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FOREWORD

Foreword

In the past 30 years, numerous building energy simulation programs have been
developed. Most have been dropped and forgotten because of poor physical models, lack
of funding, lack of interest, and probably many other reasons. SUNREL is an upgrade of
one of these programs, SERI-RES, which was released in the early 1980s. SERI-RES is
an hourly calculation program based on fundamental models of physical behavior, but it
needed to be upgraded to take advantage of the newer computing power of personal
computers. SUNREL is the same basic program with some new models and a simple
graphical interface. Along the way, a few bugs were also found and corrected.

The original program was created to model small buildings with loads driven by the
envelope. Some algorithms are specifically for passive technologies, such as Trombe
walls and programmable window shading. SUNREL has added new features to make
this a stronger program like models for advanced glazings and natural ventilation. The
program has been used by researchers around the world and been proven to be accurate
and reliable.

Many people were involved with the creation of the original version of this program,
when it was called SERI-RES. The major contributors were Larry Palmiter, Terry
Wheeling, David Simms, David Wortman, Bob O'Doherty, and Ron Judkoff.
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INTRODUCTION

1. Introduction

1.1. Description

SUNREL is a building energy simulation software for small, envelope-
dominated buildings. It is an upgrade of SERIRES version 1.0, which was
written under the guidance of the Solar Energy Research Institute (SERI, now
the National Renewable Energy Laboratory [NREL]). SERIRES was
originally written in FORTRAN 66 for main-frame computers. As personal
computers became more powerful, various groups around the world converted
SERIRES to this platform. SERIRES has been well tested through
experimentation and practical use and is one of the benchmark programs for
the International Energy Association testing procedure, BESTEST (Judkoff
and Neymark 1995). The current version of SUNREL has also been tested
satisfactorily using the BESTEST procedure (Deru 1997).

The upgrade of SERIRES to SUNREL was completed by Colorado State
University and NREL (Deru 1996). The first item changed was the input
structure, which is based on the FORTRAN namelist format. This format
makes the program flexible for future upgrades and provides an excellent
bridge file for graphical user interfaces. The second alteration was to include a
more sophisticated model for advanced window systems. SUNREL reads
optical and thermal properties of the window from a data file created by
WINDOW-4.1 (Arasteh et al. 1994). More information about this program
and the data file is presented in Appendix C. The third enhancement was to
include algorithms to handle shading by overhangs and sidefins of finite
length. These algorithms also cover shading of diffuse radiation and diffuse
reflections off the shading devices. The final addition was a comprehensive
routine for infiltration and natural ventilation, driven by temperature and wind
effects. The infiltration is based on the effective leakage area of each zone,
such as that determined through blower door tests.

Energy-efficient buildings tend to be more free-floating than buildings that are
controlled by large HVAC systems; therefore, proper design is essential for
comfort and usability. SUNREL can aid in the design of such buildings by
modeling the following energy-efficient design strategies:  moveable
insulation, interior  shading control, energy-efficient = windows,
thermochromatic glazings, Trombe walls, water walls, phase change
materials, and rockbins.

1.2. Limitations of the Program

The complex nature of building energy simulation, combined with time and
budgetary constraints, requires tradeoffs between what is desired and what is
realistic. SUNREL’s major limitations are discussed in this section.
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The present program has no model for HVAC systems or energy plant
performance. SUNREL only determines the loads that the HVAC systems
would encounter.

The distribution of incoming solar radiation is not modeled in SUNREL,
except as determined through user-defined constant values. This can be a
major limitation for buildings with large solar gains. However, relatively
accurate results may be obtained with wise selection of the solar distribution
constants, as was shown in the BESTEST manual for SERIRES (Judkoft and
Neymark 1995). Long-wave radiation exchange between interior surfaces is
also not modeled explicitly. Interior surfaces are thermally connected to a
single-zone air node via a combined radiative and convective surface heat-
transfer coefficient. As a result, the zone air temperature calculated by
SUNREL is a combination of the air temperature and the mean radiant
temperature.

The exterior radiation and convection terms are combined into a constant
term. Walls usually have insulation levels far larger than the surface heat-
transfer resistance; therefore, a constant surface coefficient is not a major
concern. However, windows have a low thermal resistance, and this could be a
concern for the user.

Ground-coupled heat transfer from underground walls or slabs-on-grade is a
difficult problem and not well understood. The problem is complicated by the
wide variations in soil composition and properties, moisture transport, latent
heat effects, and the three-dimensional nature of the heat transfer. A
knowledgeable user can obtain reasonably accurate results with the one-
dimensional heat transfer model in SUNREL.

The SUNREL model for diffuse sky radiation assumes a simple isotropic sky.
This model neglects the effects of horizon brightening and circumsolar diffuse
radiation. Therefore, this model tends to underestimate the incident solar
radiation on sloped surfaces, such as windows (Duftie and Beckman 1991).
For most applications this effect tends to be small, although the user should be
aware of it.

1.3. Organization of the Code

The original SERIRES program was written in FORTRAN 66, and the
SUNREL upgrades were written in FORTRAN 77. The executable program is
compiled to run on IBM-compatible personal computers and is named
SUNREL.EXE. The FORTRAN code is contained in three files:
SUNLOAD.FOR, SUNIN.FOR, and SUNOUT.FOR. The main program is in
SUNLOAD.FOR with preprocessing subroutines in SUNIN.FOR and output
subroutines in SUNOUT.FOR. Eight include-files contain variable definitions
and declarations, common blocks, namelist blocks, and parameter
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assignments. These files are RUN.INC, ZONE.INC, SURF.INC, HVAC.INC,
SHADE.INC, SCHED.INC, OUT.INC, and PARAM.INC.

1.4. Running the Program

The following is a description of how to run the program without the aid of a
graphical user interface. If you are using an interface, you may want to skip
this section.

To use SUNREL, a user must prepare a building description file (Chapter 3).
This file has a unique user name with the ".blg" extension. Another necessary
item is a weather file for the building location (or a location with similar
weather patterns) with hourly data for the following items: global horizontal
radiation, direct beam radiation, dry bulb temperature, dew point temperature,
wind speed, and wind direction (optional, but recommended). The user may
use one of four different weather file formats: TMY (Typical Meteorological
Year), TMY2 (an updated version of TMY), BLAST (Building Loads
Analysis and System Thermodynamics), or a SUNREL text weather file. A
description of each of these is included in Appendix B.

SUNREL repeats the first day several times to allow the building to reach
equilibrium before continuing to the second day. The number of warm-up
days is defined in the PARAMETERS input section by WUDAYS. The
following steps can be used to run SUNREL:

Step 1.

Type SUNREL at a DOS prompt in the directory containing the
program, or double click on the SUNREL.EXE icon.

This initiates the program, and the following response will appear on
the screen:

ENTER THE NAME OF THE BUILDING DESCRIPTION
FILE.
Step 2.

Type in the name of the building description file including the
extension. After pressing <ENTER>, the program will read the input
file, check the input for errors, and perform some preprocessing. If
errors are present, the following warning will appear on the screen:

THE RUN COULD NOT BE COMPLETED DUE TO
ERROR(S) IN THE INPUT FILE, SEE THE OUTPUT
FILE FOR ERROR MESSAGES.

MYFILE.OUT
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Step 3.

If there are no errors, the program will then ask two more questions
requiring user response:

MINIMUM NUMBER OF TIMESTEPS PER HOUR = n

DO YOU WISH TO USE THIS VALUE? (YES, NO, or
SUMMARY )

The “n” is the minimum number of timesteps for stable solution to the
nodal energy balance equations (Chapter 4). Using a smaller number will
cause the program to become unstable and not converge to a correct
solution. The user should answer "y" or "n." If the user enters “n,” then a
larger number should be used. However, the larger number will increase

computing time.

Step 4.

The program will next ask:

PERFORM ZONE LATENT LOAD CALCULATIONS? (Y/N)

The user response determines if the latent loads are important and should be
calculated. SUNREL treats latent loads in a very simple manner and only for
cooling loads (See Chapter 4 for more details). The program will complete
the run after this question.

The output is written to a file in the same directory as the input file. If the user
requested the output with headers (by entering "y" for FRMT in the OUTPUT
section of the input file), then the output will appear in a file with the same
name as the input file, but with the ".out" extension. For example, if the input
file was MYBUILD.BLG, the output would appear in MYBUILD.OUT. This
file also contains an echo of the building description and any error messages
from the preprocessing. The user can request no headers for the output by
entering "n" for FRMT in the OUTPUT section of the input file. This response
is used when exporting the output to a spreadsheet program. The output is
then located in a file with the same name as the input file, but with the
extensions ".dtl," ".dt2," ... ".dt9." Thus, up to nine outputs to separate files
are available for graphing or analysis without the hassle of removing the text
headers. See Appendix A for more information on the output.
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2. Thermal Modeling of the Buildings

2.1. General

The thermal behavior of buildings depends upon many complex and
interrelated factors. The engineering analysis of such a dynamic system is
always a compromise between accuracy and cost. Using a higher level of
detail generally improves the accuracy of the results, but entails greater costs.
The choice of an appropriate level of detail is an important aspect of practical
analytic work.

Just as the authors of a program must strive for an appropriate level of detail
in developing the equations in the program, the user must also represent the
building with an appropriate level of detail. All thermal programs for
buildings allow the user flexibility in the level of detail with which the
building is described. Choosing the appropriate level of detail requires a
certain amount of engineering judgment (i.e., knowledge of what is and what
is not important in the solution of a particular problem).

The desired output also dictates the required detail of the building description.
If the desired output is the annual heating load of a modestly insulated
building located in a cold climate, a simplified building description will
provide quite accurate results. However, a much more detailed description
will be necessary if the desired outputs are accurate hourly zone air-
temperature profiles of a multizone structure with thermostatically controlled
fans between zones.

To use a building analysis program, the user must create a thermal model of
the building within the constraints of the program. The program checks the
user's thermal model and converts it to a mathematical form suitable for
solution of the problem. Most of the differences in results obtained in the use
of different programs to analyze the same building can be traced to differences
in the user-created thermal model, rather than differences due to the internal
solution techniques.

This chapter presents the basic descriptive constructs provided by SUNREL
for developing the thermal model of the building. It should also serve as a
helpful tutorial in the choice of a thermal model appropriate to the user's
purpose. Some guidance is provided for levels of detail in modeling. It is not
intended to be a text on thermal modeling.

