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PREFACE

A comprehensive technical computer software, the HVAC program, for the
professional purpose of building load calculation, was previously developed by Castelino,
a former graduate student in Mechanical and Aerospace Engineening Department,
Oklahoma State University. The program is designed under the Microsoft Windows™
environment and has a friendly user interface. The program can perform a series of basic
calculations on design day cooling Joads, heating loads, space heat extraction rates and
space air temperatures of a building defined by the user.

For design day cooling load calculation, the transfer function method which was
introduced by Stephenson and Mitilas (1967), was used as the major methodology in the
load calculation procedures. To expand the capability of this program based on the
existing version, further work has been done in this project to add annual simulation
procedures to the program. The results from annual building load simulation is useful to
analyze HVAC system annual energy cénsumption.

The results comparison between the HVAC program and other professional
programs, which are considered as state-of-the-art, has also been done during this project.
The simulation results carried out by the HVAC program is found to be acceptable for
general engineering purposes in the field of HVAC.

I wish to express my sincere appreciation to my major advisor, Dr. Jeffrey D.
Spitler for his intelligent guidance, patience, encouragement and friendship during the
entire period of this project. [ would also like to thank Dr. Ronald D. Delahoussaye for
his invaluable advice, assistance and suggestions on the computer programming. My
sincere appreciation extends to Dr. Faye McQuiston for serving on my committee. His

contnibution on the revised Transfer Function Method 1s remarkable in this thesis work. |
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appreciate the help from all of my colleagues and friends, A. Manickam, J. Charles
Bethea, C. Yavuzturk and Ojas, Wadivkar.

Finally, I would like to give my special thanks to my parents, Zhengjiou Chen ,
Jinhuan Ming, and my sister Ming Chen for their love, understanding, support and

encouragement throughout this whole process.
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Chapter!

Introduction

1.1 Overview

When designing a cooling and heating system for either a new or an existing
building, the building load calculation is one of the most important and fundamental tasks
during the whole design procedure. The load calculation provides necessary design data
for the engineer sizing the system, selecting equipment and estimating energy consumned
by the operation of the heating, ventilating and air conditioning (HVAC) system.
Generally, the peak load results obtained from the design day calculation are used to
determine the required capacity of the HVAC system. The results from the design day
calculation are not expected to reflect the actual performance of the system during the life
of the system under the conditions other than design day. Therefore, the system capacity
1s usually oversized by designer by adding extra safety factors to the calculation resuits.
When the cost of energy becomes more and more of a concern to the public, detailed
(hour by hour) annual building load simulation is required by designers to evaluate the
system life cycle performance and estimate the annual energy consumption budget.

For building load calculation, the heat balance method is considered as "the exact
solution" (ASHRAE, 1993), because it is based on a comprehensive thermal network
model combined with all building load components. The conduction heat transfer
between interior and exterior wall surfaces is calculated by using conduction transfer
function and all other kinds of heat transfer involved in the conditioned space have to be
solved simultaneously. Because of the complexity of this method, it is impractical

without the assistance of a digital computer. In 1967, a new load calculation concept was



carried out by Mitalas and Stephenson (1967a,b), which is called transfer function or
weighting factor method. The transfer function method is considered as a simplification
of the rigorous heat balance calculation procedure (ASHRAE 1993) and runs faster than
the heat balance method. During the last 20 years, the transfer function method has been
further developed and is feasible to calculate the cooling loads for almost all types of
buildings. The detailed procedures for applying this method are already published by
ASHRAE in "Cooling and Heating Load Calculation Manual, 2nd ed." (McQuiston and
Spitler, 1992). Furthermore, the design day cooling load calculation by using the revised
transfer function method has already been implemented in a comprehensive building load
simulation computer software, which is called "HVAC for Windows™".(Castelino,
1992).

Currently, the HVAC for Windows™ program has the capability to perform a
building design day cooling, heating Joad and system heat extraction rate calculation
based on the building description and design day conditions defined by the user. The
software was developed under the Microsoft Windows™ environment and has a friendly
graphical user interface.

By using the HVAC program, the user can easily define a new building in the
Windows™ environment and perform the design day calculation. The results of the
calculation can provide not only the design day peak loads, but also the hourly loads
profile for the whole building or each individual load component. This feature provide the
user the possibility to make a detailed analysis on the thermal performance of the
building or HVAC system .

For some applications in the HVAC field. some other data, such as the building's
monthly total heating, cooling loads, monthly peak loads and peak loads occurring time,
are also of interest to the user. The GLHEPRO program (Spitler, 1996), which is a
software developed to simulate a long term performance of a ground loop heat exchanger
serving a heat pump system, needs all of the information mentioned above to complete a
simulation. Therefore, it is desirable to add the annual energy simulation procedure to

enhance the program's capability.



This thesis describes the implementation of the annual simulation procedure in the
current version of the HVAC program. To meet the requirement of completing an annual
load simulation, the modification of the user interface to the HVAC program is also

discussed in this thesis.

1.2 Literature Review

In order to implement the new feature of annual simulation to the HVAC program
and validate the results, some related papers have been reviewed in this project. The
following sections describe a literature survey on the topics of: the transfer function
method, the transfer functions' coefficients, the development of the HVAC for

Windows™ program and the program validation.

The Transfer Function Method

The "Thermal Response Factor Method", which was introduced by Stephenson
and Mitalas (1967a,b), is based on the ]5rinciple of superposttion and response factors. In
order to use the superposition technique, the system has to meet the prerequisite that it
can be represented by linear and invariable equations. The heat transfer process in a
conditioned space can meet this requirement as described by Mitalas (1965). Based on the
further development of the response factor approach, Stephenson and Mitalas (1971)
applied the z-transform to model the transient heat conduction through multiple layers.
The method - which is known widely as "Transfer Function Method (TFM)" - is similar
to the previous response factor method, but as expressed in the paper (Stephenson and
Mitalas, 1971), “ ... they are much more economical in terms of computer memory space
and running time”. The transfer function method has become a popular practical load
calculation method and accepted in the public domain duning the last two decades. In

1970's, the ASHRAE sponsored research project, RP-138, was carried out under the



direction of Rudoy (1975) to improve the method and make it feasible in the HVAC field
without the assistance of a digital computer. The project created tabulated values of room
response factors corresponding to different zone geometric and construction
characteristics based on the results carried out by Mitalas and Stephenson (1967). The
results from the RP-138 were also incorporated in the ASHRAE Handbook of
Fundamentals (1977,1981,1985). Later investigations and studies on the room response
characteristics found the accuracy of the results carried out by RP-138 questionable. The
results of a study carried out by Sowell (1984) showed that certain parameters of the zone
geometry and construction can also affect the room thermal response considerably. in
order to provide more appropriate room weighting factors which can be applied to a
wider range of zone constructions, the research project (RP-472) was defined in 1985 by
ASHRAE. In this project, the DOE-2.1B program was used to obtain a new set of room
transfer function coefficients (Kerrisk, et al. 1981). There are fourteen zone parameters
considered as important factors which can influence the room thermal characteristics. The
detailed description can be found in the RP-472 companion papers (Sowell, 1988a,b,c). A
complete description of the entire revised transfer function method has been made in the
Cooling and Heating Load Calculation Manual (McQuiston and Spitler, 1992) published
by ASHRAE. The latest version of the coefficients used for both conduction and room
transfer functions are incorporated in this manual. Furthermore, as personal computers
became available to the HVAC design routine, the database of th;: transfer function
coefficients has been developed (Falconer, et al., 1992) and the database can be accessed
by both user interactive computer software and specific C or FORTRAN programs. A
comprehensive load calculation computer program, HVAC for Windows™ (Castelino,
1992), which can run under the Microsoft Windows™ environment was also developed
applying the standard calculation procedures published in the Cooling and Heating Load
Calculation Manual (McQuiston and Spitler, 1992).

A brief description of the transfer function method procedures in building cooling
load calculation is given below.

e (Calculate the hourly heat gains through opaque exterior surfaces:



To calculate the hourly heat gain conducted through building exterior wall and
roof, the procedure has the following feature (ASHRAE, 1993):

1) The outdoor ambient condition is represented by sol-air temperature

2) A constant indoor space temperature is assumed for cooling load calculation

3) Interior and exterior surface combined coeflicients are both set as constants

The conduction transfer function is employed to obtain the hourly heat gain
through the opaque building constructions. The conduction transfer function can be
expressed in form (ASHRAE, 1993):

b= 0 (10) Tt} -1 T | ()

n=0 n=) n=0

where

g.s = heat gain through wall or roof, at calculation hour, 6,Btwh

A = indoor surface area of a wall or roof, ft’

8 =tme,h

d = time interval, h

n = summation index(each summation has as many terms as there are non-
negligible values of coefficients)

t. 0.5 = SOl-air temperature at time 6-nd, °F

t. = constant indoor room temperature, °F

b,, ¢, d, = conduction transfer function coefficients

The coefficients used in the conduction transfer function can be determined by the
Jayer descrption, thermal and geometry properties oF the wall or roof. A total oF 41
representative wall groups and 42 roof groups can be used to represent all common wall
and roofs. The database of the conduction transfer function coefficients is also able to be
accessed by using computer software (Falconer, et al. 1992).

The heat gain caused by fenestration can be divided into two parts. One is the
conduction heat transfer across the window material. The other is the solar radiative heat
gain through the window glass. The conduction and transmitted parts of the heat gain can

be calculated by Equation 1.2 and 1.3 (ASHRAE, 1993), respectively.



Convective g = UA(ty - 1) (1.2)
Solarg = A4 (SC) (SHGF') (1.3)
where

t, = outdoor current hourly dry-bulb temperature, °F

t; = inside design temperature, °F

A = area of window

U = overall window heat transfer coefficient, Btw/(hr-ft’-F)

SC = shading coefficient

SHGF = solar heat gain factor, Btw/(h-ft")

As discussed in the Cooling and Heating Load Calculation Manual (McQuiston
and Spitler, 1992), in the revised transfer function method, the Solar Heat Gain Factor is
split into two parts - Transmitted Solar Heat Gain Factor (TSHGF) and Absorbed Solar
Heat Gain Factor (ASHGF), and they are calculated separately by using formula 1.3a and
1.3b.

3 / 3
TSHGF =1, )t [cos8) +21,% 1,/(j+2) (1.32)
=0 7=0
5 ] 5
ASHGF =1,y a[cos8] +21,> a,/(j+2) (1.3b)
=0 J=0
where:

I : the direct solar radiation intensity

I, : the diffuse solar radiation intensity

t, : the transmission coefficients for DSA glass
a, : the absorption coefficients for DSA glass
DSA : standard double-strength sheet plass



The solar heat gain factor can then be obtained from the form below:

Solar heat gain factor = Energy transmitted + N, ( Energy absorbed) (1.4)

where
Nij=hi/(hi + hy) (1.5)
hi, ho = interior and exterior combined heat transfer coefficient, respectively

The value of N; is called inward flowing fraction of absorbed heat through

fenestration surface.

The method to calculate the heat gain caused by people, infiltration, light and
miscellaneous internal heat generating appliances is also described in the Chapter 26 in
the ASHRAE Handbook (1993).

e (Calculate the room cooling load based on the calculated hourly heat gain

When the hourly heat gain 1s obtained by using the procedures mentioned above,
the hourly cooling load can then be calculated by applying the room transfer function.
The cooling load due to different type (i.e. conduction, infiltration, etc.) of heat gain can

be obtained from Equations 1.6 through 1.8 (ASHRAE, 1993):

Q9=QI/+Q$4: (16)

Qy = Z{“o%,. + Vg5t V296.1-2.5+~-) - (WIQB—J + wzQa-z:s"'---) (1.7)

=

Q.= Z 9., (1.8)

where:
Qyf = sensible cooling load from heat gain elements having convective and radiant
components

v and w = room transfer function coefficients
qp = each of i heat gain elements having radiant component

6= time interval, h



Osc = sensible cooling load from heat gain elements having only convective
components
q. = each of j heat gain elements having only convective component

The latent cooling load is calculated by Equation 1.9 (ASHRAE, 1993):

Latent O, = (q.,) (1.9)

gc = each of n latent heat gain elements

Similar to the wall and roof conduction transfer function, the coefficients of the
room transfer function imply the thermal response characteristics of a room. More

discussion on the determination of the room transfer function coefficients will be
continued in the next section.

e Calculate the heat extraction rate and room air temperature

When the space air temperature cannot be hold as a constant of the value of the
indoor design temperature because of the limitation of the A/C system capacity, the actual
heat extraction rate of the system can then be calculated by the transfer function method.

The heat extraction and the space air temperature can be expressed approximately

by a linear relationship as Equation 1.10:

ER, = W, + (St,) (1.10)
where:

ER, = heat extraction rate at time, 6

e = the space air temperature at time, §

W, S = A/C system characteristics parameters

From the cooling loads calculated based on a constant design indoor dry bulb

temperature, the heat extraction rate and the space air temperature can be calculated by

the space air transfer function as shown in Equation 1.11:
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! 2
ZPA(ERa-J _Qa-m)zzg,((n 1, 615) (1.11)
r=0

=0
g, and p; are the coefficients used in the space air transfer function. The discussion
of choosing these coefficients will be discussed in more detail in the following section

and Chapter II of this thesis.

Conduction Transfer Function Coefficients

As mentioned in the previous section, the first procedure during the cooling [oad
calculation using transfer function method is to obtain the hourly heat gain through the
building's exterior surfaces. In real life, the number of the material combinations of the
wall or roof is huge. In order to represent all of these common wall or roof material
combinations, the research project, RP- 472, was defined by the ASHRAE. The report of
this project (Harms and McQuiston, 1988) described the procedure of watl and roof types
grouping, important parameters selecting and the results applying.

In order to use a relatively small number of wall groups to represent atl common
wall combinations, a certain grouping method is employed in this project based on the
defined error criteria used in RP-359 (Sowell, et al., 1984). In a same wall or roof group,
the thermal charactenistics, thermal tag and amplitude ratio, are supposed to be close to
each aother. This thermal characteristics can be affected by certain construction
parameters, such as overall conductance, mass location and principle materials of the
wall.

According to the procedure defined in the grouping procedure, the error criteria
allows plus and minus one hour for the phase lag, plus zero percent and minus 20 percent
for the amplitude ratio of error existing in the final results. The reason for keeping such a
error range is that it "intended to lead to conservative resuits while keeping the number of
groups reasonable” (Harris and McQuiston, 1988).

In the project RP-472, the thermal properties of about 2600 wall and S00 roof

assemblies were studied. 4] wall groups and 42 roof groups were defined. The



coefficients for each wall and roof group are list in the Table 26.13 and 26.18 in

ASHRAE Handbook of Fundamentals (ASHRAE, 1993).

Room Transfer Function Coefficients

The latest avatlable room transfer function coefficients are obtained from the
results carried out by ASHRAE research project RP-472 (Sowell, 1988). By further study
on the room thermal response characteristics, it was proved that the tabulated CLF and
CLTD values listed in the ASHRAE - Fundamentals (1977,1981) had himitations with
respect to a large range of zone constructions. Furthermore, certain geometry and
construction parameters, which can affect the characteristic of room thermal response
considerably, had not been taken into account (Sowell and Chiles 1984) due to the results
of RP-138. Under this circumstance, the ASHRAE Load Calculation Technical
Committee (TC 4.1) defined a research project (RP-472) to update the room weighting
factors for a wider range of building constructions. The DOE-2 program was used 1o
derive the zone weighting factor in this project and the procedure was descnbed in the
report created by Kemsk (1981). To complete this task, an extra procedure, which was
used to calculate the zone weighting factors and group the zones with similar thermal
properties, has been implemented into the DOE-2 program. The detailed methodology
employed in this process were also described in Kermisk's report (1981).

