GOSUB 10250

HANG = HANG * 180 / P1: SSHANG = SSHANG * 180/ P

OPEN "HESULT.AAA® FOR OUTPUT AS #35:  PRINT &35, HANG, SSHANG: CLOSE : END

OPEN “DATA.AAA® FOR INPUT AS #40: INPUT #40, JULN, ST, LAT, LONGT. SKCO, AZM, SLOP: CLOSE
LAT = LAT * P1/180: LONGT « LONGT * PI/ 180: AZM = AZM * P1 /180: SLOP = P1/2 - (SLOP * PI/ 180)
14.M% = 1: GOSUB 10150; IF SALT < 0 THEN EOT = 0: GOTO 30405
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AZMD « ABS(SAZMS - AZM)

GOSUB 5200:  GOSUB 13400

EDT = EDH * COB(SLOP) » EDV * SIN(SLOP}: IF EDT <.001 THEN EDT = 0
30405 OPEN "RESULT.AAA® FOR OUTPUT AS #40:  PRINT #40, EDT: CLOSE : END

30450 ‘mememass INCIDENT ANGLE ON A SURFACE
OPEN "DATA.AAA" FOR INPUT AS #45: INPUT #4%, JULN, 8T, LAT, LONGT, AZM, SLOP: CLOSE
LAT« LAT* PI7180: LONGT = LONGT*P1/180: AZM=AZM°*P1/180: SLOP =P)/2-(SLOP* P/ 180)
UM% = 1: GOSUB 10150:  IF SALT < 0 THEN INANG = 0: GOTO 30455
AZMD » ABS(SAZMS - AZM): GOSUB 5200
INANG = INANG * 180/ PI

30455 OPEN "RESULT.AAA® FOR OUTPUT AS #45:  PRINT 845, INANG: CLOSE : END

30500 ‘memauwwss POSITION OF THE SUN
OPEN "DATALAAA® FOR INPUT AS #50: INPUT #50, JULN, ST, LAT, LONGT: CLOSE
LAT o LAT * PI/180: LONGT = LONGT* Pi/ 180
UM% = 1: GOSUB 10150: IF SALT < 0 THEN SALT = 0: SAZMS = 0: GOTO 30505
SALT » SALT * 180 / Pi: SAZMS = SAZMS * 180/ PI

30505 OPEN "RESULT.AAA® FOR OUTPUT AS #50;  PRINT #50, SALT, SAZMS: CLOSE : END

8UB SCREENN
DEF SEG = 8HB300: BLOAD FILNM.SSS, 0: DEF SEG * Load screen piciure
END SUB
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Direct Beam Routine

PROGRAM TO CALCULATE THE EFFECT OF SOLAR SPOT IN A BUILDING

L)

DECLARE SUB OVERHANG (SALT, SAZMS, ARR. 7))

DIM SHARED BIDA(7, 12), SAZMS, SALT, FI, 12, |
OPEN "DATABAAA* FOR INPUT AS#1:  INPUT #1, SALT, SAZMS, JULN, STT, FIL$: CLOSE
Ple3.141502653# M% = 0. GOSUB20100: GOTO 158
155 DIM SHARED RODA(NSP, 8, 16), WIDA{NSP, 10, 20}, REFP(NSP, 10, 8), REFS(NSP, 18, 3), EDH(3): RETURN
158 FORI=1TONSP: FORSKCO=1702: FORI2« 1 TO RODA(\ 7.3}
QUSUB 10300: GOSUB 13100: GOSUB 13200;: GOSUB 13450; GOSUB 13300: GOSUB 13500
NEXTI22  NEXT SKCO:  NEXT!
OPEN *RESB.AAA® FOR OUTPUT AS #1: FOR | = 1 TO NSP: FORSKCO = 1 TO 2: PRINT #1, EDH{SKCO); : FOR IS = 1 TO 18: PRINT #1, REFS{),
15, SKCO); : NEXT 15: PRINT #1, : NEXT SKCO: NEXT 1
END

10300 "**~+*** SUBROUTINE TO CALCULATE SUN POSITION RELATIVE 7O A WINDOW (SPOS)
. req: SAZMS, | & 12 {for window matix)

IF SAZMS <= 0 AND WIDA(), 12, 19) <= 0 THEN GOTO DE1:
IF SAZMS <= 0 AND WIDA(), 2, 19} > 0 THEN GOTO DE2:
IF SAZMS > 0 AND WIDA(I, 12, 10) <= 0 THEN GOTO DE3:
{F SAZMS > 0 AND WIDA(, 12, 19) > 0 THEN GOTO DE1:

DE1: IF (WIDA{), 12, 19) - SAZMS) < 0 THEN SPOS » 2 ELSE SPOS = 1
GOTO DE4:

DE2: IF SAZMS <= -Pl /2 THEN SPOS = 2 ELSE SPOS » 1: GOTO DE4:

DE3: IF SAZMS >= P1/2 THEN SPOS » t ELSE SPOS = 2

DE4: RETURN

5200 *=******* SUBROUTINE TO CALCULATE INCIDENT ANGLE ON A SURFACE
' (req:- SLOP, SALT)

RAD « COS{SALT) * COS(AZMD) * SIN(SLOR) + SIN(SALT) * COS(SLOP)
INANG = ATN(SQR(1 - RA9 » 2) / RA)

IF INANG < O THEN INANG = INANG + P!

RETURN

tosesetsrisrtsestsinesssseess DIRECT BEAM CALCULATIONS

13100  rermeemenress SUBROUTINE TO PREPARE WALLS # AGCORDING TO WINDOW UNDER CONSIDERATION (W1, W2, WO, W) e meeeeees
WHERE W1 1S THE WINDOW WALL
-
IFWIDAQ, 12, 1) = 1 THENWI = 1: W22  W3a3:  Wiad
IFWIDA(L 12, 1) = 2THENW1 =21 W2=3  W3a&  Waa1
IFWIDA(, 12, 1) = 3THENW1 0 3: W2mé  W3al:  Wen2
FWIDA(L 12, )= ATHEN Wi a &t W2e1: W3m2  Wia3
RETURN

13200 reesessemsessseses SUBROUTINT TO PREPARE WINDOW VARIABLES FOR SUBROUTINE 13300
’ req: |, 12, W1, W2, W3, W4 (WALLS #)

WALT = WIDA(), 12, 6): Y« WIDA(L 12,3):  F ~ WIDA(, 12, 5}

M = WIDA(, 12, 4) X « WIDA, 12, 2):  WID = RODAJL, W2, 1)
LENGTH = RODA(, W1,1):  HIGHT = RODA(l, W2, 2)

RETURN

13300 reseesesssreseseres GBROUTINE TO CALCULATE PARAMETERS OF SUN SPOT CALCULATIONS IN A ROOM FROM A WINDOW =eeseemesseeesmesses
req: WALT, SALT, Y, F, M, X, WID=WIDTH, LENGTH, HIGHT, | & 12 {for WIDA), SPOS

IF SPOS = 1 THEN X1 = LENGTH - M - X ELSE X1 = X
AZMD = ABS(SAZMS - WIDA(I, 12, 19}}

IF AZMD > Pi THEN AZMD = (2* PI) - AZMD

IF COS(AZMD) <= .0001 THEN RETURN: ‘(fo sun enter through this window)
CITA = ATN(TAN(SALT) / COS(AZMD))

S =Y * SIN(WALT) + Y * COS(WALT) / TAN(CITA)
S1.a (Y + F) * (SIN(WALT) + COS(WALT) / TAN(CITA))
2 « Y * COS(WALT) * TAN(AZMD) / TAN(CITA)

2D = {Y + F) * COS(WALT) * TAN(AZMD) / TAN(CITA)
Re2D-2

A Y SIN(WALT)




- ...~ .

AD = (¥ + F} * SINWALT)
B = Y* COSWALT) / TAN(CITA)
8D « (Y + F) * COS(WALT) / TAN(CITA)
IF AZMD = 0 THEN GOTO EE1:
P1.a AD + X1 / TAN(AZMD)
P2 A + X1 / TANAZMD)
P3 A ¢ (M + X1)/ TAN(AZMD)
Pa = AD + (M + X1) / TAN(AZMD)
EE1: 21 » (AD + BD - P1) * TAN(CITA)
Z2 « (A + B - P2)* TAN(CITA)
Z3 = (A + B P3)* TAN(CITA)
24 « (AD ¢ BD - P4) * TAN(CITA)
RETURN
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13500 ‘e SUBROUTINE TO DETERMINE WHICH CASE SHOULD BE APPLIED
* req: Z, X1, 2D, P1, P2, P3, P4, 8, 51, WID=WIDTH, SPOS (1=sast 2awest)

AZMD = ABS(SAZMS - WIDA(, I2, 10))

IF AZMD > P THEN AZMD = (2 * Pl) - AZMD

IF COS{AZMD) <= ,0001 THEN RETURN:  ‘(no sun enter through this window)

IF Z >= M + X1 THEN GOTO E1:

iF 8 >« WID THEN GOTO E1:

IF P2 o= WID THEN GOTO E3:

IF 81 »= WID THEN GOTO EC4: ELSE GOTO EC1:
E1: IF P2 »= WID THEN GOTO EC2:

{F P4 »= WID THEN GOTO E2: ELSE GOTO EC3:
€2: IF P3 »= WID THEN GOTO Es:

IF P1 > WID THEN GOTO EC13: ELSE GOTO EC14:
E3: IF S1 3= WID THEN GOTO E4:

IF ZD >« M + X1 THEN GOTO ECS:

IF Z >« X1 THEN GOTO EC&: ELSE GOTO ECT:

E4: IF Z >« X1 THEN GOTO ES:

IF P1 »= WID THEN GOTO EC9: ELSE GOTO ECS:
ES: IF P1 5= WID THEN GOTO EC11: ELSE GOTO EC10:
(L} IF P1 > WID THEN GOTO EC15: ELSE GOTO EC12:
EC1: ! SUBROUTINE FOR CASE # 1

FX1wLENGTH-X1-M+Z+R/2: FX2 = M: FX3 = LENGTH - FX1 - FX2
FY3a=S: FY2=S1-8: FY1 = WID-FY3.FY2

821 = 0: §22.0: 823 = HIGHT - 821 - S22

§Y3=0: SY2 = 0° SY1 aWID - SY2.8Y3

OX1«0: 0X2=0: 0X3 = | ENGTH . OX1 - OX2

021 = 0: 022« 0: 0Z3 = HIGKT - 022 - 021

GOTO 14200

EC2: 'sesmumomsmeess SUBROUTINE FOR CASE # 2

IF AZMD = 0 THEN RD = 0 ELSE RD = (P1 - P2) * TAN(AZMD)
FX1 = 0: FX2 = 0: FX3 = LENGTH - FX1 - FX2
FY3= °, FY2 = O: FY1 = WID - FY3 - FY2

SZ1 » 0: 2w 0: 823 « HIGHT - 821 - SZ2
SY3«0: SY2 = 0: SY1 = WID - SY2.8Y3

IF SPOS = 1 THEN OX1 = LENGTH - RD /2 - M - (P2 - WID) * TAN(AZMD) ELSE OX1 = RD /2 » (P2 - WID) * TAN(AZMD)