2.2. The Building Description

SUNREL is organized around the major thermal components or heat-flow
paths of a structure. The fundamental concept is that of a thermal zone. A
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thermal zone is either a room, or group of rooms, that operates with the same
temperature control. The temperature of an internal zone is a conductance-
weighted average of surface temperatures. Two special zones are AMBIENT
and GROUND. The AMBIENT zone is the outdoor air temperature, and
GROUND zone is a user-defined ground temperature. Conceptually, a
building is represented as one or more zones with thermal communication
between one another and the outdoor temperature and solar radiation.

The most common paths of thermal communication are walls, windows, and
infiltration. Other paths of thermal communication include fan-forced
convection, special storage elements such as rockbins, and special types of
walls such as Trombe walls and walls made of phase-change materials. In
addition, the user must provide equipment specifications and schedules and
details of the components of the major heat-flow elements.

For instance, a simple building could be represented as shown in Figure 2.1.
This single zone is connected by four walls to the ambient and an infiltration
heat-flow path. This simple conceptual model of the building is then
developed into a building description for use by the program. The major
features are specified (that is, one zone and four walls), and necessary details
are provided for each major element. For instance, the walls are described, the
layers that compose each wall are specified, as are the properties of the
materials that compose each layer.

Ambient condition #2

{

Wall #2
Ambient Ambient
condition #1 <> Wal#1 Wall #3 | <> condition #3
Wall #4
Infiltration
Tamb, Vwind ¢
Ambient condition #4

Figure 2-1. Thermal model of a simple building

A building description file is composed of several data sections, each of which
might contain one or more lines of data values. Each section is a group of
parameters describing a particular thermal component of the building. A
complete list of the names of all data sections, with a brief description of the
information contained in each, is given in Table 2.1. Note that some sections
require at least one parameter value be entered, whereas others may be
skipped entirely if they are not relevant to the problem at hand. Chapter 3
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contains a complete description of all data sections, and a sample input file is
given in Appendix D.

Table 2-1. List of Data Sections

DATA SECTION INFORMATION CONTENT CATEGORY
RUNS location and duration of simulation run Primary-Req.
ZONES defines building zones Primary-Req.
INTERZONE heat and solar transfer between zones Primary-Opt.
WINDOWS location and size of windows Primary-Opt.
WALLS location, size, and type of walls Primary-Opt.
TROMBEWALLS location and size of Trombe walls Primary-Opt.
FANS location and type of fans Primary-Opt.
ROCKBINS location and type of rockbins Primary-Opt.
SURFACES orientation and size of exterior surfaces Component
HVACTYPES properties of HVAC equipment Component
NATURALVENT vent size, location, and controls Component
TROMBETYPES detail description of Trombe wall types Component
WALLTYPES single or multi-layered wall types Component
MASSTYPES wall material properties Component
PCMTYPES Phase-change material properties Component
GLAZINGTYPES glazing material properties Component
BINTYPES detail description of rockbin types Component
FANTYPES detail description of fan types Component
OVERHANGTYPES dimensions of overhangs Component
SIDEFINTYPES dimensions of sidefins Component
SKYLINETYPES specification of skyline shading Component
OUTPUT output definition Primary-Opt.
SCHEDULES multi-season/24-hour schedules Component
SEASONS duration of seasons of year Component
PARAMETERS detailed simulation run parameters Component
STATIONS Definition of weather data files Component

A workable procedure for defining a building is described by the following
seven-step process. Given the flexibility of SUNREL and the diversity of
applications, users will eventually develop their own style.
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1. Specify the location and duration of the run(s) by entering the
parameters of the RUNS section.

2. Define the zones of the building by entering the parameters of the
ZONES section.

3. Specify the heat flow paths between zones by entering parameters
in the INTERZONE, WALLS, FANS, and ROCKBINS sections.

4. Define the orientation and size of the exterior surfaces of the
building by entering the parameters of the SURFACES section.

5. Specify the elements that compose the surfaces by entering the
parameters for the WINDOWS, WALLS, and TROMBEWALLS
sections.

6. Define the components for each of the component sections
referenced in the Primary sections above, or incorporate them from
other files.

7. Enter the parameters for the OUTPUT or PARAMETERS sections.

Guidelines to consider for each of these steps are discussed in the following
sections.

2.3. Runs

2.3.1. General

Parameters related to the building location are entered in the RUNS data
section. The building location is entered as the station (the corresponding
weather file must then be described in the STATIONS data section). In
addition, the user enters the simulation start date and stop date for each run.

Note that more than one run can be specified at one time. For instance, the
same building can be simulated in several locations by specifying several
stations.

2.3.2. Ground Reflectance

When short-wave solar radiation strikes the ground, it is reflected diffusely.
The fraction reflected can vary from about 0.1 for extremely dark surfaces to
0.7 or more for freshly fallen snow. This effect is modeled using the ground
reflectance value(s). The user may enter either a single value to be used for
the entire run or the name of a schedule of monthly values. Typically, a
constant value of 0.2 or 0.3 is used.

2.3.3. Ground Temperature

SUNREL provides for the use of a ground-temperature node. Walls, rockbins,
and zone conductance coefficients may be connected to the ground node by
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use of the keyword GROUND for the back or sink zone. The ground
temperature is either a constant annual value or a schedule of values. The
temperature of the earth at depths of 10 feet or more is approximately the
mean annual air temperature for the location.

Ground-coupled heat transfer phenomena are characterized by three-
dimensional effects, variability in the soil properties, moisture transport, and
phase-change effects. SUNREL only calculates one-dimensional heat transfer
with constant properties; however, reasonable results can be obtained with the
appropriate assumptions. For slab-on-grade floors, a 1- to 2-m-wide strip
around the perimeter of the floor loses most of its heat to the atmosphere. The
remaining central section of the floor exchanges heat with the deep ground.
One method of approximating this is to model a 1.5-m-wide strip using the
floor construction with 1 m of soil connected to the AMBIENT zone, and
model the central portion of the floor with 2 m of soil connected to the
GROUND zone. This is a crude approximation, but it can produce reliable
results with good engineering judgement for the soil properties and insulation
values.

When using the GROUND node, the surface heat transfer coefficient on the
ground side of the wall should be specified as the reciprocal of the desired
pure resistance between the last mass layer and the ground node. If no
resistance is desired, the coefficient may be set to a large value (e.g., 100).

2.3.4. Other

A skyline profile may be referenced by entering the name of a skyline profile.
This must be defined in the SKYLINE.TYPES data section. For further
discussion, read Section 2.6.7 on solar radiation.

The parameter type contains convergence criteria and other run control
parameters. The default parameter values may be used by entering "default" or
no input. This causes the program to use hard-coded values for the various
convergence criteria used in the numerical solution. In nearly all cases the
default values will be used. However, for unusual cases, the user can create
new convergence criteria by entering the name of a parameter type and
defining it in the PARAMETER TYPES data section.

The units of the input data are specified as English or Metric units. SUNREL
calculates the degree days by two methods: one that is used in the United
States and one that is common in Europe. The United States method is based
only on an indoor balance temperature. The European method also includes an
outdoor temperature limit to start the degree-day calculations. For example, if
the indoor balance temperature is 18°C and the outdoor limit is 15°C, a
heating degree-day will only be calculated if the average daily temperature is
below 15°C.
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2.4. Zones

2.4.1. Using Multiple Zones

SUNREL allows the user to model a building as either a single zone or
multiple zones. The decision as to whether multiple zones are necessary
depends primarily on the specification of heating, venting, and cooling
setpoints. If two zones are to be operated at different temperatures during parts
of the year, or if one of the zones (perhaps a sunspace) is uncontrolled, then
the use of multiple zones is necessary. Attics, basements, and crawl-spaces
may also be modeled as additional uncontrolled zones. A little
experimentation on the part of the user will soon reveal those cases in which a
more complex multi-zone description is desirable.

2.4.2. Infiltration Rate

Heat gain or loss due to wind- and temperature-induced infiltration of outdoor
air is a major element of the overall heat transfer in a typical residence.
Infiltration effects are handled by two methods: a constant or scheduled air
change per hour for each zone; or a variable rate based on the effective
leakage area for each zone, the inside to outside temperature difference, and
the wind speed.

For the constant air change per hour method, the user must enter a floor area
and zone height for each zone. These are multiplied to obtain the zone volume
upon which the air changes per hour are based. A numeric constant or the
name of a user-defined schedule is entered for the zone air change rate.

The second method is based on the effective leakage area of each zone, such
as that determined from a blower door test. The infiltration is determined
every timestep from a mass balance on each zone in the building. Note that
there may also be interzone infiltration in this method. To use this method, the
user must enter a floor area, zone height, and effective leakage area. The user
also has the option of entering the fraction of leakage in each wall, the height
of the lower edge of each surface, and distinguishing each wall with one of the
key words: WALL, FLOOR, or CEILING.

2.4.3. Natural Ventilation

Natural ventilation can be an important feature for maintaining comfort and
energy efficiency in small buildings. Natural ventilation is driven by
temperature differences and wind in a manner similar to the infiltration. To
include natural ventilation, the user must enter the vent size and location along
with the temperature setpoint for operation as a constant or as a user-defined
schedule.

10
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2.4.4. Sensible Gains

Sensible gains are an important factor in residential thermal modeling.
Sensible gains are specified by either a constant rate or a user-defined
schedule. Studies indicate that, for typical residences, the use of constant rates
gives satisfactory accuracy for annual heating and cooling loads.

2.4.5. Latent Gains

Latent heat is the heat required to evaporate or condense water vapor in a
zone. Its primary importance is for air-conditioning calculations, where the
condensation of the vapor on the coils of the air conditioner creates an
additional load on the equipment. A typical value is 450 BTU per hour. This
corresponds to the evaporation of about 10 pounds of water per day. Latent
gains are specified by a constant value or the name of a schedule.

2.5. Conduction

Perhaps the simplest heat transfer mechanism in buildings is the gain or loss
of heat by conductance through walls, ceilings, etc. For convenience, all
building elements separating zones from each other and from AMBIENT and
GROUND are referred to as walls. The program provides three ways to
describe conductance through walls: steady-state heat transfer coefficient
(INTERZONE section), pure resistances, and multiple layers of materials with
heat capacity. The user can use one of three methods to model wall elements.
Thus, if the heat capacity of a given wall is judged to be nonessential to the
problem, it may be ignored. This approach also minimizes the labor of
preparing a building description for the program.

