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CHAPTER 1
INTRODUCTION
Problem

In the past, home designers have generally sized residential air con-
ditioning units by a peak load calculation or by a number of "rule of thumb"
methods. Any of these methods were sufficiently accurate for the size of
units sold and for the cost and availability of energy at the time. With
the long-building energy crisis coming into the forefront, these methods
are not adequate for future use. It is necessary for.the home designer to
look at a twenty-four hour cooling load profile so that construction or
design of the home can be modified to minimize the total air zonditioning
load. This twenty-four hour cooling load profile can be obtained from a
digital computer program that allows the designer to vary wall, window, and
ceiling constructions; width of roof ovefhand; and the orientation of the
home with respect.to its Tot.

A number of large air conditioning companies have already created such
computer programs to calculate twenty-four hour cooling Toad profiles which
use Tocal five year weather tapes as their input information. As a result
of using weather tapes, the cost of these programs is prohibitive except for
calculating loads on large office buildings where the initial and operating
costs are extremely large. Since the initial and operating costs for a
single residential dwelling are relatively small as compared to those of a
large office building, the cost of calculating a twenty-four hour cooling

load for a residential home should be correspondingly low.

Purpose

The purpose of this thesis was to write and check by use on a typical



residence, a transient cooling load program for residential type construction.
Architects and home designers have been asked more and more recently to mini-
mize a home's air conditioning load with a limited amount of money to be
spent on building materials. As a result, this program is aimed at calcu-
lating a twenty-four hour cooling load profile, which allows testing building
material options.

With the ability of the home designer to look at a twenty-four hour
cooling load, the decision on the size of the air conditioning unit is
greatly aided. Larger than necessary units need no longer be installed just
to make sure that the home is adequately cooled. The wasteful days of unit
size overkill can be over. The home owner will no longer be forced to
blindly have a larger than necessary unit installed that will run up initial
and operating costs.

The designer can use this program for much more than just sizing the
final air conditioning unit installed. It can be used to show that by
spending more money on building materials such as insulation, storm windows,
or brick veneering, that the peak load can be Towered and the overall total
load can be spread out more over the entire day. Due to spreading out the
load, the cooling load at five o'clock in the morning might be raised, and
the peak cooling load at three o'clock in the afternoon might be lowered.
This would allow a smaller unit to be installed and operated longer at peak
capacity. These construction material changes are the types of changes
owners of existing homes might possible want to make to cut their monthly
air conditioning costs. Many home owners are very interested in how they
can spend a small sum of money on their home and cut their overall cooling
expenses the most. The information from this program can help existing home

owners as well as the future home owner.



In addition to construction material changes, the new home designers are
interested in physica1_design changes of the house that may lower the total
cooling load even further. Most important of these possible changes are the
width of roof overhand and the angle of orientation of the house as it sets
on its lot. It is obvious that widening the overhangs can decrease the air
conditioning load, but there will be a point at which Fhe designer must
recognize that it costs more to build a larger overhang than the overhang
will save in cooling load. Not so obvious is the angle of orientation that
produces the minimum load. The shadowing of a surface that occurs due to

adjacent parts of the house is not always easy to visualize, but it is easily
computed in this program. To find the best angle is a trial and error type
process. The designer in many cases may not have the chance to use this
capability because the house may need to set a certain direction on the lot.

The commercial programs, Trace (Trane Air Conditioning Company) and
Ecube (American Gas Association), are two examples of very sophisticated pro-
. grams. They are very accurate due to the weather datalinformatidn used as
input for each specific location. For large buildings the accuracy of this
weather information is very important. A small error in weather information
on a large office building could mean the difference between the building
being under air conditioned to having an oversized unit installed. The
weather information, taken from five-year weather tapes to obtain this
accuracy, is unfortunately very expensive to run on the computer. There 1is
nothing wrong with this for large office buildings, for a small mistake in
the cooling load could cost much more than the cost of one computer run. On
the other hand, an expensive program 1Tke this would be unwarranted for a
small residential home. Some Commercia1:programs are not applicable to small

buildings or residential homes. The special shading routine this program



contains for residential homes gives this program the ability to calculate

a twenty-four hour cooling load profile for residential homes.



CHAPTER II
RESIDENTIAL COOLING LOAD
Before a cooling Toad for a residential home can be calculated, the
individual components must be known. These are:
1. Conduction heat gains through solid surfaces.
2. Solar radiation through transparent surfaces.-
3. Infiltration heat gains.

4. Internal heat gains.

Conduction

The conduction heat gains are contributed from the following four
surfaces: exterior walls, windows, doors and the ceiling. The heat gain
contributed by floors is not considered. Floors made of a concrete slab or
with an unimproved basement below, could have a negative temperature differ-
ential across it which would indicate a heat loss rather than a heat gain.
If this temperature differential is not negative, thenAits magnitude will be
small; therefore, the floor heat gain will have a small influence on the
final cooling load of the house.

Delays are seen in the interior space heat gain from the walls and roof
due to the heat éapacity of the heavy materials used in their construction.
Even the air in the attic stores heat and can cause a delay. The magnitude
and length of delay in the heat gain through walls and roofs can be changed
by altering the amount of insulation or by adding a brick facing. Heavier
materials such as brick facings should reduce the magnitudinal difference
between the daily peak and minimum cooling loads. This could give the heat
gain from these surfaces a much smoother:profi1e. Windows and doors are

constructed of lighter materials, so interior heat gains through them are



considered instantaneous. These conduction heat gains are computed as a
function of four variables:

1. The intensity of the solar heat gain at the outside of the surface.
The outside dry bulb temperature.

The inside dry bulb temperature.

= W o

The thermal characteristics of the construction materials.

Solar Radiation Heat Gains
Each glass window in the home allows a contribution to the total solar
radiation heat gain through the transparent surfaces. The solar radiation
heat gain is a function of the intensity of the solar heat gain at the sur-
face and the radiation transmitting properties of the window. These are seen
as instantaneous interior space heat gains. The solar radiation heat gain

can be reduced by using storm windows or draperies over the window.

Infiltration Heat Gains

The air leakage around each door and window in the home is combined to
obtain the infiltration load. The infiltration load consists of two parts,
a sensible and a latent. Depending on how humid the climate is, the latent
infiltration load can range from a negligible amount to an amount equaling
that of the sensible infiltration. For this reason, both sensible and
latent infiltration must be considered. Infiltration load is a function of:

1. Outside dry bulb temperature.

2. Inside dry bulb temperature.

3. Outside humidity ratio.

4. Inside humidity ratio.

5. Width of the crack.

6. Length of the crack.

7. Speed of the wind outside.



Two ways of reducing this load are to use storm sashes and weatherstripping

on all doors and windows.

Internal Heat Gains
The internal heat gain components are the people load (sensible and
latent heat gain from each occupant) and the heat released by appliances ahd
1ights being operated in the home. This component is very difficult to pre-
dict for all families. To illustrate this difficulty, consider the people
load. This load is a function of the number of fami]y members, their ages

and their activity level.

Load Summary

A1l of the cooling load components, except the internal Heat gains, are
functions of the environmental conditions exterior and interior to the house
and the thermal characteristic of the construction materials. The internal
loads will need a-schedule for each load desired. To calculate the cooling
load components by any method, a set of common variables must be specified.
These include:

1. A description of the environment exterior and interior to the house.

2. A physical description of the house.

3. A listing of thermal characteristics for the construction materials.

4, A listing of window characteristics.



CHAPTER III
PROGRAM CONSTRUCTION

For the home designer who is going to use this program, a more detailed
discussion of the program is needed. With a thorough understanding of the
construction and assumptions used in the program, the user will be able to
use this program to its best advantage. A copy of this program in its
entirety is contained in the appendix.

The program is made up of many detailed subroutines, each having a very

specific purpose in the program. Although the program needs all of these

| subroutines to calculate a final cooling load, the heart of this program is

the response factor method of heat gains and cooling loads. (1)

Ihput Data

The input data is very important, for the output will be no better than
the input that is supplied to the program. To run the program, all of the
| necessary input data must be supplied to the program. The required weather
input is:

1. Month of year.

2. Latitutde Tocation of the house.

3. A twenty-four hour outside temperature profile.

4. Inside design temperature.
The outside temperature profile can be obtained from the ASHRAE Handbook of
Fundamentals. (1) The handbook presents peak temperatures and daily
temperature ranges with a 95% or 99% confidence level for most large cities
in the United States. With a peak temperature and daily temperature range,

the following table is used to calculafe the outside temperature profile.



TABLE I

PEAK TEMPERATURE MINUS

THE PERCENTAGE OF DAILY RANGE

Time, hr % Time, hr % Time, hr %
] 87 9 71 17 10
2 92 10 56 18 21
3 96 1 39 19 34
4 99 12 23 20 47
5 100 13 11 21 58
6 98 14 3 22 22
7 93 15 0 23 76
8 84 16 3 24 82

The solar conditions are calculated for the particular month and latitude lo-

cation of the home supplied to the program.

program to calculate outside environmental conditions the house is exposed to.

This information enables the

The physical dimensions and description of the house are also required.

These include:

1. The number of walls in the house.

2. The angle of house-sun orientation.

3. The orientation of each wall.

4. The dimensions of the walls, ceiling, roof and windows and doors.

5. The construction materials of each wall and the ceiling.

6. The number and construction materials of windows and doors on each

wall.

7. The total connected ldighting load in the house.

8. The number of family members.
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The number of exterior walls is the first descriptive information the
program requires. .An exterior wall is defined as a continuous exterior sur-
face that maintains a constant wall azimuth. The "I" shaped house shown in
Figure 1 has four exterior walls and the "L" shaped house in Figure 2 has
six exterior walls. Numbers are used to identify the different walls. Any
exterior wall can be designated as the number one wall. Starting with this
wall on a floor plan, the remaining walls are numbered in a clockwise manner.
If the number one wall is not facing directly south, then it must be a finite
angle to the west or east of south. This finite angle is the angle of house-
sun orientation. A positive angle is assumed for orientations to the west
and a negative angle for orientations to the east. To minimize the angle
of house-sun orientation, the number one wall should be selected so that
its wall azimuth is as close to due south as possible. The wall a;imuth of
wall number one will be equal to the angle of house-sun orientation. The
remaining wall azimuths are also required. These are supplied to the program
as orientation numbers for each wall. The orientation numbers are assigned
to the walls by the following method. The home is first rotated by the
additive inverse angle of house-sun orientation. This leaves wall number
one facing directly south. The walls of the home are now assigned an orien-

tation number by the following table:
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TABLE II
ORIENTATION NUMBERS

. Assigned
Wall Facing Orientation
Number
South 1.0
West 2.0
North 3.0
East 4.0

The wall azimuths are calculated by the following equation:

y = 90.0 (ORN - 1.0) + AA
Where,
¥y - Wall azimuth, degree.
ORN - Wall orientation number,
AA - Angle of house-sun orientation, degree.

For each wall, a series of common dimensions must be supplied. These dimen-
sions are: |

Wall length

Wall height

Wall tilt angle

Wall area

Roof slope

Roof area

Roof overhang

Roof running width

Roof length
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For each window and door on each wall, another series of dimensions are
supplied to the program. They are:

Height below window

Height of window

Height above window

Length to the right of the window on the exterior wall

Width of window ‘

Length to the left of the window on the exterior wall

Window area
To complete the description of the home, the type of building material used
to construct the walls, windows, doors, and ceiling are supplied to the
program. Rather than supplying a list of materials for each wall, different
combinations of building materials for walls and ceilings have been stored
in the program and identified by construction types. Different window and
door types were also stored in the program. For each wall, window, door and
the ceiling, a construction type number is supplied to.the progrém.

The total amount of lights supplied to the program is calculated by
adding up the individual wattage of every light in the house and multiplying
it by 3.413 BTU/hr-watt.

Solar Heat Gains
The first values that are calculated by the program are solar heat gain
factors for each exterior surface of the house at each hour of the day. (1,5)
A solar heat gain is defined as the total radiant heat admission through a
one-eight inch thick double strength glass due to solar radiation. The
solar heat gains are a function of the time of day, the Tatitude, month of

the year, the wall azimuth, and the wall tilt angle. The solar heat gain



(It) is made up of three components: the direct solar radiation (Id), the
diffuse sky radiation (Ids), and the solar radiation reflected from sur-
rounding surfaces (Ir)' The direct solar radiation is the radiation due
to the sun shining directly on a surface and it varies with the angle of
incidence the sun rays make with the normal to the surfacé under consider-
ation. The diffuse sky radiation is the indirect radiation a surface will
receive from the sky. The solar radiation reflected from surrounding sur-
faces is the quantity of radiation received from surfaces around the house
such as sidewalks, grass lawns and other homes. These components can be
expressed as the following expressions:

Id = IDN ' COS 8

—
]

ds C ‘ IDN ) (]-0 - FSG)

I.=Ry " Fgg (C+ SIN (8)) * Ipy
Where,

IDN - Direct normal radiation, BTU/hr-ftz.

Rg - Ground reflectance.

B ~ Solar altitude, rad.

C - Dimensionless constant.

6 - Angle of incidence, rad.
FSG - Shape factor. |
These components are combined by the following equation: It = Id +

L. * Ir and adjusted by the use of shading. It should be noted that a

ds
surface in the shade has a much smaller solar heat gain than a sunlit surface
and that before sunrise and after sunset the solar heat gain is zero. The
calculated solar heat gain quantity is used in computing heat gains through

windows and in the calculation’ of sol-air temperatures.
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Sol-air Temperatures
The sol-air temperature (1,5) is used in calculating the heat gain
through the walls, roof, and doors. The sol-air temperature is an effec-

tive temperature defined as:

qg/A = aIt + h0 (tD - ts) - eaR = h0 (tE - ts)
or:

te = t0 + alt/h0 - eA R/h0
Where,

t. - Surface temperature, F.

t_ - Sol-air temperature, F.

t - Outside temperature, F.

g/A - Heat flux into a sunlit surface, BTU/hr-ftZ.
a - Absorption of the surface for solar radiation.

I, - Solar heat gain, BTU/hr-ft°.
e - Hemispherical emittance of the surface.

AR - The difference between the long wave radiation incident on the

surface from the sky and surroundings, and the radiation emitted

by a black body at outdoor air temperature, Btu/hr-ftZ.

h - Coefficient of heat transfer by radiation and convection at the
outer surface, Btu/hr-ft2 F.

The term EAR/hO is assumed equal to 7.0 F for horizontal surfaces or sur-
faces that are non-vertical, such as roofs. For vertical surfaces this term
is zero. The sol-air temperature for walls is simply the outside dry bulb

temperature during the night time or when the solar heat gain is zero.

Shading
To adjust the sol-air temperature or solar heat gain it is important
that accurate shading information is known about the desired exterior

surface. Little has been done with residential type shading problems
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because it is easy to get into many different and unique shading problems
with a few different hdme designs. For this reason, it is very difficult
to write a generalized shading routine to handle all types of homes. This
program tries to handle only homes that are constructed with the same number
of floors throughout, eliminating the so-called split level home. A sample
of some of the homes that could be run are shown in Figures 1 through 5.
These homes are shaped 1ike the letters E, I, L, T, U, or X, but the hip
ridges of their roofs must always meet at the same level. It is also im-
portant that each leg or extension from the home must depart at a right
angle. Unlike other parts of the program, which are outlined in the ASHRAE

Handbook, the shading subroutine is a unique, original subroutine. Appendix
A gives examples of calculations involved in the shading subroutine. The
shading subroutine calculates the solar azimuths and solar altitudes of the
sun's rays and calculates shading on a surface due to adjacent parts of the
house.

There are three different parts that are consideréd. They ére:

1. The %oof overhang.

2. Perpendicular walls.

3. The roofs over perpendicular walls.
In the first 1ns£ange, the shading on a surface is due to the overhand
directly over it. The shading on a surface due to a perpendicular wall is
the amount of surface that is shaded by that wall. The third part is similar
to the second part. The only difference is that the shading occurs due to
the roof rather than the wall. Shadowing from external objects such as
other homes or trees are not hand]ed 1q this subroutine.

The information from the shading suBroutine is used to calculate

adjusted sol-air temperatures and adjusted solar heat gains. This is done
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by a weighted average between the sunlit sol-air temperature and the shaded
sol-air temperature to‘obtain an adjusted sol-air temperature. The
following algebraic equation expresses this more clearly:
T, adjusted = (Te sunlit * B) + Te'shaded * (1.0 - B)
Where,
Te - Sol-air temperature, F.
B - Decimal fraction sunlit.

A similar expression is used to calculate the adjusted solar heat gains

for windows.

Wall Heat Gain

One of the largest heat gain components is the conduction heat gain
through the walls; therefore, it is very important that this quantity is
calculated as closely as possibie. Walls are usually made of heavy materials
that have a high heat capacity and with considerable insulation; therefore,
outéide surface temperatures from a number of hours earlier may affect the
interior heat gain at a particular hour. The response factor method (1,4,2)
uses a series combination of past and present adjusted sol-air temperatures
along with a second series of past heat gains to calculate the present heat
gain. This method is a very good approximation of wall reaction to the
adjusted sol-air temperatures. The basic equation that is used in the

problem is expressed as follows:

a/Ay T = bt r . )= 2 dc (Ao ) -t 2
P,T ‘gg; n b,T - na oot L P,T - na re & ¢,

Where,

a/Ap 1 - Heat flux through wall P at time T = 0, BTU/hr-ft°.

k]

thT oo Adjusted sol-air temperature, F, at time (T - n) hours.
trc - Constant interior space temperature, F.
b_ - Sol-air temperature series coefficients, BTU/hr-ftz.

n



i

¢, - Constant, BTU/hr-ft% F.

dn - Heat flux series coefficients.
Note that the bn's, cn's and dn's are required for each different type of
wall,

The q/A's must all be initialized equal to zero before beginnfng any
calculations with the response factor method. At the end of the first
twenty-four hour calculation, the q/A should still be growing in magnitude.
For the g/A's to converge, the last few q/A's at the end of the first twenty-
four hours are needed to get the second twenty-four hour calculations
started. After about three twenty-four hour periods, these g/A's converge.

To check for convergence, the following relationship is checked:

24 24

{Uwa11 ’ 25 ten ~ Yinside| " ZS a/A, } <e

n=1 n=1
24.0 24.0

™
1

Arbitrary convergence criteria (e < .02 in this thesis).

- Overall heat transfer coefficient, BTU/hr-ft2 F.

wall
by = Adjusted sol-air temperatures, F.
inside - Inside design temperature, F.
o/A - Calculated heat Fluxes, BTU/hr-ft2.

If this relationship is not satisfied, then a fourth or fifth twenty-
four hour period will be calculated.

The subroutine was programmed to contain bn‘s, 's, and dn's for six

o
n
different types of walls. These wall types were:

1. An uninsulated frame wall.

2. A frame wall with one inch of insultation,

3. A frame wall with two inches df insulation,
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4. A frame wall with three inches of insulation.

5. A brick veneered frame wall with no insulation.

6. A brick veneered frame wall with three inches of insulation.
The program is not Timited to just these six walls. If a different type
of wall is wished to be used, the b's, c's, and d's can be calculated

according to the fortran program (2} written by G.P. Mitalas.

Ceiling Heat Gain
A similar response factor method was used to calculate the heat gains
through the ceiling except that instead of using sol-air temperature in the
response factor method, the attic temperatures were used. This generated
the need to calculate the attic air temperature profile. The following two

simultaneous differential equations describe the attic temperature:

}

. . T dT : X
AR ho (TeAR B Troof) - MR CR .~ roof/dt + AR hA (Troof - Tattic
and
A, h (T o-T.,..)=M cc Tatticsdt + § ...
R 0 roof attic attic air ° ceiling
Where,
AR - Area of the roof, ft2
h0 - Qutside convection coefficient, BTU/hr-ft2 F
TeAR - Average sol-air temperature on the roof, F
Troof - Temperature of the roof, F
MR - Mass of the roof, 1bs
CR - Heat capacity of the roof, BTU/1b- F
t - Time, hrs
h, - Inside convection coefficient,'BTU/hr-ft2 F
T - Temperature of the attic, F
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M - Mass of the air in the attic, 1bs

attic
Cair - Specific heat of air, BTU/1bs- F
qcei]ing - Total heat gain through the ceiling, BTU/hr.

The heat gain through the ceiling is calculated by the response ¥ac-
tor method once an attic temperature profile has been calculated. The two

equations above can be solved for T and T at any time based on the

attic
values of the time interval before; therefore, these calculations need to

roof

be done for five twenty-four hour periods. After five twenty-four periods,

the calculations used to obtain the T and T profiles will have con-

attic
verged. For a further description of the attic temperature calculations,

roof

see the appendix.

Window Heat Gain

The heat gains from the windows have two components, a soTar.component
and a conduction component. The solar heat gain is calculated by the product
of the window area times the shading coefficient times the adjusted solar
heat gains. This is expressed by the following equation:

Qso]ar N Aw. ¢ SHGadj.
where,

Aw - Area of the window, ftz.

SC - Shading coefficient.

2

adj " Adjusted solar heat gain, BTU/hr-ft-.

The shading coefficient is a function of the glass and the drapery type;

SHG

therefore, this information is stored in the program for different types of
glass and drapery combinations. The thermal load on the windows is handled
as a simple one dimensional heat conduction problem where an overall heat
transfer coefficient and a temperature difference across the glass is used

to calculate the instantaneous load. The equation used to describe this is:
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A U

chermal - Ay window - (T

outside ~ Tinside)
where,

Aw - Window area, ftz.

2

U - Overall heat transfer coefficient for the window, BTU/hr-ft“F.

window

T Outside temperature, F.

outside”

T - Inside temperature, F.

inside

Two types of window constructions were written into the program. The
first type is a single pane glass with no draperies or blinds. The second
type is insulated glass with a 1/2 inch air space and white opaque roller
shades. To simplify the input, just these two types were written into the

present version of the program.

Door Heat Gain
The door heat gains were handled similarly to the windows, except the
solar load was included in the adjusted sol-air temperature. The adjusted

sol-air temperature was used in the following equation to calculate the door

heat gains:
Qoor = Adoor ~ Ydoor ~ (Te = Tinside!
where,
Qdoor - Heat flux through the door, BTU/hr.
Adoor - Area of the soor, ftz.
Uggop - Overall heat transfer coefficient, BTU/ hr-£t2F .
Te - Adjusted sol-air temperature, F.
Tinside - Inside design temperature F.

An instantaneous heat conduction calculation was made on the doors and

windows because of their Tight construction.
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Infiltration Loads

Infiltration was a difficult load to predict because it depends on so
many variables. Some of these are wind velocity, width of crack, flow per
foot of crack, and the temperature of the outside air. The best estimate
of the infiltration load is based on data that is presented in the ASHRAE
Handbook for a great many different types of windows. (1) The infiltration
subroutine contains flow information for double hung, awning, and sliding
glass as well as different combinations of each type. Two examples of these
combinations are two double hung windows side by side as in Figure 6, or two

awning type windows one on top of the other as in Figure 7.

FIGURE 56, TWO FIGURE 7. TWO

DOUBLEHUNG WINDOWS AWNING WINDOWS
In addition to this information, there is included flow information for each
type of window for each season of the year. With the type and combination
of windows and with the window dimensions, the length of crack can be
calculated.

There are two components to be calculated to get the total infiltration,
the sensible and the latent. Both of these components are calculated in the
infiltration subroutine.

The sensible <infiltration is calculated by the following equation that
makes use of the above stored values:

I =CL-Q " (T . )

sens outside ~ Tinside
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where,
ISens - Sensible infiltration per window, BTU/hrL
C - Constant, BTU/ft3.
L - Length of crack, ft.
Q - Air flow through the crack per foot, ft3/hr—ft.
Toutside - Outside temperature, F.
Tinside - Inside temperature, F.

The latent infiltration is calculated by the following equation:

I1at =G Lo (wo B NI)
where,
C, - Constant, BTU/fts.
L - Length of crack, ft.
Q - Air flow through the crack per foot, ft3/hr-ft.
- Latent infiltration per window, BTU/hr
W_ - Outside humidity ratio.

wI - Inside humidity ratio.

There are two different rates of crack flow written into the subroutine:
a weatherstripped flow for use with the insulated glass and roller shades,
and a nonweatherstripped flow for use with the unfnsu]ated single pane glass
with no draperies. The outside humidity ratio was considered a constant for
the entire day. The total infiltration for the entire home at each hour is
obtained by adding up the infiltration from each window and door in the

house and dividing this by two. This total is divided by two because half

of the house in infiltrating while the other half is exfiltrating.

Internal Loads
The last heat gain to be calculated is the internal load that occurs

in a home. This load consists of lights, appliances, and people. Since
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occurrence of these components is dependent upon the human factor, they
are extremely hard to predict. Because of this, the appliance loads were
neglected in the current version of the program. The load schedules for
the Tights and people were estimated in the program.

The single input to the people schedule was chosen as the number of
members in the family. This information was used in the following schedule
to calculate a sensible and latent load. For the first six hours of the
day, the entire family is sleeping at a metabolic rate of 200 BTU/(hr)(prs)
sensible and 100 BTU/(hr)(prs) latent. At seven o'clock in the morning every-
one in the family gets up and gets ready for the day. This means that they
are taking showers, getting dressed, and preparing breakfast. Since this
is a faster pace, their metabolic rates were chosen as 250 BTU/(hr)(prs)
sensible and 200 BTU/(hr)(prs) latent. During the day from eight o'clock
a.m. until four o'clock p.m., everyone is gone except the homemaker who
normally works at a metabolic rate of 250 BTU/(hr}{prs) sensible and 200
BTU/(hr)(prs) latent. Starting at five o‘clock p.m. the rest of the family
comes home and until ten o'clock p.m. their activity will remain high or
at a rate of 250 BTU/(hr)(prs) sensible and 200 BTU/(hr)(prs) latent. The
last two hours of the day the entire family is asleep at the same rates
used for the first six hours of the day. Again, this is just a represent-
ative schedule for use in this program; the program can easily accept more
accurate representations if they are known.

The 1ight load was calculated on a similar schedule. It was assumed
that no lights would be needed until one hour before sunset in the evening.
The program determines the hour of sunset and one hour before this the
lights are turned on and left on until ten o'clock p.m. Because most

people are trying to keep unnecessary lights turned off in an effort to
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save money, it is assumed that the amount of lights on at any one time will
never be the maximum amount of light installed in the house. The lighting

load chosen was one-third of the total 1ight capacity during the evening.

Cooling Load Calculation
After all heat gain components have been computed, all that remains

is to delay certain heat gains that appear as delayed cooling loads and to
sum up the instantaneous cooling loads. The heat gains from the walls,
ceiling, windows, and doors are loads that do not appear as cooling loads
instantaneously. These heat gains, before becoming cooling loads, must

actually raise the temperature of the air in the room. The amount of time
it takes for these heat gains to become a cooling load depends on the home
construction. The actual quantitative cooling load is calculated by a
response factor method that uses past heat gain and cooling load information
to calculate a present cooling load. (1;4) The following equation from the
ASHRAE Handbook of Fundamentals demonstrates the procedure for calculation

- of loads for walls, ceiling, doors and windows:

2 o 2

QT = Factor ° i=0 i ' qe,T - 'iﬂ) - i=] (w'i ) QT".iA)

where,
Factor - A construction correction.
QT - The cooling load at time T - 0, hr.
9D.T - ia " Heat gain at time T - i, hr.

vy and Wi Response factor coefficients.

The total heat gains from the windows, walls, doors, and ceiling are

totalled each hour to obtain a fixed profile for this equation. The v's

and w's have been calculated for light construction, typical frame home,
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but to make these response factors more accurate for the home under con-
sideration the correction factor serves as a fine adjustment. The QT'S
are the resulting ‘cooling loads for the twenty-four hour period.

After making these calculations for three or four twenty-four periods,
these cooling load values will have converged. The rest of the heat gains,
including lights, people sensible and latent, and infiltration sensible
and latent are added to the cooling load from the walls, windows, doors
and ceiling to obtain the total cooling load for each hour of the day for
the entire house. These heat gains were considered instantaneous because
they change the air temperature immediately when they occur.

For a more detailed explanation of the calculations and of the program

flow, a commented copy of the program is contained in the appendix.



CHAPTER IV
RESULTS AND DISCUSSION

In the preceding chapters the cooling load program was developed. In
this chapter program capability is demonstrated by consideration of results
from a "test" home.

The test house was located on the 40th north latitude. August 21st was
chosen as the test date. The inside design temperature was chosen as 75 F
and the outside dry bulb temperature profile used is shown in Figure 8.

The inside humidity ratio was 0.0108 pounds of moisture per pound of dry air
and the outside humidity ratio was 0.0158 pounds of moisture per pound of

dry air. A1l of the previous information except the inside and outside
humidity ratio was supplied as input data to the program. Tﬁése were written
as fixed values in the infiltration subroutine. The house used as the test
home is depicted in Figures 9 through 12. The house was a two story house
with a foundation size of 40'0 x 27'4 and a total living area of 2,109 square
feet. As seen in the figures, the front of the house faced south. The
figures also illustrate the location of the windows and doors on the house,
The dimensions of the windows and doors were supplied to the computer as
data. The variables left to be manipulated in the program were: the con-
struction materials {of the walls, ceiling, windows and doors), width of
overhang and angle of house-sun orientation. These variables were changed

in each case to demonstrate the ability of the program. The following is a

description of each of the six cases treated.