According to the final results obtained from the RP-359, the zone weighting

factors can be determined depending on 14 important zone parameters. They are:

e Room Geometry e Roof Type «  Fumiture
e Room Height e  Mid Floor Type a  [nterior Shade
¢ Exterior Wall e  SlabType s Room Localion
Canslruction e  Floor Covenng ®  Glass Percent
e  Number of e Partition Type
Exterior Walls e« Ceiling Type
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These zone parameters are interactive with each other. Some parameters are
considered as “weak variables" and some as "strong variables”. Some parameters can be
either weak or strong relating to certain circumstances. For more discussion on the effect
of each of these zone parameters, refer to the book" Heating Ventilating, and air

conditioning Analysts and Design" by McQuiston and Parker (1994).

Space Air Traonsfer Function Coefficients

To calculate the heat extraction rate and room air temperature by using space air
transfer function, appropriate space air transfer function coefficients need 1o be chosen
properly depending on the building construction's mass level. [n the ASHRAE Handbook
(1993), three sets of coefficients are given for three different building mass levels,
namely, light, medium and heavyweight, corresponding to 30,70 and 130 Ib./fi’ of floor
area, respectively.

As mentioned by Barakat (1988), the mass level range covered in
ASHRAE(1985) could not properly represent most of conventional wood-frame houses
having a value of mass level generally between 10 and 12 1b./ft’ of floor area, which is
much lower than the range covered in the ASHRAE (1985).

In order to apply the space air transfer function properly to these low mass level
buildings, experiments were carried out by Barakat, which had several test cases under an
outdoor experimental facility. The experiment was designed to test the transfer function
coefficients based on three different building mass levels, 9.4,26.6 and 110 Ib./ft’ of floor
area. The methodology of determining the coefficients was described in the paper.
Finally, the recommended data of space air transfer function coefficients used for

buildings with low mass level are given in Table 1.1:
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Table 1.1  Experimental Space Air Transfer Function Coefficients

for Wood-frame Houses

Coefficients Exptl. Exptl. Exptl.

light medium heavy

mass level (1b./ft") 9.4 26.6 110.0
g," (Bawh-ft’-°F) 1.21 1.60 1.91
g, (Btwh-f-°F) -1.27 -1.64 -2.00
g, (Btwh-fi-°F) 0.06 0.04 0.09
P -0.58 -0.76 -0.90

The "HVAC for Windows™"* Program

The existing load calculation program, HVAC for Windows™, was originally
developed by Castelino in 1992. Castelino's thesis (1992) described the revised transfer
function method in detail which had been implemented to calculate the building cooling
load, system heat extraction rate and space air temperature calculation procedure,

Before the program can execute the design day cooling and heating load
calculation, the user has to specify all necessary information, such as the building's
location, construction, system contro] and infiltration, etc. When all calculation is done,
the user can get the results of the hourly colo]ing load, heat extraction rate, and zone space
arr temperature from either graphicat screen or out put files.

The design day direct and diffuse solar radiation calculation is based on the
ASHRAE (1993) "Clear Sky" model. And the heat extraction rate and space air
temperature calculation used the transfer function method which was described by the
"Cooling and Heating Load Calculation Manual" (McQuiston and Spitler, 1992). The
heat extraction rate calculation can handle a system's control profile with one set point

temperature and a specified throttling range.
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The HVAC program's built in data structures were also described by Castelino
and will be discussed briefly in Chapter II of this thesis. All related data for a building are
saved in the memory as a hierarchical linked list during the calculation procedure. The
most primary part of the design day calculation is the elements cooling load calculation.
The summation of the loads of all elements involved in a room make up the room loads,
and the summation of all room loads makes the zone's load. Finally, the building's total
loads are made up by the summation of all zone's loads. Sensible and latent cooling load
calculations are performed separately.

The CLTD/SCL/CLF method, which is a simplification of the transfer function
method is also discussed briefly in the thesis. The comparison between the results from
the revised transfer function method and CLTD method was made with the purpose to

validate the program's calculation results.

The Program Validation

As descnibed by Judkoff and Neymark (1993), to evaluate a building energy
simulation software, there are only limited ways to estimate the accuracy of the program.
They are experimental, analytical and comparative evaluation approaches. They
developed a validation procedure using a comparative approach, which is called
"Building Energy Simulation Test (BESTEST) and Diagnostic Method”". The BESTEST
intends to evajuate the program to be tested by comparing the simulation results with
other programs which are considered "to be better validated, or more detailed and
presurnably more physically correct”. Generally, among building load calculation
program the required input files are not the same. The purpose of the BESTEST is to
create a uniform building description for a set of test cases and compare the results
carried out by the testing software to the results by other software used in public domain.

There are 14 qualification test defined in the BESTEST. There are two series, 600
and 900 series which represented lightweight and heavyweight building construction,

respectively. These cases were designed to test the ability of a building load software to
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simulate “such features as windows at different orientations, horizontal and vertical
external shading devices, set-back thermostats”, etc. The test results includes the
comparison of building annual total heating and cooling loads, peak heating and cooling
loads and their corresponding occurring times.

Another important feature of the BESTEST, diagnostic flow diagram, provides a
convenient way to trace possible problems in the testing software when large
disagreement is encountered in the comparison results. The procedure of the BESTEST is
carefully designed to test the thermal process simulation capability of the testing
software. A test always begins with a base case. For fow mass cases, the base case is the
case 600. For high mass cases, the base case is the case 900. For all test cases, the
comparison should be made on both the absolute results and the sensitivity (differential)
results. When the results carried out by the testing software for a certain case have a
reasonable agreement with other reference programs, that specific case is considered to be
"PASS". If the testing results cannot pass for a certain case, the BESTEST diagnostic
procedure can be applied to figure out the software's potential problem. For example, if
the test procedure cannot pass the base case 600 for low mass case, then the diagnostic
procedure Al through A1l should be run to find out what the problem could be. For each
diagnostic procedure, only a single thermal process simulahon capability is tested. For
instance, the diagnostic procedure "Al" only tests the exterior wall conduction heat
transfer; the procedure "A6" only tests the infiltration heat gain and the procedure "A8"
only lests the exterior solar absorbtance. Because each thermal process simulation
capability is tested separately in the BESTEST diagnostic procedure, the encountered
problem 1n the testing software can be easily tried out and isolated. Also, the
corresponding modification can be considered to the testing software to fix the problem.

From the companson results of the BESTEST, either the program end user or
developer can tell if the results of the program is acceptable and decide which softvare

can be used properly for their certain purpose.
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1.3 Objective

The objective of this project is to add the following new features to the existing

version of the HVAC program developed by Castelino (1992):

l.

&

Add the capability of annual load simulation to the program based on the revised
transfer function method. The annual simulation will be executed based on the user
specified weather data file for a certain location.

Add the capability to calculate sensible and latent ventilation loads on the coil to the
program.

Modify the procedure of heat extraction rate calculation and make the program
simulate an A/C systern with two set point temperatures or with a set back operation
period.

Modify the existing user interface to make the program meet the requirement of
performing an annual energy analysis.

Connect the annual simulation results calculated by the HVAC program to the
GLHEPRO program to perform the ground loop heat pump simulation.

Validate the annual simulation results carried out by the HVAC program.

15



Chapter Il

Building Load Annual Simulation

2.1 Overview of HVAC Previous Version

The previous HVAC program has the capability to calculate the design day’s
building cooling load, heating load, and A/C system heat extraction rate based on the

~ building description file defined by the user’s input data. The cooling load calculation Js

based on the revised transfer function method and is performed on each building heat
transfer or heat generation load component. In order 1o perform the load calculation, a

hierarchical data structure has been built in the previous HVAC program to save

intermediate calculation information and simulation results.

2.1.1 Pesign Day Cooling Leoad Calculation

The design day cooling load calculation in the previous HVAC program is based
on the revised transfer function method. For the design day calculation, because there 1s
no history information available, the program needs to iterate for convergence of results.
The solar radiation model used in the design day cooling load calculation is ASHRAE
“Clear Sky” model. The clearness of the sky is supposed to be I, which means very clear.

The flow chart of the design day cooling Joad calculation procedure is shown in Figure
2.1.

16
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Figure 2.1 Cooling Load Calculation by Transfer Function Method(McQuiston and Spitler, 1992)
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2.1.2 Design Day Heat Extraction Calculation

The design day A/C system heat extraction rate calculation is performed on each
zone. The input data for the extraction rate calculation function are the zone hourly total
sensible cooling load and the system control profile. The previous HVAC program can
only perform a system contro} profile, which has a single set point zone temperature. The
zone space temperature is only allowed to float around this set point within a specified
system throttling range. This limitation does not allow the program to analyze a system
which has a “Dead Band” control profile. This feature will be modified in the new

version of the HVAC program, and it will be discussed in section 2.2.

2.1.3 Data Structure Description

The major data structure to hold all building input data and important relative
parameters is shown in figure 2.2. An outline description of the major data structure used
in previous HVAC program is given in the fotllowing section.

In each building description (*.blg) file, data is saved based on four kinds of data
structure; they are “building”, “zone”, “room”, and “element” data structures. These data

structures hold all of the information about the building necessary for program

calculations. In addition, 2 “temporary" data structure is used to hold intermediate results.

Building Data Structure
The "building” data structure includes fields for the building's name,

location(latitude, longitude, city and state), outdoor summer and winter design day
conditions, solar radiation time alignment, and the cooling load calculation resuits for the
design day. This data structure also includes some fields holding the intermediate

calculation results like solar equation of time, declination, etc.
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Building

Zone Zone
Room Room Room Room
Y /

Element: Element: Element: Element:
Roof(s) Roof(s) Roof(s) Roof(s)
Wall(s) Wall(s) Wall(s) Walli(s)

Intz-Partition(s) Intz-Partition(s) Intz-Partition(s) Intz-Partition(s)
Lighting Lighting Lighting Lighting

Occupancy Occupancy - Occupancy Occupancy

Equipment Equipment Equipment Equipment

Infiltration Infiltration Infiltration Infiltration

Figure 2.1

Hierarchy of the HVAC software program data structure(Castelino, 1932)




Zone Data Structure

In the HVAC program, a zone represents a conditioned space which is controlled
by a single thermostat, and is assumed to have a uniform space air temperature. The
“zone" data structure holds the information of the zone’s indoor design day condition,
HVAC system capacity and throttling range, calculation results of the design day cooling

load and heat extraction rate, and zone infiltration and system schedule information.

Room Data Structure

In the HVAC program, the term “room" is defined as a conditioned space which is
enclosed by the building constructions and hold all kinds of user defined load
components, e.g. a single office, a single kitchen or a single classroom can all be defined
as a room. The "room" data structure has the data of the room construction parameters
and also the cooling load calculation results, such as hourly room sensibte cooling loads,

hourly room latent loads and hourly room total cooling loads.

Elements Data Structure

Data of various building load components, for example, wall, roof, infiltration,
and lights, is stored in the same type of data structure - element data structure. Some
fields in the data structure are only used for some specific types of building components.
If 1t 1s a structure for wall, valid fields will involve wall type, wall actual U factor, wall
area, etc. [f 1t1s a structure for infiltration, valid fields will involve the air change rate and
schedule of the infiltration. Element data structures also include some fields which

specify the necessary parameters used for transfer function method load calculations.

Temporary Data Structure
There ts another important temporary data structure which holds all temporary
information that is necessary during calculation procedures, such as hourly solar angles,

local solar times, the intensity of the solar beam, diffuse radiation, and hourly summer
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outdoor dry bulb temperatures. The room space air transfer function coefficients are also

included 1n this data structure.

2.2 Modification on Design Day Heat Extraction Rate Calculation

The system heat extraction rate calculation in the previous version of the HVAC
program is limited in that it can pot analyze a HVAC system with two set point
temperatures, with the zone space temperature floating between these two set points. In
order to simulate a more realistic system which not only can have two set points, but also
be allowed to have a set back period, the of heat extraction rate calculation procedure has

been modified.

2.2.1 System With One Set Point Temperature

Generally, for a cooling system with a single set point temperature, the
relationship between heat extraction rate and room air temperature can be represented
approximately by a linear expression as shown below:

ER,=W + Sx1, 2.1)

Where:
W and S: equipment parameters represent the performance of
a AJC system
ER,: Heat extraction rate at time, 6

t, Room air temperature at time, 6
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This relationship can also be illustrated as in figure 2.3:

Heat exwaction rate &
ERe Thermaostat szt poing, t' s

ER max

723
]

tan «

ER17|i|1 .l
S : . Thronling range, 8t,
_ne :<____. -
@ w Room air temperature, Yo

Figure 2.3: A/C System’s Equipment Characteristic (with one set point)

Where:
ER,..: System maximum heat extracling capacity
ER_,.: system minimum heat extracting capacity
At,:  throftling range
t'p: thermostat set point temperature at time, 6, is chosen as the

middle point of the system throttling range

The linear relationship expressed in equation 2.1 is supposed to hold when room
air temperature Jies in the system throttling range. When the room air temperature lies
outside the throttling range, the rate of heat extraction will be equal to ER;, or ER ..

depending on whether the zone air temperature is above or below the range.
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The S value represents the slope of the linear function, which can be

calculated by:

S = ERpes = ER (2.2)
At

”

The interception value of equation 2.1, W, is calculated by:

W= [ERppe + ERpu]

Sxt, (2.3)

2.2.2 System With Two Set Point Temperature

Unlike the heat extraction rate calculation in the previous version of the HVAC program.
the new version of the HVAC program provides a feature which allows the zone space
temperature to float between two specified set point temperatures. It can also be
considered as a combination of two “one set point” profiles. When the temperature is
below the low set point, the system will add heat 10 the space, and when the temperature
18 above the high set point, the system will extract heat from the space. If the zone space
temperature is between the two set points, the A/C system will be tuned off, and the zone
space temperature is allowed to float. The characteristic of system is illustrated in figure

2.4.

2.2.3 System Operation State Description
During the heat extraction rate calculating procedure, the system has the same

throttling range for both heating and cooling. There are two set point temperatures

defined for a single A/C system profile. One is for heating and another is for cooling.
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Each set point temperature is the middle point of its respective throttling range. Under

this definition, a system has five running states related to the value of zone air

temperature as shown in Figure 2.5.

Heal exaraction rate 4
ERe twronling range, &, ) ' ]

ER o ¢ oo ... Lo ite s

Hegting sct pairt , ¢ s,

»
)
'
)
)
|
1
|
Il

Room air temperanwe, |,
Cooling set point, ¢y

throtdling range, B,

Figure 2.4 A/C Equipment Characteristic(with two set points)
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Healing set point, ¢ g, Cooling sel poinL. ¢ ¢,
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Figure 2.5 System operation states illustration

State [: System is turmed on with maxtmum heating capacity.

State II: System heating is tuned on. The relationship between heat extraction rate and

zone air temperature follows the equations as below:

ERy =W, 5+ S,4%t, (24.1)
ERmu,h

S0 == (2.4.2)
ER .

Wie = ;u'h = Sh0 X 11 (2.4.3)

State [11: System is turned off, and zone air temperature is allowed to float.

State TV: System cooling is turned on, and the relationship between heat extraction

rate and room air temperature follows the equations as below:

ER, =W, +S.,%1, (2.5.1)
S ER e (2.5.2)
C;o - A"’ - -

ERmu 4 .
Weg =220 =S 4 %1, (2.5.3)

State V: System tumed on with maximum cooling capacity.
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2.2.4 System Set Back Operation

The A/C system set back period definition is allowed in the new version of the
HVAC program. Any A/C systemm can be scheduled to operate either in a normal
operating state, or the set back state. For these two states, the system has two sets of
different system control profiles described in the previous section. For example, during
the normal operating state, the system lets the space air temperature float between 68°F
and 80°F. During set back period, the space air ternperature can float between 50°F and
90°F. If the user desires a period over which the system is totally rumed off, then this
period can be defined as a set back period which has a pair of extremely low and high set
point temperatures, like 0°F and 200°F. Then the space air temperature can never reach

that point so that the system will not be turned on at all during the period.