OX2=M:  OX3 = LENGTH - OX1 - OX2
021 « (S - WID) * TAN(CITA): 022 m (S1-5)° TAN(CITA):  OZ3 = HIGHT - 022 - OZ1
GOTO 14200

ECY: ‘swemasmemanees SUBROUTINE FOR CASE #3

FX1 =0 FX2 = 0: FX3 » LENGTH - FX1 - FX2

FY3=0. FY2 = 0: FY1 = WID - FY3. FY2

S21e(Zt1+23-F)72: S22« F: 823 = HIGHT - 821 - 822

SY3 m (P44 P2} 72 - (P3-P2)/(2° COS(CITA)): SY2 = (P3 - P2) / COS(CITA):
OX1 = 0: OX2 = 0. OX3 » LENGTH - OX1 - OX2

021 » 0: 022 w O: 023 = HIGHT - 0Z2 - 021

GOTO 14200

EC4:  'om SUBROUTINE FOR CASE # 4

SY1 « WID - §Y2.5Y3

R1 =R - {(S1-WID)* R/ (S1-5))
IF AZMD « 0 THEN MY . X1 ELSE MY1 = (P1 - WID) * TAN(AZMD)
R2=MY1 +R14+2Z-X1
IFSPOS e 1 THEN FX1 @ X +Z+ R1 /2 ELSEFX1 e X-Z-R1/2
IF SPOS = 1 THEN OX1 « LENGTH - (MY1 « M) + R2/ 2 ELSE OX1 = MY1 -R2/ 2
FX2 « M: FX3 » LENGTH . FX1 - FX2
FY3aS: FY2 « WID - S: FY1 = WID - FY3 - FY2
S§21 = 0: S22 0: §23 « HIGHT - 821 - S22
SY3a0: SY2 . 0, SY1 « WID - SY2-8Y3
OX2 w M: OX3 = LENGTH - OX1 - OX2
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OZ1m0: 022w (S1-WID)* TAN(CITA): OZ3 = HIGHT - 022 - OZt
GOTO 14200

ECS: SUBROUTINE FOR CASE # 5

RlaMaeX1-2

AB=(S51-8)/(1+(R-R1)/R1)

IF WALT « 0 THEN HHH = 24 ELSE HHH = (P4 - § - AB) / SIN(WALT)
HA =« AB * COS(WALT)

AREAS = (S - P2) * F * COS(WALT - CITA) / COS(CITA) + (F + HHH) * HA /2
Ha(3°21422424)/5: PAVa(P1+P24P4)/3

MZZ = AREAS / H

{F SPOS = 1 THEN FX1 = LENGTH - R1 /2 ELSE FX1 « 0
FX2 = R1/2 FX3 = LENGTH - FX1 - FX2

FY3aS: FY2aAB:  FY1=WID-FY3-FY2
S21aZ2/2: S22mH:  SZ3 - HIGHT - 821 - 522

SY3 = PAV -MZZ/2: SY2=MZZ:  SY1=WID-SY2-5Y3
OX1=0: OX2=0:  OX3wLENGTH.OX{-OX2
0Z1m0: 0220:  OZ3 = HIGHT - 022 - OZ1

GOTO 14200

ECH: 'mewwencsmumess SUBROUTINE FOR CASE # 6

IF SPOS = 1 THEN FX1 = LENGTH-X1-M 4 Z + R/2 ELSE FX1 = 0
IF SPOS = 1 THEN FX2 = LENGTH - FXt ELSE FX2= X1 + M -2 - R2
FX3 » LENGTH - FX1 - FX2
FY3=S: FY2«S1-S: FY1 «WID - FY3-FY2
S21=0: S22 e (21 +22)/2. SZ3 = HIGHT - SZ1 - §22
SY3 ~ P2: 8Y2u (St +S-P1.P2)° (St - 8)* TAN(CITA) / (21 + Z2): SY1 « WID - 5Y2-SY3
OX1 « O: OX2 = 0: OX3 = LENGTH - OX1 - OX2
021 =0: 0Z2 w O: 0Z3 » HIGHT - 022 - OZ%
GOTO 14200

EC7: SUBROUTINE FORCASE # 7

PP =S + (X1 -2)* (S - S) * TAN(CITA) / (F * COS(WALT) * TAN(AZMD))}
AREAS = M* (PP - §) + (M + (P4 - S1)* TAN(AZMD)) / 2) * (S1 - PP)
MZ=3°(S1-PP)/4

IF SPOS » 1 THEN FX1 w X 4 Z + R/2ELSEFX2 m X -Z-R/2

FX2 = AREAS / (S1 - S): FX3 = LENGTH - FX1 - FX2
FY3=S: FY2= 851 -8: FY1 « WID - FY3 - FY2
SZ1 = 0: S22w2°21/3:  SZ3 = HIGHT - 821 - 822
SY3 e (PP +St-M2)/ 2: SY2 = MZ: SY1 = WID -SY2-SY3
OX1 = 0° OX2 w O: OX3 = LENGTH - OX1 - OX2
OZ1 = 0: 0Z2=0: 0Z3 = HIGHT - 022 - OZ1
GOTO 14200
ECS: = SUBROUTINE FOR CASE # 8

PP =S +{(X1-2)*(S1-S)" TAN(CITA)/ (F* COS(WALT) * TAN(AZMD)))
AAaR*(WID-PP)/(S1-5)
AREAS « M* (PP -S) + (2° M - AA)* (WID -PP)/ 2
R4 » AREAS /(WID - S)
Hlw2°Z1/3: H = (S1 - WID) * TAN(CITA)
AREAS1 w 5°(S1-PP)*21-.5°(S1-WID})*H
At=R-((S1-WID)*R/(S1-8))
AB = (P4 - WID) * TAN(AZMD): AAl=X1+M-Z-Rt
IF SPOS = 1 THEN FX1 = LENGTH - R4 - (X1 -2) /2 ELSE FX1 = (X1 -2)/2
IF SPOS = 1 THEN OX1 = LENGTH - (AB + AA1} / 2ELSE OX1 =0
FX2 = R4: FX3 = LENGTH - FX1 - FX2
FY3eS: FY2 = WID - S: FY1=WID - FY3.FY2
SZ1=0: S22 w HY: S23  HIGHT - 871 - S22
SY3 = WID - AREAST / H1: SY2 = WID - SY3: SY1 « WID - SY2 - 5Y3

OX2 = (AB + AA1) / 2: OX3 = LENGTH - OX1 - OX2
OZ1 = 0: OZ2 » H: OZ3 = HIGHT - 022 - OZ1
GOTO 14200
ECO: 'm SUBROUTINE FOR CASE #9

PP S ¢ ((X1-2)* (51 - 5)* TAN(CITA} / {F * COS(WALT) * TAN(AZMD)))
AA =R * (WID-PP)/(S1-5)
AREAS u M* (PP . 5) + (2° M- AA) * (WID -PP) /2
R4 = AREAS / (WID - S)
Rt = R-({S1-WID)* R/ (St -S)
H « (S1 - WID) * TAN(CITA}
AB = (P4 -WID)* TAN(AZMD):  R22AB-M+AA
AC = AA * H/R1: H1a2°AC/3
IF SFOS » 1 THEN FX1 = LENGTH - R4 - (X1-Z} /2 ELSE FX1 = (X1 2)/2
IF SPOS « 1 THEN OX1 = LENGTH - AB + R2 /2 ELSE OX1 = 0
FX2«R4:  FX3aLENGTH - FX1 - FX2




EC10: 'eummsmamemenms SUBROUTINE FOR CASE # 10

EC11: ‘sewenawmmsasss SUBROUTINE FOR CASE # 11

EC12! 'wamencenswsewe SUBROUTINE FOR CASE # 12

EC13:

EE2:

224

FY3aS§: FY2aWID-8: FY1 aWID-FY3.FY2

821« 0: 6§22 » H1: 823 = HIGHT - S21 - S22

SYIaWID-(AA°H* (WID-PP))/(2° R1 * H1): SY2aWID-5Y2: SY1.WID-8Y2-8Y3
OX2 wAB-R2/2: OX3 = LENGTH - OX1 - OX2

02t = 0. OZ2 = H: OZ3 = HIGHT - 022 - 021

GOTO 14200

A1 = R- (51 - WID}* R/ (S - S)): R2uMeX1-2
R4a({2°R2-R1)/2
AB « (P4 - WID) * TAN(AZMO}: AAT X1 o M-2Z-R1

H1w2°21/3;  He(S1-WID)* TANCITA)
AREAS = 5°(S1-8)°Z1-.5° (S1-WID}* H + .5 F * (§ - P2) * COS(WALT - CITA) / COS(CITA)
IF SPOS = 1 THEN FX1 « LENGTH - R4 ELSE FX1 » 0
{F SPOS m 1 THEN OX1 = LENGTH - (AB + AAY) / 2 ELSE OX1 = 0
FX2eR4:  FX3 = LENGTH - FX1 - FX2
FY3e8:  FY2.WID-5: FY1 a WID - FY3-FY2
§2120: 6Z2eHi: 523 HIGHT - S21 - 822
SY3=WID-(AREAS/H1): SY2=WID-SY3: SY1 = WID.6Y2-8Y3
OX2 = (AB + AAY)/ 2: OX3 = LENGTH - OX1 - OX2
021e0: OZ2aH:  OZ3 = HIGHT - OZ2 - O21
GOTO 14200

H = (51 - WID) * TAN(CITA)

R1= A -((51-WID)* R/(S1-8)

R2eMeXt-2

AB « (P1 -WID) * TANAZMD): AA =M +X1-2Z-R1

Hi = H* (M-AA)/ (M- AA + AB)

AREAS = (M4 AA-AB)*H/24+.5° (M-AA +AB)* H-.5° (M- AA)* Hi

RS wAREAS/H:  HH = (S - P2) * COS(WALT - CITA) / COS(CITA}

HHH = SQR{(H1 - 22) A 2 + (WID - P2} * 2)

H2m2°HI/3:  RA=(R1+R2)/2

AREAS1 =.5° (WID - S)* H1+ .5 HHH * HH

IF SPOS = 1 THEN FX1 = LENGTH - R4 ELSE FX1 = 0

IF SPOS w 1 THEN OX1 = LENGTH - R5 - AB/ 2 ELSE OX1 « AB/2
FX2=R4:  FX3 = LENGTH - FX1 - FX2

FY3=S:  FY2-WID-S: FY1 aWiD-FY3.FY2

S21=0: SZ2aH2  $23 = HIGHT -S21-822

SY3 = WID - AREAS1 /H2:  SY2~WID-SY3: SY1=WID-SY2-5Y3
OX2wR5:  OX3 = LENGTH - OX1 - OX2

0Z1=0: ©OZ2eH:  0Z3= HIGHT - 0Z2 - O21

GOTO 14200

H = (S1 - WID) * TAN(CITA)