Case 1
Wall construction: Uninsulated frame wall

Ceiling construction: Uninsulated ceiling
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FIGURE ©. FRONT VIEW OF TEST HOUSE
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Window construction: Single sheet, unweatherstripped, no in-
ternal shading

Door construétion: One and one-half inches of wood
Orientation: Facing south
Width of overhang: Three feet
Purpose: To establish a base load for comparison in subsequent
cases.
Case II
Wall construction: Frame wall, one inch of insulation
Ceiling construction: Three inches of insulation

Window construction: Single sheet, unweatherstripped, no
internal shading

Door construction: One and one-half inches of wood
Orientation: Facing south
Width of overhang: Three feet
Purpose: To illustrate the load reduction with the addition

in insulation.

Case III

Wall construction: Frame wall, one inch of insulation
Ceiling construction: Three inches of insulation

Window construction: Insulated double pane, weatherstripped,
white opaque roller shades

Door construction: One and one-half inches of wood
Orientation: Facing south
Width of overhang: Three feet

Purpose: To illustrate the reduction in load due to the window
change
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Case IV
Wall construction: Three inches of insulation, frame wall
Cei]ing'construction: Six inches of insulation

Window construction: Insulated double pane, weatherstripped,
white opaque roller shades

Door construction: One and one-half inches of wood |
Orientation: Facing south |
Width of overhang: Three feet
Purpose: To illustrate the load with this added insulation

and for comparison to the next two cases

Case V

Wall construction: Three inches of insulation, frame wall
Ceiling construction: Six inches of insulation

Window construction: Insulated double pane, weatherstripped,
white opaque roller shades

Door construction: One and one-half inches of wood
Orientation: Facing south
Width of overhang: One and one-half feet

Purpose: To illustrate the ability of the shading subroutine

Case VI
Wall construction: Three inches of insulation, frame wall
Ceiling construction: Six inches of insulation

Window construction: Insulated double pane, weatherstripped,
white opaque roller shades

Door construction: One and one-half inches of wood
Orientation: Facing west
Width of overhang: Three feet

Purpose: To illustrate the ability to rotate the house
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The results of the load calculation for the six different cases are
presented in graphical form in Figures 13 through 19. The numerical values
on which the graphs are based are given in Table 3; The computer time on
the IBM 370-158 to run these six cases was 29 seconds.

Case one was chosen as the base for the first four cases. The house
chosen for this case was a structure with the Towest thermal resistance that
the program was capable of, which implies the highest possible cooling load.
Cases two, three and four were compared to this base load to demonstrate
the load reduction of each case.

The cooling load profile in Figure 13 has a dip in it at 12 o'clock
noon. A dip occurs when the sun azimuth aligns with a wall azimuth. In
this case, at 12 o'clock noon the sun azimuth is aligned with the azimuth
of the wall facing south. At 11 o'clock in the morning or at 1 o'clock
in the afternoon the sun strikes two walls, but at 12 o'clock noon the sun
can only strike the south wall. Since oﬁ]y one wall is sunlit at 12 o'clock,
this will result %n a slight dip in the cooling load. Two other dips occur.
One at 7 o'clock in the morning and the other at 5 o'clock in the afternoon.
These two dips were not as prominent as the one at 12 o'clock noon for case
one. All three dips are equally significant in case four as depicted in
Figure 16.

The cooling load for case one peaked at 76,327 BTU/hr at 3 o'clock
in the afternoon. The daily cooling load was 911,565 BTU/day.

Case two was chosen to show the reduction in load caused by adding
one inch of insulation to the walls and three inches of insulation to the
ceiling. The peak cooling load was 49,328 BTU/hr at 3 o‘clock in the
afternoon, with a daily load of 601,979 BTU/day. This was a reduction of

35.4% in the peak load and 34% in the da11y cooling Tload.
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Case three peaked at 26,688 BTU/hr at 3 o'clock in the afternoon.

This reduced the peak load by 29.7%. The daily cooling load was 343,124
BTU/day or a reduction in the base daily load of 28.4%. This case was
chosen to show the effect weatherstripping and adding storm windows to
windows can have on the cooling load.

The cooling load in case four was calculated for two reasons: to
show the percent load reduction due to adding two inches of insulation and
to establish a second base load for the last two cases. As shown in Table
3, case four peaked at 19,419 BTU/hr, a reduction of only 9.5% of the first
base load. The daily cooling load was 256,260 BTU/day or a reduction of
9.5% also. This shows that the first insulation added to the house reduces
the base cooling load more than additional insulation. The construction
materials used in this case are very similar to those used in most Kansas
homes today; therefore, this case was chosen to serve as a second base case.

Since all three dips are more distinct in case four than the others,
the cause of the dips should be a predominant Toad. In case four the conduc-
tion loads from the walls, the ceiling, and the windows were reduced. The
infiltration, latent and sensible, was also reduced. The load that has been
effected the least is the radiation through transparent surfaces; therefore,
this apparently 1is the cooling load component that is causing the dips in
the cooling load profiles.

The first four cases were chosen to demonstrate the program's ability
to calculate cooling loads for various constructions, while the last two
cases were chosen to demonstrate the shading routine.

Case five was constructed of the same materials as in case four ex-
cept the width of the overhangs were reduced by 50%. Case five's peak

cooling load increased by 3.6% over the base case four. The total daily
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cooling load increased by 2.9%. Figure 19 illustrates the similarity in
cooling load profiles for cases four and five. A change in the overhang
width appears to cause only a magnitudinal shift. .

When the front of the house was rotated to the west, more than a
magnitudinal shift was shown as depicted in Figure 19. For case six the
cooling load peaked at 21,110.7 BTU/hr and at 4 o'clock in the afternoon,
one hour later than the first five cases. This was an increase of 8.7% in
the peak load over case four. The daily load increased by 9.5%. The hour
shift occurred because of the larger western exposure later in the day.

After obtaining a cooling load profile, home designers must be able
to analyze the results and draw conclusions from it. They must be able to
recognize when a cooling load calculation may be too high or too low and
make the appropriate modifications.

The first example of this is if the house was located on a high hill
overlooking a large lake. The structuré'would probably have a higher infil-
tration load than'those used in the program due to the higher winds and
higher outside humidity ratio. Program adjustment would be required to re-
flect this situation.

Another example is a home located in a metropolitan area with a hazy
atmosphere. This would lower the solar Tload.

A third example is an attic with some type of forced ventilation.
Since the program considered the attic as enclosed and not ventilated, a
forced ventilation would change the attic temperature and, therefore,
change the ceiling load.

The calculated cooling load is based on an inside design temperature
remaining at 75 F. Since thermostats activate with a rise in inside temp-

erature, the cooling load will drop with that rise. The home designer will
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need to consider each individual design and decide which Toad minimizing

changes will save money.



CHAPTER V
SUMMARY

Home designers have used several different methods to calculate cooling
loads for residential homes. Most of these methods give the designer a peak
load only, and tell nothing about the cooling load at any other time of the
day. MWith a twenty-four hour cooling profile, the total cooling load per
day can be calculated. This is very helpful in selecting building mater-
jals, width of overhang, the orientation of the house and in estimating
cooling costs.

The digital computer was used in calculating the twenty-four hour
cooling loads for a residential structure. The program was written to
calculate cooling loads for as many home types and structural variations as
possible. However, the following lTimitations exist: there must be the same
number of floors throughout the floor plan; all extensions from the main
house are required to be at right angles; all of the roof hip ridges are
required to meet at the same level. The program can calculate cooling
profiles for L, T, U, or X shaped homes.

The shape of the home and its dimensions, the type ﬁf wall, ceiling,
window and door construction are needed as input data. This information
completely defines the home for the program calculation. The outside en-
vironmental information required in the program is solar heat gain calcu-
lated for different months of the year, the angle of house-sun orijentation,
and the supplied outside temperaturé profile.

The program with this input data has the capability of accommodating
various construction materials, overhang widths, and angles of house-sun

orientation. With this information, detailed shading calculations are
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made to calculate what percentage of each surface is sunlit. This shading
information is used to calculate adjusted sol-air temperatures and adjusted
solar heat gains.

Heat gains from the walls and ceilings are calculated using the re-
sponse factor method outlined in the ASHRAE Handbook of Fundamentals. The
response factor method uses a time series combination of past sol-air
temperatures and past heat gains to calculate the present heat gain.

Infiltration was programmed by the crack flow method for different
types of windows; therefore, the infiltration rate is fixed by the type
and size of window.

For the windows and doors, a sensible and latent infiltration load is
calculated by the program.

The internal loads calculated were due to lights and people. Both
were estimated from reasonable schedules for lighting and family éctivity.

Heat gains from the walls, ceiling, doors and windows are changed to
cooling loads by another response factor method ocutlined in the ASHRAE
Handbook of Fundamentals. These cooling loads are combined with the infil-
tration and the internal loads to obtain the total cooling load at each
hour.

Six cases were run to demonstrate the program's ability to calculate
the cooling load profiles for different situations. The first four cases
used the same basic floor plan, but changed the construction of the walls,
ceiling, doors and windows. The first case was an uninsulated home with
single pane, unweatherstripped windows. As the program progressed to case
four, there was progressively added more insulation and weatherstripped

windows. Case four had six inches of insulation in the ceiling, three
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inches of insulation in the walls, insulated glass and weatherstripped
windows and doors. In the first four cases the building materials only

were varied to demonstrate their effect on coo]inglload. In case five

the building materials were left the same as in case four, but the width

of the overhang was cut in half to demonstrate the effect shading would

have on the cooling load. Again, in the sixth case, the building materials
of case four were used along with three foot overhangs, but the home was ro-
tated 90° from facing south to facing west. This demonstrated the program's
ability to calculate the cooling load at any other orientation. The results
from cases one through six can be observed in Figures.13 through 18 and in
Table 3.

It is hoped this program will find practical use. The responsibility
of using this program rests with the home designer. To save money on ini-
tial and monthly air conditioning costs, the home owner must demand that the
home designer seek the information this cooling load program can provide.
The program can be an aid in making the economic and energy decisions which

must be made for future single-family housing units.
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APPENDIX A
SHADING EXAMPLES
The following examples will not and are not intended to show how each
shading case is calculated in the program, but to demonstrate the general
theory used to calculate a few representative examples. The examples are:

a. The shading on a wall from the overhang extending out over it.

b. The wall shading from the overhang extending out over it in com-
bination with the overhang from an adjacent wall that extends
out perpendicular from the original wall.

c. The wall shading that occurs wifh the roof overhanging this wall
in combination with the shading from a roof's hip ridge that

extends out perpendicular from the wall.

d. The window shading from a roof overhang above it in combination
with the overhang from a perpendicular wall.

There are several common variables that are required for every case. Some
of these are supplied to the computer as data and others are calculated.
Some of these calculated values are the solar altitude, the solar azimuth,
and. the shadow-1ine angle which is the solar altitude perpendicular to the
- wall. The variables that are supplied to the computer will be iaentified
when they are used in the examples.

The first example is a plane wall with the roof overhanging the edge
of the wall. Figure 20 shows the type of house and the shading example.

Figure 21 shows where the shadow-line angle () is located. Variables
0 and H, the width of overhang and the height of the wall, are values sup-
plied to the computer as data. To calculate the percent sunlit area, the
following equations are used:

UNSHA = 1.0 - (0 - TAN @)/H if TAN @ = TAN g/COS .

Then,

UNSHA = 1.0 - (0 - TAN &)/(H - COS v) and v = 8 - &
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Vs

FIGURE 20, HOUSE USED FOR EXAMPLE ONE

FIGURE 21. EDGE VIEW OF WALL



where,

UNSHA - The percent of the wall area sunlit.
0 - Width of overhang, ft.
H - Height of wall, ft.
g - Solar altitude, rad.
y - Wall-solar azimuth, rad.
@ - Solar ézimuth, rad.
y - Wall azimuth, rad.

If the absolute value of y should become larger than ninety degrees,
the wall is shaded entirely. This is true for wall, window and door shading.
Example two is similar in many respects, but the wall extending out
perpendicular to it causes a diagonal shadow across the wall as illustrated

in Figure 22.

ESSISSSSN
A\

0NN

FIGURE 22, HOUSE AND SHADING FOR

EXAMPLE TWO

Figure 23 shows a working view of the house for computational purposes.

The notation will need to be examplained before continuing. The wall
that is being shaded will be subscripted with an n and the wall counter-

clockwise looking at the floor plan from above will be subscripted n - 1.
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FIGURE 23. EDGE VIEW EXAMPLE TWO

- Likewise, a wall clockwise from the nth wall will be subscripted n +.T.
This particular example can only occur when vy is less than zero and greater
than -90, and if @ n - 1 is greater than the siope of the roof on wall
n-1.

To calculate the percent of the wall area sunlit, divide the sunlit
area into two areas, X and Y, as shown in Figure 24. Then these areas can

be calculated with the following equations:

X=(Lp-A-03_.7)"5S
S = UNSHA - Hn
or _
X=(Lp-A-0,.1) - UNSHA - Hy
and
Y=5-5/(2 TANg _,) - (UNSHA® - an)/(z CTAN @ )
WAREA = (X + Y)/(Ly * Hp)
where,

Lh - Length of wall n, ft.

0y - Overhang from the wall, ft.
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UNSHA - Percent of wallp sunlit.

Hn - Height of wallp, ft.
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FIGURE 24. EXAMPLE TWO AREAS X AND Y

The values of H, L, and O are supplied to the computer as data. Check
statements are used to determine if the home even has this type of shape.
When a building is found that is shaped this way, it is then checked to
see if the sun is in a position to give the wall this type of partial shad-
ing. If so, then it is checked to see if the quantity A or B from the
Figure 23 is larger. If B is larger than A and A is smaller than
Ln - 0n T the previous example has been found.

Example three is similar to example two except, 2 -1 has fallen
below the slope of the roof on wa]]n _ 1 A working drawing of this prob-
lem is provided in Figure 25.

Again the sunlit area is divided into two shades, X1 and Y1. X] and

Yy are calculated as follows: '
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FIGURE 25. SHADING EXAMPLE THREE

-
-

.._-J[--,“‘

X) = (BRO - ¢ c ) (UNSHA - H_)
where,
6RO = Ky - COS (< RA) + L, -0
ccc= (K, _q - SIN (<RA) + Hy ])/TAN(Qn - 1)
Yy = (UNSHA - Lp)/(2 - TAN(2, _ 1)) - (UNSHA - Lp) = UNSHA®
i .
S L,/ (2 - TN, 1))
WAREA = (X; + Y;)/(L_ - H_).

The same variables as in example two, plus K and < RA, were supplied to the
computer as input data. Similar check statements are used to find this ex-
ample as those used in example two.

Example four is different from the first three examples to provide an
example of window shading. Many of the same concepts are used in this
example that were used in the first three examples. Figure 26 illustrates
shading example four. With the aid of Figure 27, the percent area sunlit
of the window is calculated more easily. For this case the sunlit area is
divided into two areas, X2 and Y,. The areas of X2 and Y2 are calculated

as follows:
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FIGURE 26. VIEW OF WINDOW- IN EXAMPLE
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FIGURE 27. WINDOW ENLARGEMENT
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(AB - X X X) + WH

Xy =
Yy = WH - (WH/(2 5 TAN 1)) = (wHP)/(2 - TAW @)
where,
X = On-] + P/TAN 21t
XXK = 0,4 + (P + N)/TAN o _;, ft.
AB = K + M, ft.
WH =P +N-0/TAN a_, ft,
and
WAREA = (X, + Y,)/(N - M),
WAREA - Percent area of windows sunlit.

" For this example P, N, M, K, and O are supplied to the computer as data
for wa]ln and wa11n -1 A1l other windows and door types are calculated
on a similar basis.

When the program is required to find what percent of a surface is shaded,
it must first find what type of shading can exist on that surface and then
determine where the shadow line or lines cross it. In these examples, the
preliminary steps were bypassed and that information was completely defined.
The computer in case four calculated XX and XXX and determined if the
shadow 1ine even passes across the window. Afterathe case has been identi-
fied by the program, then the equation to calculate the percent sunlit area

is selected for that particular case.



APPENDIX B
THE ATTIC AIR TEMPERATURE CALCULATIONS

The heat gain through the roof and ceiling cénstitutes a large per-
centage of the total load; therefore, it is an important load to consider.
As the program was being written as number of problems arose concerning
the calculation of these heat gains. Some of these problems were:
which sol-air temperatures should be used on the roof; how was the mixing
of air in the attic occurring due to some roofs in the sun light and others
in the shade; and which response factors should be used and how would
these be calculated. A further explanation of these is needed.

The first problem concerns the difference in sol-air temperatures of
the roofs. The sol-air temperatures on a roof can range in magnitude by
as much as 50 F at one hour. The second problem is a function of the first
problem. What is the mean attic temperature if the sol-air temperature of
one roof is at 150 F and a second roof is at 95 F? There must be some kind
of mixing of the attic air occurring. The third problem again builds on
the previous problems.

It was thought at first that response factor coefficients could be
calculated for a ceiling with an attic space above it and do a heat gain
analysis through each roof. This satisfies problem one, but aggrevates
the second one. The solution implied that the attic air temperature
under each roof was completely independent of the attic air temperature
under any other roof. This eliminated the response factor method to obtain
heat gains from sol-air temperatures on the roof for the ceiling. At
this point energy balances were written in an attempt to calculate an

attic temperature profile. The following derivation will show how these
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equations were derived and how they are used to calculate a heat gain pro-
file through the ceiling.

To start with, a positive direction for heat transfer js assumed or,
equivalently the sol-air temperature on the roof is higher than the attic
temperature and the attic temperature is higher than the inside design
temperature. If these magnitudes are not correct, the sign of the heat
flux will take care of the discrepancy. In Figure 28, a cross sectional

view of an attic and the energy terms involved are shown.

SOLAR LOAD ENTERING
ROOF

ROOF

ENERGY ABSORBED

BY THE ROOF
T“’:wr-:ﬁ.frmh L
ENERGY TRANSMITTED ATTIC
Troor TO THE ATTIC AIR SPACE

""" ENERGY ABSORBED
BY THE ATTIC AIR

— .
T, — ENERGY TRANSMITTED
ATTIC q INTO THE GEILING
5 }  CEILING
—_—
TinsiDE

FIGURE 28. CEILING CROSS SECTION

‘The energy terms can be combined as the solar load entering the roof
is equal to the energy absorbed by the roof plus the energy transmitted to
the attic for the first equation, and the energy transmitted to the attic
is equal to the energy absorbed by the attic air plus the energy transmitted
into the ceiling for the second equatioﬁ. The energy rates transmitted

into the ceiling are generated from a response factor method; therefore,
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the heat flux into the ceiling does not need to be broken down any further.

These expressions are written as:

ARho (Te aver. roof ~ Troof) - MRCR dTroof/dt * ARha (Troof B Tattic)
ARha (Troof B Tattic) } Mattic Cattic dTattic/dt % qceﬂing
where, EZ AR+ To roof
T ~n=1 M n
€aver. roof E; Aq
n= n
AR - Area of the roof, ft2.
h, - Outside convection coefficient, BTU/hr-ft?-F.
T - Area weighted sol-air temperature on the roof, F.

€ aver. roof
Tp - Temperature of the roof materials, F.

MR - Mass of the roof, 1bs.
CR - Heat capacity of the roof, BTU/1bs - F.
t - Time, hrs.

h, - Inside attic convection coefficient, BTU/hr-ftz-F.

a
Tattic - Attic air temperature, F.
Mattic - Mass of attic air, 1bs. 7
Cattic - Specific heat of air, BTU/1bs-F.
qcei]ing - Heat gain through the ceiling, BTU/hr.

Since these equations are not programmable in this form, they need
to be transformed into equations that are programmable. First, dT/dt is
written as (T* - T)/4a t where T* is some temperature & t time in the future
before T occurs. To make this more general it is written for any time
increment in hours as (T* - T)/%—or n(T* - T). The time interval between

calculations is 1/n hours. The above equations are written as:

ARho (Te aver. roof ~ Troof) - nﬁRCR(T*roof h Troof) * ARha(Troof'Tattic)
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and

‘) = nM

Reb (Tooor Tatiic

R'a ¢

attic(T

* -
attic attic Tattic) * qcei1ing
where,
T* - is the future temperature by 1/n hours.

There first equation is solved for T*roof and the second equation for

T*attic° These will yield the following equations:
* - - - -
T roof Troof * (ARho(Te aver. roof Troof) ARha(Tmof Tattic))
/(nMrCr)

and

* _— - -

T attic Tattic * (ARha(Troof Tattic) qcei]ing)/("Matticcattic)
where,

h, - 4.0 BTU/he-ft F.

2

ha - 0.4 BTU/hr-ft~ F.

Since the approximation for dT/dt may not be convergent for large one
hour time intervals, the size of n may need to be changed. By trying
different values it was found for residential roof masses that n needs to
be at least four or five for convergence to occur; therefore, n was chosen
as ten to insure convergence. Since n was chosen as ten, an average sol-
air temperature profile for the roofs was needed that gave sol-air tempera-
tures with a time interval of six minutes between them, or ten per hour.

A linear interpolation between the hour average sol-air temperatures
was Qsed. To get these calculations started, an attic temperature of 85 F
was chosen, 75 F was used as the inside desige temperature and 100 F was
chosen as the roof temperature. These values were used for the last six

hours of the day and they were used to calculate the § for the last six

hours of the day by the equation:
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qcei]ing - Aceih’ng Ucei]ing (85 F - 75 F).

During the first hour that T* and T* were calculated, the values

roof attic

for T T ,and T from one time interval before were

attic e aver. roof

used and the initial § was used. At the end of the first hour a new value

roof?

of § was calculated by the response factor equation. This new § was used

T and T

attic e aver. roof
At the end of the

for the second hour along with T for the first

roof?
1 5 * *
time interval before to calculate T — and T

attic’
second hour another new § was calculated to be used during the third hour.
This procedure was repeated every hour for five twenty-four hour periods

to insure the convergence of a solution for the attic temperature and §
profiles. When this procedure has been completed by the program, in addition

to the attic temperature profile being calculated, the ceiling heat gains

have also been calculated.



APPENDIX C
For the program user a further explanation of the input to this pro-
gram is needed. The following discussion will shdw a sample input to the
program including drawings of the house, the data cards necessary to run
the program, and a discussion of the information on these cards.
The home used in the sample data is fully described in Figures 29-33.
The necessary data is punched on cards shown in Figures 34 and 35. In

Table 4 is a tabular description of each card is found.
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TABLE 4
DESCRIPTION OF DATA CARDS

Card
No.

Description

5 & 6.

8,9,10,
11512 &13.

This is a literal field of length 40 spaces. This field is
used in the Cal Comp Plotter Subroutines (Horizontal Axis).
Anything can be put in the first 40 spaces, this card can
even be left blank.

This is a literal field of length 40 spaces. This field

is used in the Cal Comp Plotter Subroutines (Vertical Axis).
Anything can be put in the first 40 spaces, this card can
even be Teft blank.

This is a literal field of length 40 spaces. This field is
used in the Cal Comp Plotter Subroutines (Legend). Anything
can be put in the first 40 spaces, this card can even be
left blank.

This is the number of subroutines called. To make this
program more versatile each of the subroutines are called
by an identification number. A Tisting of these numbers
is contained in the listing of the main program along with
the minimum subroutines necessary to obtain each cooling
load. The main program uses a series of logical IF state-
ments to call the next subroutine.

These two cards are a list of subroutines. in the order they
are called. The number of subroutines called determines
how many cards will be used. Note 8 subroutines are listed
on each card. This example calls 12 subroutines, 10 could
have been called and a cooling load still obtained if sub-
routines (3) (Shafra) and (7) (Vallo) would not have been
called. These two subroutines' sole function is to print
out intermediate data.

This is the first data card read in subroutine reval. The
first value read is the number of walls on the house. The
second value is the house-sun orientation angle (positive-
clockwise-negative-counter clockwise). The third value is
the month of the year. The fourth value is the latitude
location of this home.

These are wall data cards. Each card contains the infor-
mation for one wall. There will be a card for each wall.
On each card the first value is the wall orientation number.
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15.

16,17,18,
19,20 & 21.

77

The second value is the slope of the roof. The third value
is the horizontal length of the wall and the fourth value

is the wall height. The fifth value is the wall slope.

Note for a vertical wall the slope is a very large number,
9999.0 has been used in this case. This version of the
program cannot handle anything except vertical walls. The
sixth value is the total area of the walls including any
windows or doors on that wall. The triangular area on walls
(3) and (6) that have an attic behind them are not included
in this wall area. The seventh value is the surface area

of the roof. The eighth value is the width of overhang on
each wall. For a wall such as (3) or (6) that does not

have a horizontal overhang, then the width is considered to
be zero. The ninth value to be read is the actual running
width of the roof. The tenth value is the horizontal length
of the hip ridge on the roof above this particular wall.

This card contains the number of windows on each wall. The
first number is the number of windows on wall (1), the
second number is the number of windows on wall (2), and etc.

This card contains the number of doors on each wall. The
first number indicates the number of doors on the first wall,
the second number indicates the number of doors on the
second wall, and etc.

These six cards contain the information on the window and
doors. One card contains information on one window or door
and a card is used for each window and door. The order that
windows and doors are read in is very important. The first
cards read are the windows on the first wall, immediately
following these are the doors on the first wall, Next the
windows on the second wall are read, followed by the doors
on this wall. This order is demonstrated in the sample in-
put data. .

Card (16) is for the door on wall (1).

Card (17) is for the window on wall (2).

Card (18) is for the window on wall (3).
Card (19) is for the window on wall (4).
Card (20) is for the window on wall (5).

Card (21) is for the door on wall (5).

The first value on these cards read is the vertical distance
below the window or door. The second value is the height of
the window or door. The third value is the vertical distance
above the window or door., The fourth value is the horizontal
distance to the right of the window or door. The fifth value
is the width of the window or door. The sixth value is the
length to the left of the window or door. The seventh value
is the type of window or door. A listing of the type of
windows and doors can be found in the subroutine AINFIL.
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23 & 24.

25.

26.
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78

The eighth value is the area of the window or door.
This card has the inside design temperature.

These two cards contain the outside temperature profile.
The first card contains the first 16 temperatures and the
second card contains the last 8 temperatures.

This card contains the wall construction of each wall. A
Tisting of wall constructions can be found in the subroutine
load.

This card contains ceiling and attic information. The first
value reads the ceiling type. The second value is the
ceiling area. The third value is the volume of attic air.

A Tisting of ceiling types can be found in the subroutine
load.

The last card contains two values. The first one is the
number of members in the family. The second value is the
total light capacity in BTU/hr of the house.



APPENDIX D
The following is a complete, commented listing of the entire cooling

load program for residential structures.
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THIS PROGRAM CALCULATES A TWENTY-FOUR ‘HOUR COOLING LOAD PROFILE
FOR RESIDENTIAL HNMES.
THE FIRST THREE DATA CARDS ARE YSED AS LITERAL FIELDS TO SUPPLY
THE AXIS LABELS TO THE CALCOMP PLOTTER. THE NEXT READ STATEMENT IN
THE MAIN PRCAHRAM IS THE NUMBER OF SUBRCUTINES CALLED, TN MAKE THE
PROGRAM MORF VERSITAL THE MAIN PROGRAM WAS WRITTEN TO INITIALIZE
CERTAIN VALUES NECESSARY AND TO LOGICALLY CALL THE SUBROUTINE
NEEDED, THIS MEANS MORE THAN ONE HOME CAN RE RUM AT A TIME AND THE
AMCUNT CF INFGRMATION PRINTED QUT ABCUT EACH HOME CAN BE VARIED.
THERE IS A MINIMUM SEQUENCE THAT MUSY BE CALLED TO OBTAIN A
COOLING LOAC PROFILE. THIS MINIMAL SEQUENCE IS LISTED BELOW.