2.2.5 Space Air Traunsfer Function

The hourly system heat extraction rate and zone air temperature can be calculated
by using the space air transfer function:

f 2
D Pi(ERs s~ i) = 2. 8L —as) (2.6)

1=0

where:
g;jand p= the coefficients used in the space air transfer function
Q = the cooling load calculated base on an assumed constant zone

temperature /,. at ime 6

The normalized values of g’s and p’s can be found in the ASHRAE handbook of
fundamental(1993). The values are given for three different categories of building
envelope construction types; namely, light, medium and heavyweight construction,
characterized by 30,70 and 130 1b./ft’ of floor area. This range can represent most general

building construction in current HVAC design tasks. However as pointed out by



Barakat(1987), for conventional wood frame houses with mass values as Jow as 10-12
lb./ft?, (much lower than the value of the lightweight case listed in ASHRAE), the
accuracy of applying the space air transfer function may deteriorate. An extra building
construction level was added to the program to expand its energy analysis capability to
buildings with very low mass levels.

In Barakat's paper, a series of experimental data of space air transfer function
coefficients with three different building construction mass levels, 9.4,26.6 and 110 1b./ft’
was presented. Barakat's values for a building with 9.4 1b./ft* are used as the "Extra
Light" level for the HVAC program.

The complete coefficients value used in the HVAC program’s space air transfer

function are shown in Table 2.1:

TABLE 2.]  The Normalized values of space air

transfer function coefficients

Room Envelope g g’ g Po P

Construction Btu/h-ft’-°F Dimensionless
Extra Light +1.2] -1.27 +0.06 1.0 -0.58
Light +1.68 173 +0.05 1.0 -0.82
Medium +1.81 -1.89 +0.08 1.0 -0.87
Heavy +1.85 -1.95 +0.10 .0 -0.93

2.2.6 Heat Extraction Rate and Space Air Temperature Calculation

From equations 2.6 and 2.1 in the previous sections, the following expression can

be derived to calculate space air temperature:

ty =1y —ERy)/ go4 2.7)
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where:

2 2 i )
Iy = trcz 86~ Eg,.o’ra-is + ZP. Oo-i5 — Z PERy s (2.8)
=0 1=0 I=1

=]

All terms involved in the right hand side of equation 2.7 and 2.8 are history terrs,
except the current heat extraction rate(ER,) in equation 2.7 and the current space air
temperature, which also depends on the current value of the heat extraction rate.

The procedure of getting the current heat extraction rate and space air temperature
1s described below 1n detail.

a) Assume the system is totally turned off, namely, ER, is set to be zero. Use
equation 2.7 to calculate out the space air temperature tq. If the t, lies in the range of
state 111 shown in the figure 2.5, then the heat extraction rate of the current hour will be
zero. If tg lies In the range below state 111, then go to step b. If t4 lies in the range above
state [I1, then go to step c.

b) In the case of t, below state Il from the step a, set the system heat extraction
rate equal to the maximum system heating capacity(ER,,,,,), and find out the value of t,
by equation 2.7 again. If t, lies in the range below state II, then set the heat extraction
rate equal 10 ER_,. , and stop. Otherwise, t,, will certainly be in the range of state Il, and
go to step e.

¢) In the case of ty above state III from the step a, set the system heat extraction
rate equal to the maximum system cooling capacity(ER_, . ), and find out the value of t,
by equation 2.7 again. If t, lies in the range above state 1V, then set the heat extraction
rate equal to ER_ . and stop. Otherwise, t, will certainly be in the range of state [V, and
go to step e.

e) From the previous steps, it is already clear that the value of t, will certainly lie
in the range of state II or state IV. In both cases, the program will use a search method to
find out the exact value of the heat extraction rate and space air temperature. The
calculation procedure is shown in figure 2.6. Only the case of state I] is described below,

and the case of state IV follows a similar procedure.

28



Figure 2.6 shows the algonithm. Symbols used in Figure 2.6 are defined as

follows:

T, : the maximum space air temperature in the range of state I1, which is the system low
set point temperature plus haif of the throttling range.

T, : the minimum space air temperature in the range of state II, which is the system low
set point temperature minus half of the throttling range

T, : test space air temperature during calculation

tesl

ER,, : calculated heat extraction rate value with current test space air temperature

T, : calculated space air temperature with ER

result
Tign: the high temperature of the current searching range
T, : the low temperature of the current searching range

A: the difference between Ty, and T,
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TNQ = T-u
T;.. = T-[.

T = (T + Tn)*0.5

Calculate ER ., by
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2.1

Calculate T ,qui by

using equation
2.7

Compare T,.,.n with Tlul

T ot Tomt Tt ™ Toen Treodi > Tcw
Toigs = T Stop Tiw = Tast
If A<0.01
No
Yes
Stop

Figure 2.6
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2.2.7 Example on Heat Extraction Rate Calculation

The calculated zone cooling load based on a constant design zone temperature is
given in Table 2.2 column 5. The zone summer design temperature is 70 °F. The A/C
system 1s set to the normal operation state from 0600 to 2100 hours, and the zone
temperature is allow to float between 68 °F and 70 °F. Between 2100 to 0600 hours, the
system is set to set back state, and the zone temperature is allowed to float between 62 °F
and 75 °F. System throttling range is 0.1 °F.

During heat extraction calculation, some important intermediate value are listed
below:
e Sand W:

Normal Operation Period: Low S = 50000; Low W = -3402500

High S = 50000; High W = -3497500
Setback Operation Period: Low S = 50000; Low W =-3102500
High S = 50000; High W = —37475~00

e Systemn Operation States:

Normal Operation Period:

State [ Less than 67.95 °F -

State 11 67.95°F ~ 68.05 °F

State IIl: ~ 68.05°F ~ 69.95 °F

State IV:  69.95°F ~ 70.05°F

State V: Larger than 70.05 °F

Setback Operation Period:

State [: Less than 61.95 °F
State I1: 61.95°F ~ 62.05 °F
State III: ~ 62.05°F ~ 74.95°F
State IV:  74.95°F ~ 75.05°F
State Vi Larger than 75.05 °F
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The heat extraction rate and zone space air temperature were calculated for this
sample case, and the calculation results are listed in Table 2.2, column 6 and 7. For
example, for 14th hour period, the system operation state is the “State [V of normal
operation period. The S and W values are 50000 and -3497500, respectively. The
calculated value of the space air temperature is 69.9843674 °F. The heat extraction rate of
that hour is 1678.72 Btwh( = 69.9843674 * 50000 - 3497500 ).

Table 2.2  Data and Calculation results for example 2.2.7
1 2 3 4 5 6 7
Hours | Set Back | L.S.P | H.S.P. Cooling Heat Extraction | Space Temp.
Load Rate
Yes/No °F °F Btuwhr Bewhr F
1 Yes 62 70 -635.79 0 63.7244873
2 Yes 62 70 -684.6 0 62.950058
3 Yes 62 70 -715.3 0 62.2418213
4 Yes 62 70 -750.39 -105.705 62.0478859
5 Yes 62 70 -781.48 -227.775 62.0454445
6 Yes 62 70 -809.26 -329.055 62.0434189
7 No 68 70 -826.03 -1553.16 68.0189362
8 No 68 70 -699.62 -1267.47 68.0246506
9 No 68 70 -54.65 -522.84 68.0395432
10 No 68 70 147.28 -238.645 68.0452271
11 No 68 70 533.58 0 69.175766
12 No 68 70 801.78 215.38 69.9543076
13 No 68 70 976.79 490.035 69.9598007
14 No 68 70 2091.13 1679.075 69.9835815
15 No 68 70 2171.75 1824 415 69.9864883
16 No 68 70 1863.67 1571.505 69.9814301
17 No 68 70 672.93 429 69.95858
18 No 68 70 216.89 10.145 69.9502029 |
19 No 68 70 -4.46 0 69.002518
20 No 68 70 -133.79 0 68.2752304
21 No 68 70 -214 .48 -66.225 68.0486755
22 Yes 62 70 -269.22 0 67.2720108
23 Yes 62 70 -314.87 0 66.7780151
24 Yes 62 70 -350.42 0 66.3122864
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The Resulits of the calculated heat extraction rate compared with the cooling load

are shown in Figure 2.7, and the space air temperature's profile is shown in Figure 2.8.
From the Figure 2.8, it is clearly shown that the zone space air temperature floats
between 68°F and 70°F during the normal operating period, and between SO°F and 70°F

during the set back period.

2500

2000
1500 |

1000 1

—_e—Cooling Load
—m— Heat Exiraction Rate |

Coaling Load and Heat Extraction Rate, Btu/hr

Hours

Figure 2.7  Heat Extraction Rate Results for the Example
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Figure 2.8  Space Temperature Results for the Example

2.3 Annual Energy Analysis

There are two major calculation loops in the annual energy simulation. One is the
month loop. Dunng this loop, the program performs the annual simulation from the
beginning month to the end month, which can both be specified by the user. Inside the
month loop, there is another loop which is the day calculation loop. In this loop, the
program performs the daily calculations from the beginning date to the ending date of that
month. If the current montb is either the beginning month or the end month, then the start
and stop days may be specified by the user. Otherwise the daily calculations will be
executed from the first day to the end day of that month. During the daily calculation
loop, the cooling loads for 24 hours of each day are calculated by using the transfer
function method.

The flow chart of the building annual cooling load calculation is illustrated in

Figure 2.9,
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2.3.1 Weather Data for the Annual Simulation

Outdoor weather information dunng a typical design year is recorded on a
companion weather file for each specific design location. For a specific Jocation, the
HVAC weather data file is created by using BLAST(1992) "Weather Information File
Encoder{WIFE) program" to process the weather data tapes. Raw weather data tapes
obtained from the National Climatic Center of National Oceanic and Atmospherc
Agency(NOAA) and other sources. The weather data file formats, such as "TRY",
"TMY", "1440, T1440", "SOLMET" and etc., can be processed by the WIFE program.
One hour is used as the time step in the HVAC weather data file. There are 8760 hours
(365 * 24) in a typical year. The time period of 12:00 midnight to 1:00 am 1s defined as
hour 1 in the weather file. Temperature is sampled at the midpoint of each hour. For each
hour, the weather file contains the following data:

e outdoor dry bulb air temperature
¢ outdoor specific humidity
e beam solar radiation in normal direction

diffuse solar radiation

ambient ground reflective solar radiation

As mentioned above, there are 8760 hours in a standard year. In the annual energy
simulation, the calculation is performed day by day. At the beginning of each day's
calculation, the program finds out the reading position for the first hour of that day and
then reads weather data for the next 24 hours. When the calculation of that day is done,
the program reads the weather data of the next 24 hours and starts the calculation for the

next day. Figure 2.9 is a flow chart for the annual analysis.
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2.3.2 Solar Time Calculation

The time used in the weather file is standard local time. During the annual
simulation, when daylight savings time is in effect, the program will convert it to local
standard time first, and then calculate the actual hour position to exwact the weather data
from the weather file.

At the beginning of each daily calculation, the hour of the year is calculated first,
in order to locate the correct position to extract the weather data from the companion
weather file.

The hour calculation follows the steps below:

1)Determination of current month and current day:

Information is obtained from the loop accumulating value.

2)Calculate the number of days before the current month:

current month-)

number of days before current month = Z days in month(i] (2.9)

1=0

where:

1: the month count;

days in month[i]: the regular day’s number in month i,

e.g. days in month of January is 31 and of February is 28, etc.
3)Calculate the day’s number before the current day:

number of days before current day = days before current month +

current day - 1 (2.10)
4)Calculate hour count:
hour count = number of days before current day * 24 (2.11)
5)Calculate the weekday information of the current day(which is used for
schedule
assignment:

weekday = the remainder of ( number of days before currentday/7)  (2.12)
where: 0 stands for Sunday, | for Monday, 2 for Tuesday and so on.

The hour and weekday calculation is illustrated in the following example:
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Hour Count and Weekday Calculation Example:
Suppose the current calculation date is June 21st. Find the hour count and the
weekday information:
Solution:
» The day’s number before current month is the summation of the days number
in each month before, by using equation (2.9):
e day’s number before current month =31 +28 + 31 +30 + 31 = 151
e By equation (2.10), the day’s number before current day is 151 + 21 - 1 =170.
o Substitute 170 into equation (2.11), the hour count is 170 * 24 =4080.
¢ From Equation (2.12), the value of weekday is 170 % 7 = 2, which represents
Tuesday.
All necessary time information about the current day is calculated in the above
procedure. The value of the hour count will be used to read weather data from the weather
data file. The weekday value will be used to assign schedule to schedule load components

and the zone A/C system.

2.3.3 Solar Irradiation Calculation

Differing from the procedure used in the design day calculation, the solar
uradiation values in the annual simulation employ the source data from the weather file
directly.

Weather data of solar irradiation from the weather data file includes:

e Solar beam radiation in normal direction ( I, )
e Solar diffuse radiation incident on horizontal surface (1, )
e Ground reflected solar radiation (I )

In the design day solar irradiation calculation, the ASHRAE Clear Sky

Model{1993) is employed to derive the values of the above three terms. For the annual

simulation, these values are available directly from the weather file. For an exterior
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surface with a particular orientation, the beamn radiation (I, ) on a certain surface is

determined by

Iy =1y,cos6 (2.13)
where:
0: incidence angle of beam radiation on that surface for the mid-point of each hour
period. If cosB < 0, then the beam radiation is treated as zero.
In the design day clear sky solar radiation calculation for a vertical surface, if the
cosO is greater than -0.2, the ratio of the diffuse radiation incident on the surface to that

on a horizontal surface with same area can be calculated by equation (Threlkeld, 1963):

Y =0.55+0.437 cosb +0.313 cos’0 (2.14)

Otherwise the Y will be set to a constant value of 0.45. For the surfaces with any other tilt

angle, Y value is calculated using an isotropic sky assumption:

Y = (1+cos a)/2 (2.15)
where:

a: the surface tilt angle: 90° for vertical surface and 0° for horizontal.

During annual simulation, because the real weather data is applied instead of
using clear day model, the Y value is calculated by using Formula 2.15 for surfaces with
all tilt angles.

The diffuse radiation from sky incident on a surface (1,) is

I,=T,,*Y (2.16)

Because the ground reflected solar radiation can be extracted directly from the
weather data file, the diffuse radiation from ground incidenting on a surface(l,) can be

calculated by using the formula 2.17.



[ =lIe * (1-Y)

(2.17)

The total solar irradiation(lI) on a specific surface will be calculated by the

summation

=], +[+1,

(2.18)

The total solar irradiation on a certain surface is then used in the following

equation (McQuiston and Spitler, 1992) to

temperature(t,).

where:

1, : the outdoor air dry bulb temperature

find out the surface hourly sol-air

(2.19)

a : the surface absorptance to solar irradiation;

£ : the surface hemispherical emittance;
h, : exterior combined surface coefficient,

€AR/h, : the longwave radiation factor;

When the hourly surface sol-air temperature is determined, it will be used in the

wall conduction heat transfer calculation following the same procedure used in the design

day cooling load calculation.

2.3.4 Daylight Saving Time Adjustment

Generally, in the United States, daylight saving time is supposed to begin on the

first Sunday of April and terminate on the last Sunday of October. In the HVAC program,
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it is always assumed that the first day of a year is Sunday. According to this assumption,
the annual energy simulation will be executed under daylight savings time during the
period between day count of 119 and 302, which represents the first Sunday in April and
the last Sunday in October, respectively.