2.5.1. Use of Conductance Coefficients

The user might wish to ignore the thermal capacity of the wall, solar effects on
the inside and outside of the wall, and the exterior and interior surface
temperatures of the wall. In that case, the product of the wall area and U-value
is entered as a conductance coefficient in the INTERZONE data section.
These coefficients may also be used to model estimated convective transfers
between zones. When a conductance is specified between two building zones
or from a zone to AMBIENT or GROUND, it must include all walls or paths
of heat transfer not accounted for in the WALLS data section.

2.5.2. Walls

The second and third levels of detail require use of the WALLS data section.
Walls are constructed of layers (Figure 2.2) and are defined in the
WALLTYPES input section. Each wall has a front side, which must face a
user-defined ZONE, and a back side, which may face either a ZONE, an
EXTERIOR SURFACE, or one of the keywords, AMBIENT or GROUND. If

11
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AMBIENT or GROUND is specified, no solar effects on the exterior side will
be modeled. A wall may have the same zone specified on both sides so that it
is wholly contained within the zone.

half full half
slice slice slice

T T T
1.Pure R-Value 2.Single node 3.Single node 4. Multi-node layer
with no heat with internal without internal with resistance
capacity resistance resistance used & capacitance
for water walls at each node

Figure 2-2. Layers available for making walls

The required inputs are the interior zone, the exterior surface for the wall, and
the wall height and length. In addition, a surface coefficient and solar
absorptance may be input. The surface coefficient is a combined radiation and
convection heat transfer coefficient. A typical value for interior vertical
surfaces is 1.46 BTU/hr-ft>-°F. For exterior surfaces, a typical value is about 4
BTU/hr-ft*-°F. A table of surface conductances can be found in the ASHRAE
Handbook of Fundamentals (1993). The solar absorptance for an interior
surface is the fraction of the total solar available in the zone that falls upon the
given surface. If not input, the program will determine this by the area of each
surface in a zone. For an exterior surface, the solar absorptance is the
absorptivity of the surface for short-wave solar radiation.

2.5.3. Use of R-Value Walls

The second level of detail provided for wall descriptions is the use of an R-
value together with the area of the wall. When represented in this way, the
program calculates heat flow through the wall using the interior and exterior
surface temperatures, but does not include capacitance effects. However, the
program does calculate all solar effects on such walls.

Individual layers of a wall may be treated as R-values by entering R-n for the
appropriate layer in the WALLTYPES data section. Detailed output is
available summarizing all of the factors relating to the performance of such
walls.
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2.5.4. Use of Capacity Walls

The third level of detail allows for the description of the wall as composed of
one or more layers of material. Each of these layers may consist of either an
R-value or a specified material described by its thickness, specific heat,
density, and conductivity. In this way, walls of almost arbitrary complexity
may be treated. Additionally, if the walls are part of an exterior surface and
the user wishes to determine the effects of solar energy on the wall, the
azimuth, absorptance, and parameters for shading must also be specified.

Since the program uses a thermal network model, nodes (each representing a
thin slice of material) must be specified in materials with heat capacity. A
variety of types of capacity layers are available. These include the following:

1. Single node with internal resistance Used for thin layers of solid material
or, in some cases, for thick layers where accurate surface temperatures are
unimportant.

2. Single node without internal resistance Used for water walls or drums
where convective stirring effectively eliminates internal resistance (i.e.,
the entire thickness is at the same temperature as the surface).

3. Single node phase change Allows the user to model thin layers of phase-
change material.

4. Multi-node with internal resistance Allows the user to specify any number
of nodes within any given layer of material so that the temperature at any
point within the material can be modeled to any desired degree of
accuracy.

The execution time of a simulation depends in a linear way upon the number
of mass nodes used and can be strongly affected by the use of layers of low
thermal capacitance next to layers of high thermal capacitance. Therefore, the
user must exercise good engineering judgment in the selection of the level of
detail in modeling capacity elements. The following guidelines may be useful:

1. For walls experiencing large temperature variations at the surface (i.e.,
Trombe walls), a node spacing of about 2 inches will give accurate results.
If the temperature variations and their dynamic effects are small, a larger
spacing will be adequate.

2. Walls 2 or more feet thick may be modeled with surface layers spaced at 2
inches and an internal layer at 4- to 6-inch spacing without loss of
accuracy. Earth berms and, similarly, very thick walls may have nodes 1
foot or more apart in the interior.

3. Walls less than 4 inches thick can generally be modeled with a single
node.
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4. Where there is a dominant thermal capacitance, such as a concrete floor in
a zone, the capacitance of other elements such as wallboard and furniture

may be safely ignored.

5. When using layers of thin metal or air with low capacitance next to layers
with a higher thermal capacitance, model the low capacitance layers as a

pure resistance by entering the R-value in the WALLTYPES section.

For walls constructed of multiple layers, the name of each layer is entered in
the WALLTYPES data section with the first layer representing the layer
closest to the user-specified front ZONE. The parameters conductivity,
density, specific heat, thickness, and number of nodes for each layer are

entered in the MASSTYPES data section.

Composite walls, such as a typical wood frame wall with studs and insulation,
may be modeled as two separate walls belonging to the same exterior surface
(Figure 2.3). The user must enter the same exterior surface for each wall, the
same wall height and length, and the percent of the entire wall area that each

wall type occupies.

Inside RI:VaIue Outside
ayer
Inside Wallboard R-Value Outside
layer Layer
Inside Wallboard R-Value Siding Outside
layer Layer layer
Wood
Inside Wallboard layer Siding Outside
layer R-Value layer
Layer
Wallboard Wood Siding
: layer layer layer Outside
Inside ™ [Wallboard R-Value Siding
layer Layer layer

Figure 2-3.

Levels of detail for modeling a wood frame wall
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2.5.5. Trombe Walls

Trombe walls are special walls that passively collect and store thermal energy
from the sun and release it slowly at a later time to the interior zone. They
consist of a massive wall (e.g., brick, concrete, water, or phase-change
material) and a glazing cover to trap the heat. Trombe walls may be vented or
unvented; unvented walls generally give the best performance. Information for
Trombe walls are entered in the TROMBE WALLS and TROMBE TYPES
input sections.

Trombe walls are treated similar to windows in that they are assigned to an
exterior surface, and a wall must also be assigned to this same surface. The
wall must be given the dimensions of the entire surface area, even if the
Trombe wall occupies the whole surface. SUNREL subtracts the area of the
Trombe wall from the area of the wall.

For vented Trombe walls, the vent-area-ratio is the ratio of one row of vent
areas to the total area of the Trombe wall. The vent coefficient is a number
between zero and one that is multiplied by the volumetric flow rate. This
accounts for the flow resistance due to the vents. A value used in other studies
is 0.8; however, the true magnitude of the thermocirculation is controversial.

2.6. Solar Gains

Solar gains through windows and on exterior walls are one of the most
important energy inputs in low-energy buildings. SUNREL treats all solar
gains in great detail.

2.6.1. Exterior Surfaces

The user may define and name exterior SURFACES. Subsequently, walls,
windows, and Trombe walls are defined as belonging to an exterior surface.
The underlying logic is to minimize the geometric input required from the
user. For each exterior surface, the user must enter the azimuth, tilt from
horizontal, height, and length.

2.6.2. Windows

Each window is defined as belonging to an exterior surface and facing an
interior zone. The names of the exterior SURFACE, the interior ZONE, and
the GLAZING TYPE are entered in the WINDOWS data section. The user
must also enter a HEIGHT and LENGTH for each window, which are used to
calculate the window area. The window is located by the horizontal and
vertical distance of the lower left hand corner from the origin of the surface as
viewed from the outside (Figure 2.4). The user may also specify values for the
interior and exterior surface coefficients for the window; if these are not input,
the default values will be used.
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SUNREL has two methods for the treatment of windows. The first assumes
that each window is composed of one or more identical layers of partially
transparent material. The program accounts for all multiple reflection and
absorptance within and between the glazing layers. The user must enter the
following material properties: glazing U-value (surface to surface), extinction
coefficient, index of refraction, layer thickness, and number of layers in the
GLAZINGTYPES data section. An optional shading factor may also be input.

Exterior Surface

Window

T

H

—x —

L,

Figure 2-4. Window size and location on an exterior surface.

< < )

The shading factor (SF) concept used in this program is similar to the shading
coefficient (SC) found in the ASHRAE Handbook of Fundamentals (1993);
however, the numerical values are not the same. The shading coefficient in the
ASHRAE Handbook is defined as the ratio of the solar heat gain through a
given glazing assembly to that of a reference single-pane, double-strength,
clear (DSA) glass (1993). The shading factor used in this program is the ratio
of the solar heat gain through the given assembly to the solar heat gain
through a similar glazing assembly with clear glass of the same thickness. For
glazing systems with only clear glass, the shading factor used is one.
However, for glazing systems with tinted glass or with selective coatings, the
shading factor will have a value less than one.

For example, consider the following fictitious windows: Window A is a triple-
pane window with clear glass and would have a shading factor of one.
Window B is the same as window A, but with a spectrally selective coating on
one of the layers; the shading factor would then be the ratio of the solar heat
gain through window B to that of window A. Or the ratio of the two shading
coefficients as defined in the ASHRAE Handbook of Fundamentals (1993).
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SCa=0.86
SCg=0.75

SFA =0.86/0.86=1.0
SFg =0.75/0.86 = 0.872

The shading factor also allows the user to model the effects of curtains,
venetian blinds, and various types of external shading devices. The shading
factor multiplies the solar heat gain, which is defined as the sum of the
transmitted short-wave radiation, and the inward-flowing fraction of the solar
radiation absorbed in the glazing layers. This parameter can be scheduled, to
allow for solar control during periods of high heat gain.

Some error may be introduced by this method because the shading coefficient
is dependent on the angle of incidence and the environmental conditions, and
it does not include spectrally selective effects. A more accurate model of
windows with other than clear glass was developed by Lawrence Berkeley
Laboratories in WINDOW-4.1 (Arasteh et al. 1994). WINDOW-4.1 calculated
the angular dependent window transmittance and the layer absorptance for
almost any window configuration. The second method of analysis of windows
in SUNREL uses this information from WINDOW 4.1. To use this method,
the user simply enters the name of the WINDOW-4.1 data file under
GLAZINGTYPES. All of the necessary information is included in this file.
These files may either be in the library of glazing types or developed by the
user using the WINDOW-4.1 program. See Appendix C for information on
how to prepare the glazing data file.