REVAL

SHACE

SOLTEM

LOAD

DWLCAD

AINFIL

AINTER

TOHEAT

coaLsu

- YOoCQoL

THESE SUBROUTINES ARE NUMBERED ACCORDING TO THE NUMBER ON THEIR
CALL STATEMENT STARTING WITH STATEMENT 1. STATEMENTS I THROUGH 12
ARE ACTUALLY SUBROUTINES. STATEMEMTS 3 THROUGH 17 ARE -EXECUTABRLE
OPTICONS THAT CAN BE CALLED. THE FOLLCWING DESCRIPTICN WILL
DESCRIBE WHAT THESE DO0.
STATEMENT 13: RFADS PREVICUSLY STORED CATA OFF OF THE DISK
STATEMENT Ll4: WRITES THE LISTED DATA OUT ON TO THE DISK AFTER ALL
CALCULATICNS HAVE BEEN MADE., '
STATEMENT 15: THIS STATEMENT WILL RESULT IN THE COOLING LOAC
PROFILE BEING WRITTEN OUT.
STATEMENT 16 & 17: THESE ARE CALCGOMP PLOTTER STATEMENTS USED 1O
PLOT THE COOLING LOAD DATA. THE SUBROUTINES THESE CALL WERE
PROVIDED BY DR. HUGH WALKER.
ALL OTHER REAC AND WRITE STATEMENTS ARE CONTAINED IN THE
SUBRDUTINES. MUCH OF THIS PROGRAMS PROCEEDURES ARE OUTLINED IN THE
ASHRAE HANCBOOK OF FUNDAMENTALS, 1972. EACH OF THE SUBROUTINES ARE
COMMENTED AT THE BEGINING AND THROUGHOUT.
COMMON/AIRC/N AA, ITIMy ALAT 44, DIME2{10,15), TCHFK NNy NNNyN1, JCHEK
COMMCNZATRC/ALITE{24415},BLITEL24,15),AUMC(15)
COMMON/AIRC2/WLITE( 24415,10),DLITE(Z24,15,45)4111
COMMON/WALPRN/BN,B1,B2,R3,B4,R5,R6,BB0,B81,882,RB3,BR4,RB5,RR6
COMMON/WALPRL/D1,D2,C3,C4%,05,06,D01,002,C0D3,C04+0N05,006,45C,SSC
COMMON/ZATRCL/NOWINI15) ¢ NCDOORILS) yWINDOW(15,10,8),NUMB(L5) .KNDE
COMMCN/AIRCS/TEPP(24) +SOLAVW{24415+10)+0DTH{24,15+10),RTMI30,15])
COMMON/AIPCE/WTMI30,15),SRTMI15) ,ARTM{15)
COMMON/AIRCT/QLOCE30,15),RALODI30),AQLCDHILS)
COMMON/ATRCB/SGLODILS) 4UCE,T,ROGMT 4UWL15,10),U(15])
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COMMON/ATRCS/UD(15,10),QD0CR124,415410),OWINN(24,15,10)
COMMON/AIRLO/AL IGHT(24)PEOPLS(24),PEOPLL( 24),MEMBER, TOTLIG
CCMMON/AC1/SACCOF(15,10)
COMMON/AIR11/7OHOUSE24) , TOLAT{24) yTCWINS{24,15), TCWALR{24,15)
COMMON/ATRLZ2/TOWLAT(24,15)  TOWALL{24,15),FACTOR,COLO( 28]
COMMON/ATR13/C0OCLI28),CT(24),TOHC(24)
COMMON/AIR14/SEC,CRFLI15,10)4CRALEN{15,10) yALFIN(15,10,2%)
COMMON/ATR20/STINFIL(L15+10,24) 4 ALFIL(15410,424)
COMMON/AC21/TA(30) yNOCE,NOWA[15) ,CEAR,VCOLAIR,TR(30},WT(30)
COMMON/ZAIRI/QLATI30,15),ROLAT( 30)
CCMMON/ARCON/XNUB(24) ,SUB(100)
DIMENSION XA{10),YBL10),+2C{10)4XNULI24,10),CT1124,10)
105 FORMAT(' THE VALUES GIVEN FOR THE SUBROUTINE DESIRED IS GREATER T
LHAN 14  AND IS EQUAL TO',15)
503 FORMAT(* THE FOLLOWING VALUES OF CT{(HCUR) IS THE 24 HOUR COOLING
1LOAD FCR THE HOLSF'}
504 FORMAT(' CT{*,[2,")=",F9.1}
505 FORMAT(I10)
506 FORMAT!8FLO.1)
507 FORMAT(10A4)
KA10=0 _
KZ IS USED IN THE PLOTTER SUBROUTINES AND MUST BE SET TO ZERO AT
THE BEGINING OF THE PROGRAM.
KZ2=0
IDISK=10
KODE=0
REWINDIDISK
00 200 JJ=1,24
XNUBTJJI=JJ
200 CONTINUE
READI5,507)IXAlJ}yJ=1,10)
READ(S,+50T){YR(J),J=1,+10)
READ[S,507THIZCIJ) 4J=1,10)
NSUB TS THE NUMBER OF SUBRCUTINES THAT WILL BE CALLED.
READ(5,505) KSUB
ARRAY SUB{N) CCNTAINS THE SEQUENCE OF SUBROUTINES THAT ARE TO BE
CALLED.
READ{5,506) (SUB[N) 4N=1,NSUB)
DO 38 K=1,NSUB
J=SUR (X)
THE FOLLNWING IF STATEMENTS SELECT WHICH SUBROUTINE WILL BE THE
K TH SUBROUTINE TO BE CALLED.
IF(J.EG.1) GO TO
[F(J.EQ.2) GAN TO
IF{J.EQ.3) €O TO
IF(J.EQ.4) GO TO
IF(J.EQ.5) €0 TQ
IF{J.EQ.B) GO TO

= B T
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IF(J.EQ.7) GO TO 7 _ .
IF(J.EQ.8) GO TO 8
IF(J.EQ.9) GO TC 9
IF(J.EQ.10} GO TO 10
IF(J.EQ.11) G0 TO 11
IF(J.EQ.12) GO TO 12
IF(J.EQ.13) GO TO 13
IF(J.EQ.14) GC TO 14
[F(J.EQ.15) GO TO 15
IF(J.EQ.l6}) GG TO 16
IF(J.EQ.17) GO TO 17
WRITE(64105) J
GO TO 52
THE FOLLOWING IS THE LIST OF SUBROUTINES.
1 CALL REVAL
IF KODE 1S FOUND EQUAL TO 1 A BAD VALJE WAS FOUND AND EXECUTION OF
THE PROGRAM [S STOPPED IMMEDIATELY.
IF(KODE.EC.1) GO TO 52
GO TO 38
2 CALL SHADE
GO TO 38
CALL SHAFRA
60 TO 38
CALL SCLTEM
GO T0O 33
5 CALL LCAD
IF(KODE.EG.1) GO TN 52
GO 10 38
6 CALL DWLCAD
IF (KODE.EQ.1) GO TO 52
GO 10 38
7 CALL VALLO
GO TO 38
8 CALL AINFIL
IF(KNDELEG.1) GO TO 52
GO TO 38
9 CALL AINTER
GO TO 38
10 CALL TCHEAT
GO T0 38
11 CALL CCCLSU
GO TO 38
12 CALL TncooL
GO TO 38
13 REWINDIDI SK
READ(IDISKINy  AAJALAT yM \DIME2,NLyALITE,RLITELMNOWIN NODDNR 4WINDOW,NU
LMB o TENP  SOLAVH DTM RTH, WTM,SRTM, ARTM, QLOD #QLOD, SALOD, QDNGP QW INDy
1OLOT yRQLOT yCTWLITE ,DLITE s NUMC sNNNyKALO,CT Ly XNUL 4 XA,YB 4 2€

S oW
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16

201

17
301
303
302

38
52

202
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GO TO 38
REWINDIDI SK
WRITE(IDISKIN,AA,ALAT,M,DIME2,N1,ALTITE,BLITE ,NOWIN,NODODOR, WINDNW,N
LUMB, TEMP ,SOLAVW, DTM,RTM,WTM,SRTM,ARTM, QLOD,RQLON, SOLOD ,NDOOR, QWIND
1,QLOT yRCLCT 4CToWLITESDLITE yNUMC,NNN,KALOCTL 4XNUL,XA,YB,2C

GO TO 38

WRITE(6,503)

KALO=KA10+1

CO 120 ITIM=1,24

CTL{ITIM,KALIO)=CTL{ITIM)

XNULCITIM,KALO)=ITIM

WRITE(6,504) ITIM,CT(ITIM)

GO TO 38

IF(KZ.NE.O) GO TO 201

CALL STARTP

KI=KZ+l1

CALL TITLE('COOLING LOAD PROFILE®Y,20)

CALL CALCCM{XNUB,CT )XA,YBy24+%0,40}

CALL MOVEON

GO TO 38

IF{KZ.NE.O) GG TO 301

CALL STARTP

K2=KZ+1

CALL TITLE('COOLING LOAD PRCFILE',20)

D0 302 1Z2=1,KA10

CO 303 ITT=1,24

CTLITT)=CTLIITT,IZZ)

CONTINUE

CALL CVRLAY(XNUB,CToZ2C{I2Z) y4+2%44%XA,YB,40,40)

CCNT INUE : .

CALL MCVECN

G0 TO 38

CCNT INUE

CCNT INUE

IF(KZ.NE.1) GO TO 202

CALL STOPP

sTOP

END

k]
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SUBROUT INE REVAL
THIS SUBROUTINE CCNTAINS ALL CTHER READ STATEMENTS CDNTAINFD IN
THE PROGRAM ()R ALL THE READ STATEMENTS THAT PERTAIN TO THE COOLING
LOAD CALCULATICNS. THE VARTABLES USED IN THE SUBPOUTINE ARE ¢
ANN=THE NUMBER CF WALL ARDUND THE OUTSIDE CF THE HOME.
AA=THE ANGLE CF ORIENTATION WALL ONE IS FRCM SOUTH: CLOCKWISE
(POSITIVE): COUNTFR-CLOCKWISE(NEGATIVE)
AM=M=MONTH (1-12) OR (JAN. -DEC.) RESPECTIVELY
ALAT=LATITURE
Nl=N+1 THIS IS USED BECAUSE THE NUMBER OF WALLS TS CONTAINED IN
THE ARRAY'S SUBSCRIPT(Z TN N+1l}. THIS IS DONE TO HAVE CONTINUITY
ALL THE WAY ARCUND THE HOUSE WHEN THE PROGRAM EXAMINES THE ANGLE
BETWEEN ThO WALL®S WALL AZIMUTHS,
NUMB-AND NUMC—-ARE ARRAYS USED TO STCRE CONSECUTIVE NUMBERS THAT
ARE USED AS TABLE HEADINGS FOR WALLS AND WINDOWS,
DIME2{T1,J)=THE MATRIX THAT STORES WALL AND ROOF DIMENSIDNS FOR
EACH WALL AMND RCCF,
NOWIN{J)=THE NUMBER OF WINCCWS ON EACH WALL.
NODONR{J)=THE NUMBER OF DNOORS ON EACH WALL.
WINDOW(Je I+ JJ)=THE MATRIX THAT STORES WINDOW AND DOOR DIMENSIONS
FOR EACH WINDOW AND DOOR ON EACH WALL.
ROOMT=INSIDE ROCM TEMPERATURE
TEMP{ J)=0QUTSIDE TEMPERATURE PRQOFILE
NOWA(N)=THE CCONSTRUCTION TYPE OF EACH WALL.
NOCF=THE CCASTRUCTICN TYPE CF THE CEIL ING USED.
CEAR=CETLING AREA (SQUARE FEET).
VCOLAIR=VOLUMN OF ATTIC AIR {CULBIC FEET].
MEMRER=TCTAL NUMBER OF FAMILY MEMBERS,
JOTLIG=THE TOTAL LIGHTS CCNNECTED IN THE HCUSE.
COMMON/AIRC/NyAA,ITIM,ALAT 4M,DIMEZ2(10y 15) 4 ICHEKsNNosNNN N1y JCHEK
CONMMON/AIPC/ALITE(24,15) +BLITE(24,15),NUMC(15) -
COMMON/ATRCI/NOWIN(LY) 4 NODOORCL5), WINDNWI15,10,8) 4NUMB{15) ,KODE
COMMON/AIRC2/WLITE(24,15,10),DLITE(24,15,5), 111
COMMONZAIRCB/SQLANDI LS} +UCE s T4RCOMT,UN{15,10)+U{15)
COMMON/ZAIRLO/ AL IGHT(24) ,PEOPLS(24),PEAPLL(24) 4MEMBER,TOTLIG
COMMON/AC21/TA(30) 4NOCENOWALL5) ,CEARGWWVOLAIR,TRI30),4WT{30)
COMMON/ATRCS/TEMP(24) 3 SOLAVW(24,15,10)4DTM{24,15,10) yRTM{30,15)

102 FORMAT(1515)

503 FORMAT(IB,F12.2)

103 FORMAT(I10,F10.2,F10.2)

L31 FORMAT{LOFT.2)

137 FORMATI4FLO.2)

142 FORMATILX,1512)

400 FORMATI(LOILX,F&4.1) /801X F4 1)) |

106 FORMAT(* THE TEMPFRATURE TN THE HOUSE IS OUTSIDE THE ALLOWABLE RA
LNGE {50F-100F) , PLEASE CHECK TO MAKE SURE YOU HAVE ENTERED®/'THE
LCORRECT TEMPERATURES')

104 FORMAT(' THE QUTSIDE TEMPERATURE AT TIME *,I13,* IS OUTSIDF THE A



30

11

60
50

51

. 40

1LLCWABLE TEMPERATURE RANGE (-40F-~120F), PLEASE CHECK TO

1E YOU HAVE ENTERED YHE CCRRECT TEMPERATURES']
READI{S5,137) ANN, AA, AM, ALAT

AN=ANN

V=AM

Nl=NN+1

MNNKN=NN+2

DO 30 [=2,14

NUNMC(I)=1-1

NUMB(T)=1-1 ;

NUMBC1)=NUMRINL}

NUMB (NNN)}=NUMB(2)
READ(S54131) {(DIME2{L ) 4I=1,410)4J=24N1}
READ{S,L42) (NCWIN[J) sJ=2,N1)
READ(54142) (NGDOOR{J)sJ=24N1)}

DO 10 J=2,N1

K=NCWIN{J)+NCDOQR(J)

IF{K.EQ.Q0) GO TG 10

DO 1L I=1,K

READ(5, 131 ) (NINDOW(J, l JJ)eJdd=1,8)
CONTINUE

READLI 5, 400) ROOMT

READ(S 4001 (TEMP(J},Jd=1,424)
READ({5,102) [(NOWALN) sN=2,N1)
READ(54103) NOCE+CEAR,VDOLAIR
READ({5,503) MFMBER,TCTLIG
ALAT=3.14156*%ALAT/180.

85

MAKE®*/' SUR

THE FCLLOWING ARE CHECK STATEMENTS TN MAKE SURE REASCMABLE
TEMPERATURES ARE REAC IN BEFORE ANYMCRE CALCULATIONS ARE MADE.

IF{ROOMT oGT «100.0RROOMT.LT.50.) GO TO 50
E0 60 ITIM=1,24

IF{TEMPL{ITI¥)eGTe120.-0R.TEMP(ITIM).LT.-40.) GO TO 51

CONTINUE

GO TC 40
WRITE(6,106)
KONE=1"
RETURN
WRITE(6,104) ITIM
KODE=1
RETURN

CONT TMUE
RETURN

END
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SUBROUTINE SHADE

THIS SUBROUTINE LOADS THE PERCENY AREA SUNLIT OF WALLS, RODFS,
WINDOWS, AND DOORS IN TO THE MATRICES ALITE, BLITE, WLITE, AND
CLITE. THESE MATRICES ARE USED IN THE SUBROUTINE SOLTEMP TO
CALCULATE ACJLSYED SCL—-AIR TEMPERATURES. THESE PERCENT AREAS
SUNLIT ARE CALCULATED RY THE FUNCTION WAREA.

DIMEZ2{[,J)=THE MATRIX THAT CONTAINS wALL AND ROOF DIMENSIONS FOR
EACH wALL.

ALITELITIM NI=THE MATRIX THAT CGhTAINS PERCENT SUNLIT AREAS FOR
WALLS.

BLITEIITIM,AN)=THE MATRIX THAY CCNTAINS PERCENT SUNLIT AREAS FOR
ROOFS .

WLITECITIM,II[)=THE MATRIX THAT CONTAINS PERCENT SUNLIT AREAS FOR
WINDDWS.

DLITE{ITIM,AyMM)=THE MATRIX THAT COANTAINS PERCENT SUNLIT AREAS
FOR DCORS.

COMMON/ZAIRC /N sAAZITIMALAT M, DIVE2(10,15), ICHEK,NN,NNNyN14JCHEK
COMMON/AIRC/ALITE(Z24,4,15)4BLITE(24+15)
COMMCN/AIRCI/NOWINELS)Y 4ANCDGCRILS )y WINDOWIL1S5,10,8),NUMBR[15},KODE
COMMON/AIRC2/WLITE( 249154100, DLITE(2491545),111

Co 200 J=1,10

DIME2(J,1)= Dl“EZ(JrNN+1!

DIME2(J,NN#21=DIMEZ(J,4+2}

ICHEK=1

IN FUNCTION H&REA(XI ICHEK MUST EQUAL L TO GET THE PERCENT AREA OF
A WALL SUNLIT :

DO 34 ITIV=1,24

€0 35 N=2,N1

ALITE(ITIM,N}=WAREA(X)

CONTINUE

ICHEK=?

IN FUNCTION WAREA(X) ICHEK MUST EQUAL 2 TO GET THE PERCENT AREA OF
A ROOF SUNLIT.

CO 44 [TIM=1,24

DD 45 A=2,Nl

BLITE{I[TIM,N)=WAREA{X])

CCKRTINUE

ICHEK=3

IN FUNCTION WAREAIX) ICHEK MUST FQUAL 3 TO GET THE PERCENT AREA OF
A WINDCW CR NCCOR SUNLIT.

THE FOLLOWING PROCEEDURE IS USED QVER AND OVER AS A METHOD TO MAKE
CALCULATICNS [N EVFERY WINDOW AND DOOR IN A HOUSE.

KK-= 1S THE NUMBER OF WINDCWS ON WALL N.

KKS—- 1S THE NUMBER OF DOMNRS ON WALL N.

IF EITHER KK OR KKS5 IS ZERO IT WILL SKIP OVER THESE CALCULAT[UNS
FOR WALL N,

CQ 50 (TIm=1,24

CO 51 N=24Nl



52
54

53
51
S0

KK=NOWIN[N)

KK5=NODONR{N)

IF(KK.EQ.0) GC TO 54

DD 52 [11=1,KK
WLITECITIM, Ny 1T T)=WAREATX)
IF(KKS5.EQ.0) 6O TO 51

CO 53 MM=]1,KK5

TII=MM+KK
CLITE(ITIM,N,MM)=WAREA(X}
CONTINUE

CCNTINUE

RETURN

END

87
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FUNCTION WARFA(X) u

THE PURPQOSE OF THIS FUNCTICN IS TC CALCULATE THE PERCENT SUNLIT
AREA CN ANY SURFACE CN A HOUSE. THESE AREAS INCLUDE RONFS, WALLS
WINDOWS, AND DCCRS.

COMMON/ATRC /Ny AA, [TIM, ALAT 4 M,DIME2(10415) 4 ICHEK 4NN NNN4N1, JCHEK
CCMMON/ATRC/ALITE(24,15)4BLITE(24,15),NUMC{15)

COMMIN/ALRC 1/NOWINIL5) yNCDOCRI15) yWINDOWILS,1048) 4NUMALL5 }, KODE
COMMON/AIRC2/WLITE(24,15,100,DLITE{24,1545),111

THE FIRST STEP I[N ANY CALCULATICN IS 7D DETERMINE THE MONTH AND
CALCULATE THE SOLAR ALTITUDE AND THE SOLAR AZIMUTH OF THE SUN AT
TIME ITIM,

IF(M.EQ.B) GO TO 5

IF{M.EQ.7) GO TO 6

IF(M.EC.12) GO TO 3

IF{M.EQ.Ll) GO TO 4

A=351.0

B=0.201

C=0.122

CEG=0.214675

Go 1@ 7

A=344,0

B=0.,207

C=0.136

CEG=0.359537

Go T0O0 7

A=391,

F=0.142

C=0.057

CEG=-0.4CS21

¢o 10 7

A=390.

B=0.142

C=0.058

DEG=-0.34907

ca 10 7

AL=1TIM )
AH=[([AL-12.0)%60.0)%0.25)

AH1l=AH-0.005

AH=3,1415G%AH/180,

AH1=3.14159%AH1/180.

SIGHL=(90,0*(CIME2L1,N-11-1.0))+AA
SIGH2={90.0%(DIME2( L M)~-1.0})+AA

SIGH3=(90.0%({DIME2[ L,N+L)-1.N))+AA

SIGH4=SIGH2

IFISICH4.GT .180.) SIGH4=SIGH4-360.
PETA=ARSIN({COS(ALAT}#CNS(DLEGY*COS{AHY I+ (SINTALAT)I*SINIDEG)))
BET=ARSINI(COS(ALATI*COSIDEG) »COSUAHLI )+ (SINCALATI=SINIDEG]) })
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[F(BETA.LE.Q.0) GO TO 8 . "

GO T0 9

WAREA=C. O

RETURN

PHI= APSINICCS(DEGI*SIN(AHI/CUS!BETAI)
PHIL=ARSIN{COS(DEG)*SINIAHL)}/COS(BETI}

[F(PHILl.LT.PHI) GO TO 10

IFLAH) 11,411,112

PHI=-3,14156=-PHI

GO T0 10

PHI IS THE SNLAR AZIMUTH ANC BETA IS THE SOLAR ALTITUDE.
PHI=3,14159-PK]

SIGH&4=3,14159*SIGH4 /180,

IF(PHI.LT.0.0.AND.SIGH4.GT.3.14159+PHI) SIGH4=5IGH4-6.28318
IF(PHI «GT a0 o0 ANDLSIGHG LT PHI-3.14159) SIGH4=5IGH4+6.28318

CAMMA IS THE WALL-SCLAR AZIMUTH.

GAMMA=PHI~SIGH4

IF{GAMMA.GT.L.56905 . AND.GAMMA.LT.1.588249) GAMMA=1,56905
IF(GAMMALLT.-1.56905.AND.GAMMA .GT.—1].588249) GAMMA=-1,56905

IF ICHEK 1S 2 THE CALCULATIGN [S FOR ROOFS.

IF(ICHEK.FQ.2) GO TO S0

IF ICHECK IS 3 THE CALCULATION IS FCR WINDCWS AND DUDRS.
IFLICHEK.EQ.3) GO T 139

IF{ABS({GAMMA) .GT.1.57079) GC TC 14

THE NEXT TWO STATEMEMTS SHOW CASES WHEN THE WALL IS IN THE SHADE,
FIRSTYT CME IS SKACCWING DUE TO THE WALL FACING THE WRONG DIRECTION
THE SECNND CNE SHOWS OVERHANGS SHADCWING THE ENTIRE WALL.
IF(DIME2(8,NI*TANIBETA}/ (DIME2({4,N)*COS(GAMMA}).GT.1.0) GO TN 14
GO TO 13

UNSHA=0.0

WAREA=UNSFA

RETURN
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WALLS

WALLS

UNSHA=(l.-(CIME2(8, N}*TAN(BETA!I(D[MEZ(4|N!*CUS(GAMMA’lli
DIF1=SIGHI-SIGH2

C1F2=SIGF2-SICH3

THIS CHECK IS FOR U TYPE WALL SHADING.
IFINDIFL.EN .90 ANDOIF2.EQ.90.) GN TO 39

THIS CHECKS FOR COUNTER-CLUCKWISE L SHAPES.
IF(DIFl.NE.S0.) GO TO 15

[F THE HOUSE IS A COUNTER-CLOCKWISE L, GAMMA MUST BE NEGATIVE FOR
SINE WALL SHADING TO CCCUR.

IF(GAMMA.GE.O0.0) GO TN 19

SIGX1=SIGHI-180.

IF(SIGX1sGT.180.) SIGX1=S5IGX1-360.
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SIGX1=2.14159*SIGX1/180,

IF{PHI LT e0.0.ANDSTICX1.GTe PHI+3.14159! SIGX1=5IGX1-6.28318

GAMX1=PHI-SIGXI

BETAL=ATANI{ TANI(BETA}/COSIGAMXL))
IFI{BETAL.GTal 56905 . ANDLBETAL.LT.1.5688249) BETALl=1.56905
GAMM==GAMMA

IF(TAN(RETAL).LT.DIMEZ2(2,N=1)) GO TO 16

GRC=DIME2 {9 4yN-1)*COS(ATAN(CIMEZ{2,N—=L)) )+DIME2[3,N}-DIMEZ2(84N-11}
A=DIME2{ 4 N=-1)/TANIBETAL)

B=DIME2{(3,N-1)*TAN(GAMM)

WALL=DIME2(3,N)

IF{A+DIMEZ2(B,N=-1).GT.8) GO TO 30

IF{A+CIME2(8,N=-1).GT.WALL) GO 70 31

WAREA={{CIME2( 34N)—-A-DIMEZ(8,N-1))+(UNSHA*DIME2(4+N))/(2.0%¥TAN(BEY
1A1 ) )V *UNSHA*DIMEZ(4,N}/DIME2(6,4N)

RETURN

IF{B.GT.WALL) GO T0O 131
IF(TAN(BETAL)I*(B=DIMF2{84N=-1))LT.{1.0-UNSHA}*DIME2({4,N1)} GO TO 33
WAREA={UNSHA%DIMEZ2 (4 N)*(DIME2{3 ,N}-B)+({((TAN(BETAL}*(B~NIME2{ 8, N~
TL}I-DIME2(4 N} *(1.0-UNSHA)} })%%2) /{2, 0«TAN(BETAL)) ) )/DIMEZ2(64N}
RETURN

WAREA=(DIME2{3,N)-B)*DIME2{4,N)*UNSHA/DIMEZ(6,N)
RETURN
AB=A+DIME2(8,N-11-DIME2(3,N)
IF{AB+TANIBETAL).GT.UNSHA¥DIMEZ2(4,N)) GO TG 32
WAREA=((DIME2{4,N)*UNSHA-AB*TANIBETAL) ) **2)/(2.0*TAN(BETAL)I*DIME2(
164N} }

RETURN
WAREA=0.0
RETURN
GRO=DIME2(9,N-1}*COS{ATAN(DIME2( 2,N-1)1))+DTME2(3,N)-DIME2(8,N-1)

CCC={DIMEZ2(9yN-LI*STINIATANIDIME2{2,N~1)))+DIME2(4,N=-1)}/TANI{BETAL)
ODC=COS{ATAN(DIME2(2,N-1)))*DIME2(94N-1)1-DIME2(8,N~1)+DIME2(34N-1)
1*TAN(GAVMM)

IF(DDDL.GTL.CCC) GO TG 35

IF(DDD.CT.GRO) GO TO 36
AAA=(DIME2(9N-1L)=SIN(ATAN(OIME2{2,N~-11)))/TANIBETAL])
AAAA=RAA-COSIATANIDIMEZ(2,N-1))}*DIME2(9,N-1) +DIME2(8,N=-1)
TFI{1.0-UNSHA)#DIME2( 4N} GT(DDD*TAN(BETAL)-SIN{ATAN(DIMEZ (2 yN-1)
1}*%DIME2(S,N=-1))1)) GO TN 37

WAREA= ((UNSHASDIMEZ [ 4,N)*( GRO-DDNI I+ ((NDD*TAN(RETAL)-SIN{ATANIDIME
12(24N=-13}))*CIME2(94N- ll-(l O-UNSHA)*DIME2(4,N} )*%2)} /(2. 0%*TANIBETAL
1})1/DIME2(6,N)

RETURN

WAREA=UNSHA®DIMEZ2 (4 ,N}*(GRO-NCD)/DIMF2{6,N)}

RETURN

IF{CCL.GTL.GRO) GO YO 136
WAREA={UNSHA*(GRO-CCCI*DIME2(4 N} + [ (UNSHAXDIME2{4N))*%2)/(2.0%TAN



(zNalel (g

36

15

40

43

41

17

91

L(BETAL))}) /DIME2(6,N)

RETURN

IFI{CCC-GROV*TAN(BETAL).GT .UNSHA*®DIME2(4,N}) GO TO 32
WAREA=((UNSHA®D IMEZ2 (4 N)=(CCC-GROI*TAN(BETAL) ) %«%x2) /(2 .0O%TAN{RETAL)
L*DIME2(64N}Y)

RETURN

THIS CHECKS IF THF HCUSE HAS CLOCKWISE L SHADING.

IF(DIF2.NE.90.) GC TC 19

IF THE HCUSE HAS CLOCKWISE L SHACING THFEN GAMMA MUST BE POSITIVE.
IF THE WALL HAS NO SIDE SHALING THEN THE CNLY SHADING THAT IS
NEEDED IS THE SHACING FRGCM OVERHANGS.

IF{GAMMA.LT.0.0) GO TO 19

SIGX3=51GH3+180.

IF{SIGX3.6T7.180.) SIGX3=SIGX3-360.

SIGX3=3,14159*S1GX3/180.