Whenever the daylight savings time is encountered at the day count of 119, during
the annual energy simulation, the hour count, which is used to extract the weather data
from the weather file, will be shifted one hour earlier to make the time alignment in the
program compatible with that in the weather file. When daylight saving time is ended at
the day count of 302, the hour count will be shifted one hour back to extract the weather

data.

2.3.5 Heat gain, Cooling Load Calculation for the first day

Using the transfer function method to calculate heat gain and cooling load, some
previous values are involved in the calculation. Obviously, however, for the first day of
an annual simulation period no history data is available. Initially these data values are
assigned to be zero. After the calculation for the first 24 hours is done, the values of the
last few hours of that day are then used as the initial set of values for the next iteration on
the first day calculation. The iteration is continued over the 24 hour period until the
results converge to a steady periodic solution. This iteration procedure is used for all
calculations on the heat gain and cooling load for the first day of an annual simulation.

In the annual simulation, when the calculation of the first day is completed, ali
history values become available from the previous results, and the iteration is no longer
needed. In the annual simulation procedure, there is an identifier which indicates if the
current calculation day is the first day of the simulation penod. If 1t is, the program
executes the iteration and checks the convergence, if it is not, program just takes the

results of previous day and assigns it to the history terms.
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2.3.6 System Coil Load Calculation

In the HVAC program, the system heat extraction rate calculation is based on the
total sensible system coil loads. The system coil load is the summation of the space
cooling load and some extra loads caused by system operation, such as heat gain from the
fan motor and heat gain from outdoor fresh air due to ventilation. In this project, the
sensible and latent heat gain due to ventilation are taken as part of the system coil load. In
order to provide satisfactory JAQ, the outdoor fresh air is generally mixed with
recirculated conditioned air and then supplied to the conditioned space. The mimmum
requirement of outdoor fresh air for certain representative buildings is discussed in
Chapter 23, ASHRAE (1993). The ventilation air is generally treated by the A/C system,
so the heat gain caused by ventilation is not a part of room heat gain. Therefore this part
of heat gain should be added directly to the system coil load instead of space cooling
load.

In the current HVAC program, the volumetric flow rate of outdoor air (ODA) can
be defined for each zone. To define the ODA, the user needs to specify the maximum
volume flow rate of the system total supply air, the maximum volume flow rate of
outdoor fresh air, ventilation design day operation schedule and ventilation annual
operation schedule. The ventilation schedule specifies the hourly fraction percentage of
the peak amount of the outdoor air flow rate.

What need to be emphasized is that bringing in ODA generally introduces extra
outside air to the space by electrical fan, that results in that inside room pressure being
higher than that of ambient. Therefore, the part of infiltration may significantly
reduced(ASHRAE, 1993). The interaction between a veatilation and infiltration involved
in a single zone should be considered carefully during building description procedure.

The sensible and latent cooling loads calculation for ventilation follows the sam:e
procedure as infiltration calculation. The equation for calculating sensible cooling load

due to ventilation is

Qunsipe = 1.10* (T, - T, ) * V (2.20)
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where:

Qv - The sensible cooling load due to ventilation (Btwh)

T, : out door air dry bulb temperature (°F)
T, : indoor constant design temperature (°F)
Vv : volume flow rate of outdoor fresh air caused by ventilation (cfm)

The equation for calculating latent cooling load due to ventilation is

Quaten = 4840 * (W, - W, *V (2.21)
where:
Qiaen - The latent cooling load due to ventilation (Btwh)
W, :outdoor air spectfic humidity (Ibmv/lbma)

o

W. :indoor air design specific humdity (Ibmv/lbma)

When the value of Q. is positive, it will be added to the system cooling load.
Otherwise, it will be added to the system heating load.

The hourly ventilation sensible and latent cooling loads are calculated for each
zone and then added to the zone sensible and latent cooling loads, respectively. to make
up the zone system coil sensible and latent cooling loads.

The one problem with this approach is that it assumes a fixed indoor air specific
bumidity. In actuality, the humidity may float up or down. The actual humidity level
depends on the infiltration, ventilation, internal latent heat gain, water
adsorption/absorption in the building mass, and the heat pump operating characteristics.
A more detailed model could be utilized to better estimate the latent coil Joads. This is an

area for future research.
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2.3.7 Summary on the Annual Simulation Results

In order to prepare the final report of a building annual energy stmulation, results
need to be collected during the simulation. The following information was extracted from
the calculation:

e Zone total cooling load (heat extraction rate plus latent cooling load) for each month

e Zone peak hourly cooling and heating load and corresponding times of occurrence

Building total monthly cooling load

Building peak hourly cooling and heating load and corresponding times of occurrence

Building peak hourly load for each month
In HVAC program, a zone is defined as a conditioned space which is controlled
by a single thermostat. The hourly cooling or heating load results for each zone will be
different with each other. Therefore, the peak load occurring time for a single zone may
or may not be the same for the whole building.
The building total monthly cooling and heating load and the peak hourly load for
each month will be used to create ".GLL" file, which will be used directly as the
GLHEPRO (Spitler, et al., 1996) wnput data file to simulate the ground loop heat

exchanger performance.

2.4 On Line Global Schedule Library

2.4.1 Load Schedule and System Schedule Overview

In order to perform the annual energy analysis, miscellaneous load components’
schedules have to be taken into account during the calculation. In contrast to the design
day calculation, the schedule for the annual simulation may become much more
complicated and realistic. The load schedule is the schedule related to the building loads
componernts, while the system schedule is the schedule related to the A/C system control

profile. To define a schedule for an entire year, a hierarchical schedule data structure is

44



established which can extract from and save schedule data to a global schedule library.
The global schedule library could be categorized into annual, weekly and daily libranes.

2.4.2 Appual Schedule Library

For the annual building load calculations, each element has a field for holding a
name of an annual schedule. An annual schedule is defined by the user and is stored in
the annual schedule library. The schedules saved in the annual schedule library are
globally useable.

The data structure which 1s used to hold an annual schedule data is defined below

In “struct.h” file:

typedef struct
{
char name[20];
int begin_date{4], end_date[4];
char week_schedule_name[4][20];

HANDLE hNext;

} annual_schedule;

The first field, *“name”, holds the name of a specific annual schedule. The number
of characters for a schedule’s name could be as many as 20.

An annual schedule can have as many as four periods of time with different
weekly schedules. These four time periods can not be overlapped. For each time period,
the user should define a beginning date (month and day) and an ending date. Beginning
and ending dates are transferred to an integer number of days count (0 ~ 365) and saved

in the fields of “begin_date” and “end_date” in the annual schedule data structure.
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Also, for each time period, there is a field which can hold the name of a weekly
schedule. This field is defined as a matrix type which can save four names of different
weekly schedules for different time penods.

Annual schedules are extracted from the annual schedule library at the beginning
of the execution of the program. During the program running time, the annual schedule
exists as a linked list of annuat schedule structures, and user can add new schedules to the
tist or delete schedules from the list. Before the termination of the program, if the
schedule list is changed during the current execution, the user will be prompted if the
schedule needs to be saved. If the answer is “Yes”, the global annual schedule library will

be updated.

2.4.3 Weekly Schedule Library

As mentioned above, the annual schedule can hold as many as four different time
periods, and for each time period, the weekly schedule is different. In the annual schedule
data structure, these different weekly schedule are represented by the names of the weekly
schedule.

Similar to the annual schedule, the weekly schedule holds a different schedule
name for each day of a week. There are seven days in a week, froim Monday to Sunday,
and for each of them, the user can define a daily schedule name for that specific day.

The data structure of a weekly schedule is outlined below in the “struct.h” file:

typedef struct
{

char name[20];
char day_schedule_name[7](20];
HANDLE hNext;

} week_schedule;
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The “name” field holds the name of each weekly schedule. For each different
week day, the weekly schedule also saves a daily schedule name 1n a field of matrix type.

The data of weekly schedules are stored in the weekly schedule library. During
the starting of the program, weekly schedule data are extracted from the global library
and stored in the weekly schedule’s linked list. When necessary, the user can define new
weekly schedules to the linked list. When the user intends to delete a weekly schedule
from the linked list, the program will check if this weekly schedule is currently used by
any higher level schedule (annual schedule). If it is used by any annual schedule, the
delete action will not be allowed. This protection 1s necessary, because during the annual
simulation, schedule load elements just hold the name of a annual schedule, and from this
point, program has 1o find out all weekly schedules and then the daily schedules for this
annual schedule. Only the daily schedule holds the value of each schedule’s hourly
fraction which will be used in load calculation.

When the program is terminated, all weekly schedules in the weekly schedule
linked list can be saved to the weekly schedule library if the user wants to update the

schedule library.

2.4.4 Daily Schedule Library

The daily schedule is the most basic schedule. It is used directly in the load
calculation procedure to determine the actual load of an element or the state of an air-
conditioning system.

There are two different types of daily schedules in the HVAC program. One is for
the building element's cooling load calculation-"load daily schedule”, and another is for
the heat extraction rate calculation-"system daily schedule”.

A toad daily schedule for cooling load calculation holds the percent value of each
hour based on the element’s peak load. For example, 1f the user defined a “light” type

element with a peak load of 100 Btu per hour, and the schedule percent value of hour
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19:00 is 50, than for the hour 19:00, the actual element’s load is 50 Btu per hour, and so
on.

The systern daily schedule for the heat extraction rate calculation hold the state
parameter of the system for each hour of a day. There are two different states of an air-
conditioning system defined in the HVAC program. One is normal operating state, and

another is set back state.

2.4.5 Schedule Library Scope Discussion

In the current development of the program, the global schedule library is shared
by all buildings which are currently opened by the HVAC window. If the user deleted
some schedules from the global library, and the schedule is used by another building
simulation, then when the user begins the calculation of that building, the HVAC
program will tell the user that some schedule used by the current building does not exist

in the global schedule library. Then the user must define the schedule again.
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Chapter lll

User Interface Modification

3.1 Overview of User Interface Modification in HVAC

The HVAC load calculation program was originally developed under Microsoft
Windows™ environment. A convenient way is provided for the user to mnput building
description data and to specify an execution command through a graphical user interface
In order to perform an annual simulation, some extra data need to be defined by the user
through user interface. In addition to the existing user interface in the old version of the
HVAC program, some new features are added to complete the building anoual energy

simulation.

3.2 Dialog Boxes serving Main Application Window

3.2.1 Annual Simulation Setup Dialog Box

The annual stmulation setup dialog box is shown in Figure 3.1,

The user should specify the simulation period, weather file and reporting level
before executing the building annual cooling load simulation. The major fields in the
annual simulation setup dialog box are described below:

"Simulation Penod" Edit Group:

The HVAC program has the capability to perform a annual simulation of a typical

year from January 1st to December 31st But for the convenience of the user, who might
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like to perform a partial annual simulation, a specific pertod can be defined by specifying
the simulation beginning date and ending date. The program can also check if the
simulation penod 1s defined properly by the user.

"Weather File" Specification Group:

In order to perform an apnual simulation, the name of a weather file has to be
specified by user. The weather file can be located from the current directory or any other

directory.

= —ﬁ AR
1 3
1 Reports : OHourty ® Monthty 3
 Simulation Period = | [ Weather File ~
Month:  Day: Name: tultmy wea
From: |JM‘ @ 1 % Seleciad from:,
tultrry.weo 3
Yo Dec. |ﬁ |31 |@ E.] ] ;
-a- .‘
3

X Create .gllifile
g

O D R R N P I RO O R W IOV L » RN

Figure 3.1  Annual Simulation Setup Dalog Box

“Create .gll File" Check Box:
If this button is checked, a ".gll" file, which holds the results of building monthly

loads information, will be created automatically after the annual simulation. But an entire
year stmulation peniod is required to create a ".gll" file. The ".gll" file s used by the
GLHEPRO program(Spitler, 1996).

"Start Simulation" Button:
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After the user click this button, the program will begin to execute the annual
simulation. The simulation period and the weather file are according to the fields
" Simulation Period" and "Weather File", respectively.

"Close" Button:

If the user has defined all items in the annual setup dialog box and prefers not to

execute the anpual simulation night away, the user can click the "Close" button. The

program will then save all options and go back to the main window.

3.2.2 Annual Simulation Results Dialog Box

The annual simulation results are displayed in the dialog box shown tn Figure 3.2.

This dialog box just displays the annual simulation results, but does not accept any input

data.
T R e
Zone Name :  [BUILDING 3§

Month Henting Laad Coaling Load

1000 B 1000 Bty  Peak Heating Load —
Jan. 517.07 162.43 -2213.88  Biu/br
Fab. 33457 134,68 at
Mar. 83.88 2688.87 JAN. 12, 6:00
Apr. 71.87 381.26
May 9.90 666.05 ~Peak Cooling Load —
Jun, 0.00 912,67 2B43.34 Btu/hr
Jul. 0.00 1024.00 al
Aug. 0.00 983.56 OCT. 22, 15:00
Sep. 3.92 215.47
oL 23.61 6%2.66
Nov. 113.23 309.08
Dec. 418.61 218.21

Figure 3.2 Annual Simulation Dialog Box
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The monthly total heating and cooling loads of the building are the main
results for an annual simulation. In the HVAC program, since the term "Zone" 1s defined
as a space which hold a same space temperature and a unique A/C system, the total
monthly loads of each zone may also be of interest to the user.

The annual simulation results displayed in the dialog box shows the total monthly
cooling and heating load of the building and zones contained in that building. The peak

heating and cooling loads with their occurming time are also displayed in this dialog box.

3.3 Dialog Boxes serving Zone Child Window

3.3.1 Ventilation Setup Dialog Box

The ventitation calculation for a zone is one of the new features implemented in

the new version of the HVAC program. The ventilation setup dialog box is shown in

Figure 3.3.

£ AT A "(; N

AR Zone Ventiatiy

E Systam Supply Air Flow Rate - CFM
Out Daor Air Flow Rote: _ CFM W
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Figure 3.3 Ventilation Setup Dialog Box
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To describe the ventilation characteristic of a zone, the user needs to define the

following items:
System Supply Air Flow Rate: Defined as the air flow rate supplied by zone A/C system.

Out Door Air Flow Rate: Defined as the flow rate of outdoor fresh air introduced to the
space by ventilation.
Annual Schedule: the name of a ventilation annual schedule.

Design Day Schedule: the name of a ventilation design day schedule.

The reason for separating the ventilation schedule from the zone A/C system
schedule is that ventilation represents the operation of fan, while A/C system represents

the operation of system's cooling or heating.

3.3.2 Zone Heat Extraction Dialog Box

To calculate the zone heat extraction rate using a space air transfer function, the
zone construction type and system characteristics have to be defined in the zone heat
extraction dialog box. The box is shown in Figure 3 4.

The major fields in the zone heat extraction dialog box are described below:

Room Envelope Construction:

In this field, the user needs to define the construction type of the zone. There are
four different radio buttons in this field to specify "Extra light construction", “Light
construction”, "Medium construction” and “Heavy construction”.

Heat Extraction Capacity:

The maximum and minimum cooling load capacities are defined in this field. If the
value of minimum cooling load is negative, it represents the maximum heating capacity of

the A/C system.
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System Throttling:
For each A/C system, one throttling range value has to be defined to calculate the
heat extraction rate. It is recommended that this value be larger than 0.1 °F. Otherwise the

convergence of the results of the heat extractioo rate may become difficult.