AB = (P4 - WID) * TAN(AZMD)

H1 = (S - WID) * TAN(CITA)

AREAS « (H - H1) * (WID - P1) + 5 * F* (P1 - P2) * COS(WALT - CITA} / COS(CITA)

H2 = (21 +22 4 H1 4 H) 1 4: H3wH - H1

AA = (P3 - WID) * TAN(AZMD): RS » (AB + AA) /2

.F SPOS = 1 THEN OX1 = LENGTH - RS ELSE OX1 = 0

FX1=0:  FX2a0.  FX3aLENGTH- FX1-FX2

FY3.0: FY2.0-  FY1-WD.FY3.FY2

SZ1 = H2-H3/2: SZ2=H3: 523 HIGHT - 821 - 822

SY3 - WID- (AREAS/H3). SY2-WID-SY3: SYi=WID-SY2-5Y3
OX2=R5:  OX3 = LENGTH - OX1 - OX2

021 =H1: OZ2eH-Hi: OZ3aHIGHT . 022 - OZ1

GOTO 14200

emeane SUBROUTINE FOR CASE # 13

IFWALT=OTHENHH<F:  HHi=F:  GOTO EE2:
HH = (WID - P2) / SIN(WALT).  HH1 » (WID . P3) / SIN(WALT)

HuHH * COS(WALT) 4 Z2.  H1 = HH1 * COS(WALT) + 23

AREAS = (HH + HH1} * (P3 - P2) * COS(WALT - CITA} / (2 * COS{CITA}}
HZa(HaHI 4 Z3422) /4 MZZ=WID-(P3+P2)/2

H3 w AREAS / M22
AB = (P4 - WID) * TAN(AZMD) AA = (P1 - WID) * TAN(AZMD)
H6 = (S1 - WID) * TAN(CITA): H7 = (S - WID) * TAN(CITA)

AREAST = (AB - AA} " HE 4 (K6 + H)* AA /2 - (H6 + H1) *AB /2

M2Z1 o M6 - (H + H1} /2

IF SPOS = 1 THEN OX1 = LENGTH - AREAS1 / MZZ1 - AA / 2 ELSE OX1 = 0
FX1w0:  FX2=0:  FX3 = LENGTH - FX1 - FX2

FY3m0:  FY2u0:  FYt«WID-FY3.FY2

SZ1eH2-H3/2: S22 = H3. §23 = HIGHT - S21 - 822
SY3 = WID - MZZ: SY2~WID-SY3: SY1.WID.SY2.SY3
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OX2 = AREAS1/ M2Z1: OX3 « LENQGTH - OX1 - OX2
OZt = HE - MZZ3: 022 « M224: OZ3 « HIGHT - 022 - O21
GOTO 14200
EC14: * SUBROUTINE awR CASE # 14

IF WALT = 0 THEN HH1 = F ELSE HH1 = (WID - P3) / SIN(WALT)
H1 = HH1 * COS(WALT) + 23

H = (S1 - WID) * TAN(CITA):  HH = (21 - H) / SIN(CITA)
H2 = HH * COS{CITA - WALT)

AREAS = F* H2 4 ((F » HH1)/ 2) * ((P3 - P2) * COS(WALT - CITA) / COS{CITA) - H2)
Hi3a(Z3¢22+21 + H1 4 H)/S: Hem(Z1-22-Z3 4 H)/2
MZZ = AREAS / Ha: AB « (P4 - WID) * TAN(AZMD)
AREAST = 5°(H-H1)*AB: RS o AREAST /(H - H1)

IF SPOS = 1t THEN 7X1 « LENGTH - RS ELSE OX1 = 0
FXiw0: X2 = 0: FX3 = LENGTH - FX1 - FX2
FY3=0: FY2 = 0: FY1 = WID . FY3 - FY2

SZ1eHI-Hae/2: S22 » H4: SZ3 « HIGHT - 821 . 8Z2
5Y3 = WID - MZZ: 8Y2 =« WID - SY3; SY1=WID.SY2-8Y3
OX2 = LENGTH - OX1: OX3 » LENGTH - OX1 - OX2
OZ1 = Mt: GZ2 = H-H1: 023 » HIGHT - OZ2 - OZ%
GOTO 14200
EC15: ! SUBROUTINE FOR CASE # 15

H = (S1 - WID) * TAN(CITA::  HY = (S - WID) * TAN(CITA)
H3 = (WID - P2} * TAN(PI/ 2 - WALT} + (WID - P2) * TAN(CITA) + H1
AB = (P3 - WID) * TAN(AZMD)
AREAS » M * (H - H3) + (M + AB) * (H3 - H1}/ 2
AA < (P1-WID)* TAN(AZMD): R4 wAA/2: RS n AREAS/(H - H1)
AREAS1 = (H3 - H1) * (WID - P2) / 2
MZ~2°(WID-P2)/3: H4=AREAST/MZZ: H5e(H14+22+H3)/3
{F SPOS = 1 THEN OX1 « LENGTH - RS - B4 ELSE OX1 = R4
\ FX1a0:  FX2a0:  FX3 wLENGTH. FX1.FX2
| FY3a0: FY220:  FY1eWID-FY3.FY2
SZ1 » H5 - Ha 1 2: SZ2 = Ha: SZ3 « HIGHT . SZ1 - &22
SY3 o WID - MZ2: SY2-WID.SY3:  SY1aWID-SY2-SY3
OX2 =R5:  OX3 = LENGTH - OX1 - OX2
OZlmH1:  OZ2eH-Hi: OZ3 = HIGHT - OZ2 - OZ1
GOTO 14200

13400 seveserers SUBROUTINE TO CALCULATE BEAM ILLUMINANCE ON A SURFACE { KLUX ) corecesostrosesseossesctssss
' raq: JULN, SALT, SKCO, INANG

IF SKCO = 3 THEN EDH = 0: EDV = 0: RETURN

IF SKCO = 1 THEN C m .21 ELSE C =.8

EXTS w 127.5 * (1 +.034 * COS(2 * Pl * (JULN - 2) / 365))

EDN = EXTS * EXP(-1 * C / SIN(SALT))

EDH = EDN * SIN{SALT): EDH(SKCO) = EDH

IF AZMD > (P! / 2) THEN EDV = 0 ELSE EDV = EDN * COS{INANG)
RETURN

13450

*** SUBROUTINE TO CALCULATE SURFACE LUMINANCE ACCORDING TO BEAM RADIATION seesestvsssrmsmesestoreee
req:

‘usmanwsemsemammwes LUMINANCE ON OPPOSITE WALL
SLOP = Pl/ 2; AZMD = ABS(SAZMS - RODA(l, W1,3))1:  IF AZMD 5> PI THEN AZMD = {2 * P1) - AZMD
GOSUB 5200: GOSUB 13400:

LOPP « EDV * RODA(l, W1, 4) * WIDA(), 12, 7) * WIDA(i, 12, 8)

"wenesmsenpenesswen LUMINANCE ON SIDE WALL
SLOP =PI/ 2: IF AZMD <= PI/2 THEN AZMD = (P1/2) - AZMD ELSE AZMD = AZMD - (PI/2)
GOSUB 5200: GOSUB 13400;

LSID « EDV * RODA(I, W1, 4) * WIDA(L, 12, 7) * WIDA(l, 12, 8)

' enaemese smanmem=== LUMINANCE ON FLOOR
LFLO = EDH * RODA(), 5, 4) * WIDA(, 12, 7) * WIDA(I, 12, 8)
RETURN

13550 reereseseseesss SUBROUTINE TO CALCULATE ILLUMINANCE IN A POINT FROM TILTED SOURGCE *eeecorsomrmesetsmenesess

AM . SQR{HA 24 Q*2.2°Q*H * COS(SLOP1))

BBB = SQR(W # 2 + Q* 2 * (SIN(SLOP1)) * 2)

RAY = ATN((H - O * COS{SLOP1))/ BBB) + ATN((Q * COS{SLOP1))/ BBB)

ETILT = (L/2) * (ATN(W / Q) + (H * COS(SLOP1) - 0) * ATN(W / AAA) 7 AAA 4 (W * COS(SLOPY) * RA1 / BBB))
RETURN

13600 ‘oreeeresrsssessess SUBROUTINE TO CALCULATE ILLUMINANCE IN A POINT FROM PARALLEL SOURCE **etosessvscsesssnriserionse
' req: Q H, W (dimensions), L (umnance)




226

RA1 = SOR(H* 2+ Q" 2)

RA2= 8ORW * 2+ Q* 2

EPAR « (L12) * ((K / RA1) * ATN(W 7/ RAT) + (W 7 RA2) ® ATN{H / RA2))
RETURN

13650 *ovees SUBROUTINE TO CALCULATE ILLUMINANCE IN A POINT FROM PERPENDICULAR SOURCE **rer=reeerserstversees
' req: Q, H, W (dimansions), L (uminancse)

RAT « SOR(H A 2 4 Q * 2)
EPRN = (L7 2) * (ATN(W/ Q) - {Q/ RA1} * ATNW / RAT))
RETURN

13700 SUBROUTINE TO DETERMINE THE VARIABLES FOR SUBROUTINES 13800 AND GET FINAL RESULTS *weseresrse
, 10q: F.M.N.S, R U (asindrawings) (MsN<U or U<N}
QuF: FU>M+NTHENHeU-NELSEHuM+N-U: WeS+R:  GOSUB 13600: LUMI = EPAR: ‘(ABCD
Q-F: FU>M+NTHENH= U-NELSEHe M+ N-U: Wa§: QOSUB 13600: LUM2 « EPAR: (BC)
a=F: FU>M4NTHENH=U-M-NELSEH = N-U
WeS+R: GOSUB 13600: LUM3 = EPAR: “CD}
QaF: FU>MsNTHENHw U-M.NELSEHaN.U
Was: GOSUB 13800: LUM4 « EPAR: ‘C)
ELL = LUM1 - LUM2 - LUM3 + LUM4
RETURN

13710 SUBROUTINE TO DETERMINE THE VARIABLES FOR SUBROUTINES 13600 AND GET FINAL RESULTS seevecresere
' roq: F, M, N, K, J, U (as in drawings), L (Luminance) {MiN <l or U< N)
QuF: FUS>MeNTHENHm U-NELSEHu M+ N-U:
WaKk: GOBUB 13600: LUM) » EPAR: "(AD)
Q=F: IFU>M4NTHENHe U-NELSEHa M+ N-U:
Wal GOSUB 13600, LUM2 « EPAR: ‘(A1D1)
Q=F: IFU>MeNTHENHa U-M-NELSEHaN.U
WeaK: GOSUB 13800:  LUM3 = EPAR: (D)
QaF: FU>M4sNTHENH= U-M-NELSEH=N-U
Wed GOSUB 13600: LUM4 = EPAR: (DY)
ELL w LUM1 » LUM2 - LUM3 - LUM4
RETURN

13720 Ceeseterseomeer SUBROUTINE TO DETERMINE THE VARIABLES FOR SUBROUTINES 13800 AND GET FINAL RESULYS *seesvesees
' req: F, M, N, S, R (as in drawings) {N<clUcMsN)