IF(PHI.GT.0.0.ANCaSICX3.LT.PHI-3.14159) SIGX3=SIGX3+6.2831¢8
GAMX3=PHI[-SIG X3 "
BETAI=ATAN{TAN{BETA}/COSIGAMX3))
IF{BETA3.GT41.56905.ANN.RETA3.LT.1.588249) BETA3=1.56905
IFITAN(BETAZ).LT.DIMEZL24NM+1)) GC TO 17

GRO=DIME2(9, N+ll*CDS(ATAN(DIMEE(Z,N*l)}I+DIHEZIS'NI DIME2(8,N+1)
A=DIME2(44N+L}/TANIBETA3)

WALL=DIMEZ(3,N)

B=DIME2(3 4N+1)*TAN{GAMMA)

IF{A+DIME2[B,N+1).GT.R) GO TO 40

IFTA+DIME2(8,N#1)GT.HALL) GO TO 41
WAREA=((DIME2(34N)=A-DIME2 (B4 N+1)}+(UNSHA*DIME2(44N))/(2.0%TAN(BET
LA3 D)) Y*UNSHA#DIME2( 4y N) /DIME2[&E4N)

RETURN

IF(B.GT.WALL) GC TO 41
[FOTAN(BETAZ)*(B-DIMEZ2{ B, N+1)) LTl 1.0-UNSHA)XDIME2(4,N})) GO TO 43
WAREA=(UNSHA%XDIME2 {4 N)*({DIME2{3,N)=B)+(([TAN(BETA3)*[A-DIME2(8,N+
11))-DIME2(4,N)=(1.0-UNSHA) )*%2)/ (2, O*TAN(BETﬂ3l)))ID[MEZI6oN1
RETURN

WAREA=(DIME2(3I N)-BI*DIME2 (4, NI*UNSHA/DIME2(6,4N])

RETURN

AB=A+CINE2(8+N+1)=CINF2(3,N)

IF(AB+TAN(BETA3).GT.UNSHA*DIME2(4,N}) GC TQO 32

WAREA={{DIME2{ 4y N)*UNSHA-AB*TANIBETA2) ) *%2)/(2.0¥TAN(BETA3)*DIME2(
164N) )

RETURN

GRO=DIME2(9 N+ )*COSTATAN(DIME2(2,N+1)) J+DIME2(3,NI-DIMF2(8,N+1)
CCC={DIME2( I N+ 1) *SINIATANIDIMEZ2(2yN+1 )} )1 +DIME2(4,N+1))/TAN(RETA3)
DOD=COS{ATANCDIME2(2,N+ 1)) ) *DIME2{ 9, N+ 1) -DIME2(B,N+L)+DIMEZ(3,N+])
1*TAN(GANMMA)

IFIDDOD.GT.CCC) GO TC 45

IFINDN.GT .GRO) GO TO 46

AAA=(DIMF2(9, NeL)2SIN(ATANI(DIMEZ[2,N¢11))}/TANIRETAR)

*
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47

45
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39
19

50

AAAA=AAA-COSIATAN(DIMEZ (2 ,N+L}) ) *DNIME2(9,N+1)+DIME2(8,N+1)
IF({10~UNSHA)SD[ME2(4,N) BT (DDD=TAN(BETAI)=SIN(ATANIDIMEZ (2,N+1)
LIXCIME2(9,N+1)))) GO TO 47

WAREA= ((UNSHA®DIME? (4 ,N)*(GRN=DDD 1)+ { (DDD*TAN(BETA3)-SIN{ATAN(DIME
1202 ,N#1 )} }*CIME2(9 ¢N#1)={ 1.0~UNSHA)*DIME2 (4,N) )%%2) /(2. O¥TAN(BETA3
1)) )/DIME2(64N)

RETURN

WAREA=UNSHA®DIME2 (44 N)*(GRO-CDD) /DIME2(64N)

RE TURN

IFICCC.GT.GROY GO TO 46
HARE&'(UNSHA#(GRO-CCC)*DIMEZ(#,N)+({UNSHA*D!MEZI4.NI}**letz O*TAN
L(RETA3))}/DIME2(6,N)

RETURN

IF((CCC-GRO)*TAN(RETA3) .GT UNSHA®DIVME2(4,N)) GC TO 32

WAREA=( (UNSFA%DIME2(4,N)}-(CCC-GROJ*TAN(BETA3) )*%2)/(2,0«TAN{BETA3)
1*DIME2 (64N) )

RE TURN

IF(GAMMA) 49,19,15

WAREA=UNSHA

RETURN

AR AR AR R AR KRRk Ak kR Ak kR kR ke ok kR Rk A ke Tk
¥k p kR ko kR kR ok kR kR Rk kR kR Rkt ok kR ko kR k ko kk ko k k kk kR E Kk x
ROOFS

ROCFS

DIFL=SIGH1-SIGH?2

DIF2=5S IGF2-SIGH3

THIS IS A CHECK STATEMENT FOR A U SHAPED RCOF.

IF(DIFl .EQ.S0..AND.DIF2.EQ.S0.) GG TC 56

THIS IS A CHECK STATEMENT FOR AN I SHAPED ROOF AND WALL,
IF(DIF1.NE.S0,.ANDO.,DIF2.NE.G0.) GO TO 55

THIS CHECKS IF THE ROOF HAS COUNTER-CLOCKWISE L SHADING.
IF({DIF1.NE.9N.) GO TC 54

SIGX1=SIGHL~18C.

IF(SIGX1.6T.180.) SIGXI=SIGX1=-36C.

SIGX1=3.14159%SIGX1/180.

IF{PHI .LT 0 0.AND.SIGX1.6Te3,14L59¢PHI )} SIGXL=SIGX1l-6.28318
GAMX1=PHI-SIGX1

I[FIGAMX1.LE.-1.57079) GO TC 52

BETAL=ATAN{TAN{BETA)/COS{GAMX1))
IF(BETAL.GT .1 56905« AND.BETALLLT .1.5688249) BETAl=1.56905
GAMM==GCAMMA

EEE=TAN{GAMM) % (DIME2(10,M=1)-DIME2(9,NI*COSIATANINIME2{2,N)] )]}
FEF=DIME2(9 N=L)®SINIATANIDIME2{2,N=10))/TANIBFTAL)

IF(ARS(GAMMA} .GE.1.57079) GC TN 59
IF(GAMMA.CE 0.0 AND.GAMMA.LT.1.57079) GO TO S8

IFIEEE+NIME2(9, N-1)*%COS(ATANIDIME?2 (2 ,N=1))).GT.FFF) GO TO 61
[FLEEE4DIME2(YyN=1) *COSIATAN(DIME2( 24N=11)).GT.DIME2(10,N1) GD TO
162



52

62

59

58

60

61

54

63

72

69

93

WAREA=([DIME2(10,N)~EEE) *DIME2 (9,N)+{{EEE)**2 ) #TAN(BETAL}/(2.0%SIN
LOATANIDIME2(2,N)) ) ) 3/DIME2(T4N)

RETURN

IF(TANIBETA) 7ABSICOSIGAMMAY) .GT.OIME2(2,N)) GO TO 58

WAREA=0.0 )

RETURN
WAREA={DIME2{S,N)=( (FFF=NIME2L10,N) )*TAN(BETAL)/SIN(ATAN{DIME2(2,N
11))11)*DIME2(10,N)/{2.0%DIME2(7,N))

RETURN _
IF{TAN(BETA)/ABSICOS(GAMMA)).GT.DIME2{2,N)) GO TO 60

WAREA=0.0

RE TURN

WAREA=1.0

RETURN

IF{GAMMA.GT.0.0) GO TO 58

IF(DIME2(2,N=1).GT.TAN(BETAL)) GO TO 61

GO TO 5€

IFIFFF.GT.DIME2(10,N}} 6O TO 62 :
IF(TAN(BETAL).GT.CIMEZ2(2,N=-1}} GO TO 58

WAREA=( (DIME2 (104N} ={FFF/2.0) ) *DIME2{9,N) ) /DIME2{7,N}

RETURN :

THIS STATEMENT CHECKS IF THE ROOF HAS CLOCKWISE L ROOF SHADING.
IF(DIF2.NE.SO.) GO TO 55

SIGX3=SIGF3+180.

IFISIGX3.6T.180.) SIGX3=SIGX3-360.

SIGX3=3.14159%S16%X3/180.

IF(PHI.GT.0.0.ANC.SIGX3.LT.PHI=3.14159] SIGX3=SIGX3+6.28318
GAMX3=PHI-SIGX3

IF(GAMX3.GE.1.57079) GO TO 63

BETAI=ATAN{TAN(BETA)}/COS(GAMX3))
IF(BETA3,GT.1.56905,AND.BETA3.LT.1.538249) BETA3=1.56905
EEE=TAN(GAMMA}*([N[ME2(L0,N+1)-DIME2{ 9y N)*COS(ATAN(DIME2(2,N)) )}
FEE=DIME219,N+L)*SIN(ATAN(DIME2(2,N+1)) )/ TANIBETA3)

[FLABS(GAMMA) JGE.1.57079) GO TO 69
1F(GAMNALLE.0.0.AND.GAMMALGT .~1.57079) GO TN 68
IF(EEE+DIMF2(S,N+1)1*COSIATANIDIME2(2,N+1))).GT.FFF) GO TO 71
IF{EEE4DIME2{SN+1 ) ¥COSIATAN(DIME2( 2,N+1}) 1.GT.DIME2LLO,N)) GO TN
172

WAREA=((CIMF2( 10N)-EEE)*DIME2 (94N} + ((EEE)**2)*TAN(EETA3)/(2.0%SIN
LUATANIDIME2(2,N))) 1) /DIME2(7,N)

RE TURN

IF(TAN(RETA)/ABSICOSIGAMMA) ) .GT.DIMEZ2(2,N)) GO TO 58

WAREA=0.0

RE TURN
WAREA={DIME2(9,N)-( (FFF=DIME2(10,N) ) *TAN(RETA3)/SINIATANIDIMEZ(2,N
L)) 1)1 *DIME2(LOGN)/{2.0#0TME2LT N )

RETURN i

IF(TANIRETA}/ABS{COS (GAMMAL) .GT.DIME2{2,N)) GO TO 70
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68

70

71

55

57

56
81

80

94

wWAREA=0.0 . “

RE TURN

WAREA=1.0

RETURN

[IF(GAMMA.LT.0.0) GO TO 48

IF{DIME2(2,N+1).GT,TAN{BFTA3)} GO TO 71

hAREA=1.0

RETURN

[F{FFF.GT.DIME2(10,N}) GC TO 72

IF{TAN(BETA3) .GT.DIME2L2,N+1)} GG TO 519
WAREA=((DIME2{10yN)-{FFF/ 2.0} 1 *DIME2(9,N) ) /DIMEZ2{T4NI

RETURN

THESE STATEMENTS ARE USED IF THERE IS NO SIDE SHADING QR THE ROOF
IS AN 'I' TYPE ROCF.

SIGMA=ATANICIME2(2,N)}}

THETA=ARCCS ({COSIBETA)}*COS{GAMMA)*SIN{SIGMA) )+ (SIN{BETAI*COS[{SIGMA
11))

IF{COS(THETA}.LT.0.0) GOTOS57

KWAREA=1.0

RETURN

WAREA=0.0

RETURN

THE FOLLOWING ARE CALCULATIONS FOR A U SHAPED ROOF. THE SIGN OF
GAMMA TELLS THE PROGRAM WHICH DIRECTION THE SHADING WILL BE,
COUNTER-CLOCKWISE OR CLCCKWISE.

IF(GAMMA) BC,y81,82

RAREA=1.0

RETURN

THIS STATEMENT IS5 FOR COUNTER-CLOCKWISE SHADING FOR. U SHAPED RDOFS
SIGXL=SIGHLl-180.

IF(SIGX1.CT.180.) SIGXL=SIGX1-360.

SIGX1=3.14159%51GX1/180.

IF(PHI oLTe0e0ANCaSIGX1aGTa3.14159+PHI} SIGX1=SIGX1-6.28318
GAMX1=PHI-SIGX1

BETAL=ATAN(TAN(BETA)/COS(GAMXL})
IF(BETAL.GT 1456905, ANDBETAL.LT.1.588249) BETAL=1.56905
CAMM==CANMMA
EEE=TAN{GAMM)*(DIME2{10,N-1)-DIME2{9,NY}*CCSIATANIDIMEZ{2,N))))
FFF=DIMEZ(F4N-1)#SINIATAN(D{ME2{2,N~-1) 1) /TANIBETAL)

IF(ABSIGAMMA) LCEL1.57079) GO TQ 79

[FIEEE4+DIME2{ G4 N~1}*COSIATANIDIMEZI24,N=-1))).GT .FFF) GO TO 91
IF{EFE.GT&NDIME2(LI0NI-DIMEZ(9,N=-1)*COS(ATANI(DIMEZ2(2,N-1)1}}-DIMEZ2(9
1yN+#1)2CCSIATANIDIMEZ(2,N+1)))) GO TN 92

WAREA={ [COS{ATANIDIMEZ{2,N+L) ) }*¥DIME2L9,M) /2.0)+(DIME2{10O,NI-CNSIA
LTANIDINME2{2 ,N¢L)))-CCSLATAN(DIMEZ2(2sN~1) ) }-EEE}*DIMEZ{ 9, N} +((EEE+C
10S{ATAN(DIMEZ(2,N-1)) ) ) **2 )= TAN(BETAL) /{2, 0%SINLATANIDIMEZ(2,N))))
LI/DIMF2(74N)



RETURN

79 IF(TANIBETA)/ABS(COS{GAMMA}]).GT, CIHEZ(Z N1) GO TO 90
WAREA=0.0
RETURN

91 IF(FFF.GT.DIMEZ2(10,N)-COSIATAN(DIMEZ2(2,N+1)))) GO TCQ 92
IF(TAN(BETAL} GT.DIME2(2,N~L)) GO TO 58
WARFA=[{COS(ATANIOIMEZ(24N+1)) }=CIME2(9,N}/2.0)+LIDIME2{10,N)-COSI

1ATANI(DIME2L 2, N+ 1)) )-FFF)*DIME2( 9N} J+FFFXDIME2{F4N) /2.0) /DIME2(T N
1}

. RETURN

92 AK=DIMEZ2{10,4N}-COS{ATANIDIME2{ 2,N+11})}
KWAREA=SIN{ATAN(DIME2{2,N)) )2AK*AK*TAN(BETAL)/{2.0*DIME2(T,N})
RETURN

90 IF(DIME2(2,N-1).GT.TAN(BETAL}} GO TO 91
GN TO 58
THIS SYATEMENT IS FOR CLOCKWISE SHACING ON A U SHAPED ROOF.

B2 SIGX3=SIGH3+180,

IF{SIGX3.GT.1EQ.} SIGX3=5I1GX3-360.

$1G6X3=3.14159%51GX3/180.

IFIPHI.GT.0.0.ANC, SIGX3 LT «PHI-3.14159) SIGX3=5IGX3+6,28318
GAMX3=PHI-51GX3

BETA3Z=ATAN(TANTBETA)/COS(GAMX1])
IF{BETA3.GY.1.56905.AND.BETA3.LT.1.588249) BETA3=1.56905
EEE=TAN(GAMMA ) *(DIMEZ(10,N+1)}-DIME2{ 9, N)*COSIATANIDIMEZ2(2,4N)) )}
FFF=DIME2 (9 4N+1)2SINCATAN(DIME2(2,N+1)})/TAN(BETA3)

[F(ABS{GAMMA) .GE.1.57079) GN TO 109
[F(EEE+DIMF2(9,N+1)}*COSIATAN{DIME212,N+1))).GT.FFF) GO TO 111
IF(EEELGT.DIME2{LO,N}=DIME2 (9, N+1)*COS{ATANIDIMEZ(2,N+1)})-DIMEZLY
EoN=1)1*COST{ATANIDIMEZ2I24yN=1))1}1) GC TG L12
WAREA={(COS{ATANIDIMEZ{Z2,N=1)) )*DIMEZ{9,N)/2.0)1+(DIME2{10,N)I-COS(A
LTANI{DINME2(2,N-1))}=CCSIATAN(DIME2(2,N+1)))-EEE}*DIME2(9,NI+((EEE+C
10STATANIDIMEZ{ 2o N+ 11} )} #*2) % TAN(BETA3) /L 2. 0%SIN{ATANIOIME2(2,N})))
1) /0IMEZ (T (N)

RE TURN

109 IF(TAN(BETA}/ABS{COS(GAMMA})GTLDIMEZ(2,N)} GO TO 110
WAREA=0.0
RETURN

111 TF(FFF.GT.NIMEZ2(10,M1- fOS(ATANlDIMEZ(?.N-l}il} GO YO 112
IF(TAN(BETA3).GTL.OCIME2{2,N+1)) GC T2 58
WARFA=[(COS{ATANIDIME2(2,N=-1}))%DIME2{9,N)/2.0}+{{DIME2(10,N}=-CNS(

TATAN{DIMEZ{2ZyN=1}))=FFFI*DIME2(94N) ) +FFF#DIME2(9,N}/2.0)/DIME2(T N
8]
RETURN

112 AK=DIME2{10,N)-COSTATANINIME2(2,N-11}])
WAREA=SINUATAN(DIMEZ(2,N) ) ) *AK*AK*TAN{BETA3)/(2.,0%DIME2(T(N]))
RETURN

110 IFI{DIMF2(2,N¢1)GTLTANIBETA3)) GC TO 111
GO 10 S8
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" wWIDOWS AND COORS

139

121

130
140

120

400

THIS IS THE START OF THE WINDOW AND DOOR SHADING CALCULATIONS.
IF{ABS{GAMMA) .GT.1.57079) GO TO 14

1=111

X={TAN{BETA) /COS(GAMMA) ) ¥DIME2 (8 ,N)

TF(X.LT.WINCOW{N, [,3)) GC TO 130

IF(X.GT.WINDCW(N,T,3) +WINDCWIN,1,2)) GO TO 14
WH=WINDOWIN 1, 3) ¢WINDOW(N 1 ,2) =X

GC TO 140°

WH=WINDCWIN [ 42)

CIFL=SIGHI-SIGH2

DIF2=SIGH2-SIGH3

THIS STATEMEMT CHECKS FOR A U SHAPED HOUSE.
IF(DIFL.EQ.90..AND.DIF2.EQ0.90.) GC TO 138

THIS STATEMENT CHECKS FOR AN '1' SHAPED HOUSE. NO SIDE SHADING.
IF{DIF1.NE.SO..AND.OIF2.NE.90.) GC TC 141

THIS STATEMENT CHECHKS TO FIND OUT IF THE FOUSE IS A COUNTER-
CLCCKWISE L.

IFIDIF1.NE.90.) GO TO 200

THIS CHECKS TO FIND OUT IF GAMMA IS MINUS FOR COUNTER- CLOCKHISE
SHADING.

IF({GAMMA.GE.0.0) GO TO 14l

SIGX1=SIGHL-180.

IF{SIGX1.GT.180.) SIGX1=SIGX1-360,

SIGXL=3.14159%S1GX1/180.
IF(PHI.LT.0.0.AND.SIGX1.GT+3.14159+PHI) SICX1=SIGX1-6.28318
GAMX1=PHT-SIGX1

BETAL=ATAN(TAN{BETA)}/CCS{GAMX1))
[F{BETAL.GT.1.56905.AND.BETAL.LT.1.588249) BETAl=1,56905
GAMM==CGAMMA

IF(TAN(BETAL).LT.GIMEZ(2,N-1)) GC TQ 160
XXX=DTME2(8,N-1)+(WINDOWIN,[,3)+WINDOWIN,T+2))/TAN(BETAL)
XX=DIME2(8,N-1) +WINDCW(N, 1,31/ TAN(BETAL)
AB=WINDCW{N 1,4 ) ¢WINCOW (N, [45)
YY=DIME2( 3,N=1 ) #TAN(GAMM)

IF(XX.GT.A8) GO TG 150 .

IFIXX.GT.WINDOW (NS 4} ) GO TO 142

TFIXXXLT WINDOW(N,1,4)) GO TO 141

IF(XXX.GT.AB} GO TN 129

IF(YY.GT.xxX) GO T0O 123

TFCYY.LT.WINDOWIN, I,4)) GO TO 141

ZZ=1XXX=YY)*#TAN(BETAL)

WH= X XX=WINDNW{N, 1 4) ) *TANIBETAL)

IF(WH.LT.2Z) GC TO 150

IF (WH.GT.WW] GO YO 126
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WAREA=({ [AB-YY ) WH+{ (WH=Z2) *%2]) /(2. 0% TAN{BETAL) ) }/WINDOWIN,I,B)
RETURN
126 WAREA={LAB-YY)*WH+ ({2, 0%WH=2Z2- WA} 2 (YY~-WINDOW (N T,4))1)/2.0)/WINDOWI(
1INy I,8)
RETURN
123 IF(WHGTIXXX=WINDOW(N.I %) ) *TANIBETAL}) GO TN 124
WAREA=TIWH*{AB=XXX)} )t (WH** 2}/ (2, 0*TAN(BETAL) )} /WINDOW{N+I,8)
RETURN
124 WAREA={WH*(AB=XXX) +({WH=IXXX-WINDOWIN,I4) JETANIBETALI 72.0) ®{XXX~WI
INDOW(N,:I,6) ) /WINDON{N: 1481}
RETURN
129 UU=[XXX-AB)*TANIBETAL}
WV IXXX-WINCOWIN, 1,400 %¥TANIBETAL)
IF(WH.LT,.UU) GO TC 127
IF{WH.GT.VYV) GO TC 128
IFIYY.GT.AB) GC TO 133
IFIYY LT .WINDOWIN,T44)) GO TO 14!
222=XXX=(WH/TAN(BETAL))
{F{YY.LT.ZZ2} GO TO 150
ZZ=(XXX-YY}*TAN(BETAL)
WAREA=((AB=YY)¥WH+({WH=2Z)#%2)/(2.0*TAN{BETAL}})/WINDOW(N,1,8)
RETURN
133 WAREA=((WH=-UU)**2)/{2,0%TAN(BETALI*HWINDOWIN,I,8)]
RETURN ’ .
127 IF(YY.GT.AB) GO TG 14
IFIYY.LT.WINODOW(N, 1,4)) GO TO 141
GO TO 150
128 IF{YY.LT.WINDOWIN,!,4)) GO TO 141!
IF{YY.GT.AB) GO TO 132
ZZ=UXXX—YY)*TAN(BETAL)
GO TN 126
132 WAREA=[2.%WH=-UU=-VV)I=WINDCWIN,I,5)/7{2. *HINDCH(N 1¢8))
RETURN
150 IFiYY.GT.AB) GD TO 14
TFIYY LT, WINDOWIN,I44)) GO TO 1al
152 WAREA={WH/WINCOWIN, I42) 1%L . 0~{({YY-WINDDW{NsI4))/WINDOWIN,!,5))}
RETURN
153 IFlYY.CT.WINDGOWIN,I,4)) GC TO 152
GO T3 141
142 TF(XXX.LT.AB) GO TO 143
IF(YY.LT.AB) GO TO 145
WAREA=((AB-XX) %92} T AN{BETAL)/{2.0%WINDOW{N,1,8))
RE TURN
144 WAREA={(AB=-XXX)+WH/{ 2, 0%TAN(BETAL}) }*xWH/WINDCWIN,[ 48)
RE TURN
143 IF{YY.GT.XxXX] GO TO l4a4
[FLYY.LT.XX) GO TO 153
147 IFIWH.GT.IXXX—YYI*TAN(BETAL)}] GO TO 146
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WAREA={ AR=YY) *WH/WINDOW{N,I ,8) u

RETURN '
WAREA=((AB=YY)*WH+{ {WH={XXX-YY }*TAN{BETAL) ) **2) /{2, 0%TAN(BETAL)})/
IWINDOW(N,[,8)

RETURN

[F{YY.LT.XX) GO TO 150

GO TO 147

THIS STATEMENT IS USED IF NO SIDE SHADING CCCURS ONLY OVERHANG
SHADING.

WAREA=WH/WINDOW(N,I+2}

RETURN

IF(GAMMA)} 120,141,20C

XX=(SIN{ATAN(DIME2(2,N-1}) }*DIME2({94N-1)+WINDOW(N,1,3))/TANIBETAL)
1-CCS{ATANIDIMEZ2(2,N=1)})*DIMEZ2(9,N=-L)+CIME2(B,N=~1)
XXX=[SINCATANIDIMEZ{24M=1) )} #DIME2(GoN=-1) +WINDOWIN, 1,3 ) +WINDOW(N, I

-‘l.Z[I/TAN(EETA[I—CCS(ATAN(DIMEZ(2¢N-IJJ}*DIMEE(Q.N—llfnlﬂEEIB'N-li

200

401

AB=WINDCW{N,I 4} +WINCCH{N,1I,45)

YY=DIME2( 3, N-1)*TAN(GAMM]

GO TO 400

THIS STATEMENT CHECKS FOR CLOCKWISE L SHAPED HCUSES.
IF(DIF2.NE.SO.) GO TO 141

THIS STATEMENT CHECKS TO SEE IF GAMMA IS POSITIVE FOR CLOCKWISE
SHADING TQ CCCUR.

IF(GANMALLT.0.0) GO TD 141

SIGX3=SIGH3+180.

IF(SIGX3.GT.180.) SIGX3=SIGX3-360.
SIGX3=3,14159*%51GX3/180.
IF{PH].GTe0e0.ANDsSIGX3.LT.PHI=3414159) SIGX3=SIGX3+6,28318
CAMX3I=PHI-SIGX3

RETAI=ATANITAN(BETA)}/COSIGAMX3))
IFIBETA3.6T.1.56905.AND.BETA3.LT.1.568249) BETA3=1.56905
IFITANIRETA3} LT .DIME2{2,N+1)) GO TO 260
XXX=DIME2(8,NM+1)+(WINDOW(NyI,3 144 INDOW(N, I,2))/TANIBETA3I
XX=DIME2( B, N+ 1) +WINDOWIN, [ ,3) /TAN(BETAZ)
AB=WINDCWIN 146 ) #WINCCH Ny I45)

YY=NIME2{3,A+112TANIGAMMA)

IF(XX.GT.AR) GO TO 250

IF(XX.GT.WINDOWIN,I,6)) GO TO 242
IF{IXXXLT.WINDDWIN,I,6}) GC TC 141

IF(XXX.GT.AB) GO TO 229

IFIYY.GT XXX} GG TO 223

IFIYY.LT.WINDDWIN,1,6)) GO TO lal

2Z=(XXX~YY)*TAN(QETAY)

WH=(XXX-WINCOWIN,1,6))*TAN(BETA3)

IF(WH.LT.Z2) GC TO 250 :

IF(HE.GT.wW) GO TO 226

WAREA=[ (AB=YY)*WH¢( (WH-Z2)%%2) /12,0« TAN(BETA3)))/WINDOW(N,I,8)
RETURN
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226 WAREA={ (AR=YY}XWH+[{2.0%WH=-Z2Z-WW)*{YY=NINDOW(N,T+6)))/2.)/WINDOW(N
1,1,.8)
RETURN )
223 IF(WHGT (XXX-WINDOW{N.!,6})*TANIBETA3)) GO TO 224
WAREA={ [WH*{AB~XXX}) +[WH**2) /(2. *TAN{BETA3)) ) /WINDOWIN,I,8)
RETURN
224 WAREA=[WH¥ [AR-XXX) + (WH=(XXX-WINDCOW{N,[,6))3TAN[BETA3)/2,1*{XXX-WIN
ICOW{Ns [46)) ) /WINDOWING I,8)
RETURN
229 UU=[XXX-AB)*TANIBETA3)
VV={XXX-WINCOW(N, I,6) }*TAN{BETA3)
IF(WH.LT.UU) GO TO 227
IF(WHGT .VV) GO TO 228
IF(YY.GT.AB) CC TO 233
IFLYYLT.WINDOWIN,1,6)) GO TO L4l
222=XXX~{WH/TANIBETA3))
IF(YY.LT.Z22) GO TN 250
ZI=(XXX~-YY)*TAN(BETAZ)
WAREA=({AR=YY ) *WH+( (WH=Z2Z)**2) /(2. ¥TAN(BETA3)) ) /WINDOW(N,1,8)
RETURN
233 WAREA={(WH-LU}*%2)} /([ 2, *TAN{BETA3)*WINDOWIN,+1,8))
RETURN
227 IF(YY.GT.AB) GO TC 14
IFIYY LT WINDOWI{N,I,6)}) GO TO 141
GO T0O 250
228 IFIYY.LT.WINDOWI{N,T,61) GO TO L4l
IF{YY.GT.AB} CO YD 232
ZI={XXX=YY)*TAN{EETA3)
GO TO 226
232 WAREA=(2 #WH-UU=VV)I*WINDOWIN, 1,5)/{ 2. *WINDOW(N,I+8))
RETURN
250 IF{YY.GT.AB) GO TO 14
IF{YYLT.WINDOWIN,I,6)] GC TO 141
252 HAREA={WH/WINDOWIN, [ 42} )% (Le={ [YY~WINDOW{NI,6))}/WINDOWIN,1,5)1))
RETURN
253 IF{YY.GT.WINDOWIN,I,6)) GC TC 252
GO0 TN 14l
242 IF{XXX.LT.AB) GC TO 243
IF(YY.LT.AR)} GD TO 245
WAREA={LAR=XX)* 22 )% TAN{RETAZ) /1 2. *WINDCUWIN,T48))
RETURN
244 WAREA=(LAB=XXX}+WH/[ 2, % TAN{BETA3) ) I %WH/WINDOWIN,I +8)
RETURN
243 TF(YY.GT,.xxX) GC TO 244
TF{YY.LY.XXY GO TO 2€3
247 IF(WH.GT.(XXX-YY)®TAN(HFETAZ)) GO TO 246
HAREA=[AB-YY)*WH/WINONWIN,I 48}
RETURN ~
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246 WAREA=((AB-YY)®WH+([WH=(XXX-YY)*TAN(BETA3) )*%2) /{ 2. %TAN(BETA3})}/W

1INDOWIN.I ¢8)

RETURN
245 IF(YY.LT.XX) GO TO 250

GO T3 247 .
260 XX=(SIN{ATANIDIMEZ2(2,N+1)} I¥DIME2( 9 N+ 1) +AINDOWIN,I,3))/TAN{BETA3}

1-COS{ATANI(DIME2 (2 ,N+L}}}*DIME2(F,N+1 )} +0IME2(B,N+1)
XXX=(SINUATAM(DIME2{ 2 .N+1)) ) *DIME2{94N+1) +WINDOW(N,I,3 )+WINDOWI(N,]

Ly2))/TAN(BETA3)-COS{ATAN(DIMEZ2(24N+1)) )*DIME2{G4N+L)I+DIME2(8,N¢1)
AB=WINDOWIN 1 +S)I+WINCCWIN,I,6)

YY=DIMEZ2{3,N+1)*TAN{GAMMA)