2.6.3. Overhangs

Overhangs are assigned to an exterior surface and are defined by the location
of the left-hand corner on the surface, the length, the projection, and the angle
between the surface and the underside of the overhang (Figure 2.5). Shading
of direct and diffuse radiation is determined for the surface and windows on
the surface. Diffuse reflections off the bottom of the surface of the overhang
are also determined, and the user may enter the diffuse reflectivity of this
surface.

2.6.4. Sidefins

In a similar fashion, the user may specify left or right sidefins, or both.
Sidefins are defined by the location of the bottom corner on the surface, the
height, and the projection from the surface. Sidefins are assumed to project
normal to the shaded surface. See the SIDEFINTYPES data section for further
details on sidefins and Figure 2.5 for a diagram showing sidefin dimensions.
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Figure 2-5. Overhang and sidefin dimensions relative to an exterior surface

2.6.5. Skyline Profiles

The program can model the effect of trees, buildings, or other nearby objects
in solar availability at the simulated building site. Skyline profiles are
specified in the RUNS data section and defined in the SKYLINETYPES data
section. Shading due to skyline obstructions is considered before all other
shading effects, and transmitted radiation values are calculated.

2.6.6. External Distribution of Solar Radiation

Solar radiation on the exterior of the building is distributed as shown in Figure
2.6.
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Overhang

Exterior
surface

14

Figure 2-6 . Illustration of exterior distribution of solar radiation

Explanation of Figure 2-6:

N —

NownhkWw

11.
12.
13.

14.

Total horizontal radiation after skyline shading

Direct solar on tilted surface after skyline shading (unshaded by
overhang); calculated by the program

Sky diffuse on tilted surface (unshaded); calculated by the program
Direct solar lost by overhang shading; calculated by the program
Shaded direct solar on tilted surface; calculated by the program
Direct solar and sky diffuse solar incident on the shading device
Shaded sky diffuse solar on tilted surface, calculated by the
program

Diftfuse solar reflected off the shading device incident on the
exterior surface

Ground scattering calculated by the program

. Ground diffuse on tilted surface; calculated by the program. This

might also be reduced by sidefin shading (not shown)

Total shaded diffuse on tilted surface; calculated as (7)+(8)+(10)
Reflection losses; see (14)

Total incident solar see Figure 2.5 for further effects on glazing
systems

Solar absorbed, specified by user for each exterior wall as a
fraction of total incident solar (13).
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2.6.7. Internal Distribution of Solar Radiation

The following parameters affect the magnitude and distribution of solar
radiation in each zone as shown in Figure 2.7:

1. Shading factor for each window in the zone

2. Solar transfer and reverse solar transfer in the INTERZONE data
section

3. Solar to air and solar lost in the ZONES data section.

Each window may have a user-specified shading factor that multiplies solar
heat gain through that window. The solar heat gain has two components: the
short-wave solar transmitted through the window and the inward-flowing
fraction of the solar radiation absorbed in the glazing layers. The inward-
flowing absorbed radiation goes directly to the zone air-temperature node.

The sum of the transmitted short-wave radiation multiplied by the shading
factor over all windows is then adjusted by a solar-lost factor. This factor
accounts for the short-wave radiation reflected back through the glazing and
lost. The solar lost can be thought of as the effective cavity absorptance of the
zone. Typical values vary from 0.05 to 0.10.

If there are multiple zones, any fraction of radiation entering one zone might
be passed to another and vice versa. The user enters these fractions as the
solar transfer and reverse transfer in the INTERZONE data section. This
allows for a crude treatment of the presence of transparent surfaces between
zones.

After accounting for interzone transfers in each zone, a fraction of the
remaining available short-wave radiation may be put immediately into the
zone air-temperature node. This is the solar-to-air variable in the ZONES data
section, and it allows the user to account for that portion of the radiation
absorbed by non-massive objects and converted quickly into heat. Typical
values vary from 0.05 to 0.2.

Two methods are available to determine the amount of solar absorbed by each
wall: the first method allows the program to distribute the radiation over all
walls in a given zone in proportion to their areas; the second method requires
the user to determine the fraction absorbed in each wall. The user thus
controls the relative amounts of radiation received by each wall. The fraction
absorbed by each wall is entered as the solar absorbed for each wall or
Trombe wall. For each zone, the sum of all the solar absorbed for wall
surfaces facing that zone, plus the solar lost, plus the solar to air must equal
one.
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Overhang

Exterior
surface

14

Figure 2-7.  Illustration of interior distribution of solar radiation
Explanation of Figure 2.7:

Total solar incident on window

Reflection losses from glazing layers

Reflection losses from shading device (Shading Factor)
Outward-flowing portion of solar absorbed in glass

Loss of inward-flowing portion of solar absorbed due to shading
device (Shading Factor)

6. Net inward-flowing portion of solar absorbed in glass goes to air

MRS

node

7. Short-wave solar loss to other zones (defined under
INTERZONES)

8. Short-wave solar gain from other zones (defined under
INTERZONES)

9. Short-wave to air node (Solar-to-Air defined under ZONES)
10. Short-wave to mass #1 (Solar Abs defined under WALLS)
11. Short-wave to mass #2

2.7. Equipment

2.7.1. General

When zone temperatures fall above or below the comfort range, equipment
must be brought into operation to maintain comfort, if possible. The user may
define cooling, venting, and heating setpoints and capacities for each zone.
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Equipment operation follows the sequence: fans are operated first, then
rockbins, then venting. Finally, any remaining loads are satisfied, if possible,
by the heating and cooling equipment. By this strategy, the program calculates
the loads on the various types of equipment without going into the details of
particular types of equipment and their associated control systems. Thus, the
program evaluates equipment loads, but not the input energy required to
satisfy those loads by some particular set of equipment and controls.

2.7.2. HVAC

2.7.2.1. Heater

The heater provides heat to a zone as necessary to maintain its heating
setpoint. If the user specifies a maximum capacity for the heater that is too
low at a given moment, heat is added at the maximum rate, and the resulting
zone temperature is calculated. The heater deals only with sensible heat and
does not include any latent heat effects. The heating setpoint and heating
capacity are entered in the HVACTYPES data section. No heating is selected
by leaving heating setpoint at its default value, no entry, or a negative number.

2.7.2.2. Venter

The venter provides for thermostatically controlled exchange of zone air with
outdoor air. The intent is to model two phenomena: first, the venter can be
seen as an economizer cycle for an air-conditioning system, whereby cooling
is achieved by forced ventilation with cooler outside air without activation of
the cooling coils; or the venter can be seen simply as an exhaust fan. The
venter removes heat to maintain a venting setpoint subject to its maximum
capacity whenever the outdoor air is cooler than the indoor air. Note that
natural ventilation is not part of the mechanical equipment algorithms and is
used as a first option to meet cooling loads when it is defined.

The venting setpoint and venting capacity (in air changes per hour) are entered
in the HVACTYPES data section. As for heating, no venting is selected by the
default venting setpoint value of no entry or a negative number.

2.7.2.3. Cooler

The cooler removes heat from a zone as necessary to maintain the cooling
setpoint subject to its maximum capacity. As with the heater, if the capacity is
inadequate, it is operated at the maximum rate, and the resulting zone
conditions are calculated. The cooler is thermostatically controlled and does
not respond to latent loads.

The cooling setpoint and cooling capacity are entered in the HVACTYPES
data section. No cooling is selected by the default cooling setpoint value of no
entry or a negative number.
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2.7.2.4. Latent Heat

SUNREL has limited capabilities for handling latent heat effects. Latent
calculations are made in a similar fashion to those for a variable volume air
system. The cooler is controlled by a dry-bulb thermostat. The sensible
cooling load determines the rate of air flow through the cooler. The air is
cooled to a user-specified cooler-coil temperature and any resulting
dehumidification of the zone air is calculated. The humidity ratio and relative
humidity of the zone air are updated hourly.

The cooler-coil temperature is entered in the HVACTYPES data section. A

typical value is 55°F. Detailed output regarding latent effects is available in
the LATENT HEAT section of the ZONE SUMMARY.

2.7.3. Fans

The user may specify one or more fans between zones. Because fans are
assumed to be unidirectional, the zones may be uniquely labeled as a source
zone (the warmer one) and a sink zone (the cooler one). A sink zone may be
connected to only one source zone by fan; however, a source zone may supply
several sink zones. The operation of a fan may be disabled for one user-
defined season of the year.

The names of the source and sink zones, the name of the FAN TYPE, and the
name of the off-season are entered in the FANS data section. The maximum
capacity (volumetric flow rate), and the minimum temperature differential for
operation are entered in the FANTYPES data section.

Detailed output on fan performance is available in the fan summary output
block.

2.7.4. Rockbins

The rockbin model used in the program is the infinite NTU model developed
at the University of Wisconsin by Pat Hughes and others. It is nearly identical
to the rockbin module in TRNSYS 10 (Hughes et al. 1976). Rockbins are one-
way flow devices in any given operating mode. The source zone provides the
inlet air during the charge cycle, while the sink zone receives the outlet air
during the discharge cycle. A single zone may be specified as both the source
zone and the sink zone for a rockbin.

A rockbin loses or gains heat passively to one user-defined zone and to the
pre-defined zones AMBIENT and GROUND. The names of the source zone,
the sink zone, the ROCKBIN TYPE, the zone for passive losses, and the
values for the passive conductances are entered in the ROCKBINS data
section.
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The user may specify either of two types of air-flow control. In the first type,
air flow is always in the same direction; that is, the inlet is always at the same
physical end of the rockbin.

The second type has reversing flow; that is, the direction of air flow in the
charge mode is opposite to that of the discharge mode. The second type allows
for maximum advantage from stratification of temperature within the rockbin
and generally provides superior performance.

The user must specify the type of flow control, the volumetric heat capacity of
the rockbin, the axial conductance of the rockbin, the length and cross-
sectional area of the rockbin, the names of the FAN TYPES for the charge and
discharge fans, and the name of a user-defined charge off season. These
parameters are entered in the BINTYPES data section. The charge and
discharge fans may be of different types.