éﬁmﬁ@y&;}:mﬁg& A AR
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~ Room Envelope Construction

: | O Extra light construction (O Medium construction ;
. | @iLight construction O Heavy construction

* [ Heal Extraction Capacity 2
F | Mex :|100000.00 [ETU/hr  Min.: [-100000.00 | BTUMr |
g

s System Throttling £

~A/C System Schedule
¢ Design Day |Daily Sys. Schd #1

AL LA

4 Annual  [Annual Sys. Schd #1

Figure 3.4  Zone Heat Extraction Dialog Box

A/C System Schedule:

In this field, the user can select the names of the A/C system annual and design day
schedules from the schedule list boxes. If the schedule requires any modification, then the
user can click the "Edit" button and go to the annual or design day schedule editor dialcz

box.

54



3.4 Dialog Boxes Serving Schedule Editing

There are several dialog boxes designed for the purpose of editing schedule in the
schedule library. They are annual, weekly, daily load and daily A/C system schedule edit
dialog boxes. These dialog boxes are shown 1n Figure 3.5 to 3.8.

There are some common fields used in these dialog boxes, they are "New", "Save",
“Save As" and "Delete" buttons.

"New" button:

The user can click this button to add a new schedule to the schedule library. After
this button is clicked, the dialog box will clear all fields and let the user describe the new
schedule. When the user finish the schedule description, he can click the "Save As” button
and give the new schedule a proper name. After the "New" button is clicked, the "Save"
button will be disabled. The reason is that the new schedule can not be saved to the library
before a proper name has been assigned.

"Save" button:

When a specific schedule is selected, user can modify the value in the editing fields.
After the modification is finished, the user has to click the "Save” button to save it.
Otherwise, the modification will not be saved for that schedule permanently.

"Save As" button:

This button is clicked when the user defines 2 new schedule or want to save an
existing schedule in a different name. The uses then has to provide a proper name in the
new schedule dialog box, and click "OK". The schedule with the new defined name will be
saved in the global schedule library.

"Delete" button:

This button allows the user to delete a schedule from schedule library. If a lower
schedule 1s currently being used by a higher level schedule in the library, then this lower
level schedule can not be deleted directly. A warning message box will show up to stop

the delete procedure, if the user tres to delete it.
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3.4.1 Annual Schedule Edit Dialog Box(Figure 3.5)

Annual Schedule edit dialog box can be used for editing both annual load and A/C
system schedule library.

In the annual schedule edit dialog box, the user can modify or delete an existing
schedule or create a new in the annual schedule library. The major fields in the annual
schedule edit dialog box are described below:

Weekly Schedule for different periods of a vear:

The user can define a maximum of four different weekly schedule periods in a year.
For each weekly schedule peniod, the user needs to specify a weekly schedule name,
beginning and ending date of that period. The time penods dunng a year cannot be

overlapped, but the order of the penods cao be defined in any way.
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Weekly Schedule Name: Month: Day: Month: Day:
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Period 2: |Weskly Schd #2 |Apr. B[ 1R [Jun. [ [20 [F]
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Period 4: |Weakly Schd #4 |0c1 | % Dec. [#] (31 [&
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Annual Schd #2
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Figure 3.5  Annual Schedule Edit Dialog Box

56



Modify Weekly Schedule:
If the user wants to modify the weekly schedule which is currently highlighted in

the annual schedule edit dialog box, he can click on this button and the program will open
the weekly schedule edit dialog box. When the modification is finished, the program will
return to this annual schedule edit dialog box and will set the highlight back to the weekly
schedule which was highlighted before modificatton.

3.4.2 Weekly Schedule Edit Dialog Box(Figure 3.6)
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~Daily Schedule Name
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Wadnegday: (Daily Schd #1
Thureday:  [Daily Schd #1 ;
Friday: [Daily Schd #4 i )
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Sundoy: [Daily Schd #4 (%]

~Week Schedule Library
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Waskly Schd #2
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Figure 3.6  Weekly Schedule Edit Dialog Box
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Weekly schedule edit dialog box is used for editing both load and A/C system
weekly schedule library. The major fields in the weekly schedule edit dialog box are
described below:

Daily Schedule Name:

For a weekly schedule, daily schedule name for each weekday needs to be defined.

If a load weekly schedule is being edited, daily schedule name will be selected from the
daily load schedule library. If a A/C system weekly schedule is being edited, daily schedule
name will be selected from the daily A/C system schedule library.
Modify Daily Schedule:

If the user want to modify the daily schedule which is currently highlighted in the

weekly schedule edit dialog box, he can click this button to enter load or A/C system daily
schedule edit dialog box. When modification is finished, the program will return to this
weekly schedule edit dialog box and will set the focus back to the daily schedule which

was highlighted before modification.

3.4.3 Daily Load Schedule Edit Dialog Box(Figure 3.7)

For a daily load schedule, the user needs to define the fraction value for each hour
which multiples to the peak load of the load components or ventilation. There are 24 scroll
bars 1n the load daily schedule edit dialog box. Whenever the 24 fraction values are
defined properly, the user can click on the “Save" button and save the schedule to the
global library. The user also can click the “New" button to create a new load daily

schedule.
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Figure 3.7  Daily Load Schedule Edit Dialog Box

3.4.4 System Daily Schedule Edit Dialog Box(Figure 3.8)

For a system daily schedule, the user needs to define the system operation state of
a A/C system for 24 hours. There are two different system operation state for each hour,
which are "Normal Set" and "Set Back". The user also needs to specify the high and low
set pownt temperatures for both "Normal Set" and “Set Back" operation states, and these
values can be specified in the fields "Set Point Temperature" and "Set Back

Temperatures”. The ligh and low set point temperatures have to be defined properly by
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the user. In other word, the low set poiat temperature can never be higher than the high
set point temperature. Otherwise, a message box will show up to let the user modify the

input value.

3.5 Plotting Procedure Modification
3.5.1 Error Fixing for Original Program's Plot Procedure

In the original version of the HVAC program, there were several serious errors
that showed up during plotting procedure. The phenomenon and fix for these errors are
described in the following sections.

System memory resource consumed during plotting procedure:

The reason for this 1s that the program does not delete the object properly after
creating 1t for painting. A painting object has to be deleted immediately after using it,
otherwise the system memory will never be freed up even after the application terminates.
The new version of the HVAC program can handle this properly, and whenever a plot
window is closed, the memory being used wili be released immediately.

The bit map picture could not show up on the window at correct position:

This is because the position calculation of a bit map was based on absolute window
dimension values in the old HVAC program. If the system display setting( like resolution
or font) is changed, the previous position calculation will not be able to handle this
situation. The solution for this problem is that relative window dimension values be used

whenever a bit map position needs to be calculated.
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Figure 3.8 System Daily Schedule Edit Dialog Box

3.5.2 Plotting Zone Monthly Load Results

In order to show the results of an annual simulation, in the zone window, a plot
child window is designed to show the zone monthly results. Monthly total heating and
cooling load are displayed in bars with different colors. If the user's mouse pointer points
to a particular monthly load bar, the corresponding month and load value of that month
will be shown up in the message box on the bottom left corner of the plot window.

This plot window also displays the zone peak heating and cooling loads of that

typical simulation year.

61

FoAR



3.6 Recommendation on Further User interface Modification

The user interface designed in the current version of the HVAC program has met
the necessary functiopality to let the user complete a building annual energy simulation.
And most of the simulation results can be read directly from the interface in a convenient
way. Most building description tasks can be done by mouse clicking In order to make the
program have more functionality which can be demanded for a standard Windows™
program, some recommendations are given below for further modification on the HVAC
load calculation program's user interface.

Using MDI nstead of SDI

Make the cumrent window to a multiple document interface(MDI) style. The

current HVAC window is in single document interface(SDI) style. A building which 1s
currently opened 1s represented by a tcon. If there are several buildings opened at the same
time, the switch among these buildings can be done by clicking different building's icons.
But when the zone, room or even elements child windows are also opened for some of
these buildings, the relationship of these chuld windows will not be very clear, and leads to
making mistakes easily in such a SDI environment. If MDI environment is used instead of
SD1, a building 1s represented as a single document window in the client area, and only
one document window is active at any time. Then the logical relationship among building
documents will become much more clear. If a building document window 1s minimized, all

refated child windows of that specific building will also disappear from the client area.
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Chapter IV

Validation with BLAST

4.1 Overview

In order to validate the building energy simulation results calculated by the HVAC
program, several validation procedures were performed in this project. Three special test
cases were designed to validate the results of both annual and design day building load

calculation. They are:

1. A test zone with a single room which includes only one exterior wall, and a
constant zone air temperature

2. Load calculation for a real building case which is a two story motel located in
Tulsa, Oklahoma

3. BESTEST (Judkoff, et al., 1993) cases involves a more complicated zone. The
zone which Is located at the top floor includes four exterior walls and a roof.
Infiltration and internal equipment loads are also specified. The A/C system
served for this zone allows the space air temperature in the zone floating
between 68 °F and 80.6 °F. System set back procedure ts also performed for

these test cases.

The first two validation cases will be discussed in detail in this chapter, and the

BESTEST cases will be discussed in chapter V.
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4.2 Test on a zone with a single exterior wall

To validate the results carried out by the HVAC program, that uses the transfer
function method to perform the building load calculation, the first thing that needs to be
focused on is the conduction heat transfer through exterior walls. To eliminate the effects
of other load components, the test cases of a zone with a single exterior wall was
designed. The test zone is located on the mid-floor of a fictitious building so that there is
no heat transfer through the floor and the roof Furthermore, there are no other building
loads in this test zone. Corresponding to a certain design day condition and annual
weather data, both design day and annual simulation results calculated by HVAC for
Windows™ were compared with the results from BLAST(1991a, 1991b), another
building load analysis program which uses heat balance method to perform the building
load calculation. BLAST is widely considered to be one of the most accurate building load
calculation programs. Empincal validation studies have been reported by Bauman (1983),
Carroll (1983), Robertson (1985) and Yuill (1984).

4.2.1 Test Building Setup

A test building which represents equivalent conditions between BLAST and
HVAC for Windows is defined as follows:

Building's Location:
Tulsa, Oklahoma
longitude: 95.9 degree

latitude: 36.2 degree

Time Zone: 6

Desipn Day Weather Conditions:
July, 21 (Monday)
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Out Door Air High Temperature = 98.0 °F
Out Door Air Low Temperature = 74.0 °F
Wet Bulb Temperature = 75.0 °F

Pressure = 400 in. H,0

Wind Speed = 788.2 ft/m at direction O degree
97.0 percent clear sky

Building Geometry Description:
Floor Area: 15x15 f?

Ceiling Height: 10 f

Zone Location: Middle floor

Building Components Description:
Exterior Wall: Test Wall Types (Wall types 1,5,11 and 17)
Partition Wall: 3" Batt Insulation with plaster board on both sides

Floor: Midfloor type with light weight
Roof: Midfloor Ceiling without suspended ceiling

Zone Control System Profile Descniption:
Max. Heat Extraction Capacity: 100000 Btu/hr

Min. Heat Extraction Capacity: -100000(Heating) Btu/hr
Zone Set Point Temperature' 68 °F(constant)

System Throttling Range: 0.05 °F

Annual Simulation Information:

The weather file used for BLAST 1s "Tultmy wea", a TMY weather file for Tulsa

for a typtcal year. In HVAC annual simulation, local weather data is extracted from

BLAST weather report file, “Tultmy.wot”, for the purpose of companson.
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4.2.2 Wall type discussion

Different wall types are used in this single wall test cases. Wall types (1,5,11,17)
listed in “Cooling and Heating Load Calculation Manual” (McQuiston and Spitler, 1992)
are chosen as sample walls. The layer description of these sample walls is shown in the

Tables 4.1 through 4.4.

Table 4.1  Matenal Distribution for Wall Type 1

Layers Layer Descniption R value(°F ./ W/Btu)
A3(inside) Steel siding 0
B1 Alr space fesistance 0.9
B13 4 in. insulation 13.33
A3(outside) Steel stding 0]
Total R Value 14.24
Total U Value 0.0702
Outer Solar Absorplance 0.2
Outer Surface Roughness Smooth

Table 4.2  Matenal Distribution for Wall Type S

Lavers Layer Descnption R value(°F fi*./Buu)
Aé(1nside) Finish 0.17
B21 1.36 in. insulation 45
C7{outside) 8 in. Lightweight concrete block 2.0
Total R Value 6.67
Total U Value 0.1499
Outer Solas Absorptance 0.65
Outer Surface Roughness Rough
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Table 4.3

Matenal Distnibution for Wall Type 11

Layers Layer Description R value(°F.Ai". h/Btu)
£1(inside) 3/4 in. Plaster or gypsum 0.15
C8 8 . Heavyweight concrete bjock 1.11
B6 2 1n. Insulation 667
Al{outside) 1 in. Stucco 0.21
Total R Value 8.14
Total U Vajne 0.1229
Outer Solar Absorptance 0.92
Outer Surface Roughness Smooth

Table 4.4  Material Distribution for Wall Type 17

Layers Layer Description R value(°F.A7 h/Btu)
A2(inside) 4 in. Face brick 043
C2 4 in. Lightweight concrete block 1.51
B15(outside) 6 in Insulation 20.00
Total R Value 21.94
Total U Vatue 00456
Outer Solar Absorptance 05
Outer Surface Roughness Very Rough

The layers of these wall types described in the above tables do not include the
effects of wall's exterior and interior surface combined-coefficients. In HVAC program, all
wall and roof's interior surface combined-coefficients are chosen as a constaat, equal to
1.46 Btwhr.ft*.°F. For Exterior surface, the constant combined-coefficient 3.0 Biwhr.ft* °F
15 used under all circumstances. In BLAST, the outer surface convective coefficient is a

vanable that changes with outdoor wind speed and material texture. For comparison
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purposes, the exterior surface combined-coefficient is modified during HVAC simulation

cases corresponding to different testing conditions.

4.2.3 Exterior Surface Combined CoefTicient Setting

To make the test conditions in both BLAST and HVAC simulation as close as
possible, the constant value of exterior surface coefficient in the HVAC program was
modified depending on the different outer surface matenal roughness and design outdoor
wind speed.

In BLAST program, the ASHRAE(1993) model, which is curve fit formula based
on a second order polynomial was used to calculate the exterior surface pure convective

coeffictent, and the independent variable is outdoor wind speed. The formula has the
form(Judkoff, 1993):

h,=a +a,xV+a, xV* CR)Y
where:
hy: exterior surface convective coefficient (W/mz.K)
a),ay,a3: curve fit coefficients related to outer surface texture
V: outdoor wind speed (m/s)
The "a" coefficients are shown in the table 4.5(Judkoff, 1993):

The exterior surface convective heat transfer coefficients calculated by Equation
4.] using design day wind speed is listed in table 4.6, and these values are approximately
used as extenor surface combined coefficients in the HVAC annual and design day
building load simulations. Inthe BLAST program, the exterior radiant heat exchange are
calculated separately. The results of Equation 4.1 only represents the surface exterior pure

convective coefficients. The reason of elimtnating the effects of the radiation part is that,
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Table 4.5  Coefficients for Calculating Exterior Convective Heat Transfer Coefficient

Matenal Roughness a a3 a3
Very Rough 11.58 5.8%94 0.0
Rough 12.49 4,065 0.028
Med. Rough 10.7% 4.192 0.0
Med. Smooth 8.23 4.0 0.057
Smooth 10.22 3.1 0.0
Very Smooth 8.23 3.33 -0.036

when air speed becomes relatively large, the relative effect of the surface extertor radiation
heat exchange will diminish. This approximatton is suitable for the comparison purposes in

this specific project.