QafF: HaMeN-U: WeaS+h: GOSUB 13600: LUM1 « EPAR: *(AB)
Q=F: Hel-N: WaS+R GOSUB 13600: LUM2 « EPAR: "¢D)
QaF: HaM+N-U: Was: GOSUB 13600: LUM3 « EPAR: (B)
QaF: HeU-N: WaS: GOSUB 13600: LUM4 = EPAR: (C)
ELL » LUM1 + LUM2 - LUM3 - LUM4
RETURN

13730 ‘eerererecseressess SUBROUTINE TO DETERMINE THE VARIABLES FOR SUBROUTINES 13600 ARD GET FINAL RESULTS eesevesvree

. toq: F, M, N, K. J (as in drawings). L (Luminance) {NcUcMsN)

QaF: HeMa+N-U: Wak: GOSUB 13800: LUM1 w EPAR: (A}
QeF: HaMeN-U Wad: GOSUB 13600: LUM2 » EPAR: B)
Quf: HaU-N: Weld GOSUB 13600: LUM3 » EPAR: ‘()
Q-F: HeU-N  Wak: GOSUB 13600: LUM4 = EPAR: D)
ELL = LUMT « LUM2 + LUM3 « LUM4
RETURN

13750 ‘“esvmererers SUBROUTINE TO DETERMINE THE VARIABLES FOR SUBROUTINES 13650 AND GET FINAL RESULTS sewsveseeess
. req: F, M, N, S, R (as in drawings)

IFN<OTHENN = O

Q.F: HaM+N: WaS4+R: GOSUB 13650:  LUM1 = EPRN: (NBCD fook Murdock Ex22.13)
Q-F: HaMasN WaS: GOSUB 13650: LUM2 = EPRN: “8C)

Q~F: HeaN: WeS+R: GOSUB 13650:  LUM3 = EPRN: «CD)

QeF: HaN: WaS$S: GOSUB 13650: LUM4 » EPRN: (C)

ELL @ LUMT - LUM2 - LUM3 3 LUM4

RETURN

13760 reeeeecereeeeteren SUBROUTINE TO DETERMINE THE VARIABLES FOR SUBROUTINES 13650 AND GET FINAL RESULTS seresetesese
. req F. M, N, K, J (asn drawings), L {Luminace)

IFN<OTHENN O

Q-F: HaMsN: Wak GOSUS 13650, LUMT = EPAN: “AD)
QaF. HaMasN: Wal GOSUB 13650:  LUM2 = EPRN: “A1D1)
Q-F: HeN: Wek: GOSUB 13650: LUM3 = EPRN: ‘(D)
QF. HeN: Wa GOSUB 13650: LUM4 « EPAN: “(01)

ELL w LUMI 4 LUM2 - LUMJ - LUM4
RETURN




227

13770 Tevsesseterssnts SUBROUTINE TO DETERMINE THE VARIABLES FOR SUBROUTINES 13550 AND GET FINAL RESULTS *ewwesswee

roq: F. M, N, K. J (s in crawings). L (Luminance)

IFN<OTHENN =0

QaF: HeMeN. Wak GOSUB 13550: LUM1 = ETULT: {(AD)
QeF: HaMeN: Wad GOSUB 13580:  LUM2 = ETILT: (A1D1)
QaF: HaN: WaK: GOSUB 13550: LUM3 = ETILT: (D)
QaF: HeN: Wad: QGOSUB 13580: LUM4 = ETILT: D)
ELL = LUMT 4 LUM2 - LUM3 - LUM4

RETURN

13775 reveesTsresseeree SUBROUTINE TO DETERMINE THE VARIABLES FOR SUBROUTINES 13550 AND GET FINAL RESULTS eresseseree

req: F, M, N, §, R (as in drawings)

IFN<OTHENN =0

QaF: HaeMeN WeaSsR: GOSUB 13550  LUM1 = ETILT: *(ABCD look Murdock Ex2.13)
QaF: HaMseN: WaS GOSUB 13550:  LUM2 =« ETLT: *(BC)

QaF: HaN: WeSsR: GOSUB 13550: LUM3 = ETILT: “CD)

0=-F: HaN: WeS: GOSUB 13550: LUMA « ETILT: ‘(C)

ELL o LUMY - LUM2 - LUM3 + LUMA

RETURN

13780 fesveesstesse ivess SUBROUTINE TO DETERMINE THE VARIABLES FOR SUBROUTINES 13550 AND GET FINAL RESULTS *ewteesseee

roq EE, U1, M. N. K. J (as in drawings), L (Lumninance)

IFNcOTHENN =0

Qe Ut HeEE-N: WaeKkK: GOSUB 13550: LUM1 e ETILT: '(AD)
Qe Ut: HeEE-N: Wad: GOSUB 13550: LUM2 « ETILT: ‘(AID?1)
QeUn HaEE-N-M:WaK: GOSUB 13850: LUM3 « ETILT: 0}
Q«Ut: HeEE-N-M:WaJ: GOSUB 13550: LUM4 = ETILT: (DY)
ELL @ LUM1 ¢ LUMZ - LUM3 - LUM4

RETURN

13755 rerssesessescsese SUBROUTINE TO DETEAMINE THE VARIABLES FOR SUBROUTINES 13550 AND GET FINAL RESULTYS tevesstormee

13800
13810

RRE1:

ER1:

ER2:
13820

RRAE2:

ER3:

ER4:

13802
13812

13822

13804
13814

13824

13850
13860

RREJ:

ERS:

ER6:

req: EE, U1, M, N, S, R (as in drawings)

IFN<OTHENN =0

Q.U H=EE-N: WaS4+f: GOSUB 13550:  LUM?1 « ETILT: {ABCD look Murdock Ex:2.13)
Q.U HeEE-N: WaS: GOSUB 13550:  LUMZ = ETILT: *(BC)

.Ut H=EE-N-M:WaS+R: GOSUB 13550 LUMS = ETLLT: )

Q.U H=EE-N-M:W.S: GOSUB 13550  LUM4 = ETILT- C)

ELL « LUM1 - LUM2 - LUM3 + LUM4

RETURN

tesseestvessasionss SUBROUTINE TO CALCULATE ILLUMINANCE ON OPPOSITE WALL (1) FROM SUN SPOT *trreseeereserstetvesnoosercs
'mrem e eennewa=e FROM FLOOR

FaHIGHT / 2: M = FY2: NaFY1: Zw LENGTH / 2 L= LFLO
¥ Z < FX1 QR Z > FX1 + FX2 THEN GOTO ER1: ELSE GOTO ER2:
R« FX2

FAX1>FX3THENS nZ-R-FX3ELSESaZ-R-FX1
GOSUB 13750. RETURN

KeZ-FX1: J=FX2.K: GOSUB 13760: RETURN
’ mesensus FROM SIDE WALL
F « LENGTH / 2: M u SY2: N = SY1- Z o HIGHT / 2. LeLSID
IFZ> S22 + SZ3 OR Z < SZ3 THEN GOTO ERJ: ELSE GOTO ER4:
Ret22

IFSZ1>S23THENS «Z-R-SZIELSESZ-R-521
GOSUB 13750: RETURN
KaZ-S21: JeSZ2.K: GOSUB 13760; RETURN

tesesererenitesees SUBROUTINE TO CALCULATE ILLUMINANCE ON OPPOSITE WALL (2) FROM SUN SPQT seveesesersessneseseress
PR— = (o] N 5o o ° ]

F = HIGHT / 2: M- FY2: N« FY1: LalFLO: Z = LENGTH /6. GOTO RRE™:
'me et n e FROM SIDE WALL
MaSY2 N « SY1: Z = HIGHT 7 2. L=LS10: F = LENGTH /6" GOTO RRE2

resteemmesrstcesess SUBROUTINE TO CALCULATE ILLUMINANCE ON OPPOSITE WALL (3) FROM SUR SPOT setveerseevseseemcecsste
'mumesem e eanse FROM FLOOR

F o« HIGHT / 2: M FY2: N = FY1: LelFLO-Z=5*LENGTH /6 GOTO RRE1:
'mam s e amnresewas FROM SIDE WALL
M = SY2. N « SY1: Z = HIGHT 1 2: LelSID.F=5*LENGTH /€ GOTO RRE2:

revveeseeassesisees SUBROUTINE TO CALCULATE ILLUMINANCE ON FLOOR (1) FROM SUN SPOT
‘mevemvenwmasesvess FROM OPPOSITE WALL

F=WD/2: M « OZ2: N = OZ1: Z«LENGTH /2 L=LOPP
IF Z < OX1 ORZ > OX1 + OX2 THEN GOTO ERS: ELSE GOTO ER6*
R - OX2

IFOX1>OX3THENS«Z-R-OX3ELSES wZ-R-0X1
GOSUB 13750: RETURN
KnZ-OX1: J«OX2.-K GOSUB 13760: RETURN




2 —

13870
RRE4:
ER?:
ERS:

13852
13862

13872
13854
13874
13000
13010
RRES:
ER0:

ER10:
13020
RREG:
ERY:
ER12:
13030

RRE7:
ER13:

ER14:

13002
13812

13922

13032

13004
13014

13024

13034

13050
13060

RRES.

13070 °

RAED.
13980

RRE10

13952
13062

13972

13982

228
‘memcmmenessevanes FROM SIDE WALL
F = LENGTH /2 M = SZ2: N = §21: Z2=aWD/2: L« LSID
IF Z>8Y2 + 8Y30R Z « SY3 THEN GOTO ER7: ELSE GOTO ERs:
R«8Y2

IFSY1>SY3THENS «Z-R-SY3ELSES«Z-R -8V
GOSUB 13750: RETURN
KeZ-8Y1: JuBY2-K: GQOSUB 13760: RETURN

reessssstesssstnin SUBROUTINE TO CALCULATE ILLUMINANCE ON FLOOR (2) FROM SUN SPOT

M = 0Z2: N =021, Z = LENGTH/ 2: L= lOPP:FuWID/6: GOTO RAEA:
‘memansasmeamesess FROM SIDE WALL

F » LENGTH / 2: M = SZ2: N« S21: LelSID:Z=WID/6: GOTO RRE4:

eeerese SUBROUTINE TO CALCULATE ILLUMINANCE ON FLOOR (3) FROM SUN SPOT

' FROM OPPOSITE WALL

M = 022: N« OZ1: Z = LENGTH/ 2: LelOPP:FuS5°WD/6: aO0TO RRE3:
'memeseasessmevess FROM SIDE WALL

F w LENGTH/ 2: M S2Z22; N - 821: LalSID:Ze5°WID/S: GOTO RAE4:

SUBROUTINE TO CALCULATE ILLUMINANCE ON LEFT SIDE WALL (1) FROM SUN SPOT eseresmesseocetsissese

K FROM OPPOSITE WALL

FaWD/2: M« OX2: N = OX1: Z = HIGHT/ 2: L = LOPP

IF 2 < 021 OR Z < OZ3 THEN GOTO ER9; ELSE GOTOER10:

R =022

IFOZY > O3 THENS «Z-R -OZ3ELSES=Z-R .02

GOSUB 13750: RETURN

KaZ-021: JaO22-K GOSUB 13760: RETURN
K FROM FLOOR

F = HIGHT 7 2: M« FX2: N« FX1: ZaWiDi2: LalFLO

IFZ>FY2+ FY3ORZ <« FY3 THEN GOTO ER11: ELSE GOTO ER12:

ReFY2

IFFY1>FYQTHENS = Z-R-FY3ELSES«Z- R -FY1

GQOSUB 13750: RETURN

KeZ-FYt: JafFY2-K: GOSUB 13760: RETURN
! FRAOM RIGHT SIDE WALL

F « LENGTH: M = §22: N « 821: Z=WID/2: UaHIGHT/2: L=LSID

IF Z > SY2 + SY3 OR Z < SY3 THEN GOTO ER13: ELSE GOTO ER14:;

AeSY2

IFSY1>SYITHENS « Z-R-SY3 ELSES wZ-R -5V

IFU>NAND U <M« N THEN GOSUB 13720: RETURN

GOSUB 13750: RETURN

KoZ-SY)i: JmSY2-K:

IF U>NANDU <M + N THEN GOSUB 13730: RETURN

GOSUB 13760: RETURN
reressessetissest SUBROUTINE TO CALCULATE ILLUMINANCE ON LEFT SIDE WALL (2) FROM SUN SPOT seertesseosrossestotons

* FROM OPPOSITE WALL

M = OX2: N = OX1; Zw HIGHT /7 2: LalOPP:FaWID/6: GOTO RRES:
' e—— FROM FLOOR

F = HIGHT / 2: M= FX2: N » FX1: LelFlO:ZaWID/S: GOTO RRES:
' mmeeesumsmessusess FROM RIGHT SIDE WALL

F = LENGTH: M= SZ2; N « SZ1: U m HIGHT 7 2: L «1SID:Z« WID/6: GOTORRE?:
resvesersessecses SUBROUTINE TO CALCULATE ILLUMINANCE ON LEFT SIDE WALL (3) FROM SUN SPOT setereserotcerssttiesses
- FROM OPPOSITE WALL

M = OX2: N = OX1: Z = HIGHT /2, LelOPP:Fe5°WID/6: GOTO RRE5:

FROM FLOOR

F = HIGHT / 2: M = FX2. N = FX1: LwlFLO:Z=5°WID/6: GOTO ARES:
' wmanwanmssssunees FROM RIGHT SIDE WALL

F = LENGTH: M= S22: N » 821 UeHIGHT/2: L«tSID:Ze5° WID/6: GOTO RRE?:

ressesenraseoteress SUBROUTINE TO CALCULATE ILLUMINANCE ON RIGHT SIDE (1) WALL FROM SUN SPOT *reeecrssseoretissssece
‘eneencawsesremew FROM OPPOSITE WALL

FaWID/2: M = OX2, N = OX3, Z « HIGHT / 2: L = LOPP
IF 2« 021 OR Z « OZ3 THEN GOTO ER9. ELSE GOTO ER10:

- FROM FLOOR
F = HIGHT / 2: M = FX2: N = FX3 ZaWD/2: L« LFLO

IF Z>FY2+ FY3ORZ < FY3 THEN GOTO ER11: ELSE GOTO ER12:

' —— FROM LEFT SIDE WALL
F « LENGTH: M = SZ2 N « SZ3- ZwWiD/2: Ua=HIGHT/2: L = LSID
IF Z>85Y2 + SY3OR 2 < SY3 THEN GOTO ER13* ELSE GOTO ER14:

resescsssenertecest SUBROUTINE TO CALCULATE ILLUMINANCE ON RIGHT SIDE (2) WALL FROM SUN SPOT eeeeseeestecsrsseecs
FROM OPPOGITE WALL

M = OX2 N = OX3, Z « HIGHT 7 2 LatOPP:FaWID/6: GOTO RRES:
'memem e unoneasewe FROM FLOOR
F w HIGHT / 2: M = FX2: N = FX3: LulFLO:Z « WID/ 6t GOTO RREG:

‘wnunan s esesssassess FROM LEFT SIDE WALL
F = LENGTH- M « S22: N = SZ1: U = HIGHT / 2: L=lSID:Z =« WID /6: GOTO RRE10:

—



13054 ereesesereeess SUBROUTINE TO CALCULATE ILLUMINANCE ON RIGHT SIDE (3) WALL FROM SUN SPOT ssessssersnessssoresrss
13064 ° FROM OPPOSITE WALL

229

M = OX2 N« OX3: ZaHIGHT 72: LalOPP:FuS°WID/6: QOTO RRES:
13074 'senuneemescenemwes FAOM FLOOR

F « HIGHT / 2: M= FX2: N = FX3: L=lFlLO:Z=5°WiD/6: GOTO RRES:
13084 ‘mameas: FROM LEFT SIDE WALL

F = LENGTH: M = SZ2: N « SZ1: U HIGHT /2: L« LSID: 2= 5° WID/6:  GOTO RRE10.
14000 ** SUBROUTINE TO CALCULATE ILLUMINANCE ON CIELING (1) FROM SUN SPQT meeesteessere
14010 * FROM OPPOSITE WALL

FuWD/2: M = OZ2: N = OZ3: Z«LENGTH/ 2: L= LOPP
RRE11: IF Z <« OX1 OR Z > OX1 + OX2 THEN GOTO ERS: ELSE GOTO ERS:

14020 °* FROM SIDE WALL
F = LENGTH/2: M = S22: N = 823: ZaWiD/2: L «LSID
RRAE12: IF Z>S5Y3 +5Y20R Z < SY3 THEN GOTO ER7: ELSE GOTO ERa:
14030 wwameme FROM FLOOR
F » HIGHT: M= FY2: N = FY$: Z=LENGHMT /2: UaaWID/2: L=-LAO
RRE13: IF Z <« FX1 ORZ > FX1 + FX2 THEN GOTO ER15; ELSE GOTO ER1S:
ER1S: R = FX2

IFFX1>FX3THENS = Z-R-FX3ELSES = Z-R-FX1
IFU > NAND U <M + N THEN GOSUB 13720: RETURN
GOSUB 13750: RETURN

ER16: KnZ-FX: JuFX2-K:
IFU > NAND U <M+ N THEN GOSUB 13730: RETURN
GOSUB 13760: RETURN

14002 mresvevsssemeest SUBROUTINE TO CALCULATE ILLUMINANGE ON CIELING (2) FROM SUN SPOT sotereseveosssmmermmsensesens

1402 e FROM OPPOSITE WALL
M=02z2 NaOZ3: ZelENGTH/2: L=LOPP:FaWID/6: GOTO RRE1:
14022 'smesmamaunmsssmees FROM SIDE WALL
FulENGTH/2: MeSZ2 NaSI: LelSI:Z2aWID/6: GOTO RRE12:
14032 eeee FROM FLOOR
F = HIGHT: MwFY2  N=FYl:  ZolENGHT/2: L-LAO:U«WID/6: GOTO RREI3:
14004 wesvsessswiesen SUBROUTINE TO CALCULATE ILLUMINANCE ON CIELING (3} FROM SUN SPOT mermesertaemsesessummsares
14014 ‘e = FROM OPPOSITE WALL
M=022 NuOZ3: Z«LENGTH/2:  L=LOPP:F=$°WID/e: GOTO RRE11:
LY p— = FROM SIDE WALL
FaLENGTH/2:  MaS22  NaSZ3: L=LSID:Z«5"WiD/6: GOTO RRE12:
14034 ‘memaemrs amwsmsrnes FROM FLOOR
F = HIGHT: MoFY2  NaFYL.  ZoLENGHT/2: LalFLO:US* WID/6& GOTO RREI.

14050 erreseesteseree SUBROUTINE TO CALCULATE ILLUMINANCE ON WINDOW WALL (1) FROM SUN SPOT seeeeesemnssesmnscssseese
14060 'semensenswseesess FROM FLOOR

F w HIGHT 7 2: M = FY2: N = FY3: Z=LENGTH /2 LeLFLO
RRE14: IF Z < FX1OR Z > FX1 + FX2 THEN GOTO ER1: ELSE GOTO ER2:
14070 ' mesen e 0 snren e swesemw FROM SIDE WALL

F = LENGTH/2: M = SY2: N SY3: Z=HIGHT / 2 L«LsID
RRE15: IF Z <« SZ1 ORZ < SZ3 THEN GOTO ER3. ELSE GOTO ER4:
14080 ’memmwensrounerame FROM OPPOSITE WALL

F = WiD: M= OZ2: N« O21; 2« LENGHT /2: U« MHIGHT/2; L« LOPP
RRE16: IFZ <FX10R2Z > FX1 + FX2 THEN GOTO ER17: ELSE GOTO ER18:
ER17: R=0X2

IFOX1>O0X3THENS = Z-R-OX3 ELSE S Z-R - OX1
IFU>NANDU <M + N THEN GOSUB 13720, RETURN
GOSUB 13750: RETURN

ER18: KwZ-0X1: JaOX2-K
IF U> NAND U <M + N THEN GOSUB 13730, RETURN
GOSUB 13760: RETURN

14052 *+++ wwersesrew SUBROUTINE TO GALCULATE ILLUMINANCE ON WINDOW WALL (2) FROM SUN SPOT mevserssesememiesssaaase
14062 v memrwes FROM FLOOR

F » HIGHT / 2 M « FY2: N = FY3: L= LFLO: Z = LENGTH /6: GOTO RRE14-
14072 °* emumnes FROM SIDE WALL
M = SY2 N « SY3: Zw HIGHT / 2: L= LSID: F = LENGTH/6: GOTO RRE1S:
14082 'wemmmsemersasranm= FROM OPPOSITE WALL
F = WID. M e O2: N = OZ1: U= HIGHT /2: L wLOPP:Z = LENGTH/6: GOTO RRE16"

14054 wwvemerssseeer= SUBROUTINE TO CALCULATE ILLUMINANCE ON WINDOW WALL (3) FROM SUN SPOT mewessmeemamsessscsese
14064 ‘eemvmmmmmemiammmues FROM FLOOR

F = HIGHT 1 2: M a FY2: N = FY3: LelFLO: Z = 5° LENGTH/6: GOTO RRE14.
14074 ‘sonemscwmsesseweas FROM SIDE WALL
M = SY2: N = SY3: Z = HIGHT /2. LalSID:F a5*LENGTH/E: GOTO RRE1S,
14084 ‘seneacesmsnmese= FROM OPPOSITE WALL
F = WID. M= OZ2: N« OZ1: UaHIGHT/2: L=lOPP.Z=5"LENGTH/6: GOTORRE1S

14200 ‘reeseeterereee SUBROUTINE TO CALCULATE ROOM SURFACES ILLUMINANCE DUE TO SUN SPOT ONLY *eesereernrossssssmsniess