Detailed output on rockbin performance is available in the ROCKBIN
SUMMARY output block.

2.7.5. Fan and Rockbin Control Strategy

Fans are modeled as a thermostatically controlled conductance between zones
or between a zone and a rockbin. Each fan has an ideal controller. An ideal
controller is one that delivers the maximum amount of heat from the source to
the sink while obeying the following four constraints: maximum capacity
constraint, minimum temperature difference constraint, maximum energy
available constraint, and maximum energy needed constraint. This requires
the controller to be able to cycle the fan on and off at an arbitrarily high rate
during a time increment. Equivalently, the fan controller can also select the
fan speed between zero and the specified maximum capacity that maximizes
fan performance. The term duty cycle can be thought of as the fraction of time
increment in which the fan is on, or the fraction of full capacity at which the
fan i1s operated. Each fan operates at no more than its specified maximum
capacity; that is, its duty cycle cannot be larger than unity. This is referred to
as the maximum capacity constraint.

Each fan controller has a minimum temperature difference between a source
zone and a sink zone. For the fan to operate, the temperature in the source
zone must be higher than the temperature of the sink zone, plus the specified
minimum temperature difference. This is referred to as the minimum
temperature difference constraint.

In addition, the fan controller interacts with the source- and sink-zone
setpoints in the following ways. The setpoints in each zone must satisfy the
following inequality:

HEATING SETPOINT < VENTING SETPOINT < COOLING SETPOINT
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Note that not all setpoints need be specified. For instance, a zone may have
venting and cooling, but not heating. But all defined setpoints must obey the
above inequalities.

If a heating setpoint is specified for the source zone, the operation of the fan
will not lower the temperature of the source zone below its heating setpoint.
This is referred to as the maximum energy available constraint.

In addition, the fan will not raise the temperature of the sink zone above the
lowest setpoint specified (if any). That is, if the sink zone has a heating
setpoint specified, the fan will not raise the sink-zone temperature above the
heating setpoint. If the sink zone does not have a heating setpoint, but does
have a venting setpoint specified, then the fan will not raise the sink-zone
temperature above the venting setpoint. In the same way, the fan will not raise
the sink-zone temperature above the cooling setpoint, if one is defined. This is
referred to as the maximum energy needed constraint.

If no thermostat setpoints are specified, the fans will operate so as to deliver
the maximum energy from the source zone to the sink zone, subject to the
minimum temperature difference and maximum capacity constraints. Note
that these interactions with HVAC thermostats cause the fans to operate
primarily as a heating device for the sink zone (subject to the constraint of not
causing heating in the source zone), rather than as a cooling device for the
source zone.

Rockbins may be either charging (receiving energy from the source zone) or
discharging (delivering energy to the sink zone) during a time increment, but
not both. When conditions are such that either could occur, the rockbin will
charge (charge priority).

Subject to the four constraints defined above, each zone fan or rockbin fan
will operate to deliver the maximum energy possible, with one exception. The
energy delivered from a rockbin will be limited to the maximum capacity of
the heater, and the temperature of the sink zone will be the same as it would
have been had the rockbin not operated. In particular, note that a rockbin sink
zone must be heated (i.e., a heating setpoint must be specified) for the rockbin
to discharge.

The assumption of ideal control is formulated as a constrained optimization
problem. The four constraints, combined with the restrictions discussed below,
result in a uniquely determined duty cycle for each time increment.

2.7.6. Fan and Rockbin Placement Restrictions

The placement of fans and rockbins is restricted for two reasons. The first is
the complexity of creating a consistent logic within the program for handling
such situations. For instance, should a living room be kept at its cooling
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setpoint by heat delivered from a sunspace, so that excess heat can be moved

from the living room to the bedroom?

A second and related reason is the difficulty in the real-world situation of
devising adequate control of such arrangements, combined with the fact that
need for such complex fan arrangements may indicate that effort would be
better invested in improving the building design. Generally, the restrictions are

intended to avoid the situations diagramed below in Figure 2.8.

= ZoneB ¢ ZoneB
Zone A T Zone A

- Zone C = ZoneC
Fan = 4m=

Figure 2-8. lllegal placement of fans

Specifically, the restrictions are the following:

1.
2.
3.

Note that the restrictions allow a zone to be the source zone for several fans
and rockbins, but limit a zone to be the sink zone for at most one fan or
rockbin. Examples of allowable fan and rockbin placements are shown in

A zone may be the sink zone for at most one fan
A zone may be the sink zone for at most one rockbin

A zone that is the sink zone for a fan may be connected to a
rockbin only if it is (a) both the source zone and the sink zone for
the rockbin, or (b) the sink zone for the rockbin, and the source
zone for the fan is also the source zone for the rockbin

A zone may not be the source zone for one fan and the sink zone
for another fan

A zone that is the source zone for a fan may be the sink zone for a
rockbin, only if it is also the source zone for that rockbin.

Figure 2.9.
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a) Two zone

Zone A|Zone B Zone A[Zone B Zone A|Zone B Zone A|Zone B

- - -
Fan Rockbin Fan/Rockbin Fan/Rockbin
b) Multizone

= Zone B Zone B

Zone A =y ZoneC Zone A =y ZoneC '.,::;;_
-* Zone D -* Zone D
Fans Fans/Rockbin

Figure 2-9. Examples of allowable fan and rockbin placements

2.8. Schedules

Some of the input variables may be scheduled. That is, they can be assigned
different values for each hour of the day or different values for different
seasons of the year. Parameters that may be scheduled are

GROUND REFLECTANCE GROUND TEMPERATURE
INFILTRATION RATE SENSIBLE GAIN

LATENT GAIN SOLAR TRANSFER
REVERSE TRANSFER GLAZING U-VALUE
SHADING FACTOR HEATING SETPOINT
VENTING SETPOINT COOLING SETPOINT

NATURAL VENTILATION SETPOINT

When the name of a schedule in the SCHEDULES section is specified for one
of these parameters, the set of data values contained within the schedule entry
are used for that parameter when the SCHEDULE is active. Otherwise the
constant value or default value is used for that parameter. The SCHEDULE
assigns to the parameter the same data value for a given hour over a
contiguous set of days (a season). SEASONS are defined by a start and stop
date in the SEASONS section. A SCHEDULE may have a different set of
values for different SEASONS (i.e., different times of the year). For example,
the heating setpoint may have one set of values during the winter and another
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during the summer. The input data sections for SCHEDULES and SEASONS
explains in detail how to define SCHEDULES and SEASONS along with
examples.

2.9. Output

The method of specifying output is designed to allow the user the maximum
amount of flexibility regarding the level of detail for various components of
the building. The possible outputs are given in detail in Appendix A. The
output is divided into blocks organized around the major thermal components
of the building. The complete building description used for the simulation is
also echoed in the output.

The output specification section will have one or more lines specifying the
block of output data desired, the timestep for the output, the season for that
output desired, the units (English or Metric) desired, the element of a given
type for output desired (for instance, the third of six walls), the Page or Output
Data Section in the block desired, and the type of format for the output file.
The standard output file format includes an echo of the building description
and headers for each output section. The name of this file is the input file
name with a “.out” extension. A second file format is a tab-delimited file with
no headers that may be imported into a spreadsheet program. This file type
contains only one output section per file for up to nine files and are named
with extensions ".dt1" through ".dt9." Output summaries will be created in the
file in the order in which they are specified.

For the convenience of the users, a standard output specification is defined
and will be automatically produced if no values are entered in the Output Data
Section. This output will consist of monthly and run-length summaries for the
AMBIENT and BUILDING output data blocks. All output pages for these
blocks will be produced in the units in which the building description was
entered. The format will include headers describing each variable and its
units.

As an example, suppose that the user desired to run the building for a full year
with monthly summaries for the AMBIENT, BUILDING, and ZONES output
blocks. In addition, hourly output is desired for the zone and outdoor
temperatures for July 15. The user would define a season for the day of July
15. In the output data section, the user would then enter the following:

&OUTPUT

OUTTYPE = 'AMBIENT' 'BUILDING' 'ZONES''
'"AMBIENT' 'ZONES'

PERIOD = 'M! 'M! 'M! 'H' 'H'

OUTUNITS = 'E' 'E' 'E' 'E' 'E'

OUTSEASON='ALL' 'ALL' 'ALL' 'JUL15' 'JUL15'

IOPAGE = -1 -1 -1 1 7
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3. Building Description Input File

3.1. General

SUNREL uses the FORTRAN Namelist structure for the input of the building
description variables. This input structure allows the program to be extremely
flexible for future changes and provides an excellent format for bridge files to
graphical user interfaces. A description of the Namelist format as it applies to
SUNREL is given in Section 3.2. Consult a FORTRAN language reference for
more information. The last section covers each input section and all of the
variables in detail.

3.2. Description of Namelist Input

The Namelist format allows variables of a similar function to be grouped
together. For example, all of the variables describing windows are in a group
called WINDOWS. The SUNREL input file has 26 groups or input sections.
The following rules apply to the input files:

1. Every input section must appear in the input file, but may appear in
any order. Every section must begin with an "&" followed by the
section name (case is not important) and end with "/." Only the
allowed variable names followed by an equals sign and their values
may appear within each input section. Comments may be placed
between the different input sections.

2. All variables are arrays of length equal to the maximum number
given at the beginning of each input section. Variable names of
each section may appear in any order and may appear more than
once between the section name and the "/." Not all of the variable
names have to appear in the input file; those values that are not
required may be left out. If the default value is desired, the
variables may be omitted. Variable names are case insensitive.

3. The program assigns values to successive elements in the arrays
starting with the element specified or the first element of the array
if none is specified. If there is more than one input value, they
must be delimited by spaces or commas.

4. All character strings must be enclosed in single quotes. All user
names are case sensitive; therefore, a wall type referenced under
WALLS must match exactly one of the wall type names under
WALLTYPES. SUNREL keywords, such as month names or "yes"
and "no," are not case sensitive. For example: jan, JAN, or Jan are
all equivalent. All months are three characters long; all yes/no
questions and units (English or metric) may be input as one letter
(i.e.,"y","n", "e," or "m"). All user-defined character variables
have a maximum length of 10 characters. Exceptions to this rule
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are the station name and weather data file name, which are limited
to 100 characters, and the run label, which may be 30 characters
long. Character variables may exceed the maximum length limit;
however, extra letters will be ignored by the program.