Table 46  Exterior Combined Coefficient Values for Different Wall Types

Wall Type Out Surface Roughness Wind Speed Ex. Surf CoefT.
(fUenin) (Bruhs * °F)
Wall type 1 Smooth 788.2 (4.0 m/s) 3983
Walj type 5 Rough 788.2 (4.0 m/s) 5.1418
Wall type 11 Smooth . 788.2 (4.0 mvs) 3.9834
Wall rype 17 Very Rough 7882 (4.0 nv's) 6.19)0

4.2.4 Validation Procedure

Based on the building description and ambient conditions discussed above,

both BLAST and HVAC program are used to execute the design day and annual cooling
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load simulation for each exterior wall type. For each wall type; the wall facing angle was
also changed(South, North, East and West) so that the effect of solar radiation on the
calculated cooling load through the exterior wall can be tested.

e Some explanation for BLAST 1nput:

While using BLAST to perform the test simulation, each layer of the wall is
defined as a temporary material. The reason for doing this is to make the comparison
condition between BLAST and HVAC as close as possible. A temporary control profile is
also defined in the BLAST input to keep the zone space temperature as a constant (68 °F)
for both design day and annual simulation period. In BLAST, the floor area should be
defined to obtain correct cooling load calculation results based on the heat balance
method. Partition wall, mid floor and ceiling are not heat transfer building load
components, but heat storage components in BLAST. In BLAST test case input file, the
only heat transfer componest for the whole zone is an exterior wall. For different wall type
tests, the extenior wall's facing angle is modified in the BLAST “ .bin” file. The BLAST

program is run based on each corresponding .bin file.

o Some explanation for HVAC program input data:

Room parameter definition:

For this specific test case, the only load element defined in the HVAC program is a
exterior wall. The partition, floor and other internal heat storage components are
represented by the user defined room parameters.

The room parameters defined for these test cases are listed in the table 4.7.
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Table 4.7 Room Parameters used by HVAC in the single wall test

Room Parameters Defined Value
Room Geometry 15x 15
Room Height 10
¥ of Exteriar Wall 1
Intenior Shade 0%
Fumiture Without
Exterior Construction
Wall Type 1 L.W. with Lt. insulation
Wall Type 5 L.W. with Lt. insulation
Wall Type 1} H.W. with moderate insulation
Wall Type 17 L.W. with moderate insulation
Partition Type 5/8 in. Gyp-Air-5/8 in. Gyp
Room Location Mid Floor Type
Mid Floor Type 1 in. Wood
Slab Type Mid Floor Type
Ceiing Type Without Ceiling
Roof Type ' L.W. w/o susp. ceiling
Floor Covering vinyl tile
Glass Percent 19%
Extenor Wall Total U Factor:

Exterior Wall total U factor(air to air) used in the HVAC program is chosen as
same as the U factor shown in BLAST simulation output file(.bot file). The total U factor
in BLAST is calculated based on the wall layer description and surface convective and
radiative coefficients. As mentioned previously, the surface exterior convective coefficient
is a function of outdoor wind speed and surface texture. The changing of the exterior

convective coefficients also affect the surface overall U factor. Moreover, if the effect of
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heat storage is eliminated, the U factor is the major variable that causes heat transfer
between internal space and ambient . So it is reasonable to use the same U factor in both

BLAST and HVAC input data in the test procedures.

HVAC summer design day conditions description:
In HVAC, the summer design day is defined by design day’'s date(month and day),

outdoor dry bulb air temperature, mean coincident wet bulb temperature and mean daily
temperature range. In BLAST), the design day is chosen from BLAST design day library
No. 142, which represents the design day condition of Tulsa, Oklahoma. The high outdoor
air DBT is 98 °F and the low outdoor air DBT is 74 °F. In the HVAC summer design day
input, the high outdoor DBT of 98 °F and the temperature daily range of 24 °F will
represent exactly the same summer outdoor air dry bulb temperature bourly profile as

BLAST.

4.2.5 Simulation Results from BLAST and HVAC

The results of design day cooling load calculation from both BLAST and HVAC
are shown in Figures 4.1 through 4.4. The results of annual simulation based on the Tulsa
weather data are shown in Figures 4.5 through 4.8,

As shown 1n the results, the difference between BLAST and HVAC design day and
annual simulation are both in acceptable ranges. A detailed discussion of the results is
given in section 4.4. But 1t should be noticed, the exterior surface combined coefficients is
modified in HVAC program based on the equation 4.5 for each test case. How does the
exterior surface combined coefficient influence the cooling load calculation? There is

another simple test introduced to explain this question.
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4.2.6 Some Extra Tests on Exterior Surface CoefTicients and Window's effects

e Extenor Surface Coefficients Effects:

From the test cases with a zone having a single exterior wall, a special case, "Wall
type 1, facing South", was chosen to test the effects of exterior surface combined
coefficient. In this test , the exterior surface coefficient 1s changed from 2 to 7
Btu/hr.ft>.°F. The design day cooling load calculation results carried out by the HVAC
program are shown in Figure 4.9. From the results of this simple test, it is clearly shown
that the peak cooling load reduced when the extenor surface combined coefficient(h_o)
becomes larger. This phenomenon can be explained by the Equation 1.5. When the value
of h, becomes larger, the sol-air temperature will become smaller. Furthermore, the sol-air
temperature is an important factor that determines the conduction heat gain through the

exterior wail.

o Window Effects:

In addition to the conduction beat transfer through exterior wall, another major
part of the heat gain due to building exterior surface is the heat gain through window. In
order to test the capability to model the thermal process of heat gain through window of
the HVAC program, The following test was carried out.

The previous test case, " Wall type 5, facing South", was modified to have a
window on the 15 x 10 ft? south wall. The dimeasion of the window is 6 by 4 feet. Design
day and Annual conditions are as same as before. The results of annual and design day
were obtained from both BLAST and the HVAC program.

The comparison results are shown in Figure 4.10. The shading coefficient
approach over predicts the transmitted heat transfer through window. It js desirable to
develop a more detailed window heat transfer simulation model. Further discussion can be

seen 1n Chapter VI, "Conclusions and Recommendations”.
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4.3 Test of a Load Calculation on a Real Building (Motel )

This section discussed on a load calculation comparison between BLAST(1992)
and the HVAC for Windows on a realistic building - a two story motel.

For a real building load calculation, the situation would become more complicated
than the test performed on a single zone. All kinds of different load components, like
lights, people, electric equipment, ventilation and interzone partitions witl be involved as
parts of space cooling load. Furthermore, some of these loads may be combined with
specific schedules according to specific simulation time periods. Also, for the first floor of
building, the heat transfer due to floor has to be considered. For the special comparison
purposes desired in this project, which was intended to compare the simulation results
between BLAST and HVAC, the building description input for each program can only be
defined as close as possible, and it may not be possible to represent the building exactly
the same in both programs. And the results of the comparison can only provide a basic

idea of how the HVAC program can be applied to a real complicated commercial building.

4.3.1 Motel Plan View

The building's first floor and second floor's plan views of the motel are shown in
figure 4.11 and 4.12. The building general design information is described in the following
section.

4.3.2 Building General Design Information

Building General Information:
o Location Name: Tulsa, Oklahoma
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Latitude: 36°12'
Longitude: 95°54'

Time Zone: 6

Summer Design Day Conditions:

Month: 7

Day: 21

Design Day Outdoor Dry Bulb Temperature: 98.00°F
Design Day Outdoor Wet Bulb Temperature: 74.00°F
Mean Daily Range: 24 .00°F

Building Construction Descaiption:

Exterior Wall - Wood frame construction with overall U factor (including surface
conductance) of 0.108.

Roof - shingled, pitched roof, attic airspace, with overall U factor of 0.045

Windows - Double pane, with shading coefficient of 0.88 and overall U factor of 0.67

In order to perform the cooling load calculation on the motel, the building needs to

be divided 1into several representing zones, and each zone will be controfled by a single

A/C system and have a same system control profile. The zone description of the motel can

be found in Table 4.8.
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Table 4.8

Motel Zones Information Summary

Zone Zone Name Zone Floor Area | Height Total System Contro] System System System Ventilation
No. Moltiplier Window Annual Schedule Max. Max. Throttling ODA
[sq.it] Area Name Cooling Heating Range
ft] a] Capacity Capacity [°F] {cfm])
[Btwhr] [Btwhr]
1 NW Cormner 1st Fl. 1 348 8 26.88 motel room conirol 100000 100000 0.1 30
2 West Typical 1 st Fl 9 348 8 26.88 motel rcom control 100000 100000 0.1 30
3 NE Comer st Fl. ) 348 8 26.88 mote} room control 100000 100000 0.1 30
4 East Typical Ist FL. 7 348 8 26.88 motel room conirol 100000 100000 0.1 30
5 NW Comer 2nd FL. ) 348 8 26.88 molel room control 100000 100000 0.1 30
6 West Typica) 2nd Fl. 9 348 8 26.88 mote! rcom control 100000 100000 0.1 30
7 NE Comer 2nd Fl. 1 348 8 26.88 motel room contro) 100000 100000 0.] 30
8 East Typical 2nd FL. 9 348 8 26.88 mofel room control 100000 100000 0.1 30
9 Special 2nd Fi. 2 538 8 533.76 motel room control 100000 100000 0.1 30
10 Laundry 1 696 8 0 laundry control 100000 100000 1.0 160
11 Main Lobby 1 1926 8 287.24 Lobby's Control 100000 100000 2.0 300
12 Swimming Pool 1 1702 10 220 5 swim control 1000000 1000000 1.0 1700




4.3.3 Motel Annual Simulation Results

After the building description files have been created carefully for both BLAST
and the HVAC program, angual load simulations are executed. The annual Joad
simulations are based on the weather data of a Tulsa's typical year. From the annual
simulation results carried out by BLAST and the HVAC program, the monthly cooling
and beating loads for each zone of the motel can be collected. In this project, only the
results of system sensible Joads are compared between BLAST and the HVAC.

The motel input building description file for BLAST( ".bin" file) is listed in the
Appendix A. The motel input building description file for the HVAC program( ".ipt" file)
18 listed in the Appendix B.

The comparnison results of monthly cooling and heating loads are shown 1n Figure
4.13(A) through 4.13(C).

The annual total cooling and heating loads results of botb BLAST and the HVAC

program are listed 1n Table 4.9.

Table 4.9  Motel Annual Total Cooling and Heating Loads

Zone Name Annual Total Cooling Load( 1000 Btu) Annual Total Heating Load{ 1000 Btu)

BLAST HVAC BLAST HVAC
NW Comer lst Fl. 6346 8803 5139 5384
West Typseal 1 st FL. 6009 8028 3152 3395
NE Corner Ist FL 6208 6900 5127 5657
East Typical 1st Fi. 5880 6095 3149 3647
NW Comer 2nd Fi. 8068 10292 6672 7178
West Typical 2nd FL 7669 9454 4534 5119
NE Comer 2nd FL 7799 7646 6559 6381
East Tvpical 2nd Fl. 7443 7210 446) 5286
Special 2nd Fl. 12277 15831 7245 7761
Laundry 7938 10126 4084 3622

Main Lobby 69216 82536 42545 51635

Swimming Pool 17632 24910 323552 321227

89




06

Cooling Load(1000 Btwhr)

1 234567 89101112
Months

mBLAST(H)
DOHVAG(H)

mBLAST(C)
wHVAC(C)

2000

1500

Cooling Load(1000 Btwhr)

BBLAST(H)
QHVAC(H)

@ BLAST(C)
mHVAC(C)

1 234567 895101112
Months

| N.W. Commer Zone

Cooling Load(1000 Btwhr)

1 W. Typical Zone

@BLAST(H)
DOHVAC{H)
BBLAST(C)
aHVAC(C)

123456 78 91011132
Months

Cooling Load|1000 Btwhr)

| N.E. Comer Zone

@ BLAST(H)
DHVACG(H)
mBLASTC)
B HVAC(C)

123 456789101112
Months

] E.Typical Zone

Figure 4.13(A) Motel Monthly Cooling and Heating Load Comparison
Between BLAST and the HVAC Program(Part A)



16

T 2500
g 2000 -
= @BLAST(H)
e 1500 OHVAC(H)
T 1000 mBLAST(C)
-
B HVAC(C)
2 sm- [MHVAC(C
&
- ® 0 ~ @ =
Months
2 N.W. Comer Zone
£ 2000
&
g 1500 BBLAST(H)
o
e O HVAC(H)
F 1000
'g mBLAST(C)
> 500 - mHVAG(C)
=
g
S o

1 234567 8 9101112
Months

g 2500
@ 2000 2
8 WBLAST(H)
€ 1500 ] OHVAC(H)
8 4000 - [ mBLAST(C)
-l

HVAC(C
2 so i e
g
S o

123456789101112
Months
2 W. Typical Zone

&
o | BLAST(H)
2 DHVAC(H)
2 mBLAST(C)
- WHVAL(C)
£
8
Q

123456 7 8 9101112
Months

2 N.E. Corner Zone

2 E. Typical Zone

Figure 4.13(B) Motel Monthly Cooling and Heating Load Comparison
Between BLAST and the HVAC Program(Part B)




6

Cooling Load(1000 Btwhr)

®@BLAST(H)
DHVAC(H)
wBLAST(C)
mHVAC(C)

1 234567 8 9101112

Months

Cooling Load(1000 Btu/hr)

g

. 8888

1234567 8 91011192
Months

®HVAC(C)

mBLAST(H)
DHVAC(H)
mBLAST(C)

1
I|

2 Special Zone

Laundry Zone

Cooling Load(1000 Btuwhr)

BBLAST(H)
O HVAC(H)
mBLAST(C)
EmHVAC(C)

Main Lobby

Figure 4.13(C)

Cooling Load(1000 Btwhr)

Months

@BLAST(H)

OHVAC(H)
@BLAST(C)

Swimming Room

Motel Monthly Cooling and Heating L.oad Comparison
Between BLAST and the HVAC Program(Part C)



The building annual total cooling and heating loads for the motel are listed in Table
4.10.

Table4.10  Motel Annual Total Cooling and Heating Loads

Annual Total Cooling Load(1000 Btu) Annual Total Heating Load(1000 Btu)
BLAST HVAC BLAST HVAC
379039 447794 539959 566357

4.4 Discussion

Io this chapter, BLAST is used as a reference program to validate the simulation
results carned out by the HVAC program. The test begins with the most fundamental case
which 1s 2 room with a single exterior wall. Furthermore, the effects of surface exterior
coefficients and window are also tested to evaluate the simulation capability of the HVAC
program. At the end of this test procedure, load calculation on a relatively complicated
real building - motel is executed by both BLAST and the HVAC program. All comparison
results are illustrated in either chart or table formats.

From the comparison results carmied out by the single zone test, the following
conclusion can be achieved. For the design day calculation, if there is no window on the
exterior wall, the single zone test results will only represent the conduction heat transfer
through the exterior wall. No matter what the facing angle of an exterior wall is, the
difference in the peak cooling load of the summer design day between BLAST and HVAC
1s kept within 16 %. The largest difference occurred in the case of "West wall, wall type
11". For wall type 1, the agreement between BLAST and the HVAC program are
relatively better than other cases. As described by Sowell(1992), according to the group
method used in the ASHRAE Research Project 472 to keep representative wall group and

roof group in a acceptable number, there is an inherent error of positive 20 % in the
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amplitude and one hour in time delay by using derived transfer function coefficients. This
inherent error can be seen clearly from the comparison results of the single zone tests. In
all cases, the hourly cooling load results calculated by the HVAC program are greater than
that from BLAST and the biggest difference is smaller than 20 percent. This i1s acceptable
for most purposes and will give a conservative result.

For the results of the single zone annual simulation, because the design day wind
speed 1s used to calculate the approximate exterior surface combined coefficient in the
HVAC program, but real hourly wind speed is used in BLAST, the comparison results will
become not as predictable as in the design day calculation. But, in the annual simulation,
the average outdoor wind speed stifl can be considered as same as the summer design day
because higher and lower hourly outdoor wind speed will compensate with each other
dunng the enttre year and the macroscopic results are still considered comparable. From
the annual simulation comparison results shown in Figures 4.5 through 4.8, for total
annual cooling load, the biggest difference is also under 13 percent; for total annual
heating load, the biggest difference is under 4 percent.