ARR = WIDA(L 12, 4) * WIDA(), 12, 5)
CALL OVERHANG(SALT, SAZMS, ARR, Fl)
GOSUB 13810: E1 = ELL: GOSUB 13820
REFS{}, W3, SKCO) = REFS{l, W3, SKCO) + (ELL + E1) * FI: ‘OPPOSITE WALL (1) ILLUMINANCE




GOBUB 13812: E1 = ELL: GOSUB 13822
REFS{l, W3 4 8, SKCO) « REFS{l, W3 4 6, 8KCO) + (ELL + Et) * F1
GOSUB 13814: E1 » ELL: GOSUB 13824

REFS{l, W3 + 12, SKCO) = REFS{l, W3 4 12, 8KCO) + (ELL + E1) * FI:

GOSUB 13860: E1 w ELL: GOSUB 13870

REFS(), 5, 8KCO) » REFS(L, 5, SKCO) « (ELL + E1) * Fl:
GOSUB 13862: E1 = ELL: GOSUB 13872

REFS{), § + 8, SKCO) w REFS(l, 5 + 8, SKCO) 4 (ELL + E1) * Fl:
GOSUB 13064: E1 = ELL: QOsUB 12874

REFS{l, 5 + 12, SKCO) « REFS(l, 5 + 12, SKCO) + (ELL + E1) * F1:

GOSUB 13010: E1 = ELL: GOSUB 12020; E1 = ELL 4+ E1
IF S8POS « | THEN GOSUB 13930: E1 m ELL + E1
REFS{), W4, BKCO) = REFS{I, W4, 8KCO) + E¥ * FI:
GOSUB 13012: E1 = ELL: GOSUB 12022; E1 = ELL + E1
IF SPOS = 1 THEN GOSUB 13932: E1 a ELL + E1
REFS(l, W4 + 8, SKCO) « REFS(l, W4 + 6, SKCO) + E1 * Fl:
GOSUB 13614 E1 = ELL: GOSUB 13024: E1 = ELL 4 Et
IF SPOS = 1 THEN GOSUB 13034: Et = ELL + Et
REFS{l, W4 + 12, SKCO) = REFS(l, W4 + 12, SKCO) + E1* Fi:

GOSUB 13960 E1 = ELL: GOSUB 13070: E1 « ELL + E1

IF SPOS » 2 THEN GOSUB 13980: E1 « ELL + E1

REFG(, W2, SKCO) = REFS{I, W2, SKCO) + E1 * Fl:
GOSUB 13962: E1 = ELL: GOSUB 12072: E1 = ELL 4 E1

IF SPOS « 2 THEN GOSUB 13982: E1 = ELL + E)

REFS(. W2 + 8, SKCO) = REFS(l, W2 + 8, SKCO) « E1 * Fi:
GOSUB 13064: E1 = ELL: GOSUB 13974: E1 = ELL 4 E?

IF SPOS « 2 THEN GOSUB 13084: E1 = ELL + E1

REFS(I, W2 + 12, SKCO) = REFS(l, W2 + 12, SKCO} + E1 * Fi:

GOSUB 14010: E1 = ELL: QOSUB 14020: €1 = ELL + Et

GOSUB 14030: REFS{I, 8, SKCO) = REFS(}, 6, SKCO) « (ELL + E1)* F:

GOSUB 14012: E1 = ELL: GOSUB 14022: E1 = ELL 4 E1

GOSUB 14032; REFS{), 6 + 6, SKCO) w REFS{), 6 + 6, SKCO) + (ELL + E1) * FI;

GOSUB 14014: E1 » ELL: QOSUB 14024: E1 = ELL + E1

GOSUB 14034: REFS(), 6 + 12, SKCO) = REFS{), 6 + 12, SKCO) + (ELL + E1) * FI:

GOSUB 14060: E1 = ELL: GOSUB 14070: E1 = ELL + E1

GOSUB 14080: REFS(l, W1, SKCO) = REFS(I, W1, SKCO) + (ELL + E1) * F1:

GOSUB 14062: E1 » ELL: GOSUB 14072: EY = ELL + Et

GOSUB 14082: REFS{I, W1 4+ 6, SKCO) = REFS{J, W1 + 6, SKCO) + (ELL + E1) * FI:

GOSUB 14064: E1 = ELL: GOSUB 14074: E1 = ELL 4 Et

GOSUB 14084: REFS(), W1 + 12, SKCO) = REFS(l, W1 + 12, SKCO) + (ELL + E1) * FI:

RETURN

230

"OPPOSITE WALL (2) ILLUMINANCE

‘OPPOGITE WALL (3) ILLUMINANCE

‘FLOOR (1) ILLUMINANGE
"FLOOR (2) ILLUMINANCE
‘FLOOR (3) ILLUMINANCE
'LEFT SIDE WALL (1) ILLUMINANCE

‘LEFT SIDE WALL (2) ILLUMINANCE

"LEFT SIDE WALL (3) ILLUMINANCE

*RIGHT SIDE WALL (1) ILLUMINANCE
'RIGHT SIDE WALL (2) ILLUMINANCE
*RIGHT SIDE WALL (3) ILLUMINANCE

'CIELING (1) ILLUMINANCE
‘CIELING (2) ILLUMINANCE

'CIELING (3) ILLUMINANCE

"WINDOW WALL (1) ILLUMINANCE
WINDOW WALL (2) ILLUMINANCE

‘WINDOW WALL (3) ILLUMINANCE

sesseseesssrsstessenst FILE READING AND WRITING

20100 “*=******* SUBROUTINE TO READ EXISTING FILE FROM DRIVE

OPEN FIL$ FOR INPUT AS #1
INPUT #1, CITY.NS

FORI10 = 1 TO7: FOR 111 = 1 TO 12: INPUT #1, BIDA(110, 111): NEXT 111: NEXT (10

NSP = BIDA(1, 1):  GOSUB 155

FORI10= 1 TONSP.FOR 111 = 1 TO 8: FOR |12 = 1 TO 7: INPUT #1, RODA(I10, 111, 112): NEXT [12: NEXT 111
FOR 111 = 1 TO 10: FOR 112 = 1 TO 20: INPUT #1, WIDA(110, 111, 112): NEXT 1122 NEXT (11
FOR 111 = 1 TO 10: FOR 112 » 1 TO 5: INPUT #1, REFP(110, 111, 112): NEXT 112: NEXT i11

NEXT 110
CLOSE
RETURN

SUB OVERHANG (SALT, SAZMS, ARR, F1}

5500 "eeesereererseeraes SUBROUTINE TO CALCULATE THE SHADOW AREA OVER A WINDOW

.

5510

( required : SAZMN, SALT, window Azimuth & Altiude )

AA = WIDA(!, 12, PP = WIDA(, 12, 10): BB = WIDA(L I2, 11):
PD = WIDA(), 12, 13)  BD = WIDA(L 12, 14):  CD = WIDA(l, I2, 15):
L=WIDAQ), 12, 4): N = WIDA(, 12, 5)

AZMD = ABS(SAZMS - WIDA(, 12, 10))
IF AZMD > Pt THEN AZMD = (2 * Pi) - AZMD
ALTD = SALT - WIDA(, 12, 6)
IF ALTD < O THEN AREV = 0. GOTO B6600:
(oY .h"vn 1 1

D1 = WIDA(l. 12, 12}
AD = WIDA(, 12, 16}

IF PP <= 0 THEN GOTO B6600

T = PP * TAN(ALTD) / COS{AZMD)
M = PP * TAN(AZMD}
ABaBB*T/M




B5720:
BS730:
B5740:
B5750:
85760:
B5770:
B5780:
B85790;
B5800;
B85810;

DEw(H4+AA)*M/T

UG (L+BB)*T/M

{F T <= AA THEN GOTO B5750:

IF AB <= AA THEN GOTO B5600:

IF DE <= BB THEN GOTO B5730:

IF M <= BB THEN GOTQ 85770

IF BE <e {L + BB) THEN GOTO B5740:
IF M <= (L + BB) THEN GOTO B5810: ELSE GOTO B5830;

IF UG <= AA THEN GOTO B5750:

IF DE «= (L + BB) THEN GOTO 85720:

IF M <= (L + BB) THEN GOTO B5780: ELSE GOTO B5800:

IF T <= (H + AA) THEN GOTO B5760: ELSE GOTO B5700:

IF T < (H + AA) THEN GOTO B5770: ELSE GOTO BS5760:

IF T < (> + AA) THEN GOTO BS810: ELSE GOTO BS820:

AREO = 0: GOTO B5840:

AREO « H* L: GOTO B6060:

AREO w L * {T - AA): GOTO B5890:

AREO = (T - AA) * (L + BB -M* (1 + AA /T) / 2): GOTO BE8BS:

AREO = H* (L - ((AA + H/2) * M /T) + BB): GOTO B&600:

AREO = ({(L + BB} * T /M) - AA) A 2* M/ (2 * T): GOTO B&800:
AREO = ({T - AA) ° L) - {(M - BB) A 2° T/ (2 * M)): GOTO BS8AS:
AREO « (H* L)~ (((H +AA)* M/ T) - BB)» 2 ° T/ (2 * M): GOTO B6800:
AERO = L * ({(BB + L/2) * T/ M} - AA): GOTO B8600:

IF (T + D1) <u AA THEN GOTO B5000:

IF M <= BB THEN GOTO B5870:

IF M < (L + BB) THEN GOTO B5880: ELSE GOTO BS000:

IF (T + 1) < (H + AA) THEN GOTO B5920: ELSE GOTO B5910;

IF (T « D1) <= (H + AA) THEN GOTO B5040: ELSE GOTO BS30:

IF (T + D1) <= (H + AA} THEN GOTO 859070: ELSE GOTO B5980:

IF (T + D1) < (H + AA) THEN GOTO B5050: ELSE GOTO B5960:
AREV a 0: GOTO B6600:

AREV u H * L: GOTO B6060:

AREV = L * (T + D1 - AA): GOTO B6600:

AREV w H * (L + BB - M): GOTO B&600:
AREV = (T + D1 - AA) * (L + BB - M): GOTO Bes00:
AREV u L * D1: GOTO B6600:

AREV =L * (H + AA - T): GOTO B6960:

AREV = (L + BB - M) * D1: GOTO 86600:

AREV u (L + BB - M) * (H + AA - T): GOTO B6600:
FINCALCULATIONS

86610:
B6620:
B6630:
B88640:
B8650:

B6670:
Be680:
B6690:
B86700:
B6710:
B6720:
B6730:
B8740:
B6750:
B6760:
B&770:
B84780:
B6790:
B86800:
B86810:
86820:

B6840:
B6850:
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IF PD <= 0 THEN GOTO B5960:

TO = PD * TAN(ALTD) / COS(AZMD)

MD = PD * TAN(AZMD)

ABD = BD * TD / MD

UGD w {L + BD) * TD/ MD

DED = (H + AD) * MD / TD

DJD = CD* MD/ 7D

IF MD <= 8D THEN GOTO 86780:

\F ABD < AD THEN GOTO B6710:

IF DED <= BD THEN GOTO B6780:

IF UGD <= (H + AD) THEN GOTO B6770:

IF TD <= (H + AD) THEN GOTO B4810: ELSE GOTO B8830:

IF UGD <= AD THEN GOTO B6750:

IF TD <= AD THEN GOTO B6800:

IF UGD <= (H + AD) THEN GOTO B6760:

IF TD <= (H + AD) THEN GOTO B6840: ELSE GOTO Be860:

IF MD <= (L + BD) THEN GOTO B6800: ELSE GOTO 86700:

IE MD <= {L + BD) THEN GOTO B684d: ELSE GOTO B68S0:

IF MD <= (L + BD) THEN GOTO B6810: ELSE GOTO B6820:

AREF a 0: GOTO B6960:

AREF = H * L: GOTO B8600:

AREF « H * (MD - BD): GOTO B6880:

AREF o (MD - BD) * ((H + AD} - (TD * (1 + BD / MD) / 2)): GOTO B6880:
AREF = L* (H - {(BD + L/ 2) * TD/ MD) + AD): GOTO B&900:

AREF m (((H + AD) * MO / TD) - 8D} * 2 * TD /(2 * MD): GOTO B6900:
AREF « ((MD + 80) * H) - ((TD - AD) 4 2* MD / (2 * TD)}: GOTO 868380:

AREF a (H* L) - (({L » 8D) * TD / MD}) - AD) * 2 * MD/ (2 * TO): GOTO 86900:

AREF = H * ({(AD + H/2) * MD / TD) - BD): GOTO B8900:
CALCULATE SHORT FIN

B6880:
B6890:

B6910:
B6920:
B8930:
B8040:
B86950:
B&960:

5520

IF DJD <= BD THEN G010 B6920:

IF DJD <= MD THEN GOTO B6950, ELSE GOTO B6930:

IF BJD <= BD THEN GOTO B6920;

IF DJD <= {L + BD) THEN GOTO B6950: ELSE GOTO B6940:

ARES = 0: GOTO B6960:

ARES «-1° (MD . BD)* {(CD - (TD* (1 + BD / MD) / 2)): GOTO B6960:
ARES «-1*L° (CD - ({BD « L /2) * TD/ MD)): GOTO B860;

ARES =1 (CD - (8D * TD/ MD)) » 2* MD / (2 * TD): GOTO B6960:
ARET = AREO + AREV + AREF + ARES

Fl = (ARR - ARET) / ARR

END SUB
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Solar Energy Routine

sesesssessoesessss SOLAR ENERGY CALCULATIONS

DECLARE SUB OVERHANG (SALT, SAZMS, ARR, Fl)

155
180

8000 “**=*** SUBROUTINE FOR HOURLY SOLAR RADIATION ON A SURFACE

.

OPEN *DATAS.AAA® FOR INPUT AS #2:  INPUT #2, SALT, SAZMS, JULN, MON, STT, FIL8: GLOSE

DIM SHARED BIDA(?, 12), Fi, I, 12:  GOSUB 20100

Pl = 3.1415026534: GOTO 160

OIM SHARED RODA(NSP, 8, 16), WIDA(NSP, 10, 20), WEATH(13, 7), WASE(NSP, 12), RADT(NSP, 24), GTT(NSP, 4, 24): RETURN

GOBUB 40005: FOR 1= 1 TO BIDA(1, 1):  RADT(LSTT)= 0:  FOR 2 » 1 TO RODA(L 7, 3): GOSUB 5000: GOSUB 5400

NEXTI2:  NEXTI

OPEN *RESS.AAA* FOR OUTPUT AS #1: FOR | » 1 TO NSP: PRINT #1, RADT(), STT): FOR 14 = 1 TO 4: PRINT #1, GT1(l, W4, STT): NEXT I4: NEXT
1:CLOSE

END

roq: (LAT, WEATH(13,3)(km), JULN)

IDN = AAJU 7 EXP(BBJU / SIN(SALT))

QosUB 5210

1B « IDN * COS{INANG)

ID = CCJU * IDN * (1 + SIN(WIDA(), 12. 8))) /2

1G = IDN * (CCJU + SIN(SALT)} * RODA(L, 7, 7) * {1 - SIN(WIDA(), &2, 6))) / 2
RETURN

5400 “veeree* SUBROUTINE TO CALCULATE HOURLY RADIATION THROUGH A WINDOW *veee

{req:- conrol function)

14 = WIDA{, 12, 1)

AZMD =~ ABS{SAZMS - WIDA(H, 12, 19))

IF AZMD > P} THEN AZMD = {2 * PI) - AZMD

IF COS(AZMD) <= .0001 THEN IB = 0:  ‘(no sun enter through this window)

SRAZM = WIDA{I, 12, 19): ARR = WIDA(l, 12, 4) * WIDA(, 12, 5)

GQOsUB 5210

RA18 » INANG: GOSUB 6000: TRB « RA23

RA16 = (00 - 5788 * SLOP * 180 / P! +.002603 * (SLOP * 180/ Pl) » 2) * Pt / 180: GOSUB 6000: TRG = RA23
RA18 « (50.68 - 1388 * SLOP * 180 / Pl +,001407 * (SLOP * 180/ Pl) * 2) * P1/180: GOSUB 6000; TRD » RA23
CALL OVERHANG(SALT, SAZMS, ARR, Fi)

ALLFA « (1 - RODA(l, 7, 1))/ {1 - RODA(I, 7, 1) + RODA(l, 7, 1) * TRD * ARR / (RODA{l, 5, 7) + RODA(}, 7, 2) + RODA(I, &, 7)))
RADT » 3600 * ARR * ALLFA * (FI * TRB * IB + TRD * ID + TRG * IG)

RADT(I, STT) » RADT(}, STT) + RADT: GTT(I, i4, STT) = 3600 * (IB + 1D + 1G)

RETURN: ‘( Without Comtrol Function , With Absorbtion )

5210 "******* SUBROUTINE TO CALCULATE INCIDENT ANGLE ON A SURFAGE "**treseessesesosserseees

8000

20100 '*wc**** SUBROUTINE TO READ EXISTING FILE FROM DRIVE

(req:- SLOP, SALT)

SLOP = PI/2 - WIDA(, 12, 6):
RAD = COS{SALT) * COS(AZMD) * SIN(SLOP) + SIN(SALT) * COS{SLOP)
INANG = ATN{SOR(1 - RAS * 2) / RAD)
IF INANG < 0 THEN INANG = INANG 4 PI

RETURN

weesreseer SUBROUTINE TO CALCULATE TRANSMITTANCE THROUGH GLASS *retsesesssevoseeser

KK = WIDA(L, 12, 17): LL = WIDA(, 12, 18}

RA17 = SIN(RAIE) / 1.526

RA18 « ATN(RA17 / SOR(1 - (RA17) 4 2))

IF RA18 < 0 THEN RA18 = RA18 + Pi

RAT9 « (SIN(RA1S - RA16)) * 2/ (SIN(RA1B + RA1E)) » 2
RA20 = (TAN(RA18 - RA16)) * 2 / (TAN(RA18 + RA1E)) * 2
RA21 .5 ° ((1 - RA20) / (1 + RA20) + (1 - RA19) / (1 + RA19))
RA22 = EXP{-1 * KK * LL / COS{RA18))

RA23 = RA2T * RA22

RETURN

OPEN FILS FOR INFUT AS #1

INPUT #1, CITY.NS

FOR10 « 17O 7: FOR 111 @ 1 TO 12: INPUT #1, BIDA(110, 111): NEXT 111: NEXT 110

NSP = BIDA(1, 1): GOsSUB 155

FOR 1102 1 TONSP: FORI11 = 1 TO 8: FORN2= 17O 7: INPUT #1, RODA(110, It9, 112): NEXT 112: NEXT I11
FOR 111« 1 TO 10: FOR 112 @ 1 TO 20: INPUT #31, WIDA{I10, 111, 112): NEXT 1122 NEXT 111
FOR 111 = 1 TO 10: FOR 112 = 1 TO 5: INPUT #1, REFP(110, 111, 112): NEXT 112: NEXT 111

NEXT i10

CLOSE

bR s SR
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T

OPEN CITY.N$ FOR INPUT AS #1
FOR 110« 1 TO 13: FOR |11 = 1 TO 7: INPUT #1, WEATH(110, 111): NEXT 111: NEXT 110: CLOSE
LAT « WEATH(13, 1): LONGT = WEATH(13, 2): STM » WEATH(13, 4)

RETURN

+o++09¢ SUBROUTINE TO CALCULATE THE JULIAN DAY *voweresesersoresssesserasasess
reg: 1I3,RODA{ ),DAY.D%, MON

ON MON GOSUB 40010, 40020, 40030, 40040, 40050, 40080, 40070, 40080, 40000, 40100, 40110, 40120:
AAJU » 1220: BBIU » ,142: CCJU » .058: RETURN
AAJU = 1214: BBIU » ,144: CCJU = .08: RETURN
AAJU » 1185: BBJU = ,158: CCUU = .071: RETURN
AAJU « 1135: BBIU = .18: CCJU w .007: RETURN
AAJU = 1103: BBJU = .106: CCJU = .121: RETURN
AAJU = 1088: BBJU = ,205: COJU = ,134: RETURN
AAJU = 1084: BBIU = ,207: CCJU = .136: RETURN
AAJU = 1107: BBJU = .201: CCJU = .122: RETURN
AAJU « 1151: BBJU » ,177: CCJU = .002: RETURN
AAJU = 1102: BBJU = .18: CCJU = .073: RETURN
AAJU = 1220: BRUU = .149: CCJU = ,083; RETURN
AAS 1233: BBJU » ,142: CCUU = ,057: RETURN

RETURN

233
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Program to Plot Curves (PLOT1)

¢ Srmesriteteseneseest SUBROUTINE TO PLOTY
* REQUIRED : M(NUMBER OF VARIABLES ON Y), Y1AR, YMIN

OPEN "RESUD.AAA® FOR INPUT AS #15: INPUT #18, RESS: CLOSE

CLs

XLAR = 12 XMIN = 1

XTITLES = “MONTH*: YTITLES = "Kw.hv (Thousande)®

DIM X({12), Y(12 6), LEGS(S)

OPEN RESS FOR INPUT AS #15:

INPUT #15, M, TITLES

FOR NN = 1 TO 12: INPUT #15, X(NN): FOR MM = 1 TO M: INPUT #15, Y(NN, MM): Y(NN, MM) = Y(NN, MM) / 1000: NEXT MM
NEXT NN: FOR MM = 1 TO M: INPUT #15, LEGS{MM): NEXT MM

CLOSE

+ ssssersessesssess GUBROUTIME TO DETERMINE THE LOWEST AND HIGHEST VALUE OF Y ****>r*
YLAR = Y(1, 1): YMIN « Y(1, 1)
FORNN =1 TO 12
FORMM « 1 TOM: 1 Y(NN, MM) > YLAR THEN YLAR « Y(NN, MM}
IF Y(NN, MM) < YRIN THEN YMIN = Y(NN, MM}
NEXT MM: NEXT NN

PLOT: REM “*=*** SUBROUTINE CURVZ FITTING **oeecsss=
REM *ee=**>==| ARGEST AND SMALLEST X & Y OF DATA POINTS* ™
REM ~XMAXaNEAREST NUMBER WITH A ZERO AT END (e, 30, OR 0, sic.)