GO TO 401

END
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SUBROUTINE SHAFRA 4
THIS SUBROUTINE [S AN OPTICKNAL SUBRCUTINE THAT CAN BE CALLED BUT
DOES NCY HAVE T(Q BE. THIS SUBROUTINE®'S ONLY FUNCTION IS TD PRINT
CUT INFORMATICN. THIS INFORMATICN [NCLUDES WALL DIMENSTIONS
CCANTAINED IN THE MATRIX NIME2(N,J),THE WINDQW AND DCOR DIMENSIONS
IN THE MATRIX WIMDOW(1,J+K)s AND THE PERCENT AREA SUNLIT FOR WALLS
v ROOFS, WINDNWS, ANC DCCRS.
COMMON/AIRC/NAA, ITIM,ALAT 4MyDIME2( 10,15}, ICHEK,NN,NNNyNL,JCHEK
COMMON/ATRC/ZALITE(24415) 4BLITE(24,15),NURC{LS5) :
COMMON/AIRCL/NOWINILSY s NCOCOR{15) 4 WINDOW(LS,10,8),NUMB{15) (KODE
CCMMON/AIRC2/WLITE( 24415410}, DLITE(2441545),111

132 FORMAY(* WALL MUMBER 1,1417)

201 FORMAT({' WALL I.0. NUMBER®,14F7,2]

202 FCRMAT(* ROCF SLCPE Yo 14FT7.2)

203 FORMATI' HWALL LENGTH 'y 14FT7.2)

204 FURMAT(! wWALL HWEIGHTH Yel4FT.2)

205 FORMAT(® hALL TILY .

206 FORMAT(®' WALL AREA 'y l4F7.2)

207 FORMAT(' RCCF AREA "e14F7.21

208 FORMAT(* ROOF OVERHANG £

209 FORMAT (' RCOF WIDTH '

210 FCRMAT(' ROCF LENGTH .

301 FORMAT(' LEN BEL WINDOW ' .l4F7,2)

302 FORMAT{' WINDOW HEIGHTH 9,14F7.2)

303 FORMAT(' LEN ABOVE WINCCW' 414F7.2)

304 FORMAT{' LEN R. OF WINDOW*,Ll4F7.2)

305 FORMAT(®' WICTH OF WINDOW® ,14F7.21}

306 FORMAT{" LEN L. OF WINDCW®,14F7.2)

307 FOPMAT(' TYPE OF WINDOW®,Ll4F 7.2}

308 FORMAT(® WIADCW AREA Yy14F7.2)

134 FORMAT(IB,15F7.31}

135 FORMAT(3X,"TINE",1X,1517)

136 FORMAT(']1" ,29X,*THE HNUSE HAS BEEN ROTATED*+F6.14"DEGREES CLOCKWIS
1E"}

138 FORMAT(30X.'THIS IS THE *412,"' MONTH?)

139 FORMAT(1X,"THESE ARE THE SUNLITE FRACTICNS OF THE WALL AREAST)

140 FORMAT{1X,"*THESE ARE THE DIMENSINNS FGOR THE HOUSE UNDER EVALUATION
1)

141 FORMAT{1X,*THESE ARE THE SUNLITE FRACTICN OF THE RCCF AREAS'")

143 FORMATI(//* THESE ARE THE DIMENSICMS THAY DESCRIBE THE WINDOWS®')

144 FORMAT(* FCR WALL NUMBER',IV)

145 FORMAT(® WINDOW QR DOCR NO.*,1017)

146 FOPMAT(///7" THE FOLLCWING ARE THE OFCIMAL FRACTIONS THAT THE WINDO
1WS AND DOODRS ARE SUMLITE')

147 FORMAT(//' WINDOWS')

148 FORMAT(//* CrCRSY)
WRITE[E,138) M
WRITEL6,140)
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60

WRITE(HE,132)(NUMBL{T),,T=1,NNAN)
WRITE(&,2C1I{DIME2(14J) yJ=1,NNN)
WRITE(64202)Y(CIME212,J)9J=1,NNN}
WRITEL(6,203)(DINME2(3,J)4J=1,NNN)
PRITE(6,204)(DIMEZ(44J)4Jd=1,MNN)
WRITE(6,205)(CIME215,:J)yJ=1,NNN}
WRITE(E,2CH6) (CIME2(6+J) ,J=1,NNN)
WRITE(6,20T)I(DIME2L74J ) J=14MANN])
WRITE(6,2CB)J{CIME2{B,J) yJ=1,NNN)
WRITE(E,209)(DIME2[94J) sJd=14ANND
WRITE(6,210)(DIME2(104J)sJ=1LyNNN)
MRITE(E,143)

CO 20 J=2,N1

K=NOWIAN(J)+ANCCCCR(J)

IF(K.EC.0) GO TO 20

Kl=K+]

L=J-1

WRITE(6,144) L

WRITE(6, 145S)Y{AUMC(I),1=2,K1)}
HRITE(61301}(HINDGH!J’I‘I) 'I=1’K’
WRITE(G6,2302){WINDOWL Jy? 42),1=1,K)
WRITELG 303 V(WINDOW U, 1433 1=1,K}
WRITE(S43C4)IWINDOW{JsT ¢4)s1=14K)
WRITE(6,305)1(WINDOWIJ,145),1=1,K)
WRITE(Gs306) (WINDOW(Jy [46) 4 I=]14K}
WRITE(G6,3CB)IWINDOWLI,1:8)¢I=1+K)
CONTIMUE

WRITE(6,136) AA

WRITE{E,139)

WRITE(6,135) (INUMBLI) 4J=2,N1)

EO S0 ITIM=1,24

WRITE(6,134)ITIMy(ALITE(ITIM,I)yI=24N1)

WRITE(6,141)
WRITEL6, 135V (NUMBLJY ) J=2,4N11}
CO 60 ITIV=1,24

WRITE(6y134)ITIM(BLITELTITIM,I)41=2,N1)

WRITE(64146)

00 61 J=2,N1
K1=NOWIN(J)

K11=K1+1
K2=NODCCR(J)

K3=K 24Kl

TF{K3.EQ.0) GG TO 61
L=J-1

WRITEL6,144) L
K22=K2+1 _
IF(K1.ECJ0) GO TO 62

102
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61

WRITELG,14T)

WRITE(6,135Y(NUMCLUIL),yJL=2,KLL)

DO 63 1TIr=1,24

WRITE(6+ 134 I TIMy(WLITECETIM,3415),15=1,K1)
IF(K2.EQ.0) GO TO 61

WRITE({G6,148)

WRITE(E,135)(NUMCIUL)yd1=2,K22)
CO 64 ITIM=1,24

WRITE(E,134)
CONT INUE

RE TURN

END

ITIM(DLITE(ITIM4J,15),15=1,K2)

103
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SUBRQUTINE SOLTEM u

THIS SUBROUTINE CALCULATES ADJUSTED SOL~-AIR TEMPERATURES. IT CALLS
A FUNCTICN NAMED SCLAIR(X) WHICH CALCULATES SOLAIR TEMPERATURES.
SCME OF THE VARIABLES USED ARE:

ALITE-BLITE-WLITE-DLITE-THESE MATRICES COMTAIN WHAT PERCENT AREA
1S SUNLIT OF THE SURFACE.

TEMP-THIS ARRAY CONTAINS THE OUTSIDE TEMPERATURE PRCFILE.
SOLAVW=-THIS MATRIX CCNTAINS THE ADJUSTED SOLAR HEAT GAINS ON THE
WINDOWS.

RTM—ARE THE ADJUSTFD SOL-AIR TEMPERATURES FOR THE HWALLS.

WTM=ARE THE ACJUSTED SOL-AIR TEMPERATURES FOR THE ROOFS.

DTM-ARE THE ADJULSTED SOL-AIR TEMPERATURES FOR THE DCORS,
COMMON/ATRC/NyAA; ITIMyALAT ;MyDIME2(10,15) o [CHEK NNy NNN N1, JCHEK
CCMMNN/ZATRC/ZALTTE(24415)4BLITE(24415)
COMMONZAIRCL/KNOWIN{LS) NNDCOR(LS) yWINDOWI15,10,8) NUMB(15),K0DE
COMMON/AIRC2/WLITE(24515,10)DLITF(24,15,5),111
COMMON/ZATRCS/TEMPL24) ,SOLAVWI24,15410) ,0TM{24,15,10),RTM(30,15)
CCMMON/AIRCE/WTMI30,15),SRTM( L5} 4ARTM{ 15)
CCMMON/ATIRCT/OLOC(30,15),RQLON(30},4QLODI1LS)
COMMON/AIRCE/SILOD(L1S) JUCE 4 ToROOFT,UNI15,10),U(15)
COMMON/ATRC9/UD(15,10),QDT0R{ 24, 15,10}, QWIND{24,15,10)
COMMCN/ACL/SARCOFI{15410)

COMMON/AIR3/Q0LOT(30,1514RQLAT(30)

THESE VALUES ARE INITIALIZED TO ZERO AT THIS POINT BECAUSE THEY
ARE USED AS SUMMATICN VARIABLES LATER,

CO 490 A=2,N1

ARTM(N}=0.0

SRTM(N)=0,0

AQLOD({N}=0.0

DO 490 ITIM=1,30

QLOC(ITIM,N)=0.0

CO 11 N=2,N1

DO 10 ITIN=7,30

ITIM=ITIN-6

T=TEMP(ITIM)

ICHEK=1 FOR WALLS IN SOLGAN(X) AND SCLAIR{X).

ICHEK=1

JCHEK=1 FCR SUNLIT CASE OF SOLGAN{X),

JCHEK=1

RTMUITINGN)=T4#ALITECITIM, N)*{SOLAIR(X)-T)

ICHEK=2 FOR ROOFS IN SOLGAN(X) AND SCLAIR(X).

ICHEK=2

WTMUITINGN) START ITIN IN PNSITION 7 BRECAUSE THE RESPONSE FACTER
METHOD NEEDS THE LAST SIX VALUES OF THE DAY IN THE FIRST SIX
LCCATICNS.,

WTM(ITINGN)=T+ALITECITIM,NI*{SOLATRIX)-T)
SRTM(N)=SRTM{N)+RTM{ITIN,N)

CONT TNUF
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THE NEXT STATEMENT CALCULATES THE AVERAGE SOLAIR TEMPERATURE ON

EACH WALL DULRING THE DAY.
ARTM(N)=SRTM(N}I/24,0
CONTINUE

CO 12 N=2,N1

D0 12 K=1,6
WTMIKyNI=WTM{K+24,N)

CO 20 ITIM=1,24

DO 20 N=2,N1

JCHEK=1

ICHEK=1

SS=SOLGANIX)

JCHEK=2 FOR SHACED CASE OF SOLGAN{X).
JCHEK=2

SY=SOLGAN(X)

KK=NOWINI(N)

KK5=NCDCCR{N}

IF{KK.EQ.O0) GO TO 54

DO 52 I1[=1,KK
WS=WLITE(ITIM,N,III)}
SOLAVWIITIM N, TIF)=SS*WS+(1.0-WS)*ST
IFIKKS.EQ.Q0) GO TO 20

DO 53 MM=]1,KK5

I11=MmMMe+KK

T=TEMPIITIM)

ICKEK=1

JCHFEK=1

DTMUITIMyN,MM)=T+DLITELITIM,N, M) = [SOLATIR{X)-T}

CONTINUE
RETURN
END
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FUNCY ION SOLGAN(X)
THIS FUNCTICN CALCULATES SOLAR HEAT GAINS FROM A METHOD QUTYLINED
IN THE 1s72 ASHRAE HANDBCOK OF FUNDAMENTALS
LIST OF VARIABLES:
M=-MONTH CF THE YEAR (1=-12)
SIGMA-WALL TILT ANGLE
AH-THE NUMBER OF MINUTES AFTER NOON o MINUTES BEFORE
NOCN ARE NEGATIVE.
PSI=-WALL AZIMUTH.
B8B~SOLAR ALTITUDE
PHI-SCLAR AZIMUTH. .
THETA-ANGLE OF INCIDENCE
AIDN-DIRECT NORMAL SOLAR RADIATION
FSG-SHAPE FACTOR.
COMMON/ATRC/NyAALITIMyALAT M,DIME2(10,15)y ICHEK,NNy,NNN, N1, JCHEK
AI=DIME2(1,4N)
IF{M,EQ.B} GC TC 5
IF(M.EQ.7) GN TO 6
IF{M.EQ.12) GO TO 3
IF(M.EC.Ll) GO TO 4
SOLGAN=-1.0
RETURN
A=3glo
B=0.142
C=0.057 .
DEG=-0.4C527
GO TO 10
A=1390,
B=0.142
C=0.058
DEG=-0.34607
GO TO 10
A=351.0
B=0.201
C=0.122
LEG=0.214675
GO 70 10
A=34‘.t0
B=0.207
C=0.13%6
DEG=0.359537
GO 11 10
WHEN ICHEK IS EQUAL TO 1 THEN THE SCLGAN IS CALCULATED FOR WALLS.
IFIICHEXK.EQ.Ll) GO TO 7
GO 70 8
SIGMA=ATAN(OIMEZ2(5,N))
GO TN L1
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SIGMA=ATAN(CIME2{2,N}) L

AL=ITIM

THIS IS THE CALCULATICN FOR THE HOUR ANGLE
AH=(({AL-12.0)*60.0)*0.25)

AHL [S THE HOUR ANGLE A SMALL FINITE AMCUNT BEFORE AH.

THIS IS USEC TO CALCULATE PHI SMALLER THAN -90. DEGREES AND LARGER
THAN 9Q0. DEGREES.

AH1=AK-.C05

PST=(90.0*(AT-1.01) +AA

IFIPSI.GT.3¢60.) PSI=PSI-360.

IF(PSI.GT.180.,0) PSI=PSI-3¢£0,.0

IF(PSI.LT,-180.0) P51=360.0-PSI

AH=3,14155*AH/180.0

AKl=3,14159%AH1/180.
BBB=(COSLALAT)}*COS(DESI*COS{AH))+(SIN{ALAT }*SIN(DEG})
BBB1=(COSIALAT)I*COS{DEGI*COSIAHL) )+ ISINIALAT)*SIN(DEG))
BEB=ARSIN(ERE) ,

BB1=ARSIN(BERL]

IF{RB.LE.0.Q) GO TO 15

GO TO 14

SOLGAN=0.C

RETURN

PHI=ARSIN(CCSIDEG)*=SIN(AH}/COS{BRB))
PHI1=ARSINICOS(CEG)*SIN(AHL)/COS(BRL})

WITH THE USE GF AHl ANCTHER SOLAR ALTITUDE AND SOLAR AZIMUTH CAN
BE CALCULATED . IF THE EARLIER PHI (AH1} IS NOT SMALLER THAN
LATER PHI(AH)y THEM PHI[AH} SHOULD RE EITHER LESS THAN -90. OR
GREATER THAN 90.. SPECIAL TREATMENT MUST BE TAKEN FOR THESE CASES
RECAUSE THE PRINCIPLE VALUES ARE THE VALUES CALCULATED FOR PHI.
THIS CHECK STATEMENT FINDS THESE CASES AND CORRECTS THE VALUES FOR
PHI .

IF{PHI1.LT.PHI) GO TO 30

IF(AH) 12,12420

PHI==-3,14156-PH]

CO TO 30

PHI=3,14159~-PF1

PSI=PSI*3,14159/180.C

IFIPHIGT0e0 . ANDLPSI#4.71239.LT.PHI) P5[=P51+6.2831
GCAMMA=PHI-PSI

IF(ABS(GAMMA) o GT . 157079, AND. ICHEK.EQ.1) GO TGO 25

IF{ JCHEK.EQR.2) GC TO 25

IF THE VALUE OF THETA IS GREATER THAN SO0 DEGRERS, THEM THE SURFACE
IS IN THE SHADE OR THAT THE CnS (THETA) IS EQUAL TO ZERN.
THETA=ARCOSI{CNSIARI*COSIGANMA)I* SINISIGMA) )+ [SIN(HBI*COSISIGYAL))
IF{COS{THETA) .LT.0.0} THETA=1.57C79

GO 70 26

THETA=1.57019
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26 AICN=A/EXPIR/SIN(BR)] ; y
FSG=(1.0-CA5(SIGMA) /2.0
SOLGAN=(ATIDN*COS{THETA) J+{C*AIDN* (1. 0—~FSG) ) +( 0.1 *FSG*AIDON*(C+SIN(B
18))) ’
RETURN
END



OOAOOONON

30

25

26

o

109

FUNCTICN SCLAIRI(X) ; “ .

THIS FUNCTICN CALCULATES THE SOL-ATR TEMPERATURE FOR SUNLIT AND
SHADED SURFACES. IT ALSC CALCULATES SOL-AIR TEMPERATURES ON ANY
VERTICAL SURFACE SUCH AS A WALL, WINDCW, CR DOCR AND SOL-AIRS ON
NON-VERTICAL SURFACES WHEN ICHEK=2.

THESE CALCULATICNS ARE CUTLINED IN THE ASHRAE GUIDE 1972.

THE ARGUMENT FOR THIS FUNCTION 1S NOTHING MORE THAN A DUMMY
VARI ABLE. ALL CF THE NEEDEEC VALUES ARE CONTAINED IN THE COMMON
STATEMENTS.
CCMMCN/ATRC/NyAA, ITIM ALAT M, DIME2I10,15)y ICHEKyNNyNNNy¢NLyJCHEK
COMMCN/AIRC/ALITE(2%4,15)4BLITE{24,15)
COMMON/AIRCL/NDWIN(L15) ,NODDQR(1S) 4 WINDOW({15,10,8) y NUMB{15) KODE
COMMON/AIRC2/WLITE(244154+10),CLITE(24,15,5),111
COMMON/WALPRD/BO,B1,B2,B3,84,R5,B6,8R80,R881,802,88B3,BB4+B85, 886
COMMON/WALPRL/D1,02,03,D4,D5,D6,0D1,PD2,0D3,0D4,005,006,5C,55C
COMMONZAIRCS/TEMP{24) ,SOLAVWI(24,15,10),DTM(24,15,10),RTM(30,15)
COMMNN fAIRCE/WTM[30,15),SRT¥[15) 4 ARTM(15}
COMMON/AIRCT/QLOCI32,415),RQLODI{A0), AQLODILS)
COMMON/AIRCB/SQLCDILS) yUCET4ROOMT,,UWI{L15,100),U(15)
CCMMON/AIRC9/UD(15,10)4QD0O0R(244,15,10) 4QWIKD({24415,10)
CCMMON/AC1/SACCCFILS+10)

COMMON/ATR3I/QLOTI30,15) ,RQLECT(30)

IF(ICHEK.EQ.L) GO TO 25

IFI{ICFEK.EQ.2) GO TO 26 . .
ALPHA=0.22

SOLATR=T+ALPHA*]1 ,15%SCLGAN(X)-A

RETURN

FOR VERTICAL SURFACES A=0.0

A=N.1)

GO 7O 30

FOR NCN~VERTICAL SURFACES A=7.0

A=17.0

GO TO 30

END
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SUBROQUTINE LOAC 4
THIS SUBROUTINE CALCULATES CE!LING AND WALL HEAT GAIN PROFILES
FOR A TWENTY-FOUR HOUR PERTOD.
COMMON/ATIRC/NAA,ITIM ALAT M DIME2{LOs15)y ICHEK,NN,NNN,N1, JCHEK
COMMON/AIRC2/WLITEL24,15,10)1,0LITE(24,15,5),111
COMMON/ATIRCL/NOWINALLS ) ¢ NOOCGRI1S )y WINDNW{15+10,8},NUMB(15),KNDE
COMMON/WALPRO/BO,B1,R2,B3,B4,85,R6,880,RPl ,BR2,RB3,684, 185,886
COMMON/WALPRL/D14,02,034D4,+C5,06,001,002,003,0D4,DD5,D06,5C,S5C
COMMON/ATRCS/TEMP24) SCLAVWI24,15,10),0T¥{24,15,10),RTM(30,15}
COMMON/AIRCAH/WTM{30,15),SRTM(15]) ,ARTM(LS)
CCMMCN/AIRCT/CLCC(30,15),RQLOCI30),AQLODTLL5])
COMMON/ATRCA/SQLODILSY yUCE,T4ROOMT UW{15,10),U(1S)
COMMON/AC21/TA(30) ,NOCE4NOWA{L15) yCEAR,VCLAIR,TR(30)4+WT(30)
COMMON/AIRI/GLCT(30,15) RQLET {30}
COMMON/AIRL12/TOWLAT(244+15) ,TOWALL{24,15),FACTOR,COLOL28)
COMMGN/ATIRL3/COCLI28),LT(24),TOHNO(24)
100 FORMAT (' SLBROLTINE LCAN INTERATED ', I3,* TIMEY)
101 FORMAT(10X,FB8.3,10X,FB.3,3X,13,3X,13)
102 FORMAT(' THE NUMBER CF THE ROOF [S EQUAL TO *,I3,"' WHICH IS AN UN
1ACCEPTABLE VALUE')
103 FORMAT(* THE VALUE FOR WALL *"413," IS*,13,% WHICW IS UNACCEPTABLE
1} 4
104 FORMAT{1X4I3,3X,*TIME? ,6X," TOUTSIDE AV.SCLAIR',4X,'RO0F TEMP',4X,
LYATTIC TEMP',5X,'Q CEILING™) . ' .
105 FORMATI(BX [ 248X sFba2¢4XsF0e2+4TXKsFTa23TXeFT.216X4F9.3)
NOCE=1 REPRESENTS AN UNINSULATED CEILING WITH 1/2 INCH OF PLASTER
BOARD.
IF(NOCEL.EQ.1) GC TO 301 )
NOCE=2 REPRESENTS A CEILING WITH 1/2 INCH PLASTER BOARD AND 3
INCHES OF INSULATICN.
IFINOCE.EN.2) GC TO 302
NOCE=3 REPRESENTS A CEILING WITH & INCHES QF [NSUL&T!UN AND 1/2
INCH PLASTER BCARD.
IF(NDCE.EQ.3}) GO TO 303
WRITE(6,102) NOCE
KCDE=1
RETURN
301 ULCF=0.681
GO TO 49
302 eB0=0.031995
BBl1=0.03833¢€
BB2=0.C0CAGE
g83=0.0
BR4=0.0
BRS=0.0
BEB6=0.0
OD1l=-0.183CS1
L02=0.00C0025§
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49

S0

52

51

111

CND3=0.0 "

0D4=0,0

CD5=0.0

0D6=0.0

SSC=0.CT71228

UCE=0.C87

GO TO 49

RBO=0.CC5714

EBL=0.022¢&26

BR2=0.004812

BR3=0,C00035

BB4=0.0

B85=0.0

BB6=0.0

CC1=-0.304337

CD2=0,01688¢

CD3=-0.000001

DD4=0.0

CD5=0.0

DD6=0,0

SSC=0.033189

UCE=0.04T7

GO TN 49

CONTINUE

THIS 1S THE WEIGHT OF THE ROOF PER SQUARE FQOT OF ROOF.
ABC=4.166667

CPR IS THE SPECIFIC HEAT OF THE RGOF MATERIALS PER POUND.
CPR=0.33

ROARE=C. 0

C=UCE*]10.

FA=0.4

HO=4.0

THE TOTAL RCOF AREA [S SUMMED IM THE FOLLOWING LCOP AND THE TOTAL
IS CONTAINED IN THE VARIABLE ROARE

CO 50 N=2,N1

ROARE=RCARE+CIME2(7,N])

CCNTINUE

RCMAS=RCARE*ARC

AMAS=0,075=VCLAIR

THE FOLLCWING LOOP (51) CALCULATES AN AREA WEIGHTED AVERAGE OF THE .
SOL-AIR TEMPERATURES CN ALL OF THE RONFS.
DD 51 ITI¥=17,30

CO 52 N=2,N1
R=WtWTM{LTIV, NI *XDIME2(T,N)

CCNT INYE

RT(ITIM)I=W/RCARE

CONTINUE
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LOCOP (66) INITIALIZES THE FIRST GUESS FOR THE CEILING LCAD
CALCULATICNS.

WTCITIMI=WT{ITIM$24)

TALITIM)=85.0

TRIITIM)=100.

RQLOC(ITIM)=Q

CONTINUE

KKL IS THE NUMRER OF TIMES THE ATTIC AND ROOF TEMPERATURES ARE
CALCULATED EACH HOUR.

KK1=10

1J=0

CONTINUE

14=14+1

WRITE{64104) 1J

DO 1t ITIM=7,30

SOL=WT[ITIM=1)

DIF=WT(ITIM)-SCOL

TEMM=TAIITINM-1)

TEMR=TR(ITIM-1)

FOR CASE CNE THE "U'= VALUE IS SO LARGE THAT THE Q@ [HEAT FLUX)
MUST BE RECALCULATED FOR E£ACH TIME INTERVAL, IF NOT , TOO MUCH
FEAT WILL BE REMOVED IN AN HQURS TIME, .
IF(NOCE.EG.1) GC TO 203

GO TN 204

LO 205 11=1,KKl

All=11

TEMM=TEMM# (ROARE*HA* ( TEMR-TEMM)-UCE*CEAR*( TEMM—ROCMT) ) / (AMAS*0,24%

LKK1)

AKK1=KK1

WF=SOL+DIF*ATT/AKK]

TEMR=TEMR+ {HO*{WF=TEMR )=HA# [TEMR-TEMM) ) ¥ROARE/ (ROMAS*CPR*KK1)
CONTINUE

GC 70O 206

CO 63 11=1,KKl

ATE=I11

TEMM=TEMM+{ROARE*HA* [TEMR-TENM)~-ROLOD([TIM-1)*CEAR)/(AMASHD, 24%KKL
1)

WF=SOL+DIF*AlI/KK1 .
TEMR=TEMR4 {HN*( WF=TEMR )-HA®{TEMR—TEMM) ) *ROARE/ (ROMAS*C PR*KK )
CONTINUE

TRUITIM)=TENR

TALITIV)=TENMM

SINCE CEILING TYPE 1 IS VERY LIGHT IT TRANSMITTS HEAT
INSTANTANEOLSLY 3 THEREFORE, THIS CEILUNG HAS NO RESPCNCE FACTORS.
THIS STATEMENT CHECKS TQO FIND CUT IF THIS SPECIAL CEILING IS BEING
USED. ’
IF{NOCE.EQ.1) GC TO 201
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202

11

14

12

70

401
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ROLOD [ ITIM)=RCLED(XX)
GO T 202
RQLCO(ITIM)=UCE*(TA(ITIM)=RCAMT)
[TI=1TIV-6

WRITE(6,105) ITI,TEMPIITI)WT{ITIM),TR{ITIM) ,TACITIM) ,RQLCOIITIN)
CONT TNUE

IF(1J.GT.4) GO TO 12

LOOP.{14) TAKES THE LAST & VALUES OF THE CALCULATIONS AND PLACES
THEM IN THE FIRST & LGCATICNS SO THAT THE NEXT SET OF CALCULATIONS
WILL HAVE THE BEST VALUES TO WORK WITH.

00 14 ITIN=L,6

TALITIMI=TALITIM+24)

TROITIM)=TROITIM+24)

RQLOD(ITIM) =RQLECD{ IT IM+24)

CONTINUE

GO TO 13

CONTINUE

CO 70 ITIM=¢,30

RQLOTCITIM) =RQLOD( IT [M)#CEAR

CONTINUE

K=0

00 493 N=2,M1

JCHEK=0

K=NOWA(N)

FCR NOWA(N)=1 THE WALL IS5 AN UNINSULATED FRAME WALL.

IF(K.EQ.1) GO TO 401

FOR NOWA(N)=2 THE WALL IS A FAME WALL WITH 1™ OF INSULATION.
IF(K.EC.2) GO TO 402

FOR NOWAIN)=3 THE WALL IS A FRAME WALL WITH 2" OF INSULATION.
IF(K,EQ.3) GO TC 403

FOR NOWA{N)=4 THE WALL [S A FRAME WALL WITH 3" OF INSULATION.
IF(K.EQ.4) GO TO 404

FOR NOWAIN)=5 THE WALL IS A BRICK VENEERED FRAME WALL WITH NO
INSULATION. \

IF(K.EC.5) GO TO 405 '

FOR NOWA(N)=6 THE WALL IS A BRICK VENEERED FRAME WALL WITH 3" OF
INSULATION.