Another test on the exterior surface combined coefhicient shows that, for the
summer design day calculation, when solar radiation is in effect, the hourly cooling load
will be reduced by increasing the value of the coefficient. This is because when a solar flux
1s incident on an exterior wall, the exterior surface temperature will rise and become
higher than the ambient air. As the value of exterior surface coefficient increases due to a
higher outdoor wind speed, the convective heat transfer between exterior surface and
ambient air will be increased. Therefore, there will be less heat conducted to the indoor
space through the wall, and the cooling load will be decreased correspondingly. The
phenomenon can also be explained by observing Equation 2.21 which is used to calculate
the sol-air temperature. This also implies that it is desirable to modify the exterior surface
combined coefficient in the HVAC program to vary with surface roughness and wind
speed.

When a south window 1s added in the case “ South wall, wall type §", a relatively
large disagreement between BLAST and the HVAC program is emerged Actually, a
south window is defined as similarly as possible in both BLAST and the HVAC program.
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In BLAST, the window material is defined as glass type with specified R value and
shading coefficient. In the HVAC program, the window R value and shading coeffictent
are chosen as same as in BLAST. Because the case "South wall, wall type 5" without
window has been tested previously, the big difference in the results on the window case 1s
mainly due to the effect of the existing of the window. For all test cases in this project,
include the test cases shown in next chapter, all results show that, the heat gain caused by
window calculated by the HVAC program are about 10 to 20 percent greater than the
results calculated by BLAST. This indicate that the simplified method( Shading Coefficient
Method ) in window heat transfer calculation does not have sufficient accuracy and can be
improve in future study.

The primary purpose of the test case for the motel is to figure out if the HVAC
program suitable to a real building annual load simulation. From the previous results
obtamned from the single zone test, one can tell that the results of conduction heat transfer
through exterior walls( also roofs) have a good accuracy for both design day and annual
simulation. Furthermore, the methodology of calculating other building load components,
such as infiltration, lights, people, equipment, and ventilation, is relatively straight forward
and similar in both BLAST and the HVAC program. In this special test case, the exterior
surface combined coefficient is set to be 3.0 Btu/hr-fi-F as the real value the current
HVAC program actually used. Under this condition the results calculated by the HVAC
program are expected larger than the case with using modified exterior surface combined
coeflicient.

In the motel simulation, another factor can influence the calculation results is floor
heat transfer. Because the HVAC program canpot take the floor heat transfer into
account, during the BLAST building description procedure, the monthly ground
temperatures are set approximately to be close to the zone space air temperature. This
definition will make the heat transfer due to floor as small as possible during the entire
simulation period in BLAST and the factor of floor heat transfer can be neglected in the
results comparison. However, it would be highly desirable to tnclude floor heat transfer in

the annual energy analysis.
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From the motel simulation comparison results shown in Figures 4.20a through
4.20c, it can be observed that the monthly total heating loads have a very good agreement
between BLAST and the HVAC program for all zones. The HVAC monthly total cooling
loads are bigger than BLAST in the range of 15 - 40 percent. The building annual total
heating and cooling loads companson is listed o Table 4.10. The building total heating
load of HVAC is about 5 percent higher than that of BLAST. The building total cooling
load of HVAC is about 18 percent higher than that of BLAST.

The comparison results between BLAST and the HVAC program shown in this
chapter indicates that the HVAC program has the capability to simulate any complicated
coramercial building. The results carned out by the HVAC program are generally greater
than that carmed out by BLAST. Some new features, including floor heat transfer,
modified extenior surface combined coefficient calculation model, and improved window
heat transfer model, can be considered adding to the HVAC program to improve the

program accuracy and capability.
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Chapter V

Validation by Building Energy Simulation Test (BESTEST)

5.1 Overview

The validation procedure of the "Building Energy Simulation Test"(BESTEST)
(1993) 1s to make an equivalent building description for the program being tested and
other programs which are considered to be state-of-the-art programs and widely used io
the field of HVAC engineering design and consulting routines. Fourteen cases are
presented in the BESTEST procedure, and 10 of thern are chosen to used in this project
for the purpose of the HVAC program validation. They are the 600 and 900 senies which
consist of qualification tests. The 600 Senes represents a zone with lightweight envelope

construction and the 900 Series represents a zone with heavyweight construction.

5.2 Test Building and Input Data Description

5.2.1 Building Construction Information

The test zone in both the 600 and 900 senes i1s a zone built up with four exterior
walls, one roof and a large window with double pane glass on the south wall. It 1s a zone
located on the top story of a fictitious building. Figure S.1 and Figure 5.2 show the plan
view and elevation view of this "fictitious” zone, respectively. There is no heat transfer

through the interzone floor for this top story test zone.
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The 600 test series building component's description is listed in Tables 5.1 through
5.3, while the 900 test series building component's description s listed in Tables 5.4
through 5.6.

In all cases, the window plays an important role in building envelope heat transfer
because of its relatively large size. The characteristic values of the window defined by the

BESTEST for all test cases are listed in Table 5.7.
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Figure 51  BESTEST Zone Plan View
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Figure 52  BESTEST Zone Elevation View
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Table 5.1  Case 600s' Exterior Wall Material Description (inside to outside)
Name k Thickness U R Density Cp
Btwh*f*F fl Bwh*f2°F | h*A2*F/Bru | 1b./R3 | BrwlbeF
Int. Surf, Coefficient 1.461 0.68S
Plasterboard 0.093 0.039 2.350 0.426 59.307 0.201
Fiberglass quili 0.023 0.217 0.107 9.363 0.749 0.201
Wood Siding 0.08) 0.030 2.741 0.365 33.087 0.215
Ext. Swrf. Coeflicient 5.163 0.194
Total air-air U value 0.091 Btwh*f2°F
Total surf-surf U value 0.098 Bowh*f2°F
Table 5.2 Case 600's Roof Matenal Description(snside to outside)
Name k Thickness U R Density Cp
Bw/h*ft*F ft Brwh*fi2*F | n*f2*F/Bru | 1b/A3 | BuibeF
Int Surf, Coefficient 1.461 0685
Plasterboard 0.093 0.033 2.820 0355 59307 | 0201
Fiberglass quilt 0.023 0.367 0.063 15854 0 749 0201
Roofdeck 0081 0.062 1.299 0775 33.087 | 0215
Ext. Surf CoefTicient 5.163 0 194
Total air-air U value 0.056 Bawh°*f2°F

Total surf-susrf U valve

0.059 Bawh*f2*F
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Table 5.3  Case 600's Floor Material (inside to outside)
Name k Thickness U R Density Cp
Btuw/h*ft*F ft Btw/h*f2*F | h*2°F/Btu | Ib/f3 | Bruib*F
Int. Surf. Coefficient 1461 0.684
Timber flooring 0.081 0.082 0.987 1.013 40,578 0.287
Fiberglass quilt 0.023 3.291 0.007 142.287 0.000 0.000
Total air-air U value 0.007 Btwh*ft2*F
Total surd-suef U value 0.007 Btw/h*f2*F
Table 5.4  Case 900's Exterior Wall Matenal(inside to outside)
Name k Thickness U R Density Cp
Btwh*fi*F - Btwh*fi2°F | h*f2°F/Br | 1b/A3 | Btwlb*F
Int. Surf. Coeflicient 1.461 0.685
Plasterboard 0.295 0.328 0.899 1.)13 87.399 0.239
Fiberglass quil{ 0.023 0.202 0.115 8.722 0 624 0.335
Wood Siding 0 081 0030 2.74) 0.3635 33.087 0215
Ext. Surf. Coefficient 5.163 0154

Total air-air U value

0.090 Btwh*f2*F

Total surf-surf U value

0.098 Brwh*fQ°F
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Table 5.5  Case 900's Roof Matenal(inside to outside)
Name k Thickness U R Density Cp
Btw/h*fi*F ft Biwh*fi2*F | h*A2°F/Bru | 1b/f3 | Btulb®F
[nt. Surf. Coeflicient 1.461 0.684
Plasterboard 0.093 0.033 2.820 0.355 59.307 0.20]
Fiberglass quilt 0.023 0.367 0.063 15.854 0.74% 0.20)
Roofdeck 0.081 0.062 1.299 0.770 33.087 0.215
Ext. Surf. CoefTicient 5.163 0.1%94
Total air-air U value 0.056 Btwh*f12°F
Total surf-surf U value 0.059 Btwh*f2*F
Table 5.6  Case 900's Floor Material(inside to outside)
Name k Thickness U R Density Cp
Brwh*ft*F fl Btwh*f2°F | h*fi2*F/Bwe | 1b/fi3 | Bawlb®F
Int. Surf. Coefficient 1.461 0.684
Concrete Slab 0.653 0.262 2489 0402 87.399 0.239
Fiberglass quilt 0.023 3.304 0.007 142 855 000 0 000
Tolal air-air U value 0.007 Brwh*fR2°*F
Total surf-surf U value 0.007 Bowh*f2*F
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Table 5.7 BESTEST Window’s Charactenstics

Extinction Coefficient 0.0196 / mm
Number of Panes 2

Pane Thickness(standard 1/8" glass under [P systern) 3.175 mm
Air Gap Thickness 13 mm
Index of Refraction 1.526
Normal Direct Beam Transmittance Through 1 Pane In Air 0.86156
Conductjvity of Glass 1.06 W/m.K
Conductance of Each Glass Pane 333 Wim?K
Combined Radiative and Convective Coefficient of Air Gap 6.297 W/m*K
Extenor Combined Surface Coefficient 21.00 WK
Interior Combuned Surface Coefficient 8.29 W/m'-K
U-Value from Interior Air to Ambient Air 30 Wim'K
Density of Glass 2500 kg/m®
Specific Heat of Glass 750 Jkg'K
Curtains, Blinds, Frames, etc. inside the window None

5.2.2 Cases Description

5.2.2.1 Infiltration

The Infiltration load in the BESTEST test zone is defined as 0.5 air change per

hour.

5.2.2.2 Internal Equipment Heat Gain

The power of the Internal heat source is assumed to be a constant value, 200 W,
and the radiative and convective portion are 60 % and 40 %, respectively. This load
represents the pure heat gain of the space from the internal equipment. The equipment has

a continuous runmng schedule.

5.2.2.3 Extenor Combined Surface Coefficient
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From 2300 pm to 0700 am;

if the space temperature is less than 10 °C(50 °F), system heating will be

turned on;
From 0700 to 2300 pm:

if the space temperature is less than 20 °C(68 °F), system heating will be

turned on;
For all hours:
if the space temperature is greater than 27 °C(80.6 °F), system cooling will

be turned on;

5.2.2.8 Loads Schedule

There are two kinds of schedule loads presented in the BESTEST cases, they are
internal equipment aad infiltration heat gain . But the schedule of these loads are all
treated as continuous, i.e. they will be turned on continuously during the entire simulation

peniod. So in HVAC simulations, a continuous schedule is assigned to these loads.

5.2.2.9 Cases Specification Table

All BESTEST cases performed in this project are summarized in the table S.8.

$.2.3 HVAC Input Data for BESTEST Cases

To describe the test zone in the HVAC user's interface environment s pretty
straight forward, except some special input field which are specified in detail in following

sections.

5.2 3.1 Room Parameter's Description

Room parameters for the test series 600 and 900 are summarized in Table 5.9:
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Table 5.8 BESTEST Case Summary Information

1 2 3 4 5 6 7 8 9
Case Set Pt. Mass Equip. Infil. ABS Glass Window Overhang
No. °C w ACR m’ Orien.

600 20,27 Light 200 0.5 0.6 12 S wathout
610 20,27 Light 200 0.5 0.6 12 S with
620 20,27 Light 200 0.5 0.6 6.6 EW without
630 20,27 Light 200 0.5 0.6 6.6 EW with
640 S.B. Light 200 0.5 0.6 12 S without
900 20,27 Heavy 200 0.5 0.6 12 S without
910 20,27 Heavy 200 0.5 0.6 12 S with
920 20,27 Heavy 200 0.5 0.6 6.6 EW without
930 20,27 Heavy 200 0.5 0.6 6,6 EW with
940 S.B. Heavy 200 0.5 0.6 12 S withoul

Note: S.B.: System SETBACK control profile in affect; ABS: Exterior Solar

Absorbtance;

5.2.3.2 Wall Type Description

When the transfer function method is used, the wall type has to be carefully
selected to calculate the exterior wall conduction heat transfer. If the exact matching wall
material cannot be found in the wall matenal library, a material which has the closest
thermal properties from the library should be used instead.

For case 600s, according to the wall layer description listed in Table 5.1, the
outermost layer of the exterior wall is plasterboard, which has a heat capacity of 0.039 x
5$9.307 x 0.201 = 0.495Btw/f’F, and the material that can be chosen from the Library is
"A3", “ Steel] Siding ", which has a heat capacity of 0.24 BtwAt’F. Similarly, B12 - 3 in.
Insulation is chosen for "Fiberglass quilt" and "A3" for Wood Siding. The dominant wall
materal ts "Steel Siding" and the secondary pnnciple matenal 1s "3/4 in. Plaster or
Gypsum". The Mass location 1s “Mass Integral”. After these vaniables are specified inside

the HVAC program, the wall type is calculated and described as "Wall Type 1".
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The definition of wall layer for the BESTEST are summarized in Table 5.10.

Table 5.9

Room parametess for BESTEST cases

Name of Parameter Cases 600s ( Laght ) Cases 900s ( Heavy)
Room Geomelry 1SR x 15 1508 x 151
Room Height 10 A 10 f

# of Extenor Walls 4 4

Room Location Top Floor Tap Floor
Interior Shade 0% 0 %
Fumiture Without Without

Extenior Wall Construction

L.W with moderate insu

H.W. with moderate insu

Partition Type 5/8 in. Gyp-Air-5/8 in. Gyp 5/8 in. Gyp-Air-5/8 in. Gyp
Mid Floor Type ) in. woad 8 in. Concrete
Slab Type Mid floor type Mid floor type
Ceiling Type Without ceiling Without ceiling
Roof Type L. W w/o suspended ceiling L.W. w/o suspended ceiling
Floor Covering Vinyl Tile Vinyl Tile
Glass Percent 10 10

Table 5,10  BESTEST Wall and Roof Layer Summary Information

Case 600 Case 900
Layer Distribution(inside to outside) E0,E1,B4 . A3,A0 E0.C4,B4,E1.A0
Principle Matenal Steel Siding 4 in. Common Brick
Secondary Matenal 3/4 n. Plaster Board 3/4 1n Plaster Board
Mass Location Mass Integral Mass In
Actual U Factor 0.09) Btwh*ft**F 0.030 Brwh*ft’*F
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5.2.3.3 Roof Type Description

Similar to the wall type selection, the layer distribution of the roof for both 600
and 900 cases is defined as layers of - EQ,E2,B12,B7,A0, "Mass Integral”, with pninciple
material of 1 in. wood, and without suspended cetling. Roof type of 2 is obtained from the
HVAC program.

5.3 Annual simulation results

The BESTEST input building description file for the HVAC program ( ".ipt" file)
is listed tn the Appendix C.

There are several sets of comparison results that can be obtained from the
BESTEST procedure. They are annual total cooling load, annual total heating load, peak
heating and cooling load and there occurring times. The annual heating and cooling load
comparison results for low mass cases (Case 600s) are shown in figure 5.3 and 5.4, the
annual heating and cooling load comparison results for heavy mass cases (Case 900s) are
shown in figure 5 5 and 5.6. The results of sensitivity test are shown in Figure 5.7 through
5.12. In these tests, the sensitivity of the program to various phenomena is examined by
taking the difference between two different cases. For example, in Fig. 5 7, the difference
in heating load between cases 630 and 620 is plotted. The only difference between the two
cases 1s that case 630 has an overhang. In this case, HVAC is shown not to be very
sensitive to the addition of an overhang, when compared to the other programs.