Values may be entered for any element in the arrays, but should
start with the first element. Values that are repeated may be entered
using an "*" and the number of repeating values. (e.g., 3*0.3 is the
same as 0.3, 0.3, 0.3).

If a constant value and a schedule are entered for the same variable
(i.e., grefl and grelscd), the schedule will override the constant
value when the schedule is in affect, otherwise the constant or the
default value will be used.

The solar radiation that enters a zone is divided into components
through user-defined constants. These constants are the solar
absorbed by the walls in a zone: WFSOLABS for the front side
and WBSOLARBS for the back side of an interior wall; the
interzone solar transfer and reverse transfer: [ZSOLTRN and
IZREVTRN; the solar radiation absorbed by the zone air node:
SOL2AIR; and the solar radiation lost from the zone through the
window: SOLLOST. All of these values vary between zero and
one, and their sum for each zone must equal one to account for all
the solar radiation in the zone.

The default values are shown in "[ ]," the units and acceptable
inputs are listed in "()." Some variables have "default = negative
number." This flag alerts the program to perform some calculations
or set the default to different values depending on the input. The
default values are explained below and, if they are desired, any
negative number (or no input) may be used to activate the default
values in the program.

Examples of input:

#1 Correct input

&ZONES
zonename = 'living' 'sunspace' 'upstairs'
zhgt = 2.3 2.3 3.0
/
#2 Correct input
&zZones
zonename (1) = 'living' 'sunspace'
zonename (3) = 'upstairs'
zhgt = 2*%*2.3 3.0
/
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E N

#3 Incorrect input

&ZONES

zonename = 'living' 'sunspace'
zhgt = 2.3 2.3

zonename = 'upstairs'

zhgt = 3.0

/

The first two examples will produce the same correct result. In the third
example, the program will write over the zone name "living" and the first zone
height of 2.3 with zone name "upstairs" and height of 3.0.

Each of the SUNREL input section and the variables are defined below

* Indicates a required input.

&RUNS (max RUNS =5)

LABEL = Run label (30 characters maximum).

STATION = User name of the station defined in the STATIONS
section (100 characters maximum).

GREFL = Ground reflectance. [0.3]

GREFSCD = User name of ground reflectance schedule.

GTEMP = Ground temperature. [S0°F, 10°C]

GTEMPSCD = User name of ground temperature schedule.

RSTRTMN = Starting month of the run (jan, feb, ...). [JAN]

RSTRTDY = Day of the month to start the run. [1]

RSTOPMN = Stopping month of the run. [DEC]

RSTOPDY = Day of the month to stop the run. [31]

SKYLINE = User name of the skyline defined in the SKYLINES
section.

PARAM = User name of the parameters defined under the
PARAMETER section. Not required, to use default
values leave blank or input "default."

RUNITS = Units used for the input (English, E, or Metric, M). [M]

DDTYPE = Type of degree day calculations (US or EURO) [US]

/

&ZONES (max ZONES = 100)

ZONENAME = User name of the zone (10 characters maximum).

ZAREA = Zone floor area (m?, ft%).

ZHGT = Zone height (m, ft). The zone area and height are used to

determine the zone volume.

Height of the bottom of the zone above the building
origin (m or ft). Used to determine the stack effect for
infiltration if an effective leakage area is input for
ZLEAK. [0.0]

ZONEZ
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ZACH = Fixed zone infiltration rate with the ambient air. (air-
changes/hour). [0.0]

ZINFSCD = User name of the infiltration schedule for zach defined
under SCHEDULES.

ZLEAK = Effective leakage area for infiltration as determined by

blower door tests or estimated from experience (cm” or
in.%). If this is input, infiltration will vary with the
temperature differences and wind pressures on the zone.
This will override any value input for ZACH [0.0]

SOL2AIR = Fraction of the total solar available in the zone that goes
directly to the air node. This accounts for the solar
radiation that is absorbed by light weight objects in the
room and immediately emitted to the air in the zone.
Typical values range from 0.05 to 0.1. [0.0]

SOLLOST = Fraction of the total solar available in the zone that is lost
from the system or the cavity albedo. A typical value is
around 0.05, although it may be much higher if the zone
has a very low solar absorptivity. [0.0]

GAINSENS = Rate of sensible heat gain from internal sources (kW,
kBTU/hr). This accounts for heat gains from people,
appliances, lights, etc. [0.0]

SENSSCD = User name of the sensible heat gain schedule defined
under SCHEDULES.
GAINLAT = Rate of latent heat gain from internal sources (kW,

kBTU/hr). This is a load on the zone due to moisture
added to air. [0.0]

LATSCD = User name of the latent heat gain schedule defined under
SCHEDULES.

/

&INTERZONES (max INTERZONES = 100)

IZSRCZONE = User name of the source zone defined under the
ZONES section.

User name of the sink zone defined under the ZONES
section or one of the keywords "AMBIENT" or
"GROUND." If "AMBIENT" or "GROUND" is
defined then only the conduction term is considered
(i.e., the terms izsoltrn and izrevtrn are ignored).
Thermal conductance between the zones. May be used
to approximate conduction or convection. (W/°C,
BTU/hr-°F) [0.0]

Fraction of total transmitted solar radiation into the
source zone that is transferred to the sink zone. This
may account for transparent surfaces between the
zones, such as windows. [0.0]

User name of the interzone solar transfer schedule
defined under SCHEDULES.

[ZSINKZONE

IZCONDCOEF

IZSOLTRN

I[ZSOLTRNSCD
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IZREVTRN = Fraction of total transmitted solar radiation into the
sink zone that is transferred to the source zone. [0.0]

IZREVTRNSED = User name of the reverse interzone solar transfer
schedule defined under SCHEDULES.

/

&WINDOWS (max WINDOWS = 200)

WINZONE = User name of the interior zone defined under ZONES.

WEXTSURF = User name of the exterior surface defined under

SURFACES that the window is located on.

GLAZTYPE = User name of the glazing type defined under
GLAZINGTYPES.

WINHGT = Window height (m, ft). [1.0]

WINLONG = Window length (m, ft). [1.0]

WINX = Horizontal distance from the lower left hand corner of
the exterior surface to the lower left hand corner of the
window looking from the exterior of the building. This is
only important if overhangs or sidefins are used (m, ft).
See Figure 2.4 for diagram of the window placement.
[0.0]

WINY = Same as winx except for the vertical distance.

HWININ = Combined convective and radiative inner surface heat
transfer coefficient for the window [8.28 W/m?*-°C or
1.46 BTU/hr-ft*-°F].

HWINOUT = Combined convective and radiative exterior surface heat
transfer coefficient for the window. [29.0 W/m?-°C or
5.11 BTU/hr-ft*-°F]

FRAMEPCNT = Percent of the overall window area that is occupied by
window frame. This is used to reduce the window area
for transmission of solar radiation only and not for heat
conduction calculations (0 to 100). [0.0]

/

&WALLS (max WALLS = 200)

WALLTYPE = User name of the wall type defined under WALLTYPES.

WALLKIND = One of the following key words "wall", "floor," or

"ceiling." Floors and ceilings must be horizontal,
everything else is considered a wall. Only used for
calculation of interzonal infiltration through interior
walls if a value for ZLEAK is input. [WALL]

WALLHGT Overall wall height [1.0 m or 1.0 ft].

WALLONG Overall wall length [1.0 m or 1.0 ft].

WALLPERCENT = Percent of the opaque wall area occupied by this wall
construction. This allows for the modeling of stud and
cavity walls. A maximum of two wall constructions are
allowed on one surface, and the percentages must add
up to 100. See example below. (0 to 100) [100]
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FINTLEAK = Percent of the total zone effective leakage area (ZLEAK)
for this wall. Used for interior walls only, ignored for
exterior walls. Exterior wall leakage is input using
FLEAK under SURFACES. (0 to 100) [default =
negative number, calculates leakage by area]

* WFRNTZONE = User name of the interior or front zone defined under
ZONES.
WFRNTH = A fixed value that represents the combined convective

and radiative heat transfer coefficient for the interior or
front side of the wall. [for default input negative number,
8.28W/m*°C or 1.46 BTU/hr-ft*-°F]

WFSOLABS = Fraction of the total solar available in the zone that is
absorbed in the front side of the wall. [for default input
negative number, fraction of the total zone surface area]

* WBACKZONE = User name of the back zone defined under ZONES, the
name of the exterior surface defined under SURFACES,
or one the keywords "AMBIENT" or "GROUND." May
define the same zone for the front and the backside of the
wall. In order to perform detailed infiltration or solar
calculations, exterior walls must have a surface assigned
to them. May define up to two walls for one surface to
model composite type walls (i.e., stud and cavity wall in
the example below).

WBACKH = Same as wirnth for the backside of the wall. [for default
input negative number, interior walls same as wfrnth,
exterior walls 29.0 W/m*-°C, 5.11 BTU/hr-ft>-°F]

WBSOLABS = Same as wfsolabs for interior walls or the solar
absorptivity for exterior walls on a defined exterior
surface. Ignored if "AMBIENT" or "GROUND" is
specified for wbackzone. [for default input negative
number, for exterior surfaces default = 0.6, for interior
surfaces default = fraction of the total zone surface area]

/

Example input for a stud/insulated wall
&WALLS
walltype = 'stud' 'cavity!
wirntzone = 'house' 'house'
wbackzone = 'south' 'south'
wallhgt = 2.5 2.5
wallong = 10.0 10.0
wallpercent = 15.0 85.0
/

&TROMBEWALLS (max TROMBEWALLS = 10)
TWINZONE = User name of the interior zone defined under ZONES.
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TWEXTSURF = User name of the exterior surface defined under
SURFACES. There MUST also be a WALL with the
dimensions of the entire surface assigned to surfaces that
have Trombe walls, even if the Trombe wall occupies the
entire area of the surface.