IF(K.EQ.6) GC TC 406

L=N~1

WRITE(6,103) L,K

KODE=1

RETURN

B0=0.,07874

B1=0.18185

B2=0.02157

83=0.00001

£4=0.0

B5=0.0
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403

404

B5=0.0
Ci=-0.37759
D2=0.02246
D3=0.0
L4=0.0
05=0.0C
C6=0.0
$C=0.28217
UIN)I=0.424
GO TO 494
B0=0.02C¢S
Bl=0.0£369
B2=0.,01131
83=0.CCQ01
B84=0.0
B5=0.0
B6=0. 0
Cl=-0.,53187
D2=0.06E34
£3=0.0
B4=0.0
D5=0.C
C6=0.0
SC=0.C9570Q
UtN)=0.1738
GO TO 494
80=0,0058%
Bl=0.03810
B2=0.00869
83=0,04002
B4=0.0
BS5=0.0
86=0. C
Cl1==0.5T7344
D2=0.CECT4
C3=0.0
C4=0.0
DS=0.0
Db=0-0
UtN}=0.112
GO TO 494
B0=0.C0508
Bl=0.02644%
B2=0.0C838
B3=0.CC0A1Q
B4=0.0
BS5=0.0 -

114
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501

B6=0.0
Dl=-0,59602
D2=0,08757
D3=-0.0000C2
D"’:O-o
C5=0.0
Cé6=0.0
SC=0.04001
UIN)=0.081
CO TO 494
BE0=0.00037
B1=0.0CE23
B2=0,€Cs83
83=0.00125
84=C, 00001
BS=D.0
B6=0.0
Dl=-1.C3045
C2=0.20108
D3=-0,0C726
t“l=0-0
C5=0,0
D6=0.0C
§SC=0.01969
U{N}=0.121
GO TO 494
B0=0,00002
BE1=0.00147
B2=0.C0414
B83=0.00155
B4=0,0C008
£5=0.0
£6=0.0
Dl=-1.18(%9
D3=-0.N03182
D4=0.CCCBO
05=0.,0
£6=0.0
SC=0.CCT7262
U{N}=0.055
GO TO 4G4
SQLDOIN)=0.0
DO 50L [TIM=7,30
OLCDIITIM,N}=CLCAC(X)
SQLODINI=SQLOCINI+QLODCITIMyN)
CCNTINUE
JCHEK=JCHEK+1

115
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AQLOD(N}=SCLCD(N)/24.0

IF THE RESPCNCE FACTCR CALCULATICNS NEED TO INTERATE MORE THAN 4
TIMES 1T HAS ALREADY CCNVERGED AND THE TWC VALUES WILL NEVER GET
TO WITH IN 0.02 OF EACH OTHER. IT SHOULD BE NOTED THAT THEY WILL
BE CLOSE OR WITHIN 0.4 OF EACH OTHER,

IF{JCHEK.GT.4) GO TN 10O

THE FOLLCWING TWO STATEMENTS CALCULATE VALUES FOR A CHECK
STATEMENY TG SEE IF THE RESPCNCE FACTOR CALCULATIONS HAVE
CCNVERGEDS

Cl=U(N)={ARTM{N}=ROOMT }

Q2=AQLOCIN]

WRITE(6,101) GQ1,Q2,JCHEK.N

IFLABS{CL1-C2).GT.0.02) GO TO 503

WRITE(6,100) JCHEK

GO TO 493

CONTINUE

O 502 ITIM=1,56

THE FCLLCWING STATEMENT MAKES THE QLOD MATRIX OR THE WALL HEAT
GAINS CONTINUGUS FRCM ONE CYCLE TC ANOTHER CYCLE.
CLCDllTI”.Ni-QLUD(ITIM+24'NI

CCNTINUE .

CO TO 494 *

CCNTINUE

THE FOLLCWIANG LOOP (53) SUMS UP THE WINDOW AND DOOR AREAS ON EACH
WALL. THIS TDTAL AREA [S B . THIS B IS SUBTRACTED FROM THE TOTAL
WALL AREA BEFORE BEING MULTIPLIED BY THE HEAT GAINS PER SQUARE
FOOT, QLOC{ITIM,N).

CO 53 ITIV=7,30

CO 53 N=2,4N1

8=000

KK=NOWININ)

KKS5=NODOOR(NI

IFIKKLEC.N) GO TO 44

DO 42 I11=1,KK

B=B+WINDOWIN,III,8)

IF(KKS.EQ.0) GC TO 53

DO 43 MM=1,KKS

TLI=MM+KK

B=B+WINCCWIN,I1IT,8)

QLOTUITIM N)=QLOD(ITIM,NI*{DIME2(64N}-B)

RETURN

END
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FUNCTION ROLIDI( XX) , »
THIS FUNCTICN CALCULATES THE HEAT GAIN THROUGH THE CEILING USING

THE RESPCNCE FACTCR EQUATICN AND A CONSTANT INSICE TEMPERATURE.
Ee0,n881,AR2, AND ETE. ARF THE RESPONCE FACTOR FCR THE ATTIC
TEMPERATURES. CC1,C02.0C3y AND ETE. ARE THE RESPCNCE FACTOR FOR
THE HEAT GAINS THROUGH THE CEILING. THE VALUES ARE ASSIGNED TO
THESE VARIABLES IN THE LOAD SURROUTINE FOR EACH UNIQUE WALL TYPE,
COMMON/ATRC/N JAAZITIM ALAT 4MyDIMEZ2(20415) s ICHEKsNNyMNN,N1,JCHEK
COMMON/wWALPRO/BO,A1,B2,R3,84,B5,86,BRB0,8431,RR2,RR3,BR4,RR5,RA6
COMMON/WALPRL/DL.C2,C3,04.05,406,0C1,C002,003,004,D05,D06,55C,55C
COMMON/ATRCE/WTM{30,15) SRTMI15),ARTM(15)
COMMON/ATRCT/QLOD(30,15),RQLODI30},AQLCD(15)
COMMON/ATRCB/SQLCLCILS) yUCET4ROOMT,UW(15,10),0(15)
COMMON/ATIR3/OLOTI30,15),RQLAT(30}
COMMON/ACZ1/TA(30) ¢y NCCE,NOWA(LS)sCEARGVOLAIR,TR{3Q},WT{30)
X=BBO*TA(TITIM)+BBLI=TA(ITIM=1)+BRAZ2*TA{ITIM=2)+BBA*TA(IT[M~3)}+BB4*TA
LUITIM=-4)+4BBS*TA(ITIM-5)}+RBEXTA(ITIM-6)
Y=DD1*RQCLOD(ITIM=-1)+CDZ¥RQLCOCITIM=-2)+0D3*RQLOD(IT IM=3)+DD4*RQLODY
1ITIM=4)+CD5*RQLAD(ITIM=-5)+DD6*RQLCD({ITIM=6)

I=ROCMT*SSC

ROLOD=X=-Y~2Z

RETURN

END
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FUNCTICN CLCAD({XX) , _
THIS FUNCTICN IS VERY SIMILAR TO ROLOD(X), THE CONLY OIFFERENCE 1S
THAT IT CALCULATES WALL GAINS INSTEAD OF CEILING HEAT GAINS.

THIS SUBROUTINE CALCULATES WINDGCw AND COOR HEAT GAINS,
COMMON/AIRC/NyAAZy ITIMyALAT ¢M DIME2110¢15) s ICHFK NNy ANNNL, JCHEK
COMMON/ATRC/ALITE(26,15) yRLITF(24415)
COMMON/ATRC1/NOWINE15) yNODGUR(15) 4WINDCW(15410,8),NUMBL15),KNDE
CCMMGN/AIRC2/WULITE( 244 15,100, CLITE( 244154504111
COMMCN/WALPRO/BD,R1,4+B2,R3,84,R5,86,B8R80,881,BR2,68R3,8R4,RR5,8R8
COMMCN/WALPRL/D1,02+C3,04,05,06,00140D2,D03,DD4¢ND5 (DN&,SCySSC
COMMON/ATRCS/TEMP(24) 4 SOLAVHI24415,10014DTM(24,15,10) ,RT4(30,15)
COMMON/ATRCE/WTM{30,15) ,SRTM(15) ,ARTM[15)
CGMMON/AIRCT/CLGC(30,151,RQLOD( 301, AQLOD(15)
COMMCN/ATRCS/SQLODIL5) JUCE 4T 4RCONT ,UWL15,10)
COMMON/ATRCS/UD( L5, 10) yQDOGCR(24415,10} yONIND{24415,10)
COMMCN/ACL/SACCOF(15,10)

COMMON/AIR3/GLET(30,15) ,ROLCT(30)

X=BOKRTM(IT IMyN)#BL¥RTM{ [T IM=1 N1 +B2%RTM( [ TIM=2,N)+B3*RTM([TIM=3,N
L1 4B4XRTM{TITIM=4 N) +B5%RTM{ ITI[M=5,N) +B6%RTM{IT [M=6,N)

Y=C1%QLOD{ ITIM=1,N)+02#QLCO(ITIM=2,N)+C3%QLOD{ [TIM=3,N)+D4%QLOD(IT
1TM=4,N)+D5%CLOD(ITIM=5,N)}+D6%QLOD([TIM=6,N)

1=ROCMT*SC

QLOAD=X-Y~-1Z

RETURN

END
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SUBROUT INE CWLCAD

SUBROUTIME CWLOAC CALCULATES HEAT GAINS FOR NDOORS AND WINDDWS. ALL
OF THESE TYPES NF CALCULATICNS ARE INSTANTANEQLS BECAUSE OF THE
LIGHT CCNSTRUCTION MATERIALS USED.

"COMMONZAIRC/NyAAITIM ALAT M, DIME2(10415)y ICHEK,NN,NNN N1, JCHEK

COMMON/ATRC/ALITE(24415),BLITE(24,15)
COMMCN/AIRCLI/NOWIN(LS )+ NCDCOR{15) ¢ WINDCWILS,10,8),NUMBI(15),KODE
COMMON/ZAIRCZ2/WLITE{ 24,15,10)+DLITE(2441545),111
CCMMON/ATRCS/TEMP(24)sSOLAVW( 24415, 10)4DTM(24,15,10),RTM(30,15)
CCMMON/ATRCOH/WTMI30,15) 4SRTM[15),ARTM({15])
COMMNDN/AIRCT7/QLCD(30,15),RQLACIT30),20L0QCIL5)
CCHMMCN/ATRCB/SQLOCIL1S5)Y yUCE,T,ROOMT,UW(15,10),U[15])
COMMON/ATRCO/UNILS+10) ,CD00R{24,415,10) 4QWIND{24,15,10)
COMMCN/ACLYL/SACCCFI15,10)

CCMMON/ATRI/ZCLETI304+15),ROLOT(30)

LOPP(25) MAKES SURE THE WINDOW AND CCCR LOAD 1S CALCULATED ON ALL
THE WALLS AND IT GIVES THE MACHINE ALL THE NFEDED INFORMATION
70 CALCULATE HEAT GAINS TC THE APPRUPRIATE MATRICES.

D0 25 N=2,N1

KK=NAOWIN(N)

KKS5=NODOORIN)

IF(KK.EC.C) GO TO 24

0O 22 I11=1,KK

LEKK=WINDOW{N«II1I,7)

FORMAT (¢ THERE IS NO VALUES FOR WINDOW ®*,13,' ON WALL',I3)}
WINDOW TYPES(LKK=],3,5,11-16,31-33) ARE DOUBLE PANE INSULATED
GLASS WITH WHITE OPAQUE RCLLER SHADES.

WINDOW TYPES(LKK=2,446,21-26,41l=-43) ARE SINGLE PANE
UNWEATHERSTRIPPED , NO INTERNAL SHACING.

IF{LKK.EQ.l) GD TO 101

IF{LKK.EQ.2) GO TO 102

IFILKK.EQ.3) GO TO 101

IF{LKK.EQ.4) GO TO 102

IF{LKK.EQ.5) GO TN 101

IFILKK cEQ.6) GO TO 102

IF{LKK.GEel L. ANCLLKK.LELLE) GO TO 101

IF{LKK.GE.21 AND.LKK.LEL26) GC TO 102
IF(LKK«GE31.AND.LKK.LE.33) GO TO 101
IFILKK.GE. 41 . ANCLLKK.LE.43) GO TO 102

IF LKK 1S NOT SATISFIED 8Y ANY OF THE ABOVE IF STATEMENTS THEN THF
COMPUTER PRINTS OUT WHICH WINDOW ON WHICH WALL IS NOY A LISTED
WINOOW TYPE, THE PROGRAM THEMN RETURNS TO THE MAIN PROGRAM AND
TERMINATES.

WRITE(6,10) T1I4N

KODE =1

RETURN

THIS 1S A DCURLE PANE [INSULATED WINDOW WITH WHITE ROLLER SHANES.

101l UWIN,111)=0.56
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22
24

500

23
25

42
44

43
40

SADCOF(N, [I1)=0.25 ) i

GO 10 22

THIS IS A SINGLE PANE WINDOW WITH NO INTERNAL SHADING.
UW(N,I1I)=1.06

SADCOF(N, [I1)=1.0

GO 10 22

CCNTINUE

IFIKKS.,EQ.0) GO TO 2§

THIS LOCOP (23) LDADS THE U-VALUES FOR DOORS IN THE APPROPRIATE
MATRIX NOTE THAT CANLY CONE U-VALUE IS USED FOR ALL DOORS BECAUSE OF
THERE SIMILAR CCNSTRUCTION. [F OTHER DOOR TYPES ARE REQUESTED
MORE CAN BE ACDEC.

DO 23 MM=1,KK5

ILI=MM+KK

LKK=WINDOWIN,IT1,7)

IF{LKK.CE«51-AND.LKKsLE«55) GO TO 500

THIS IS A 1 AND 172 INCH WGCOD DOCR AN OUTSIDE FILM RESISTANCE OF
0.25 ANO AN INSIDE FILM COF Q.61

LDIN,MM)=0,355

GO T0 23

CCATINUE

CONTINUE

DOUBLE LOCP (40) CALCULATES HFAT GAINS FOR THE HINDDHS AND DOORS
FRCM TFHE INFORMATICN GIVEN ABOVE. .

DO 40 N=2,4N1

CO 40 ITINM=1,24

KK=NOWIN(N)

KKS=NODOOR{N)

IF(KK<ECL.O) GO TO 44

DO 42 T1[=1,KK

QINST IS THE THERMAL LOAD THROUGH THE WINDOWS.
QINST=WINNOWIN,,ITI4B)%UNWIN,IIT}=(TEMP(ITIMI=-ROOMT)

QRAD IS THE RADIANT LOAD THROUGH THE WINDGCWS.

GRAD=WINDOWIN, I11,8)2SADCOF{N, ITI}*SOLAVW{ITIM,N,III}

QWIND IS THE TOTAL HEAT GAIN THRCUGH THE WINLCOWS.
OWINDIITIM, N, III)}=QINST+QRAD

IFIKK5.EC.0) GC TO 40

DO 43 MP=],KK5

I1[=MM+KK _ .

QDCOR IS THE HEAT GAIN THRGCUGH THE COOR USING SOL-AIR TEMPERATURES
ON THE DNOR.

CDOORCITINy A MM)=WINCOWIN, I[14B)*UDINyMM) % {DTM{ITIMsN,MM}-ROOMT)
CONYINUE

RETURN

END
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SUBROUTINE VALLC g
THIS SUBRNUTINES FUNTION IS TN PRINT OUT VALUES OF INTERMENTIATE
CALCULATICNS, SUSH AS SCL—-ATR TEMPERATURES AND HEAT GAINS FROM
WALLS, WINDOWS, AND DOCRS.
COMMON/AIRC/NgAAyITIM, ALAT M,DIME2(10415), ICHEK4KN,NNN,N14JCHEK
CCMMON/AIRC/ALITEL24,415)4BLITE(24,41514NUMC(LS)
COMMON/ATRCL/NOWIN{1L5) +ANCDCCRIL5) s WINDCHILS5,10,8),NUMA(LS),KODE
COMMON/AIRC2/WLITE(24415410),DLITE(24,15,5)s111
COMMCN/WALPRO/BO,BL,P2,83,B4,B5,B6,8R0,881,882,8B3,BB4,RB5,RA6
COMMCN/WALPRL/CL,02,C3,D4,L5,D6,001,0DD2,0D3,004,D05,0N6,5C,S5C
CCMMCN/AIRCS/TEMP(24)4SCLAVW(24,15410),0TM(24,15,10),RTH{30,151
COMMNN/AIRCE/WTMI30,15) 4SRT¥[L5),ARTM(]5)
COMMDN/AIRCT/QLODI30+15),RILOD(301,AQLODC1S)
COMMON/AIRCE/SQLCDILS) yUCE,T,RCOMT ,UWI15,10),UI1S)
COMMON/AIRCO/UD(L5,101,QD00R{24415,10) 4QWIND(24,15,10)
COMMCN/ACL/SACCOF(15,10)
COMMON/AIR3/CLAT(30,15) ,RQLCT(30}
401 FORMAT(® THESE ARE THE HEAT FLOW RATES I[N BTUIHR*FT*FT* FOR EACH
1ALL AT EVERY HOUR OF THE DAY')
402 FORMATI(3X,"TIME'41X41517)
403 FORMAT(IB8,15F7.3)
404 FORMAT(' THESE ARE THE HEAT FLOW RATES IN BTU/HR®*FT*FT FOR EACH
100F*)
405 FORMAT(' TFESE ARE THE TOTAL HEAT FLOWS IN BTU/HR FOR EACH WALL
1VERY HOURT')
406 FORMAT(' THESE ARE THE TOTAL HEAT FLOWS IN BTU/HR FCR EACH ROGF
1VERY HOUR!')
407 FORMATIIE,15F7.1)
408 FORMAT(' TOTAL HEAT FLOW FOR EACH WINDOW ON WALL ',.I13)
409 FORMAT({' TOTAL HEAT FLCW FCR EACH COCR CON WALL ',13)
410 FORMAT(® THESE ARE THE SOLAIR TEMPERATURES FOR THE WALLS')
411 FORMAT(' TFESE ARE THE SOLAIR TEMPERTURES FCR THE RQOOFS*)
412 FORMAT{' THESE ARE THE AVERAGE SOLAR HEAT GAINS FOR THE WINDOWS
IND THE SOL-AIR TEMPERTURES FOR THE CCODASt)
413 FORMAT({* AVERAGE SOLAR HEAT GAINS FCR THE WINDOWS ON WALL *,13)
414 FORMAT(' SOL-AIR TEMPERATURES FGR THE DOCRS CN WALL *',1I3})
WRITE{6,410)
WRITEL6,402) (MUNMR(T) 41=2,K1)
b0 30 [TIM=1,30
ITIN=[TIM=6
THE FCLLCWING ARE THE SOL—AIR TEMPERATURES OF THE WALLS.
30 WRITE(6,40T) ITIN, (RTM{ITIM,I)+1=24N1)
WRITE(G,411)
WRITE(6,402)INUMR(TL)1=2,N1)
CO 31 17IM=1,30
ITIN=ITIM-6
THE FOLLOWING ARE THE SOL-AIR TEMPERATURES ON THE ROOFS,.
31 WRITE(6,407) ITINg (WATMUITIM L) 41=24N1)

R

E

E
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WRITE(G6,412) *

DO 32 J=2,4N1

KL=NOWIN(J)

Kl1=K1+1

K2=NODCGR(J}

K3=K2+K1

IFIK3.EQ.0) GO TO 32

L=J-1

K22=K2+]

IF(K1.EQ.Q) GO TO 34

WRITE(6,413) L

WRITE(6,402) (AUMCITL) 41=2,K11)

DD 35 [TIM=1,24

THE FCLLCWING ARE THE SCLAR HEAT GAINS ON EACH WINDDW.
WRITE(&6,407) ITIM, (SOLAVWIITIN,J,15),15=1,K1)
FFIK2.EC.0) GO TO 32

WRITE(6,414) L

WRITE(6,402)INUMC{T) ,I1=2+,K22}

00 26 (TIM=1,24

THE FGOGLLCWIAG ARE THE SCL~AIR TEMPERATURES ON THE DOORS.
WRITE[644CT) ITIM (DTMIITIMyJ415),15=1,K2)
CONTINUE

WRITE{6,401]

WRITE {6,402 (NUMBIT)41=2,N1}

00 50 ITIF=7,30

ITIN=ITIM=% )
THESE ARE THE FEAT GAIN RATES FOR EACH WALL.
WRITE[6,403) ITIN,{QLODUITIM,I),I=2,N1)
WRITE{&,405)

RRITE(6 402 INUMB{T) 4 1=2,N1)

DO 54 ITIM=7,30

ITIN=ITIM=-6

THESE ARE THE WRITE STATEMENTS FOR THE  TOTAL HEAT GAINS ON EACH
WALL .

WRITE(64407) ITINSIQLCTUITIM,I)1=2,N1)

DO 61 J=2,Nl

K1=NIOWIN(J]}

KL1=Kl+l

K2=NODCCR(J)

K3=K2+Kl

[F{K3.EQ.0}) GC TC 61

L=J-1

K22=K2+1

IFIKl.FC.0) RO TO A2

WRITE(6440R) L

WRITE(6,402)(NUNMCLITID,152,K11)

DO 63 ITIW=1,24

THESE ARE THE WRITE STATEMENTS FOR THE TOTAL HEAT GAIN QN EACH
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62
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WINDOK, "
WRITE(6,407) ITIM IOQWINDLITIM,JoI5),15=14K1)
IFIK2.EQ.Q) GO TO 61

WRITE(6,4409) L

WRITE (6,402) {NUNCIL) I=2,K22])

0O 64 ITIN=1,24

THESE ARE WRITE STATEMENTS FQR THE TOTAL HEAT GAIM QN EACH DBOOR.
WRITE(€4,407) ITIMy{QDOORIITIMJe15},15=1,K2)
CCNT INUE

RETURN

END
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SURROUTINE AINFIL

THIS SUBROUTINE CALCULATES THE SENSIRLE AND LATENT INFILTRATION
CN ALL WINDCWS AND OCORS LXK=WINCOW(N,IIl.7) IS THE TYPE OF
WINDOW THAT THE TII'TH WINDCW IS ON WALL N.

COMMON/ATRC/NAAy ITIMyALATyM,DIME2({ 10y 15} s ICHEK NNy NNN,N1,JCHEK
CCMMON/AIRC/ALITE(24415)4.BLITE(24,15)
COMMON/ATRCI/NOWINILS) 4NCOCOR{LS) ¢WINNDCHI15410,8}4NUMB(15),KNONE
CCMMON/AIRCS/TEMP(24) , SOLAVW(24,15,10),0TM(24,15,10)4+RTM(30,415)
COMMON/ATRC?/CLEDI30,15)4RGLODE{30),ACLCT(15)
COMMON/AIRCE/SGLODILS) 4UCE,T,ROOMT,LW(15,10},U(15)
CCMMCN/ATRCS/UD(15,10),QD0OCR(24,15,10),QWIND(24,15,10)
COMMON/ATIR3I/QLCT(30,L5),ROLCTL30)
COMMON/AIRL4/SEC,CRFL{15410),CRALEN(L5,10) +ALFIN(15,10,424)
COMMCN/ATR20/SINFILILS,10424) 4ALFILI(15,10,24)

FORMAT (184" [S THE VALUE FOR THE ',15,' WINDOW CN WALL',I5)
FORMAT{I8," IS THE VALUE FOT THE *,I5,' DOOR ON WALL*,.I5)

DO 10 N=2,N1

KK=NOWIN(N}

KKS=NCDCCR(N)

IF(KK.EQ. Q) GO TO 14

DO 12 I1I=1,KK

THIS IS THE WINDOW TYPE ANUMBER TO FIND OUT WHAT TYPE THEY ARE. THE
TYPE ARE EXPLAINED UNDER STATEMENT 20 OR THE HINTER CHECK
STATEMENTS .

LKK=WINDOWIN,I11,7}

THIS STATEMENT CHECKS FOR WINTER TIME.

IF(M,LE.2.0R. M, CE.12) GC TO 20

THIS STATEMENT CHECKS FOR SPRING TIME

IFIM.GE.3.ANC.M,LE.S5]) GO TO 21

THIS STATEMENT CHECKS FGR FALL TIME

IF(M.GE.9.AND.M.LELLL} GO TC 21

THIS STATEMENT CHFECKS FCOR SUMMER TIME.

IF(M.GE.6.AND.M,LE.B) GC TO 22

WINTER TIME SELECTION STATEMENTS

WINTER TIME SELECTICN STATEMENTS

MHWI=0.C046

W0=0.0046

WINDOW 1 IS AN AVERACE FIT SINGLE DCUBLE HUNG WINDOW
WEATHERSTRIPPED.

IFILKK.EQ.L} GO TO 51

WINDNW 2 TS AN AVERAGE FIT SINGLE DCUBLE HUNG WINDOW
UNWEATFERSTRIPPED.

IF{LKK.EC.2) GC TO 52

WINDOW 3 TWC AVERAGE FIT DOUBLE HUNG WINDOWS, SIDE BY SIDE
WEATHERSTRIPPED,

IF(LXK.EC.3) GO TN 53

WINDOW 4 TWO AVERAGE FIT DCUBLE HUNG WINDOWS, SIOE BY SIDE
UNWEATHERSTRIPPED.
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IF(LKK.EC.4) GO TO 5S4

WINDOW 5 THRFE AVERAGE FIT DOUBLE HUNG HINDOHS SIDE By SIDE
WEATHERSTRIPPED,

IF(LKK.EQ.S5) GC TO 55

WINDOW & THREE AVERAGE FIT DOUBLE HUNG WINDOWS SIDE BY SIDE
UNWEATFERSTRIPPED.

TF{LKK.EQ.6) GC TO 56

WINDOW L1 ONE AWNING TYPE WINDOW WEATHERSTRIPPED.
IF(LKK.EQ.11) GC TO 61 :
WINDOW 12 ThO AWNING TYPE WINDOWS SIDE BY SIDE WEATHERSTRIPPED .
IF{LKK.EC.12} GC TO 62

WINDOW 13 FTUR AWNINC TYPE WINDOWS TWO ON TOP OF TWO
WEATHERSTRIPPED.

IF(LKK.EC.13}) GO TO €3

WINDOW 14 Tw) AWNING TYPE WINDOWSS ONE ON TOP OF THE OTHER
WEATHERSTRIPPED.,

IF(LKKEQ.l4) GO TO €4

WINDOW 15 THREE AWNING TYPE WINDOWS SIDE BY SIDE
WEATHERSTRIPPED.

IF(LKK.EQ.Ll5) GC TO €5

WINDOW 21 [S THE SAME AS 11 CNLY UNWEATHERSTRIPPED.
IF(LKKEQ.,21) GO TO 71

WINDOW 16 IS THREE AWNING TYPE WINDOWS ONE ON TOP OF THE OTHER
WEATHERSTRIPPED.

IF(LKKLEC.16) GC TO 66

WINDOW 22 IS THE SAME AS 12 ONLY UNWEATHERSTRIPPED.
[IFILKK.EQ.22) GC TO 72

WINDNW 23 IS THE SAME AS 13 ONLY UNWEATHERSTRIPPED.
IF(LKK.EC.22) GC TO 73

WINDOW 24 IS THE SAME AS 14 ONLY UNWEATHERSTRIPPED.
IF(LKK.EQ.24) GC TO 74

WINDOW 25 1S THE SAME AS 15 CNLY UNWEATHERSTRIPPED.
IF(LKK.EQ.25) GO TO 75

WINDOW 26 IS THE SAME AS 16 CNLY UNWEATHERSTRIPPED.
IFILKK.EQ.26) GO TO 76

WINDOW 31 A SINGLE { DCUBLE PANE) SLIDING WINDOW WEATHERSTRIPPED.
IFILKK,EC. 3L} GO TO 81

‘WINDOW 22 A NOUBLE ( TRIPLE PANE} SLIDING WINDCW WEATHERSTRIPPED.

IF(LKK.EQ.32) GO TN 82

WINDOW 23 A SLIDING GLASS DOOR WEATHERSTRIPPED.
IF(LKK.EQ.33) GO TN 83

WINDOW 41 IS THE SAME AS 31 ONLY UNWEATHERSTRIPPED.
IFILKK.EQ.41) GO TO 91

WINDOW 42 IS THE SAME AS 32 CNLY UNWEATHERSTRIPPED.
[FILKK.EQ.42) GC TO 92

WINDOW 43 IS THF SAME AS 32 ONLY UNWEATHERSTRIPPED.
[FI(LKK.EQ.43) GC TG 93

WRITE(6G4B00) LKK4II1,4N
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KODE=1

RETURN

SPRING TIME SELECTICN STATEMENTS
SPRING VIME SELECTIQN STATEMENTS
FALL TIME SELECTICN STATEMENTS
FALL TIME SELECTION STATEMENTS
WI=0.0077

W0=0.0C77

IFILKK.EQL.L) GO TO 151
IF{LKK.EC.2) GO TO 152
IFI{LKK.EQ.3) GO TD 153
IFILKK.EC.4) GO TO 154
IF(LKK.EQ.5) GO TO 155
IF{LKK.EQ.6) GO TO LSé6
IF{LKK.EQ.LLl} GC TC 161
[F(LKK.EC. 12} GC TO 162
IFILKXK,EQ.13) GO TO 163
IFILKX.EC.14)1 GO TO 164
[FILKK.EQ.15) GO TN 165
IF(LKK.EC.16) GC TO 166
IF{LKK.EC.21) GO 7O 171

IFILKK .EQ.22) GG TO 172
IF{LKK.EQ.23) GO TO 173
IFILKK.EC.,24) GG TO 174
IFILKK.EQ.251 GO 7O 175
IF{LKK.EQ.26) GC TO 178
IFILKK.EQ.31) GO TN 181
[FILKK.EQ.32) GO TO 132
IF(LKK.EQ.33) GO 7O 183
IFILKK.EN.41) GO TO 191
IFILKK.EC.42) GC TOD 192
TFILKK.EC. 42} GG TO 193
WRITE(6,800) LKK,ILI,N

KODE=1

RETURN

SUMMER TIME SELECTICN STATEMENTS
SUMMER TIME SELECTION STATEMENTS
wWl=0.01C8

W0=0.0158

IF(LKK.EC.L) GO TO 251
IF(LKK.EQ.2) GO TO 252
IF(LKK.EQ.3)} GO TO 253
IFILKK.EC.%4) GO TO 254
IFILKK.EQ.5) GO TO 255
IFILKK.EC6 ) GO TN 256
IFILKK.EC.11) GG TQ 261
IFILKK.EQ.121 GO TO 262
IFILKK.EQs13) GC TO 263
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[FILKK.EC.L4) GO TC 764 “
IF{LKK.EQ.15) GO TN 2&5

IF(LKK.EQ.16) GO TO 266

IFILKK.EQ.21) GO TO 271

IFILKK.EQ.22) GO TD 272

IF(LKK.EG.23) GC TQ 273

IFILKK .EQ.24) GO TO 274

IF(LKK.EGQ.25) GC TO 275

IF(LKK.EQ.2€) GC TO 276

IFILKK.EQ.31) GO TO 281

IF(LKK.EG.32) GC TC 282

IF{LKK.EQ.32) GO TO 283

IF{LKK.EC.41) GO TO 291

IFILKK.EQ.42) GC TO 292

IFILKK.EQ.431 GO TN 293

WRITE{6,800) LKK,III,N

KODE=1

RETURN

THE FOLLOWING ARE EQUATICNS TO CALCULATE CRACK LENGTHS AND VALUES
FOR INFILTRATICN FLOW RATES PER FCOT OF CRACK LENGTH FOR WINDOWS
CNLY.