XMAX = INT{XLAR)

REM —YMAX-NEAREST NUMBER WITH A ZERO AT END (i.e. 30, OR 90, okc.)
YMAX « INT(YLAR + 1)
YMIN = INT(YMIN)

2555 CLS : SCREEN 9: COLOR, 0

REM seswesssessse pLOT AXIES
LINE (110, 40)-(560, 250), 6, BF
LINE (110, 46)-(560, 259), 15, B

FOR | = 250 TO 49 STEP -42: LINE (110, 1)}-(114, 1), 15: NEXT |
FOR | = 110 TO 560 STEP 40.0: LINE (1, 259)-{1, 255), 15: NEXT |

COLOR 14: LOCATE 3, 15: PRINT YTITLES
LOCATE 19.5, 74: PRINT XTITLES

COLOR 7

LET XDIST = XMAX - XMIN + 1

LET YDIST « YMAX - YMIN

LET!=0

FORJ=-4TO20STEP3

LET YSC = (YMAX - (I * YOIST /5))
LOCATE J, 8. PRINT USING “wwrawr; YSC
Tele 9:NEXTJ

LETLwO

FORKe 14 TOSO STEP S

LET XSC » (XMIN « (L * XDIST 7 12))
LOCATE 20 S, K: PRINT XSC

Lel s 1:NEXTK

REM cerootteeee2pLOT DATA POINTS'
WINDOW (XMIN, YMIN}{XMAX, YMAX)
VIEW (110, 40){560, 250)

JCay

FORJYJ » 1 TOM: JC = JC o 1

FORJM = 17012

LINE (X{UW - 1), YRR - 1, JYIPHX(AN), YA, JYI)), JC
CIACLE (X(JW). Y(WJ. JYJ)). XDIST / 300, JC

NEXT JWJ: NEXT JYJ

reemasessesssssens TITLE AND LEGEND
COLOR 6. LOCATE 3, 48* PRINT TITLES
JC « 2. FOR MM « 1 TO 2: COLOR JC
LOCATE 22, 11 MM 4 2 + 1: PRINT LEG${MM): JC = JC + 1




OK:

100

QITE:

END

NEXT MM
FOR MM « 3 TO 4: COLOR JC
LOCATE 23, 11 * (MM - 2) 4 2 + 1: PRINT LEG${MM): JC = JC + 1

NEXT MM

COLOR 7: LOCATE 1, 27: PRINT “— Press <Esc> ®0 oxit —*
REM

CHECKS = INKEYS

IF CHECKS = CHR${27) THEN GOTO QITE: ELSE GOTO 100

ERASE X, Y: SCREEN 0: CLS
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Lotus-123 Customized Program

LUIRUTH G HETH TN I G A e e e e e e T T T
Now you are in the LOTUS-123 program.
use the given menus 1 see the resutts in graphic form
You can piot the graphs and make any necessary changes
a8 normaly done in the LOTUS,
When you finish, just quit the fotus and you
will be back in your nice ‘DAYLIGHT" program.

(GBI T THTTRER LG R DT LT T T T TR T I T T T T L AT BT UL T T
{HOME){BIGRIGHT 2{WINDOWSOFF{PANELOFF}
{GOTOIPATH-ALOTUS1,DAT ~{home)

Ad
PathDAQBASWHM
~{HOME)/AnRESULT.AAA~
{menrubranch bbb}
bbb RADIATION AVAILABLE_DAYLIGHT REFERECES_ILLUMINANCE BACK_TO_DAYLIGHT
Piot graph for the monthly dally avallable solar rack st Plot graphs for the available daylight in different sky conditions.
Pt graphs for the liuminance on the room semsors. End LOTUS-123
{branch rrr} {menubranch aae) {menubranch I} {tranch ese)
ose/qyy
AAA CLEAR_CHART PARTLY_CHART OVERCAST_CHART MAIN_MENU
Show graph for the available daykigit in clesr sky condifon Show graph for the avallable daylight in pertly cloudy sky condiion
Show graph for the avallable deylght in st oky condition  RADIATION AVAILABLE_DAYLIGHT REFEENCES_ILLUM.
BACK_TO_DAYLIGHT
~igrg¥x{ HOME).[ENDY DOWN}~ ~igrgtix{HOME).{END){DOWN)~ ~igrgtix{HOME).(END}{DOWN)~ {menubrs xch bbb)

o{HOMEHRIGHT).{ENDHDOWN]-  o{HOMEHRIGHT 4){END{DOWN}-  s{(HOME}{RIGHT 7).{END{DOWN] -
D{HOMENRIGHT 2).{ENDKDOWN)~  b{HOMENRIGHT 5).{END{DOWN}~  b{HOME){RIGHT 8).{END{DOWN)~
¢{HOME)RIGHT 3).{END}(DOWN}~  c{HOMEHRIGHT 6).(ENDYDOWN)~  c{HOME}RIGHT 6).{END}{DOWN}-
ociaSky Light llum~  oclaSky Light llum.~  oclaSky Light llum, ~

1bSun Beam lum.~ 1bSun Beam {llum.~ oSun Beam llum.~

icTotal fum.~ fcTotal Hum.~ IcTotal lium.~

tiClear Sky Avallable Daylight~ tPardy Cloudy Sky Available Daylight- #Over Cast Sky Avallable Daylight-
txTime (Hours)- teTime (Houre)~ txTimw (Hours)~

tylRumination (Kux)~ tyllumination (Kux)~ tyllumination (Kux)~

qua{HOMEHBIGRIGHT 2} qua{HOMEH BIGRIGHT 2) qva{HOMEHBIGRIGHT 2}

{menubranass} {menubranch ana} {menubranch aaa)

rif{ HOME)/grgtx(END}{DOWN}{ENDH{ DOWN].{ENDK DOWN}~
o{HOMENRIGHTH{ END{DOWNKENDY DOWN).{END}{DOWN}~
octfHOURLY AVAILABLE SOLAR ENERGY~

tTIME (Hours)~

tyRADIATION (MegaJoules)-~

avalHOMENBIGRIGHT 2}

{menubranch bbb}

FFF{HOME|/grgtx{E NO}{DOWNH{ END{DOWN}{ENDH DOWNHEND}HDOWN).{END}{DOWN)~
&{HOMENRIGHTH{ E ND{DOWNHENDH DOWNKEND){DOWNHEND{ DOWN).{ENDK DOWN})~
S{HOMENRIGHT 2{ENDHDOWNHENDJ{DOWN].(ENDHDOWN]} -

c¢{HOME}RIGHT 3{ END}{DOWN}{END{DOWN).{ENDKDOWN)~

J{HOMENRIGHT 4){END}DOWNKEND}{DOWN).{END}{DOWN)~

o{HOMEHRIGHT S){END}DOWNHEND}{DOWN).{(END}{DOWN)~

HHOMENRIGHT 6}{ENDYOOWNHEND){DOWN).{END){DOWN)}~

octiLLUMINATION ON THE SENSORS~

t8FROM CLEAR SKY~

tTIME (Hours)~

tyILLUMINATION (KQux)-

JASENSOR# ~

1bSENSOR®R~

ISENSORK-

ISSENSORM~

1eSENSORSS-

HWSENSORNG-

Qua{HOMEKBIGRIGHT 2}

{menubcanch ii}

A e s
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GGG{HOME)fgrgtx(END{ DOWNYENDK DOWNH ENDX DOWN)ENDHDOWNNENDK DOWNY END){DOWN).(END{DOWN) -
A{HOME}{RIGHTHEND}DOWNHEND) DOWN)ENDHDOWN){ENDY DOWN}HENDH DOWN)ENDHDOWN).{ENDHDOWN) ~
b{HOME}RIGHT 2{ENDH P WN{ENDH{DOWNH END}{ DOWN}{ENDY DOWN),(END}{ DOWN)~

c{HOMENRIGHT 3{ENDM»OWN)END)YDOWNYEND)Y DOWNYEND){DOWN).[ENDHDOWN)~

SHOMENRIGHT 4}{EN™); DOWN{ENDHDOWNHEND)H{DOWN}{ENDH DOWN).{END{ DOWN}-

o{HOME}RIGHT S{END} DOWN{ENDHDOWNYEND) DOWN)ENDN DOWN).{(ENDHDOWN) -

KHOMEXRIGHT S}{END)Y DOWN}ENDH{DOWNKENDHDOWNHENDY DOWN).{ENDY{DOWN)~

octiLLUMINATION ON THE SENSORS-

%FROM PARTLY CLOUDY SKY-

TIME (Hours)~

YILLU;«NATION (Kux)~

{aSENSORN¥1~

qva{HOME)2)
{menubranch i)

HHH{HOME)/grgt | END){ DOWN){END) DOWN) END){DOWNH END} DOWN}{END} DOWNHEND}HDOWN) END}HDOWNHENDK DOWN]). (ENDH DOWN)~
S HOME)RIGHT)(ENDYDOWNHENDY DOWNHENDHOOWNHENDK DOWNHENDH DOWNYEND) [DOWN) [ENDYDOWN}{ENDH DOWN).(ENDJ{DOWN)~
B{HOME)RIGHT 2){ENDY DOWN{END}{DOWNY END}Y DOWN){ENDH DOWN)ENCH DOWNH END){ DOWN).[ENDDOWN) -

c{HOMEYRIGHT 3{END}{DOWN{ENDHDOWNNEND) DOWNHEND){DOWN){ENDKDOWNKENDK DOWN].{END{DOWN) «

{HOMENRIGHT 4){ENDY DOWNYEND}DOWNKEND} DOWN}{ENDY DOWNYENDH DOWN)END){DOWN). [ENOYDOWN) -

o{HOME}RIGHT S{ENDHDOWNHEND}{DOWNHEND){DOWNHENDK DOWNHENDKDOWNYENDHDOWN).{ENDHDOWN) -

{HOMEKRIGHT 6){END)DOWNKENDHDOWNKENOKDOWNHENDY DOWN{END}{DOWNYENDHDOWN), (ENDYDOWN)~

octILLUMINATION ON THE SENSORS-

5FROM OVERCAST SKY-

BTIME (Hours)~

tyILLUMINATION (Iux}~

1sSENSORM -

qua{HOME)BIGRIGHT 2)
{menubranch ii}

" CLEAR_CHART PARTLY_CHART OVERCAST_CHART MAIN_MENU
Show graph for the seneors iluminance in clear sky condition Show graph for the seneors iluminance in parly doudy sky condition
Show graph for the sensor lluminance in overcast sky condition RADIATION AVAILABLE_DAYLIGHT REFEENCES_ILLUM.
BACK_TO_DAYLIGHT

(branch #if} {branch gog) {branch hhh} {menubranch bbb}

{BIGRIGHT ch