TWTYPE = User name of the Trombe wall type defined under
TROMBETYPES.
TWHIN = A fixed value that represents the combined convective

and radiative heat transfer coefficient for the interior
surface of the Trombe wall. [for default input negative
number, 8.28 W/m?-°C or 1.46 BTU/hr-ft*-°F]

TWHWINOUT = A fixed value that represents the combined convective
and radiative heat transfer coefficient for the exterior
surface of the Trombe wall glazing. [for default input
negative number, 29.0 W/m>-°C or 5.11 BTU/hr-ft>-°F]

TWINSOLABS = Fraction of the total solar available in the interior zone
that is absorbed in the interior surface of the Trombe
wall. [for default input negative number, percent of the
total zone surface area]

TWHGT = Trombe wall height (m, ft). [1.0]
TWLONG = Trombe wall length (m, ft). [1.0]
TWX = The x-coordinate of the lower left hand corner of the

Trombe wall relative to the origin of the surface. Similar
to WINX for windows. [0.0]

TWY = Same as TWX for the y-coordinate.

/

&FANS (max FANS = 50)

FSINKZONE = User name of the sink zone (where the fan delivers the
warm air) for the fan defined under ZONES.

FSRCZONE = User name of the source zone (where the fan draws the
warm from) for the fan defined under ZONES.

FANTYPE = User name of the fan type defined under FANTYPES.

FOFFSEASON = User name of the fan off season defined under
SEASONS. [none]

/

&ROCKBINS (max ROCKBINS = 5)

RBINSINK = User name of the sink zone (where the rockbin delivers
warm air) for the rockbin defined under ZONES.

RBINSRC = User name of the source zone (where the rockbin draws

warm air from) defined under ZONES. See section 1.7.6
for the restrictions on placement of rockbins.

RBINTYPE = User name of the rockbin type defined under
BINTYPES.
RBINZONE = User name of the zone for passive heat losses from the

rockbin defined under ZONES. [none]
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UBINZONE = Heat transfer coefficient for passive heat losses to the
zone defined as rbinzone. [0.0 W/°C or 0.0 BTU/hr-°F]

UBINAMB = Same as ubinzone for losses to the "ABMBIENT" zone.

UBINGND = Same as ubinzone for losses to the "GROUND" zone.

/

&SURFACES (max SURFACES = 100)

NAMESURF = User name of the surface.

SURFAZIM = Surface azimuthal angle in degrees. (north = 0, east = 90,
south = 180 and west = 270) [180.0]

SURFTILT = Surface tilt angle from the horizontal in degrees. [90.0]

SURFZ = Height of the bottom edge of the surface above the zone

origin. This is only used for detailed infiltration
calculations or natural ventilation is simulated. [0]

FLEAK = Percent of the total zone leakage that is in this surface.
The total for all surfaces and interior walls for each zone
must add to 100. This is only used for detailed infiltration
calculations if a value for ZLEAK is input. [negative
number allows percentage to be determined by area]

PRESSCOEF = Constant wind pressure coefficient. This is only used for
detailed infiltration calculations if a value for ZLEAK is
input or if natural ventilation is simulated. [no input or -
999 allows this to be calculated hour by hour with the
wind speed and direction. ]

/

&HVACTYPES (max HVACTYPES = 100)

HVACZONE = User name of the zone defined under ZONES for the
HVAC system.

HEATSET = The heating thermostat setpoint. If no setpoint is

specified then no heating is simulated for this system.
(°C or °F) [negative number or no input for no heating]

HSETSCD = User name of the heating setpoint schedule defined under
the SCHEDULES section. [none]

VENTSET = Same as heatset except for venting.

VSETSCD = Same as hsetscd except for venting.

COOLSET = Same as heatset except for cooling.

CSETSCD = Same as hsetscd except for cooling.

HEATRATE = Maximum heating capacity of the HVAC system, if not

specified then the system has adequate capacity to meet
all heating loads. (kW or kBTU/hr) [no input or negative
number for adequate capacity]

VENTRATE = Maximum venting capacity of the HVAC system, if not
specified then the system has adequate capacity to meet
all venting loads when the ambient temperature is cooler
than the zone temperature. (ACH) [no input or negative
number for adequate capacity]
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COOLRATE = Same as heatrate except for cooling.

COILTEMP = Temperature of the coiling coil. Used for modeling the
interactions of the cooling equipment with latent loads.
[12.8°C or 55.0°F]

&NATURALVENT (max NATURALVENT = 50, max vents per zone = 10)

VENTSURF = User name of the exterior surface that contains the vent
opening.
NVENTSET = Setpoint temperature to control the opening and closing

of the vents. Natural ventilation will be used if the zone
air temperature is above this temperature provided the
minimum delta-T requirement is also met (see
VMINDT)[22°C or 72°F].

NVENTSCD = User name of the schedule controlling the natural
ventilation setpoint. To ensure that the vents stay closed
at certain times of the year, schedule the setpoint
artificially high (e.g., 200°F).

VMINDT = Minimum inside-outside temperature difference for vent
operation. For example, if (Tzone - Tamb) >= vmindt and
Tzone > nventset then, the vent will be open. [1°C or

2°F]

VENTY = Vertical distance from the bottom of the surface to the
bottom of the vent opening. (m or ft) [0.0]

VENTHGT = Height of the vent opening. (m or ft) [1.0]

VENTAREA = Effective vent opening area. (m” or ft%)

VENTCD = Discharge coefficient for the vent opening. It is strongly

recommended that the default values are used. See
section 2.3.2 for a more detailed description. [0.6]

VENTEXP = Flow exponent for the mass flow rate through the
opening. It is strongly recommended that the default
values are used. See section 2.3.2 for a more detailed
description. [0.5]

&TROMBETYPES (max TROMBETYPES = 10)

NAMETRMTYPE = User name of the Trombe wall type.

TWWALLTYPE = User name of the wall type used for the Trombe wall type
defined under WALLTYPES.

TWGLZTYPE = User name of the glazing type used for the Trombe wall
type defined under GLAZINGTYPES.
VENTOH = Indicates whether the vents will allow overheating of the

zone (i.e., an answer of yes indicates that the vents do not
close and will allow the Trombe wall thermocirculation
to overheat the zone). (Y or N) [Y]

37



SUNREL

TWHOUT = Combined convective and radiative heat transfer
coefficient for the exterior surface of the Trombe wall
type (i.e. the surface between the Trombe wall and the
glazing). [8.28W/m?-°C or 1.46 BTU/hr-ft*-°F]

TWHWININ = Combined convective and radiative heat transfer
coefficient for the interior surface of the Trombe wall
glazing. [8.28W/m*°C or 1.46 BTU/hr-ft*-°F]

TWABS = Solar absorptivity of the exterior Trombe wall
surface.[0.9]
VENTRATIO = Area of one row of vents (top and bottom must be of

equal area) divided by the total area of the Trombe wall.
For an unvented Trombe wall set this value to zero. [0.0]

VENTSPRTN = Distance from the bottom row of vents to the top row of
vents. (m or ft) [0.0]
VENTCOEF = Dimensionless multiplier specifying the resistance to the

thermocirculation air flow through the vent openings. A
value between 0.2 and 0.8 are recommended. [0.0]
/

&WALLTYPES (max WALLTYPES = 100, max layers per wall type = 10)

NAMEWALLTYPE = User name of the wall type.

WALLAYER (layer#,walltype#) = Wall types are built up as layers starting
from the inside and working out, up to 10 layers. The
layers are the user names of MASSTYPES or
PCMTYPES, or may be entered as a resistance value
(e.g., "R-10"). If an R-value is entered, no thermal
capacitance is simulated for that layer.

For example, if wall type 1 has three layers, wall type 2
has two layers and wall type 3 only one layer, it may be
input as shown below.

WALLAYER(1,1) ="drywall" "concrete" "siding"
WALLAYER(1,2) ="drywall" "R-20"
WALLAYER(1,3) ="R-10"

/

&MASSTYPES (max MASSTYPES = 100)

NAMEMASSTYPE = User name of the mass type. The use of "R-" for the
first two letters should be avoided, as this is reserved for
defining a pure resistance wall in WALLTYPES.

MASSCOND = Thermal conductivity of the mass type. (W/m-°C,
BTU/hr-ft-°F) [a negative number signifies infinite
conductivity and only one mass node is used in the
simulation]

MASSDENS = Density of the material. [1.0 kg/m® or 1.0 Ib/ft’]
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MASSCP = Specific heat of the material (kJ/kg-°C, 1.0 BTU/Ib-°F)
[1.0].
MASSTHICK = Thickness of the mass (m, ft) [1.0].

MASSNODES = Number of mass nodes. For the default value of
conductivity, infinite, this value is ignored and one node
is simulated. [1]

&PCMTYPES (max PCMTYPES = 10)
NAMEPCMTYPE = User name of the phase change material (PCM) type.

PCMCOND = Thermal conductivity of the PCM. Default allows infinite
conductivity. (W/m-°C or BTU/hr-ft-°F) [negative
number]

PCMDENS = Density of the PCM (kg/m3, Ib/ft3) [1.0].

PCMCP = Specific heat of the PCM (kJ/kg-°C, BTU/Ib-°F) [1.0].

PCMTHICK = Thickness of the PCM (m, ft) [1.0].

HOFUS = Heat of fusion of the PCM (kJ/kg, BTU/Ib) [1.0].

TMELT = Melting temperature of the PCM. [26.7°C or 80.0°F]

/

Note that one mass node is used to simulate the PCM types.

&GLAZINGTYPES (max GLAZINGTYPES = 50, max glazing layers = 10,
max switchable glazing types = 5, max switchable
glazing property sets = 10)

NAMEGLZTYPE = User name of the glazing type (10 characters allowed).

GLZFILE = Name of file containing WINDOW 4.1 data for the
glazing type (100 characters maximum). If this is input
then the glazing U-value, extinction coefficient, index of
refraction, and glazing layer thickness are ignored and do
not need to be input. This file must exist in the same
directory as the executable file.

UGLAZ = The glazing U-value (surface to surface, not including air
film resistance). Ignored if glazing data file used. [5.67
W/m?-°C or 1.0 BTU/ft*hr-°F]

UGLZSCD = User name of the glazing U-value schedule to simulate
removable insulation. This value may be used if a glazing
data file is used; it will override the U-value from the
glazing data file.

SHADFACT = Shading factor for the glazing system. Used for windows
with non-clear glass or to simulate the reduction in
transmitted radiation due to internal shading devices,
such as blinds. Note that this is not the same as the
shading coefficient as described in the ASHRAE
Handbook of Fundamentals. See section 1.6.2 for a more
detailed description. This value should not be used if a
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glazing data file is used unless an interior shading device
is being modeled. [1.0]
SHDFACTSCD = User name of the shading factor schedule.