CRALEN(NSITT)=2.0%{ WINDOW(NyIT1,2) +WINDOW(N:IT11,5))
CRFLIN,II1)=39,0

GO TO 12

CRALEN(N(ITT)=2.0%(WINDOWIN, TTT,2) +WINDOW(NyT11,5}}
CRFLIN,III)=21.0

GO TO 12

CRALENIN,IIT)=2.0%{WINDOWINIII,2) +WINDOWINsII145))
CRFLIN,III)=T7.0

GO TO 12 '
CRALENIN,III1)=2.0%WINDOWIN,III,2)+3.0%WINDCWIN,II1,5)
CRFLIN,III)=39.0

GO 10 12

CRALENIN 1IT)=2.0%WINDOWINSIII,2)+3.0%«WINDOWIN,II!,5)
CRFLIN,I[T1)=21.0

GO TN 12
CRALENIN,II
CRFLIN,IIT)
GO To 12
CRALENIN, TTI)=3.0%WINDOWINII1,21+3.0%WINDCW(N,III,5)
CRFL{N,II1}=35,0

GO Tn 12

CRALEN(N, T11)=3 ,0%WINDOW(N,IIL,2)+3.0%¥WINDOWIN,III,5)
CRFLIN,II1)=21.0

GO ™ 12

CRALENIN, TTI1)=3.0%WINDOW(N,II1,2)¢3.0%WINDOWIN T11,5)
CRFLIN,III1)=7,0

GO TN 12~

=2 0*WINDOWINyII142) 43,0k WINDOWEN,I11,5)

I}
=T.0
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175
275

76
176
276

91
191
291

92
192
292
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CRALENEN,TI11=2.,0*WINDOWIN, I11,2)+3.0*WdINDOWIN,II[,5)
CRFLIN,IIT)=39.0

GO 10 12

CRALENIN,I11)=2.0%WINDOW(N,IT{,42)+3, O*HINDUN(NQ!IIIE}
CRFL{N,III}=21.0

GC 10 12

CRALENIN,;TIT)1=2 JO*WINDOWIN,JIT,2)+3.0*%WINDCWI(N,III,+5)
CRFLIN,III}=7.0

GC TQ 12

CRALEN{N,ITI1=4,0%*WINDOWIN,ITII, 2]*2 O:WINDOWIN,III,5)
CRFLIN,IIT)}=39.0

GO TO 12
CRALENI{N,III)=4,0%WINDOWIN,IT[,2)420*WINDOWI(N4I[I145)
CRFLIN,TIII}=21.0

GO TO 12

CRALEN(N,II I’ G0 WINDOWIN oIT11 42} +2.0¥WINDCHINIII5)
CRFLI(N,IIl)=7.0

GO 10 12

CRALEN(N, II1)=2 0%WINDOWINyII142)+4.0%WINDOWIN,III+5)
CRFLIN,ITI[)=39.0

GO 10 12

CRALEN(N, II1T1)=2.0%WINDOWINyT1T+2) 44 0¥ WINDOWIN,LITL,5)
CRFLIN,III)=21.0

co TO 12
CRALEN(N.III)=2.0*HINDGW‘N'IIIg2)+4-0*HINDOH(N;IIIvS|
CRFLIN,IT1)=7,0

GO 10 12

CRALEN(NS;ITT)=3.0*WINDOW(N, I]IlZl*Z-O*HINDUW(N!I!I15)
CRFLIN,IIT)=3G.0

GQO 70O 12
CRALENIN,III)=3.0*%WINDOWINgIIT2)#2.0%*dINDOWIN,III,5)
CRFLIN,IIT)}=21.0

GO 0 12
CRALENINGIIT)=3.0*WINDOWINSI1142)4¢2.0%WINDOWI{N,II1,5)
CRFLIN,111)=7.C

GO 1O 12

CRALEN(IN TIT)=4.0%WINDOWINIIL,2)42.0%WINDOWIN,III,5)
CRFLIN,II1)=39.0

GQ T0O 12
CRALENIN,ILT
CRFLIN,II1)=
GO T0 12
CRALEN(N,III1)= -O*HINDDHIN'I[!pZi*Z-G*N[NDCH(N'I[I’S)
CRFLIN,ITIN=T7.

GO TO 12
CRALENI(N,
CRFLIN,II
GO 10 12

=4 O*hINDOH(Nvlllpzl*Z O%*WINDCWI{N,I11,+5)
21,

[T1)=3.0%WINDOWINy 111 ,2)%2.0%WINDCWIN,L1145]
11=39.0
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54
55
56
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64
65
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8l
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CRALENIN,TIT)=3.0%WINDOWIN,111,2)42.0%KINDCWIN,III,5)}
CRFLIN,I11)=21.0 :

GO TO 12

CRALENIN, ITT)=3,0%WINDOWI(N,[11,2)+2.0*WINDOW(N,III,5)
CRFLIN,III)=7.0

GO 10 12 :
CRALENIN,ITT)=20%*WINDOWINyIT11,2)43.0%AdINDOWIN,III,5)
CRFLIN,III}=24.0

GO TO 12

CRALENIN; ITT)=2 0WINDOWIN, [IT1,2) 43, 0% INDOWIN,IT1,5)
CRFLIN,II1)=35,¢C

GO TN 12

CRALENIN,TI1)=3 ,0*WINDDOWIN,TIT2)+3,0%WINDOWIN,II1,5)
CRFLIN,IT1)=24.0

GO TO 12

CRALENIN ITIV=3.0%WIADNWIN,TII,2)+3.0*WINDCW{N,ITI,5)
CRFLIN,II11=39.0

GO TO 12

CRALENIN,ITI) =4 0¢WINDOWINIIT 42)#3,0%WINDCHWIN,ILI,5)
CRFLIN,111)=24.0

GO T0 12

CRALENIN, TTI1=4.0%WINDDWIN, 11T 42)+3,0kWINDCWI(N,[11,5)
CRFLIN,II1)=39.0

G0 10 12

CRALEMIN, TIT)=2.0%(WINDOWIN,ITI1,2)+WINDCWIN,III,5))
CRFL{N,I11)=24.0

GO YO 12

CRALENIN, TI1}1=2.0%WINDOWIN, TII,2)+3, D*HINDON(N 1§1,5)

CRFLIN,ITI)=24.0

GO TO 12

CRALENING TIT)=3.0*WINDOW(NII1+2)43.0%WINDOW(NITI145])
CRFLIN,IIT)=24.0

GO TN 12

CRALENIN,II11=2,0%WINDCW(N, I1],42)43.0%WINDCWIN,III,5)
CRFLIN,ITI)=24.0

Go 1N 12

CRALEN(IN  ITI) =4 0¢WINCOW(N,TI142)42.0%WINDCWI(N,L[TI,5)
CRFLIN,I1II)=24.0

€O 70 12
CRALEN(N,I11)=2.0%WINDOWIN,II],2)+4.0*WINDCWIN,ITI[,5)
CRFLIN,III)=24.0

GO TO 12

CRALENIN TTT1=3.0%¥WINDOWIN,ITIL+12)¢2.0*WINOCHIN,II1,5)
CRFLIN,IT[)=24.0

GO 10 12

CRALENINGIIT)=4.0%WINDOWIN,[IT,2)¢2. O*HINUCH(N I11,%)
CRFL(N,III}=24.0

GG T0 12
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151
152
153
154
155
156
161
162
163
164
165
166
181
182

183

CRALEN{NIII1=3.0%«WINDOWIN,III 42)42.0¥WINDOW(N,IT1[,5)
CRFLIN,I1I1}=34.0
GO 7O 12

CRALENIN,TI1)=2 . 0%WINDOWINIIT 42) 4¢3, 0%WINDCHWIN,II11,5)
CRFLIN,III)=13.0

GO 10 12
CRALEN(N, IIT)=2.0%WINDOW(NTI1 4243, 0%¥WINDCWIN,III,5)
CRFL(N,IIT)=21.0

GO TO 12

CRALENIN, TII)=3.0¢WINDOW(N,ITIy2)+3,.0%WINDOWIN,I11,5)
CRFLIN,ITI)=13.0

GO TO 12
CRALENIN,T
CRFL{N,III
GO TN 12
CRALEN(N,III)=4.0%WINDOWIN,III,2}+3, o*wINDQN(N.III,Sl
CRFLIN,ITIN=13.0

GO TO L2
CRALEN{N,TII)=4.0*WINDOW(N4II142)¢3,0*dINDOWIN,III,5)
CRFLIN,I1I}=21.0

GO Y0 12

CRALEN(N,III)=2. 0*(dINDDH(N.[Il,ZI+H[NDDH(N I1145)}
CRFLIN,!111)=13.0

G0 70 12
CRALENINGTIT1=2.0%WINDOWINyIT[42)+3.0%WINDCHWIN,III,5)
CRFLIN,III1)=13,0

GO T0 12

CRALEMIN,IT1)=3,0%WINDOWIN,III,2)+3. O*HINDGHIN.I][,SI
CRFLIN,III)=13.0
GO 10 12

CRALENINS [TT)=2.0*%WINDOWINyTT1142) 43, 0%WINDCH(N,ITI,S5)
CRFL(N,ITI)=13.0

GO 70 12

CRALENIN, 1T11)=6 ,0*WINDOW(N,I11,2)42.0%WINDOWIN,ITII, 5)
CRFLIN,III)=13.0

co 10 12
CRALENINGITII=2.0%WINCOW(NsIII,42)+4,0¢WINDOW(N,IT1,5)
CRFL{N,TII}=13.0

GO TO 12
CPALEN{N, I
CRFLIN.III
GC TN 12
CRALEN(N II 1) =4, OkWINDOWIN ) [I[ 942142 O%HINCOW(N,I1I,451
CRFLIN,III)=13.0

GO 70 12
CRALENIN[11)=23,0*WINCOWINSITL 2)#2  0*¥WINDOWIN,III,5)
CRFLIN, II1)=19.0

GO 710 12

[1)=3 OﬂwihDDH(N;[[I'Zl*3 O*WINDOWINITI,5)
1=21.

[1)=3.0%WINCOWIN II[4+2)+2.0%RINDCAIN,TIIT,45])
1=13.0
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251 CRALENIN,III OxWINDOWIN, 111 ,2)+43.0%dINDCWIN,ITT,51
CRFL{N,I1I)=
GO T0 12

252 CRALENIN TIT)=2.0%WINDOWINGIIT 42)#3.0%WINDOWIN,II1,+5)
CRFLIN,T1I1)=7.0
GO 70 12

253 CRALENIN,IIT1=3,0%WINDOWI{N,[I[42)#3.0%WINDOWIN,ITIL,5)
CRFLI(N,1II)=4.0
Gao 1N 12

254 CRALENIN,III} .O*HINDOHlN111112)+3.0*H1NDCH‘NviIIv5)
CRFLIN,III)=7.
GO 1O 12

255 CRALEN(N,TIT)=4 0*WINDOW(NSIIT,2)+3.0*WINDOWIN,ITI,5)
CRFLI{N,1I1}=4.0
GO 1D 12

256 CRALEN(N,II!}=4 ,0%WINDOWIN,II1,2)¢3,.0*WINDCH(N,ITIL,45)
CRFL!NnIIl)=7
GO TO 12

261 CRALENI(N,II1) .O*IHINDUHlN 111,2)+WINDOW(N,III,51))
CRFLIN,IIT)=4
GO 10 12

262 CRALEN(NSITI)=2.0%WINDOWIN,TTI1,2143.0%WINDOWIN,III45)
CRFLIN,IIT)=4.0
G0 TN 12

263 CRALENIN,II1}= 3.0*HINDGH(N;III 2143, 0%WINDOWIN,ITIT,5)
CRFLIN,I111=4.0
GO TO 12

264 CRALENIN,IIL)=2.0%WINDOW(NIII42)430%¥WINDCHIN,IIL,5)
CRFLIN,II1)=4.0
GC TO 12

265 CRALENIN,ITIT)=4.0%WINDOW{N,II[,2)+2,0%WINCOW(N,IT],5)
CRFLIN,IIT}=4.0
GO 10 12

266 CRALENIN,IL1)=2
CRFLIN,II1)=64,0
GO TO 12

281 CRALENIN,ILI)=3
CRFLIN,I11)=4.0
Go T 12

282 CRALEN(N,{T1)=4,0*WINDOW(N,TII,2)+2.0%¥WINODOW(N,IT],5)
CRFLIN,II1)=4.0
GO TD 12

283 CRALEMIN,ILT
CRFLIN,ITI)=
GO 1o 12

12 CONTINUF

14 IF{KK5.EQ.0) GO TO 140

THE SAME-THING THAT WAS DONE FOR WINDOWS ABOVE IS NOW REDONE FOR

1=2,
4.0

«OXWINDOWIN,[IT42) 44, O%*WINDCWIN,I11,5)

SO*WINDOW(NS TI142)42. 0¥WINDOWIN,III,5)

1=30%WINDOWIN, T11,2)42.0%d INODOWIN,ITI,5)
6.
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c DPORS. THE COOR TYPES APE LISTED UNDER THE WINTER TYPE STATEMENT
CO 13 MM=1,KK5S
I1I=MF+KK

C LKD = WINDOW {N.ILI,7) S THE DOOR TYPE NUMBER.
LKD=WINDOWI{N, 11, 7) .

c FIRST THE TIME CF YEAR IS FCUND IN THE NEXT FOUR IF STATEMENTS.

[F{M.LF.2.0R.M.GE.12} GO TO 520

IFIM.GE.3.ANC.M.LE.5) GO TO 521

[F(M.,GE.9.AND.M.LE.11l) GO TO 521
; IFIM.GE.6.ANDLM,LEL8) GCG TO 522
520 WI=0.0046

W0=0.C046

c SINGLE WEATHERSTRIPPED DOQOR.
IF(LKCL,EQ.51) GC TD 551

c DOUBLE WEATHERSTRIPPEC CCOR
IF{LKD.EQ.52) GO TO 552

C SINGLE UNWEATHERSTRIPPED DOCRS.
IFILKD.EQ.53) GO TO 553

c COUBLE UNWEATHERSTRIPPED DGORS.
IFILKD.EC.54) GO TC 554

c GARAGE OODRS. '

IF(LKL.EC.55) GC TC 555
WRITE(6,801) LKD,III4N
KODE=1
RETURN

521 w1=0.0077
WN=0.0077
IF(LKD.EQ.51) GC TO 651
IFI{LKC.EQ.52) GO TO €&52
IF{LKD.EQ.531 GC TC 653
IF{LKD.EQ.54) GO TO €54
IFILKD4EC.55) GC TO &55
WRITE(6,801) LKD,I1II4N
KODE=1
RETURN

522 wl=0.0108
W0=0.0158
[F{LXKD.,EC.51} GC 7O 751
IFILKD.EQ.52) GO TN 752
IF{LKD.EC.53) GC TN 753
IF(LKC.EQ.54) GC TOQ 754
IFILKC.EQ.55) GC TC 755
WRITE(6,801) LKO,III4N

KMDE=1

RETURNM
c THE FCLLOWING EQUATICHNS CALCULATE CRACK LENGTHS AND PROVIDE FLOW
c RATES PER FCNT CF CRACK FCPR DOJRS. '

551 CRALFENIN, ILL}=2 0%WINDOWIN 111, 2)+42,0%WINDOWIN,III,5]
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CRFLI{N,IIT)=34.0 u
GO TO 13

552 CRALENINTIT)=3.0%WINNDOW(NGIII2)142.0%WINDOWI(N,1I1,5)
CRFLIN,IIT)=34.0
GO 10 13

553 CRALEN(N,II1}=2.0*WINDOW(N,IEl,2)+2,0*WINDOW(N,IT!,5)
CRFLINsII1}=34.0
GO 10 13

554 CRALEN(N,IIT)=3.0*WINDOWIN,III,2)+2.0%WINDOWIN,III,5)
CRFLIN,T1I)=34,0
GO YO 13

S55 CRALEN(NyITT})=2.0*WINDOWINWTIIL 2} {SEC+1.0)*WINDOWIN,III,5)
CRFL(N+III})=68.0
GO TO 13

651 CRALENIN,ITT)=2,0%(WINDOWINsIII,2)+WINDOWIN,III,5))
CRFLIN,TII)=15.0
GO T0 13

652 CRALENIN,ITI)=3.0*wWINDOWINSIII y2}42.0%WINDCHINGIET,45)
CRFLIN,[II1=19.0
GO 10 13

653 CRALENINIII)=2.0%WINDOWINSIIl 42)+2,0¢«WINDCWIN,III,5])
CRFL(N+II11}=19.0
GO T0O 13

654 CRALENIN,ITT)=3.0%WINDOWIN[IT,2)42,0%WINDOWIN,III,5)
CRFLIN,IIT1)=19.0
GO 1O 13

655 CRALENINy ITT)=2.0%WINDOW(N 111,20 ¢{SEC+1.0)*WINDOWIN,ILII,5)
CRFLIN,1I1}=38.0
GO TO 13

751 CRALEN(NTII)=2.0%(WINDOW(N,III,2)+HINDOWI(N,IIL,+5))
CRFL{N,I1I1)=6.0
co 70 13

752 CRALEN(NgTIT}=3,0%WINDOWINII1,2)42.0%WINDOWIN,ITI,5)
CRFLI{N,IIl)=6.0
Go TN 13

753 CRALENIN,IIT)=2.0*WINDOWI(N,TIT42)+2.0%WINDOWIN,ITI,5}
CRFL{N,IT1)=6.0
GO TO 13

754 CRALENIN,IIT)= 0*HINDDHIN-I[!.2l+2.0*HINUCHlN.III.5l
CRFLIN,1I1)=6.
GO TO 13

755 CRALENIN,IT11}=2.0%WINDOWINGIIT 42+ (SEC+L.OEWINDOWINSITT+5)
CRFLIN,[1T}=12.0
GO 10 113

13 CONTINMUE

10 CONTINUE
DO 15 h=2,N1
Co 15 ITiv=1,24
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KK=NOWIN(N)
KKS=NCDOCR(N)
[F(KK.EQ.0) GO TO 17
CO 16 II1=1,KK

THIS EQUATICN CALCULATES LATENT INFILTRATICN(ALFILIN,TII,ITIN))
FOR WINDCHWS,

ALFILIN, TTT,ITIM)=CRALEN(N, ITI)*CRFLIN,IT11%79.5%(W0-WI}

THIS EQUATION CALCULATES SENSIBLE INFILTRATICN (SINFILIN,ITI, ITIM)
) FOR WINCOWS. _

16 SINFILINGIIT,ITI™)=CRALEN{N,ILT1)*CRFLIN,II1)%0.01B8%{TEMP(ITIM)-ROO

©O1MT)

17 IF{KK5.EC.0) GO TG 15
DO 18 MM=1,KK5
[{I=MM+KK

THIS EQUATICN CALCULATES LATENT INFILTRATION FOR DDORS.
ALFILINy ITI,ITIM)=CRALENINSITI)*CRFLIN,[I1)%79,5%(WC=W1)
THIS EQUATICN CALCULATES SENSIBLE INFILTRATION FOR COORS.

18 SINFILIN,IIT1,ITIM)=CRALENCN,IILI*CRFLIN,IIT)%0.018%(TEMP(ITI)-RO0

1MT)

L5 CCNTINUE
RE TURN
END

4
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SUBROUTINE AINTER ¥
THIS SUBROUTINE ESTIMATES THE INTERIOR LOADS DUE T PEOPLE INS I DE
THE HOUSE AND THE LOAD DUE TO THE LIGHTS IN THE HOUSE. BOTH OF
THESE LCADS ARE ESTIMATEL BY CRUDE CALCULATICNS BECAUSE OF THE
UNPRENDICTABILITY OF THESE LOADS. THE TWD VALUES INPUTED ARE MEMBER
y THE TOTAL NUMBER OF FAMILY MEMRERS LIVING IN THE HOUSE AND
YOTLIG , WHICH IS THE TOTAL LIGHT CAPACITY IN THE HOUSE IN RTU/HR
CALCULATED FRCM THE WATT RATING COF THE LIGFTS.
COMMON/ATRC/NAA ITIMyALAT 4¥,DIME2{10415) 4 [CHEK,NN,NNN¢N1, JCHEK
CCVMON/ATRC/ALITE(24,15),BLITE(24,15)
COMMON/ATRCI/NOWIN(15),ACNCCR(15)WINDOW(15,10,8),NUMB( 5] ,KODE
COMMAN/AIRCS/TEMPL24) s SOLAVW(24415,10) 4DTM (244 15¢10)4RTM{30,15)
CCMMON/AIRCT/QLOD(30,151,RQLANDI 30}, AQLND( L5)
COMMCN/ATRCE/SQALODILIS) yUCE ST ,ROOMT LUW(15,103,U(15)
COMMON/ATRCY/UDI 15, 100, ONOOR{24,15,10) OWIND(24,15,10)
CCMMON/AIR3/0QLOT(30,15)+RALCT (30}
COMMON/ATRLO/ALIGHT (241 ,PECPLS(24),PEOPLL(24) ,MEMBER, TOTLIG
COMMON/AIRLL/TOHOUS(24),TOLATL24) , TCWINSL{ 244 15) , TCWALRE 24415}
CCMMCN/ATRL2/TOWLAT(24,15) ,TOWALL(24,15),FACTOR,COLO(28)
COMMON/AIR13/C00LI28),CT(24)4TCHC(24)

THE FOLLCWING ARRAYS ARE INITIALIZED TO ZERO IN LOOP 10, THE
VALUES ARE ALIGHTIITIM)- THE LIGHT LOAC PER HOUR AT TIME ITIM.
PENPLL- THE LATENT HEAT GAIN FROM PEOPLE [N THE HOUSE AT EACH
HOUR. PEDPLS- THE SENSIBLE HEAT GAIN FROM PEOPLE IN THE HOUSE AT
EACH HOUR.

DO 10 ITIM=1,24

ALIGHT(ITIM)=0.0

PEOPLS(ITI4)=0,0

PEGPLLIITIMI=0,0

THIS LCCP(L1) LCADS PEOPLE LOACS WITH THE PEOPLE ASLEEP FROM 1 AM
TO 6 AM , FCR BGTH LATENT AND SENSIBLE HEAT GAINS.

DO 11 ITIM=1,6

PEOPLS(ITIM)=MEMBER*2CO.

PECPLL(ITIM)=MEMBER*100.

AT 7 AM EVERYCNE IS MGRE ACTIVE ; THEREFORE THIS 1S A SPECIAL
TIME. HEAT GAINS ARE CALCULATED FOR THIS SINGLE HOUR .
PEOPLS(7)=250,«NEMBER

PEOPLL(7) SMEMBER®200.

FRCM 8 AM TO 4 PM ALL THE CHILDREN ARE AT SCHOOL , THE FATHFR [§
AT WORK , AND THE HCMEMAKER IS LEFT AT HOME ALONG AT A MODERATE
ACTIVITY RATE FOR BCTH SENSIBLE AND LATENT REAT GAINS.

DO 12 ITIM=8,16

PEOPLSIITIM)=250.

PEOPLLITIM)=200,

LOOP(13) CALCULATES THE PEOPLE LOAD WITH EVERYONE [N THE FAMILY AT
HOME AT A MCDERATE ACTIVITY LEVEL.

DO 13 IT[N=17,22

PEQPLS(1TIM}=MENBER#*250.0
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13 PEOPLLIITIM)=MEMBER*200.0 Y
L00P(14) CALCULATES THE PEQPLE LCADS WITH EVERYONE AT HOME AND
ASLEEP FCOR THE LAST TWQ BOURS QOF THE DAY,
DO 14 ITIM=23,24
PECPLS(ITIM)=MEMBER*20N,
14 PEOPLL(TITIM)=MEMRER%]00.
THE NEXT STATEMENT STARTS THE CALCULATIONS FOR THE LIGHT LDADS.
0O 15 ITIM=]15,21
THE IF STATEMENTS BELOW CHECK WHICH MONTH THE CALCULATIONS ARE
BEING MADE FOR.
IF{M,EC.B) CC TC 5
IFIM.EQ.T) GO TO 6
IF{M.,EQ.12) GC TO 3
IF{M.EC.1} GO TQ &
3 A=391.
B8=0.142
C=0.057
DEG=-0,40927
GO YO 100
4 A=1390.
8=0.142
C=0.05¢8
DEG=-0.34907
GO TO lco
5 A=351.0
B=0,201
C=0.122
DEG=0.214415
GC TO 100
6 A=344,0
B=0.207
C=0.136
DEG=0.359531
GO TO 10C
L00 AL=ITIM
AH- IS TFE NJUMBER NF MINUTES AFTER 12 G'CLOCK NOON.
AH={[(AL-12.0)*60,0}%0.25)
AH=3,.14159*%4H/180.0
BBA=(CCS(ALAT)*COS(NEGI*COS{AH)) +(SINIALAT}%*SININEG))
BB=ARSIN(ASA)
1F(RB.LE.0.O0) GC YO 16
15 CONTINUE
ITIM= WILL BE THE FIRST HOUR AFTER SUNSET 4 INN WILL BE THE LAST
HCUR 0OF SUNSHINE CURING THE DAY,
16 INN=ITIM-1
CO LT ITIM=INN,22
17 ALIGHT{ITIM)=,33«TOTLIG
RETURN
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SUBROUTINE TOREAT “

THIS SUBROUTINE SUMS UP THE HEAT GAINS AT EACH HOUR FOR THE WALLS,
CEILING , WINDOWS, AND DCORS. THIS SUM IS5 PLACED IN THE ARRAY
TOHO( [TIM) FOR EACH HOUP.
COMMON/ALTRC/N,AA,ITIM, ALAT ¥, DIME2{10,15)y ICHEK¢NNyNNN4NL1,JCHEK
COMMNON/AIRC/ALITE( 24,15),BLITE(24,15)
COMMON/ATRCL/ANCWINCLS) o NCDOOR( LS o WINDOW(L5+1048),NUMB(15)},KADE
COMMON/ATRCS/TEMP(24) ,SOLAVW{ 24,415,100} ,DTM[24,15,10),RTM{30,15)
COMMON/AIRCT/QLODI{30,15),RQLODC30},AQLCD(LS)
COMMON/ATRC8/SALOD(L5) yUCE T RCOMT UW[15,10),UL15}
COMMON/AIRCO/UD{15,10) yCDUCR{24,15,10) ,CWIND{24,15,10}
COMMCN/AIR3/QLOT(30,15),RQLCT(30)

COMMON/ATIRLO/ALIGHT{24) +PECPLS(24),PENPLLL24) yMEMBER,TOTLIG
COMMON/ATRILI/TOHOUS(24),TOLAT{24) s TCWINS(24,15) s TOWALR{24,415)
COMMCN/AIRL2/TOWLAT{24,15),TOWALL{24,15),FACTOR,COLO(28)
COMMON/ATR13/C0O0LL28),CT(24),TCHCI(24)
COMMON/AIRZO/SINFIL(15,10,24),ALFIL(15410424)

105 FORMAT(' THIS 1S THE TCWALR MATRIX AT THE END OF SUBROUTINE TOHE

1AT*)

106 FORMAT{3X,'TINME',1X,1517)
1C7 FORMAT{IB,15F7.1)

LOOP{1) INITIALIZES ALL THE SUMMATICN ARRAYS USED IN THE
SURROUTINE s

CO 1 ITIM=1,24

TOHOUS(ITIM) IS USED TO SUM ALL THE HEAT GAINS FOR THE ENTIRE
HOUSE FOR EACH HCUR.

TOHDUS(ITIM)=0.0

TOLAT(ITIM) IS THE TCTAL LATENT LOAD AT EACH HOUR (PEDPLE AND
INFILTRATICN) .,

TOLAT(ITIM)=0.0

CO 1 N=2.N1 :

TOWALL(ITIM,N) IS THE TOTAL ON EACH WALL AT EVERY HDUR OF THE DAY
FOR LATENT INFELTRATION, SENSIRLE INFILTRATION AND THE HEAT GAINS
FRCM THE WALLS, WINDCWS AND COCRS.

TOWALLIITIM,N}=0.0

TOWINS{ITIM,N) IS THE TCTAL SENSIBLE INFILTRATION ON WALL N AT
TIME ITIM,.

TOWINS(ITIM,N)=0.0

TOWLAT(ITIM,N) IS THE TOTAL LATENT INFILTRATION ON WALL N AT TIME
ITIM.

TOWLATC(ITIMN}=0.0

CONTINUE

LOQP(2) SUMS UP HEAT GAINS ON EACH WALL FCR EACH HOUR,

B0 2 N=2,Nl :

DO 2 ITIM=1,24

ITIN=ITIM+6

TCWALR{ITIM,N)=QLOTULITINGN)

KK=NOWIN(N)
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KKS=NCDCOR(N) %

IF(KK.EC.O0) GC T4 10

DD 3 I1l=1,KK

SUMMAT ICN FCR WINDOWS.