GEXTINCT = Extinction coefficient of the glazing material. Ignored if
glazing data file used. [0.0197 1/mm or 0.50 1/in.]

REFINDEX = Index of refraction of the glazing material. Ignored if
glazing data file used. [1.526]

GLZTHICK = Thickness of the glazing layers. Ignored if glazing data
file used. [3.0 mm or 0.125 in.]

NGLAY = Number of glazing layers. Ignored if glazing data file
used. [1]

/

&ROCKBINTYPES (max ROCKBINTYPES = 5)
NAMEBINTYPE = User name of the rockbin.

BIDIR = Indicates whether air flow through the rockbin is
bidirectional ("y" or "n"). ["Y"]

RBINLONG = Length of the rockbin. [1.0 m or 1.0 ft]

RBINAREA = Cross-sectional area of the rockbin. [1.0 m?® or 1.0 ft*]

RBINHTCAP = Heat capacitance of the rockbin per unit volume of the

rockbin. [1.0 kJ/m?-°C or 1.0 BTU/ft’-°F]

RBINAXCOND = Effective axial conductance of the rockbin. Allows the
rockbin to de-stratify during periods of no flow. [0.0
W/m-°C or 0.0 BTU/hr-ft-°F]

CHFANTYPE = User name of the fan used for charging the rockbin.
[none]

DSCHFANTYPE = User name of the fan used for discharging the rockbin.
[none]

RBINOFFSEA = User name of the season during which the rockbin is not
charged. [no offseason]
/

&FANTYPES (max FANTYPES = 50)

NAMEFANTYPE = User name of the fan type.

FANFLOW = Maximum volumetric flow rate. [1.0 m’/hr or 1.0 CFM]

FMINDT = Minimum temperature difference between the sink zone
and the source zone for fan operation. This will allow the
fan to only be operated when it will pay for itself (i.e.,
when the energy delivered by the fan is greater than the
energy to operate the fan). [0.0°C or 0.0°F]
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&OVERHANGTYPES (max OVERHANGTYPES = 50)

OHSURFACE = Name of the surface which the overhang is on defined
under the SURFACES section.
OHX = X-coordinate of the furthest left hand point of the

overhang. The inside edge of the overhang must be in the
surface plane, but it does not have to be within the
surface area. See Figure 2.5 for an example. [0.0 m or 0.0

ft]

OHY = Y-coordinate of the inside edge of the overhang. (m or ft)
[surface height]

OHPROIJ = Projection from the surface to the outside edge of the
overhang measured along the overhang.(m or ft)

OHLONG = Length of the overhang. (m or ft) [surface length]

OHTILT = The angle between the surface and the bottom side of the
overhang. (0 < ohtilt < 180) [90 degrees]

OHRHO = Diffuse reflectivity of the bottom side of the overhang.
[0.6]

/

&SIDEFINTYPES (max SIDEFINTYPES = 50)

SFSURFACE = Name of the surface which the sidefin is on defined under
the SURFACES section.
SFX = X-coordinate of the sidefin relative to the lower left hand

corner of the surface. The inside edge of sidefins must be
in the surface plane, but the sidefin does not have to be
within the surface area. See Figure 2.5 for an example.

[0.0 m or 0.0 ft]
SFY = Y-coordinate of the bottom of the sidefin relative to the
lower left hand corner of the surface. [0.0 m or 0.0 ft]
SFPROJ = Projection from the surface plane to the outside edge of
the sidefin measured along the sidefin. (m or ft)
SFHGT = Height of the sidefin. (m or ft) [height of the surface]
SFRHO = The diffuse reflectivity of the sidefin. [0.6]

/

&SKYLINETYPES (max SKYLINETYPES =5)

NAMESKYLINE = User name of the skyline type.

HORIZON(profile, skyline type number) = The horizon is split up into 11
sections (profiles) centered around due south. Horizon is
the altitude angle in degrees of the skyline at each of
these eleven azimuthal angles. [0.0 for all values]
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The following are examples of two skyline types. The azimuthal angles and
the directions are given for reference.

East South West

100 806040200 20406080100
Horizon(1,1) =0 1010152030352015100
Horizon(1,2) =0 5 1010302010105 0 O

&OUTPUT (max OUTPUT s = 100)

OUTTYPE = Indicates the output section printed. One of the SUNREL
keywords: "ALL," "AMBIENT," "BUILDING,"
"ZONES," "WINDOWS," "WALLS," "SURFACES,"
"FANS," "ROCKBINS," or "TROMBES." ["ALL"]

PERIOD = Time period for reporting. ("H" for hourly, "D" for daily,
"M" for monthly). ["M"]

OUTUNITS = The units desired for the output. This can be different
from the run units. ("M" for metric or "E" for English).
[UM"]

OUTSEASON = User name of the output season defined under

SEASONS. Default value produces output at the period
specified under "period" for the length of the run.
["ALL"]

I0COMP = The number of a building component for the section
listed under OUTTYPE, if allowed to default then output
for all of the components defined in that section will be
printed. For example, if "WINDOWS" is entered for
OUTTYPE and there are five windows defined, but
output is only desired for the third window then enter 3
for [IOCOMP. [negative number or no input for all]

IOPAGE = The page number of the desired output for OUTTYPE.
To have all of the pages output do not input a value or
input a negative number. See Appendix A for a
description of the pages for each output type.

FRMT = Indicates whether the output file will be printed with or
without headers. Files with no headers may be easily
imported into spread sheet programs. Only one set of
data should be written to a file with no headers. There are
a maximum of nine files available for no header output

with the extensions ".dt1," ".dt2," ... ".dt9." See
Appendix A for a more detailed explanation. ("Y" or
HN") [HY"]
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&SCHEDULES (max SCHEDULES = 500)

NAMESCHEDULE = User name of the schedule (10 characters allowed).

SCHDSEASON = User name of the season for the schedule defined under
SEASONS.

SCHDL(hour, schedule number) = Values used for the schedule at each hour of
the day starting with 1 and ending with 24. Do not
exceed 24 inputs (hours) for a particular schedule, as the
program will assign any values past 24 to the next
schedule.

The following are two example of schedules for a heating setpoint using the
long form of input. Schedule number one has a night set-back to 65°F and
schedule two is constant at 65°F.

schdl(1,1) 65 65 65 65 65 65 65

schdl (8,1) 72 72 72 72 72 72 72 72 72 72 72
schdl (19,1) = 65 65 65 65 65 65

shhdl (1,2) = 65 65 65 65 65 65 65 65 65 65 65
65 65 65 65 65 65 65 65 65 65 65 65 65

The following are the same two schedules as above, but using the multiplier to
shorten the input.

schdl (1,1) 7*65 11*72 6*65
schdl (1,2) = 24*65

&SEASONS (max SEASONS = 500)
NAMESEASON = User name of the season (10 characters allowed).

SEASTRTMN = Starting month of the season (jan, feb, mar, ...)
SEASTRTDY = Starting day of starting month of the season.
SEASTOPMN = Stopping month of the season (jan, feb, mar, ...)
SEASTOPDY = Stopping day of stopping month of the season.

DAYOFWEEK = Specifies the days of the week that the season applies to.
("M-F" = Monday through Friday, "S-S" = Saturday and
Sunday or "ALL") ["ALL"]
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&PARAMETERS (max PARAMETERS = 5)
NAMEPARAM = User name of the parameter set .

IZMAX = Maximum number of iterations allowed for the zone
energy balance calculation. [50]

ZONECONV = Convergence criteria for zone air temperature. [0.05°C,
0.1°F]

ITMAX = Maximum number of iterations allowed for the Trombe
wall air gap temperature calculation. [50]

TWCONV = Convergence criteria for the Trombe wall air gap
temperature. [0.05°C, 0.1°F]

IGMAX = Maximum number of iterations allowed for the

calculation of the temperature of the switchable glazing
layer if defined. [50]

GLZCONV = Convergence criteria for the switchable glazing layer
temperature expressed as a percent value and not an
absolute temperature. [1.0%]

INFMAX = Maximum number of iterations allowed for the
infiltration/natural ventilation mass balance. [50]

INFCONV = Convergence criteria for the infiltration calculations.
Expressed as a percent. [0.1%]

FLWEXP = Flow exponent used for infiltration calculations. [0.5]

TZERO = Temperature used to initialize all node temperatures.
[18.3°C, 65.0°F]

HDDBASE = Base temperature used for determining the number of
heating degree days. [18.0°C, 65.0°F]

CDDBASE = Same as hddbase except for cooling degree days.

[25.0°C, 75.0°F for DDTYPE = EURO]
HDDAMBIENT = Lower temperature limit to begin calculating heating
degree days for the European method. In other words,
when Tdayavg falls below HDDAMBIENT, the degree
days are calculated as (HDDBASE - Tdayavg), where,
Tdayavg is the average daily temperature. [12.0°C,

55.0°F].

CDDAMBIENT = Same as HDDAMBIENT for cooling. [30.0°C, 85.0°F]

JANI = Day of the week for Jan 1 (1 = Monday, 2 = Tuesday ...
7) (1]

DIFAN = Angle of incidence for diffuse radiation calculations.
[60.0]

HGTWINDMET = Height of meteorological wind speed measurements [10
m or 33 ft]

WUDAYS = Number of times to repeat the first days calculations to

warm-up the building. This allows the temperatures in
the building to reach equilibrium before beginning the
simulation. (>=0) [10]
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&STATIONS (max STATIONS = 10)
NAMESTATION = User name of the station (100 characters allowed).

SITELAT = Latitude of the station in degrees. [no default]

SITELONG = Longitude of the station in degrees. [no default] {not
presently used for any calculations in SUNREL}

ELEV = Elevation of the station above sea level. [0.0 m, 0.0 ft]

TERRAIN = Terrain classification, see Table 4.2 for an explanation of
each class. (1 through 5) [3]

SHIELD = Local shielding classification, see Table 4.3 for an

explanation of each class. (1 through 5) [3]
WEATHERFILE = Name of the weather data file (12 characters allowed)
WEATYPE = Weather file type ("TMY," "TMY2," "BLAST," or
"SUNREL"). See the appendix for a description of the
file formats. ["TMY"]

WSTRTMN = Starting month of the weather file. ["JAN"] {not used for
BLAST weather files}

WSTRTDY = First day of the starting month of the weather file.

WSTOPMN = Stopping month of the weather file. ["DEC"] {not used
for BLAS