TOWLATLITIM N =TOWLAT{ITIM NY+ALFILIN, III,ITIM)
TOWINSITITIMyN)=TOWINSITITIM NI +SINFILINL,ITIITIM)
TOWALR(ITIM G N)=TOWALR(ITIM,N)+QWINC{ITIMyN,ITI)

CONTINUE

TF{KKS,.,EC.0) GO 1O 2

00 4 MM=],KKS

SUMMATICN FCR DOORS.

ITI=MM+KK

TOWLAT(ITIVM K)=TOWLATLITIM NI +ALFILIN,IIT,ITIM)
TOWINSUITIMNI=TOWINSIITIM NI ¢SINFILINSITILITIM)
TOWALR(ITIM N)=TOWALRIITIMyN)+QDCCR{ITIMyN,MM)

CONTINUE

CONT INUE :
LOCP(S5) TAKES THE WALL TCTALS FROMM LOOP(2) AND SUMS THESE UP FOR
HOURLY TCTALS FCR THE ENTIRE HCUSE.

EO S5 I1TIM=1,24

ITIN=ITIM#S

TOHO{ITIM)=RQILOTIITIN)
TDHOUSiIT[“l-ALIGHTlITIM)+PEDPLS[[TIMI+PEDPLL(ITIM)
TOLAT(ITIM)=PECPLL(ITIM)

L0 5 N=2,Nl1

TOHO(ITIM) ARE THE HCURLY KEAT GAINS THAT ARE DELAYED IN
SUBROUTINE COCLSU.

TCHOCITIM)I=TOHOLITIM)+TOWALRCITINM,N)

TOWALLCITIM G N)=TOWLATITIM N)+TOWINSCITIM, N)+TOWALRL{ITIM, NI
TOHOUS{ITIM)=TOROUSI{ITIM)+TCWALLLITIN,N)
TOLATUITIM)=TCOLATCITIM)+TOWLAT(ITIM N}

CCNTIMNUE

WRITE(6,105)

KRITE(6+106)Y(NUMBIT)4[=2,N1)

DO 88 [TIM=1,24

TOWALR(ITIM,N)} CAN GIVE THE USER AN IDEA CF HOW THE HEAT GAIN FOR
hALLS,y WINDCWS, AND COCRS ARE CISTRIBUTED.

WRITE(E,107) ITIM,(TCWALR{ITIM N} ¢N=2,N1)

RETURN

END
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SURRDUTINE COOLSU .
THIS SUBROUTINE CHANGES HEAT GRINS (TDHD([TI")! INTO COOLING LOANS
[CODL(ITIM)}, THEY ARE CHANGED BY A RESPONSE FACTOR EQUATICN, THIS
EQUATION IS WRITTEN AS A FUNCTION(CCLOAD(X)), THE RESPONSE FACTCRS
ARE ADJUSTEEL BY THE USE CF A CORRECTION FACLTOR THAT CORRECTS THESE
VALUES TO THE TYPE OF CCNSTRUCTICN THAT IS BEING USED. THE VALUES
IN TOHC(ITIM) MUST AF PLACED IN ANOTHFR ARRAY CALLEC COLOUITIM+4).
THIS IS CONE BECAUSE THE RESPONSE FACTOR EQUATICON NEEDS THE LAST 4
VALUES OF THE DAY T0O CALCULATE THE FIRST HCUR NF THE DAY,
COMMON/ATIRC/NAAZ ITIM ALAT My, DIME2(10415) y ICHEKyNNyNNNyN14yJCHEK
COMMON/AIRC/ALITEL24415),BLITE(24,15)
COMMUN/&IRC]ﬁhUHIM(ISIQNODOUR{15),H!NDCH(I5'IO 8)NUMB{15) +KODE
COMMON/AIRCS/TEMP{24) ,SCLAVW(24,15,10)+CTM(24415,10),RTHM{30,15)
COMMON/AIRCT/QLOD(30,15) +RQLOD{30),AQLCD(15}
COMMGN/ATRCA/SQLODILS) yUCE »ToROOMT UNW[15,10),U(15}
CCMMON/ATRCS/UDI(15,10) yCNOCR{24,15410)4QWINND(24,15,10)
COMMCN/ACZL/TA(30),NOCE,NOWA(L15) yCEAR,VOLAIRSTRI(30),WT(30)
COMMCN/ATRI/QLCT(304+151.RQLCT(30)
COMMDN/ATRLIO/ZALIGHT 24) 4 PEOPLS(24) +PEQPLL{24),MEMBER,TOTLIG
COMMON/AIRLLI/TOKOUS(24) 4 TOLAT( 24) ,TCWINSL 24,415} TOWALR(24,15)
COMMON/Z/ATIRI2/TOWLAT{24,15) ,T0OWALL{24,15),FACTOR,COLO(28])
COMMON/AIR13/COGLIZ2BL1,CT(24),TOHD(24)
THE PURPOSE CF THIS SUBROUTINE IS TO TURN HEAT GAINS INTO COOLING LCADS
109 FORMAT(3X,"TIME?,1X,1517)
110 FORMAT(IB, L5F7.1)
111 FCRMATILS5F7.11)
THIS LOOP(1l) LOADS THE TCHO{ITIM) VALUES INTO COLO{ITIM+4).
DO 1 ITIM=1,24
ITIN=ITIM+4
1 COLOQUITINI=TOHOULITIMY)
THIS LOCP(2) PLACES THE LAST 4 VALUES OF THE DAY IN FRONT 0OF THE
PREVIOLS VALUES.
po 2 [TiM=1,4
2 COLOCITIM)=COLC(ITIM+24)
DO 3 [TIM=1,28
CONLLITIM) MUST BE GIVEN AN INITIAL VALUE.
3 COOL{ITIM)=0.0
C=0.0
A=CEAR*UCE
LOOP(20) SUNS UP AN AREA WEIGHTED U-FACTOR FGOR THE ENTIRE HOUSE.
0O 20 AN=24N1
C=C+DINEZ2IN,3)
A=A+UIN)I*DINE2(N,61}
KK=NOWIN{N]
KK5=NCDCOOR(N)
IF{KK.EQ.C) GO TO S
0O 4 (Il=1,KK
4 A=A+UWINo [T L) *WINDOWINIIT 2)¢*WINDOW(N,IT[,45)
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IF{KK5.EQ.0) GO TO 20 .
DO 6 M¥=1,KKS

TTE=MM4KK

A=A+UD (N, MM )*WINDOWINS [ I1 420 *WINDOWIN, T 11,5}

CONT INUE

AKT=A/C

FACTOR=—0.01T1*AKT+1.0

WRITE(6,1111 FACTOR

LOOP(12) MAKES THE CCOLING LOAC CALCULATICNS FOR THREE DAYS.
0O 12 J=1,3

LCOP(10) CALLS CCLCACIX) FOR A TWENTY-FOUR HOUR PERIND.

CO 10 ITIM=5,28

COOL(ITIM)=CCLGAD(X)

LOOP(11) GIVES THESE CALCULATIGNS CONTINUITY FROM ONE DAY TO
ANOTHER .

CO 11 ITIN=1,4

COOLLITIM)=COCLLITIM+24)

CONT INUE

RETURN

END
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FUNCTICN COLODAC(2) "

THIS FUNCTICN [S THE RESPONSE FACTOR EQUATICN THAT CALCULATES
CONLING LOACS FROM HEAT GAINS. THIS METHOD CAN BE FCUND IN THE
ASHRAE GUICE,L1972.
COMMON/AIRC/NyAA ITIM ALAT M, DINME2(10,415} ICHEK,NN; NNN N1, JCHEK
CCMMON/AIRC/ALITE(24,15)4,BLITE(24,15)
CCMMDON/ATRCL/NCWINILS) yNCDCCRILS ) yWINDOWILSs 10480 4NUMB[ 15}, KODE
COMMON/AIRCS/TEMP(24 ), SOLAVW(24,415,10),DFM(24,415, 10I,RTM[30,15)
CCMMON/AIRCT/QLCC(30,15),RQLODLA0), AQLODI(LS) :
COMMON/AIRCB/SQLOD(15) yUCE+T+RGOMTLUW[15410),U(15)
COMMCN/ZAIRCS/UDI15,10),0000R( 24,1510} ,NOWIND(24,15,10)
COMMON/AIR3/QLCT(30,15),RQLCT(30)
COMMON/ATRLO/ALIGHT{24),PECPLS{24),PEOPLLI24) ,MEVMBER,TOTLIG
CCMMON/AIRLL/TOFOUS (241, TOLAT(24), TOMINS(24,15),TOWALR(24,15)
COMMON/AIRL2/TOWLAT(24,15) 4 TOWALL(24,15),FACTOR,COLO(27)
CCMMCN/AIRL3/COOLI2B)4CT(24),TOHTI24)
X=FACTOR#(0.6582%CCLO(ITIM)I=1.201T*COLOLIT IM-1)+0.L617*COLO(ITIM~2
1)=0,115C«*COLA(ITIM=3})
¥=1.8260%CCCLL{ITIM=1)-1,0697*CCOL(ITIM=2)}+#0.2005%CO0L(ITIM-3)
COLOAD=X+Y

RETURN

END
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SUBROLTINE TOCAOOL 5
COMMON/AIRC/Ns AALITIM ALAT 4 M, DIME2(10,15) 4 ICHEK 4NNyNNNN1 4 JCHEK
COMMON/ATRC/ALITE(24415),BLITE(24,151
COMMON/ATRCL/NOWINILS) ¢NODOCR( L5} s WINDGWI 154 10,8) (NUMB{15) 4KDDE
COMMCN/ATRCS/TEMP{24) s SOLAVA {24415+ 10)+DTM(24,415,10),RTM{30,15)
COMMCN/ATRCT/OLOCI30,15),RQLODL30),ACLOD(LS)
COMMON/AIRCR/SQLODIL5) 4UCE,T,RCOMT,UW(15,1C) ,UCLS)
COMMON/ATRCS/UD(15,10) ,QCNCR{24,15,10),QWIND{24,15,10)
COMMON/ATR3/OLOT( 30,151 ,RQLAT( 30)
COMMON/ATRIO/ALIGHT (24 ),PECPLS{24),PEDQPLL{ 24),MEMBER, TOTLIG
COMMON/ATRLLI/ZTOHOUSI 241 ,TOLAT{24) s TCHINS{24415) +TCWALRI24,+15)
COMMONZAIRL2/TOWLAT(24415) +TOAALLI24,15)4FACTAR,COLO(28}
COMMON/AIR13/COCLI28B),CT(24),TCHC(24)
C THE PURPOSE OF THIS SUBROUTINE IS TC SUM THE COOLING LOADS FOR THE ENTIRE
C HOLSE
0O 1 [TIv=1,24
ITIN=1T IV4s
CTUITIM)=ALIGHT{ITIM)+PECPLSU{ITIM)+TCLAT(ITIM)+COOLCITIN)
DO 1 N=2,Nl1
L CVOITIMI=CTOITIM)+TOWINSIITIMgN)
c CT(ITIM) IS THE TOTAL COGLING LCAL FCR THE HOUSE AT EACH HOUR
RETURN y :
END
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THE FOULLCWING ARE THE CATA CARCS FOR THE SIX CASES USED IN THE
THESIS.
TIME QF DAY {(HCURS)
COOLING LCAD IN BTU/HR
1 2 3 4 5 6 7 8 9 10

85
1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0
9.0 10.0 1.0 12.0 15.0 16.0 1.0 2.0
3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0
il1.0 12.0 15.0 16.0 1.0 2.0 3.0 4.0
5.0 6.0 1.0 8.0 5.0 10.0 11.0 12.0
15.0 16.0 1.0 2.0 3.0 4.0 5.0 6.0
7.0 B.0 9.0 10.0 11.0 12.0 15.0 16.0
1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0
9.0 10.0 11.0 12.0 15.0 16.0 1.0 2.0
3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0
11.0 l12.0 15.0 16.0 14.0
4.0 0.0 8.0 40.0
1.0 0.44 40,0 17.0 9999.0 680.0 698.6 3.0 17.45 46,0
2.0 0.0 2733 17.0 9999.00 464.66 0.0 0.0 0.0 0.0
3.0 0.44 4C. 1T.0 S699.00 680.00698.6 3.0 17.45 46.00
4.0 0.0 27433 17,00 9999.00 464.66 0.0 0.0 0.0 0.0
5 4 6 4
101¢C
2e4% 5.5 9.1 29.3 5.8 5.4 4.0 31.9
2.4 5.5 9.1 5.95 5.5 31.55 4.0 30.25
11.3 5.1 0.6 30.6 3o 4 6.0 2.0 17.34
11.3 5.1 0.6 19.54 3.4 17.06 2.0 17.34
11.3 5.1 0.6 T.64 3.4 28.96 2.0 17.34
0.0 6.4 9.6 19.0 3.0 18.0 51.0 19.2
2.4 5.5 9.1 5.33 3.33 18.66 2.0 14,66
2.4 5.5 9.1 16,00 2« 66 8.66 2.0 18.33
11.3 5.1 0.6 21.66 3.0 2.66 2.0 15.33
11.2 5.1 0.6 1.33 3.0 23.00 2.0 15.33
244 5.5 9.1 26.33 S.C ba. 66 6.0 49.5
2.4 5.5 9.1 10.66 6.0 23.33 4.0 33.0
2e4 5.5 9.1 4.33 3.66 32.00 4.0 20.17
11.3 S.1 0.6 25.66 3.0 11.33 2.0 15,3
11.3 5.1 0.6 17.0 2.66 20.33 2.0 13.6
11.3 Sl 0.6 10.0 3.0 27.00 2.0 15.3
0.0 bl 9.6 19.0 2.66 18.33 53.0 17.07
2e 4 5.5 9.1 16.0 2.66 B.66 2.0 14.67
2.4 5.5 9.1 5.33 3.33 18.66 2.0 18.33
11.3 5.1 0.6 20.66 3.00 2.66 2.0 15.3
11.3 5.1 0.6 l.33 3.00 23.0 2.0 15.3
75.0

"TTe6 1646 15.8 75,2 T5.0 75.4 T6.4 78.2 B0.8 B3.8 B7.2 90.4 92.8 94.4 95,0 94.4
93,0 90.8 B88.2 BE.6 B83.4 Bl.4 79.8 78.6



1 1 1 1

11093.3 4480.0
6 4436.5
4.0 0.0 8.0 40.0
1.0 0. 44 40.0 17.0 6999.0 680.0 69R.6 3.0 17.45 46,0
2.0 0.0 27433 17.0 5999,00 464.66 0.0 0.0 0.0 0.0
3.0 0. 44% 40. 17.0 9959.00 680.00698.6 3.0 17.45 46,00
4.0 0.0 271.323 17.00 9999.00 464.66 0.0 0.0 0.0 0.0
54 6 4
1010
24 5.5 9.1 29.8 5.8 S5¢4 4.0 3l.9
24 5.5 9.1 5.95 5.5 31.55 4.0 30.25
11.3 S.1 0.6 30.6 3.4 6.0 2.0 17.34
11.3 5.1 0.6 19.54 3.4 17.06 2.0 17.34
11.3 5.1 0.6 Teb4 3.4 28.96 2.0 17.34
0.0 6.4 9.6 19.0 3.0 18.0 53.0 19.2
2.4 5.5 9.1 5.33 3.33 18.66 2.0 14.66
2.4 5.5 9.1 16.00 2.66 8.66 2.0 18.33
11.3 5.1 0.6 2l.66 3.0 2.66 2.0 15.33
11.3 5.1 Q.56 1.33 3.0 23.00 2.0 15.33
24 5.5 9.1 26433 9.0 G466 6.0 49.5
2.4 9.5 9.1 10.66 6.0 23.33 4,0 33.0
2.4 5«5 9.1 4.33 3.66 32.00 4.0 2017
11-3 Sll. 0-6 25.66 300 11133 2.0 15.3
11.3 5.1 0.6 17.0 2.66 20.33 2.0 13.6
11.3 5.1 0.6 10.0 3.0 27.00 2.0 15.3
0.0 604 906 19.0 2]66 18-33 53'0 17-07
2+4 5.5 9.1 16.0 2.66 B. 66 2.0 14.67
24 5.5 9.1 5.33 3.33 18.86 2.0 18.33
11.3 5.1 0.6 20.66 3.00 2.66 2.0 15.3
11.3 5.1 0.6 1.33 3,00 23.0 2.0 15.3
T5.0

776 6.6 75.8 7542 75.C 75.64 764 78.2 B0e.8 83.8 B87.2 90.4 92.8 94.4 95.0 9%4.4
93.0 90.8 88,2 85+6 B3+4 Bl.4 79.8 78.6 :
2 2 2 2

21093.3 4480,0
] 443645
4.0 0.0 8.0 40,0
1.0 D.44 400 17.0 9999.0 690.0 €98.6 3.0 17.45 46.0
2.0 0.0 2133 1T7.0 9999.00 464.66 0.0 0.0 0.0 0.0
3.0 0.44 40.0 17.0 6S99.0 68C.0 698.6 3.0 17.45 46.0
4.0 0.0 27.33 17.00 9999.00 464.66 0.0 0.0 0.0 0.0

546 4

1010

24 5.5 9.1 29.8 S.8 5«4 3.0 31.9
2.4 5.5 9.1 5.95 5.5 Jl1.55 3.0 30.25
11.3 5.1 0.6 30.6 3.4 6.0 1.0 L7.34
1t.3 5.1 (0.6 19.54 a4 17.06 1.0 17.34
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11.3 5.1 0.6 Teb4 .4 28.96 1.0 17.34
0.0 6.4 9.6 19.0 3.0 18,0 51.0 19.2
244 5.5 S.l 5.33 3.33 18.66 1.0 l4.66
244 5.5 9.1 16.00 2.66 8.66 1.0 18.33

11.3 5.1 0.6 21.66 3.0 2466 1.0 15.33
11.3 5.1 0.6 1.33 3.0 23.00 1.0 15.33
2.4 5.5 9.1 26.33 9.0 4,66 5.0 49.5
2e4 545 9.1 10.66 6.0 23,33 3.0 33.0
2e4 545 9.1 4.33 3.66 32.00 3.0 20.17

11.3 5.1 0.6 25.66 3.0 11.33 L.0 15.3
11.3 S.1 0.6 17.0 2.66 20.33 1.0 13.6

11.3 5.1 0.6 10.0 3.0 27.00 1.0 15.3
0.0 -3 9.6 19.0 2.66 18.33 51.0 17.07
244 5.5 9.1 16.0 2.66 8.66 1.0 14.67
2.4 5.5 9.1 5.33 3.33 18.66 1.0 18.33
11.3 5.1 0.6 20.66 3,00 2.66 1.0 15.3
11.3 5.1 0.6 1.33 3.00 23.0 1.0 15.3

75.0

T1eb 76,6 7548 75.2 75.0 715.4 Téeh 78,2 B0.8 83.8 8742 90.4 92.8 944 95.0 94.4
93.0 90,8 89.2 85.6 83.4 Bl.4 T79.8 78.6
2 2 2 2

21093.3 4480,0
6 443645
4.0 0.0 8.0 40.0
1.0 0.44 40.0 L17.0 9999.0 680.0 698.6 3.0 17.45 46.0
2.0 0.0 27.33 17.0 9999.00 464.66 0.0 0.0 0.0 0.0
3.0 0.44% 40. 17.0 9969.C0 680.0C698.6 3.0 17.45 46.00
4.0 0.0 27.33 17.00 9999.,00 464.66 0.0 0.0 0.0 0.0
5 4 6 4 .
1ol1Lo
2.4 5.5 9.1 29.8 5.8 S5t 3.0 31.9
24 5.5 9el 5.95 5.5 31.55 3.0 30.25
11.3 5.1 0.6 30.6 3.4 6.0 1.0 17.34
11.3 5.1 C.6 19.54 3.4 17.06 1.0 17.34
11.3 5.1 0.6 Tab4 3.4 28.96 1.0 17.34
0.0 6.4 Ge6 19.0 3.0 18.0 51.0 19,2
2.4 5.5 9.1 5.33 3,33 18.66 1.0 l4.66
2.4 5.5 9.1 16.00 2.66 B.86 1.0 18,33
11.3 5.1 0.6  21.66 3.0 266 1.0 15.33
11.3 S.1 0.6 1.33 3.0 23.00 L.0 15.33
2ett 5.5 9.1 26.33 9.0 4.66 5.0 49.5
244 5.5 9.1 10.66 6.0 23.33 3.0 33.0
2.4 5.5 9.1 4.33 3«66 32.00 3.0 20417
11.3 5!’. 0.6 25.66 3.0 11.33 loo 1513
11.3 S.1 0.6 17,0 2.66 20.33 1.0 13.6
11.3 5.1 0.6 10.0 3.0 27.00 1.0 19.3
0.0 bt 9.6 19.0 2.66 18.32 51.0 17.07
2e4 5.5 9.1 16.0 2.66 B.66 1.0 14,67
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244 5.5 9.1 5.33 3.33 18.66 1.0 i8.33
1103 5-1 0.6 20.66 3-00 2.66 l.o 15.3
Ll.3 5.1 0.6 1.33 3,00 23,0 1.0 15.3
75.0

TTab T6.6 T75.8 1542 15.0 15.4 T6heh TB.2 B80.8 83,8 87.2 90.4 9248 4.4 95.0 94.4%
93.0 90.8 88.2 85-6 83-4 El.-" 7q.8 78.6
4 4 4 4

31093.3 4480.0
& 4436.5
4.0 0.0 8.0 40.0

1«0 0.44 40.0 17.0 9999.0 680.0 69846 1«5 1745 46.0

2.0 0.0 27.33 17.0 $999.00 464.66 0,0 0.0 0.0 0.0

3,0 0.44 4C. 17.0 9999.00 680.00698.6 1.5 17.45 46,00

400 0.0 27-33 [7.00 9999.00 ‘lb‘loéﬁ 0.0 0-0 0‘0 0.0
54 6 4

10610

244 5.5 9.1 29.8 5.8 5.4 3.0 31.9

2+4 5.5 9.1 5.95 5.5 31.55 3.0 30.25
11.3 5.1 0.6 30.6 3.4 6.0 1.0 17.34
11.3 5.1 0.6 19.54 3.4 17.06 1.0 17434
11.3 5.1 0.6 Teb4 3.4 28.96 1.0 17.34

0.0 6.4 9.6 19.0 .0 18.0 51.0 19.2

2+4 5.5 9.1 5.33 3.33 18.66 1.0 l4.66

2+4 5«5 9.1 16.00 2. 66 8.66 1.0 18.33
11.3 S.1 0.6 21.66 3.0 2e£6 1.0 15.33
11.3 5.1 0.6 1.33 3.0 23.00 1.0 15.33

244 565 9.1 2&.33 S.C 4.66 5.0 49.5

245 5.5 9.1 10.66 6.0 23,33 3.0 33.0

2ot 5.5 9.1 4233 3.6 32.00 3.0 20.17
11.3 5.1 0.6 25.66 3.0 L1.33 1.0 15.3
11.3 5.1 0.6 17.0 2.66 20,33 1.0 13.6
11.3 5.1 0.6 10.0 3.0 27.00 1.0 15.3

0.0 bt 9.6 19.0 2.66 18.33 51.0 17.07

204 5-5 9.'. 16-0 2-66 8O66 1‘0 14.67

2.4 5.5 9.1 5.33 3.33 18.66 1.0 18.33

11.3 5.1 0.6 20.66 3.00 2.66 1.0 15.3

11.3 5.1 0.6 1.33 3.C0 23.0 1.0 15.3

75.0 154 T€ed TBu2 8048 B3eB 8722 904 92¢8 4.4 95.0 944
3.4 EBl.4 75.8 78.6

77‘6 76-6 75.8 75.2
93.0 90.8 £8.2 8%.6

4 4 4 4
31693.3 4480.0
6 443€.5

4.0 90.0 8.0 40.0

1.0 0.44 4C.0 17.0 9999.0 &80.0 698.6 3.0 17.45 46.0
2.0 0.0 27.33 17.0 9999,00 464.€6 0.0 0.0 0.0 0.0
3.0 0.4% 4CG. 17.0 9999,00 680.00698.6 3.0 17.45 46.00
4.0 0.0 27.33 17.00 5999.00 464.66 0.0 0.0 0.0 0.0
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5 4 6 4

1010

2.4 5.5 S.1 29.8 5.8 5.4 3.0 31.9
2.4 5.5 9.1 5.95 5.5 3l.55 3.0 30.25
11.3 S5e1 0.6 30.6 3.4 6.0 1.0 17.34
11.3 5.1 0.6 19.54 3.4 17.06 1.0 17.34
11.3 S.1 0.6 Te64 3.4 28.96 1.0 17.34
0.0 6o 4 9.6 19.0 3.0 18.0 51.0 15.2
2.4 5.5 S.1 5.33 3,33 18.66 1.0 14.66
"2e4 5.5 9.1 16.00 2.66 B.66 1.0 18.33
11.3 5.1 0.6 21.66 3.0 2.66 l.0 15.33
11.3 5.1 0.6 1.33 3.0 23.00 1.0 15.33
244 5.5 9.1 26.33 5.0 4.66 5.0 49.5
2e4 5.5 9.1 10.66 6.0 23.33 3.0 33.0
2.4 Se5 9.1 4,33 3.66 32.00 3.0 20417
11.3 5.1 0.6 25.66 3.0 11.33 1.0 15.3
11.3 5.1 0.6 17.0 2.66 20.33 l.0 13.6
11.3 5.1 0.6 10.0 3.0 27.00 l.0 15.3
0.0 6.4 9.6 19.0 2.66 18.33 51.0 17.07
204 505 9.1 16\-0 2066 8066 l.o 14.6?
2e4 5.5 9.1 5.33 3.33 18.66 1.0 18.33
11.3 5.1 0.6 20.66 3.00 2.66 1.0 1543
1.3 561 0.6 1.33 3.00 23.0 1.0 15.3
75.0

TTe6 7646 75.8 7542 75.0 75.4 T76.4 T8.2 B0.8 83.8 BT.2 90.4 92.8 F4.4 95.0 Q4.4
93.0 90.8 BRB.2 85.6 83.4 8le4 79.8 78.6 :
4 4 4 4
31083.2 4480.0
6 443€.5



APPENDIX E

The purpose of this appendix is to wmake and compare a hand calculated
cooling load to the computer cooling load. The hand calculations were made
by the TETD method described in the ASHRAE Handbook of Fundamentals. These
loads were calculated at three times; 2:00 PM, 4:00 PM, and 6:00 PM for
Case IV. Table5 shows the total hand calculations, the breakdown of these
calculations and the comparable computer calculated loads.

The conduction loads were calculated by a combination of three hour
average TETD's and instantaneous TETD's to gain the time lag characteristic
of a frame wall.

The cooling Toad through the windows used a combination of three hour
solar heat gain averages and instantaneous solar heat gains..

The infiltration, both latent and sensible, was calculated by the length
of crack method. |

The results of the hand calculations followed the same general profile

as the computer load but were a 1little over 10% larger in magnitude.



TABLE 5 COOLING LOAD FOR CASE 1V

BY TETD METHOD
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2:00 4:00 6:00
South
Wall 1394.7 1399, 1186.6
West
Conductias Wall 916.0 1247. 1500.7
Cooling
North
Loads Wall 798.4 865. 877.8
East
Wall 1020.1 919. 864.1
Roof 5555.5 5818. 4721.6
South
g 3650.2 2425. 1412.3
Window West
Cooling Wiidais 2511.7 3864. 2615.6
Loads -
North
Wind o 2806.1 2539. 1835.7
East 1224.4 1093 633.0
Windows ' ) ’
South
Sencible 218.3 218. 177.8
South
 staTE 248.6 248. 248.6
West
Sancibis 109.5 109. 89.2
. . West
Infiltration 124.7 124, 124.7
Cooling Latent
Load North
Sensible 272.1 272. 221.6
North
L& tERE 309.7 309, 309.7
East '
Sensible 109.5 109. 89.2
East 124.7 124, 124.7

Latent




Internal
Cooling People
Load

Total
Cooling
toad

Cooling
Load From
Program

450.0

21085.7

18640.0

450.0

21379.5

19104.5

1800.0

18140.1

16110.3
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Home designers have used several different methods to calculate cooling
loads for residential homes. The prupose of this thesis was to write and
check by use on a typical residence, a transient cooling load program for
residential type construction.

This digital computer program should aid the home designer in selecting
construction materials, width of roof overhangs, and the orientation of the
house on its lot.

The input data necessary is the environmental conditions, the shade of
the home and its dimensions. However, the following home lTimitations exist:
there must be the same number of floors throughout the floor plan; all
extensions from the main house are required to be at right angles; all of
the roof hip ridges are required to meet at the same level.

Conduction heat gains were calculated for walls, ceiling, doors and
windows. The heat gains for walls and ceilings were calculated by the
response factor method. The remaining conduction heat gains were calculated
by instantaneous heat gain calculations.

Infiltration loads sensible and latent were calculated by the length
of crack method.

The internal loads were calculated by estimated load schedules for
lights and pe0p1e. N

These heat gains were summed at each hour and converted to cooling

loads by a response factor method.



A rectangular two story house was used as the test home. Six dif-
ferent test cases were used to demonstrate the program's abilities. The
first four cases varied the construction materials to demonstrate the pro-
gram's ability fo calculate cooling loads for various constructions. Yhe
fifth case changed the width of overhang and the sixth case rotated the
house from facing south to west. These last two cases demonstrated the
program's ability to calculate different shading cases.

It is hoped that this program will aid the home designer in making
the economic and energy decisions which must be made for future single-

family housing units.
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