As mentioned 1n the BESTEST, to pass a test case, the simulation results of testing
program must show “reasonable agreement with the reference programs for both the
absolute results and the sensitive results” (Judkoff, 1993). When a disagreement show up
during a specific test case, the user need to follow the diagnostic procedure provided by
the BESTEST. The BESTEST results on the HVAC program shown in this section are
the final results of this project, which means that the problems found during the BESTEST
procedure have already been fixed. The problem tracing method in the BESTEST will be

discussed in the following section.
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5.4 Discussion

The BESTEST is specially designed for both software developer to trace the
potential problem and software end user to validate the commercial software accuracy. In
thus specific project, the BESTEST is applied to determine if the annual simulation results
camed out the HVAC program is acceptable. Furthermore, when problems are
encountered, the diagnostic procedure provided by the BESTEST become especially
useful to trace the problem and check the implemented technical methodology in the
HVAC program.

In this project, the BESTEST begin with the base test - case 600 for a light mass
construction. At first, the comparison results were not satisfied for some unclear reason.
According to the procedure provided by the BESTEST diagnostic diagram, cases 195 to
320 were executed to find the reason of the major disagreement in the annual simulation
results. .

In the BESTEST diagnostic procedure, case 195 especially tests the conduction
heat transfer of the building exterior construction. In this case, there is no window on any
exterior walls. Also, the components of intenal heat gain, infiltration are eliminated.
Furthermore, the BANGBANG is used as the system control strategy, which holds the
space air temperature as a constant value of 20°C(68°F). Under these conditions, the
annual simulation was executed by the HVAC program, and the results showed that the
simufation results of the HVAC program has a good agreement with other programs
presented in the BESTEST.

After the most basic test - case 195 has been done, the diagnostic procedure was
move on to other diagnostic test cases. Among the test cases, the case 200 test the surface
convection heat transfer problem; the case 230 test the infiltration problem; the case 240
tests the internal heat gain problem; the case 250 test the solar absorptance of exterior
walls. The cases 210 through 220 were skipped for the reason that the HVAC program
does not have the capability to simulate the interior and exterior surface IR radiation.

From the diagnostic case 270, the heat transfer through window becomes

tmportant. As discussed in the previous chapter, the algorithm of solar radiation through

115



window in the HVAC program makes the cooling load results higher than other programs
( like BLAST).This phenomenon also appeared in the case 270. The case 250 through 310
test the affects of changing the window orientation and adding extra window exterior
shading.

The results for all test cases mentioned above have an agreement with the results
from other reference programs in the BESTEST in a reasonable range. The HVAC
program was then considered passing these diagnostic tests. The test then moved on the
case 320. The difference between the case 320 and other previous test cases is that the
case 320 uses a DEADBAND system control profile which lets the room space air
temperature float between 20 and 27°C(68 and 80.6°F). And this case is designed specially
to test the capability of the program to deal with the thermostat DEADBAND.

The annual simulation results by the HVAC program showed a piajor disagreement
in the annual total heating load. The problem on thermostat DEADBAND calculation in
the HVAC program was noticed at this point. In order to find out the reason of the
problem, detailed information was extracted during the annual simulation procedure of the
HVAC program.

The BLAST program was employed to check the hourly cooling load results of the
HVAC program. By using the transfer function method, the system heat extraction rate
calculated by the HVAC program has an equivalent meaning with the cooling load results
in the BLAST output file. For this reason, the hourly data of system heat extraction rate
from the HVAC program and the hourly data of cooling loads from BLAST have been
compared for the checking purposes. Because the difference between case 320 and 270
indicates the effects of the thermostat DEADBAND, the hourly loads calculation resujts
are also extracted from both BLAST and the HVAC program for comparison. Figure 5.13
and 5.14 show the comparison between case 320 (DEADBAND) and 270 (BANGBANG)
for BLAST and the HVAC program, respectively.
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Figure 5.13 and 5.14 indicate that the HVAC program appears to have a higher
heat storage thermal mass during DEADBAND system contro] strategy. According to the
load calculation procedure in the transfer function method, when DEADBAND system
control strategy is in effect, the part of cooling load which will be converted to the system
heat extraction rate will be determined by the coefficients of space air transfer function.
Furthermore, these coefficients are determined by the zone construction type. As mention
before, in the previous version of the HVAC program, there are three different types of
zone construction defined, which are “Light”, “Medium” and “Heavy” construction. From
the test results, it is shown that even the “Light” construction type cannot represent the
low mass cases in the BESTEST test properly. For this reason, it 1s considered that it is
necessary to add an extra building construction type to the heat extraction rate calculation
procedure.

As discussed in Barakat paper(1987)(See literature review in Chapter 1), for
houses with wood frame construction, the mass level is much smaller than the mass range
covered m ASHRAE(1993). Also, Barakat provides a set of space air transfer function
coefficients for wood frame housed based on experimental results. This extra set of space
air transfer function coefficients are implemented into the HVAC program. The results
published here for low mass cases are the results after the implementation,

After the case 600 passed the BESTEST (after implementing the “Extra Light”
construction option), the comparison resuits of the test case followed showed a reasonable
agreements with other reference programs.

BESTEST also highlighted the sensitivity of the program to certain inputs which
were found to be erroneous. At the beginning of the high mass test, there was an input
error in the HVAC program building description procedure. The error was a wrong wall
type is define for the exterior wall. The error Jead to the results that both annual total heat
and cooling load were much higher than the results carried out by other reference
programs. This problem is shown even during the very basic case - case 900 of the high
mass test procedure. As mention in the chapter 4, the definition of exterior wall type 1s
very important in the transfer function method, because it determines the amplitude and

time delay of conduction heat transfer through exterior walls. If these value cannot be
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defined properly, all following procedure will use wrong information for further
calculation on cooling loads and system heat extraction rate. After this 1nput error was
noticed and fixed, the anpual simulation results of the high mass BESTEST case can also
show the agreement with other reference programs.

Room parameters affect the conversion procedure from space heat gain to space
cooling load. During the BESTEST procedure, it 1s shown clearly that some room
parameters can influence the simulation results dramatically. These room parameters
include: Exterior wall construction, interior shading and zone location. When other
parameters are fixed, the zone location is the most sensitive parameter that influence the
cooling load calculation results. Because the test case described in the BESTEST
represent a zone with a exposed roof and a floor above a conditioned space, the zone
location for BESTEST should be "Top Story". The value of interior shading is chosen as 0
percent because there is no curtain behind the window(s).

From the results of previous chapter, especially section 4.2.6, it 1s shown that the
simplified window transmitting heat transfer calculation procedure can make a
considerable disagreement between the HVAC program and BLAST. In BESTEST cases,
the window's size is relatively large and the major part of the heat gain is due to window
transmitting heat transfer. This makes the cooling load results calculated by the HVAC
program larger than other programs for all cases, especially for high mass cases. The
proportion of heat gain due to window become larger in high mass cases than that in low
mass cases because the amplitude of exterior wall conduction heat gain in high mass cases
reduced. Comparing with the annual simulation results from other reference program, the
total annual cooling load calculated by the HVAC program s high but still can be used to
indicate the system annual energy consumption for engineering analysis purposes. Also,
the future improvement on window calculation model] is expected for the HVAC program.

From the Figures 5.7 through 5.10, which show the sensitivity test results, the
sensitivity of the HVAC program to each building or system descnption variety can be
detected. For low mass and high mass cases, each differential value between two cases can
indicate the sensitivity of the program to a certain case. Table 5 11 list the test purposes of

each differential value.
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Table 5.11  BESTEST Sensitivity Test Purposes

Differential Value Test Purpose
610 - 600 Test South Window Overhang
620 - 600 Test East and West Solar Transmittance and incidence
630 - 620 Test East and West Window Overhang
640 - 600 Test Night Setback System Control
910 - 900 Test South Window Overhang with Mass Interaction
920 - 900 Test East and West Transmittance with Mass Interaction
930 - 920 Test East and West Shading with Mass Interaction
940 - 900 Test Setback with Mass Interaction

As illustrated in Figure 5.7 and 5.9, for annual heating load calculation results, the
HVAC program has good agreement with other reference programs in most of the
sensitivity test cases, except the “630 - 620™ and “930 - 920" cases, which test the east
and west shading devices. But it shouid be noticed that the absolute value of the
difference between these cases are already very small. It is harder to reach a better
agreement than other sensitivity test cases. Furthermore, as discussed by Judkoff (1993),
even among the results of BESTEST reference programs, the disagreements in the annual
cooling load predictions for the east and west shading device cases is large. In the HVAC
program, the heating load actually takes the negative value of the cooling load. And
because the large size of the windows in the BESTEST cases, the time of the shading
device in effect almost always occurs during the period when cooling load is positive.
Therefore, it is reasonable that the total annual heat load cannot be affected a lot by
adding shading devices.

For high mass case, the sensitivity test results on change window orentation of the
HVAC program is shown considerably higher than other program. It can be seen that the

disagreement among other reference program are large and the resuits seem unpredictable.
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All this phenomenon indicates that an improved window solar radiation heat transfer

model needs to be developed.
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Chapter Vi

Conclusions and Recommendations

The procedure of annual energy analysis has been implemented in the HVAC for
Windows™ program. The annual simulation results calculated by the HVAC program
have been validated by the testing procedures discussed in the previous two chapters. In

this chapter, the conclusions and some recommendations will be presented.

6.1 Conclusions

From the companson results in chapter IV and V, it is clearly shown that the
HVAC program can successfully perform an annual load simulation on realistic buildings.
To execute the annual simulation, the solar radiation calculation procedure was modified
form the previous version of the HVAC program. Local annual hourly weather data is
used in the building annual energy simulation.

In order to simulated a more complicated A/C system control profile for a year, the
heat extraction rate calculation procedure 1s modified in the new version of the HVAC
program. The zone space air temperature is allowed to float between high and low set
pomt temperatures which are defined by the user. System set back period can also be
modeled in the new version of HVAC program.

Unlike the design day calculation, the schedule for different time periods need to
be assigned to each schedule load for an annual simulation. In the new version of the

HVAC program, the user can define daily, weekly and annual schedules to an element in a
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GUI environment. The system control profile can also be scheduled for an annual
simulation.

Simulation result validation procedures have also been carmned out in this project.
The validation procedure began with a very fundamental test - a single wall test and
proceeded to a very complicated real building test. The validation results are discussed io
previous chapters.

The validation results in this project indicates that, for general engineering energy
analysis purpose, the new version of the HVAC program can be used to simulate any
kinds of commercial building with acceptable accuracy. Using the BESTEST procedure,
the HVAC program was compared to other detailed energy analysis programs. Generally,
the results compared well, with a few discrepancies. The thermal process of conduction
heat transfer, heat gamn through window, systemn thermostat DEADBAND and etc. can be
successfully simulated by using the HVAC program. Furthermore, from the HVAC
program, information of monthly loads, loads for each zone, peak loads of zones and even
hourly load for an entire year can be obtained from the annual simulation. This feature is
especially useful when these data is required for other HVAC application, such as
GLHEPRO (Spitler, 1996) program. Further study ts expected for the transfer function
method on window heat gain calculation to improve the simulation accuracy of the HVAC

program. Some recommendations are suggested in the following section.

6.2 Recommendations

1) Using transfer function method, the floor is considered as a energy storage
component. The vanation of the ground temperature for different season has no effects on
the load calculation procedure. If there is no other heat transfer component existing in a
zone, the calculated cooling load will be carmied out as zero. For a design day cooling load
calculation, to ignore the heat transfer from the floor is acceptable. But for an annual
simulation, the error introduced from this simplification will become significant, especially

for a heating season and an interior zone calculation. [t is recommended that heat transfer
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component for floor be added. It can be similar to the partition element, and the ground
temperature could be defined for every month during an anoual simulation.

2) The calculation mode] of exterior surface combined coefficient needs to be
improved. There are several convection coefficient calculation models available currently.
For the transfer function method, a constant exterior combined coefficient is used. This
will lead to a small error if the outdoor wind speed becomes large. A mode] which can
relate the surface coefficient with the outdoor wind speed and surface roughness can be
innplemented to the HVAC program in the future to eliminate this error.

3) An improved calculation model of window heat transfer needs to be developed
for the transfer function method. Currently, the shading coefficient is employed to simplify
the radiation transmitted through the window. The shading coefficient approach ignores
incidence angle dependence and assumes a constant fraction of the absorbed solar
radiation is convected into the space. Furthermore, the value of the shading coefficient
strongly affects the results. From the stand point of this project, it is recommended that a
more detailed window heat transfer model be implemented to improve the accuracy of
annual load simulation.

4) The current version of the HVAC program does not have the capability to
model actual humidity fluctuations tn the space. A constant zone design relative hurmidity
ratio 1s used for an entire year simulation. The error of the latent load calculation results
can become constderably large during the heating season. It is recommended that 2 model
of a coil be added which can account for condensation under actual operating conditions.

S) An more detailed model to simulate the shading device which affects the beam
radiation through window is recommended. Form the results of the BESTEST, even
among the state of the art load calculation program, a weak agreement occurred in
modeling window shading device, More empincal study is required to verify the analysis

simulation results.
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Appendix A

BLAST Input File for the Motel Load Simulation
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Otl

REGIN INPUT:
RUN OONTROL:

NEW ZONWES,
NEW AIR SYSTEMS,
PLANT,
REPOATS (ZONE LOADS, ZONE),
UNITS {IN<ENXGLISH, OUT=ERGLJSRK):
TEMPORARY MATERIALS:
WALLINSU
« (L=0,1820,X=0,0250,D%%.7,CPv0.200.ABS=0 75,
TABS=0.900, ROUGH} ;
RONY INSU
e (L=0.1S00 K=0.0250,D~%.7,CPaD. 200, ABS-".76,
TABS~0.900, ROUGH) ;
MGLASS
= {(R=0.640,5C-0.88,6 VERY SMOOTR,GLASS);
FLOORINSY
= (#=80.000,ARS=0.75, TABS=0. 900, ROUSH) ;
HIZPAKRT
= (R=]l.500,A8570.75, TABS=0.900, ROUGH)
END:
TEMPORARY WALLS:
MPART!
= {(PLL ,
IN2
PLLY
HWALL
- [PL3 ,
rut
WALLINSU
PLiy

L4
= (MGLASS);
END;
TEHPORARY ROOFS:
CROOF
- (WD2 ,
IN2
| X
PLA) ;
MROOF
- (PLA ,
B¢,
RCOF INSU
ES):

END:
TEMFORARY FLOORS:
MFLOOR
» (OIRY 12 IN |,
col7):
CFLOOR
= (PLY ,
B4,
me
W3
[RSUFLOOR
= IDIRT 12 ‘N .
FLOOR K5
STy
END:
YEMPORARY WINI* WS¢
MW I NDA

= (MGLASS}:
£ND;
TEMPORARY SCREDNLE (ROGM LIGHT)
MONDAY THRU FRIDAY=(0.00,0.00,0.00,0.00,0.00,0,
0.00,0.00,0.00,0.00,0.00,0.00,0.00,0.006,0.00,).
SATURDAY=(0.00,0.00,6,00,0.00,0.00,0.00,1.00,1}.
0.00,0.00,0.00,0.00,0.00,0.00,0.00,0.00,0.00,1.

00,1.00,1,00,1.00,0.00,
00,1.00,1.60,0.00,0.00),
00,1.00,0.00,
00,1.00,1.00,0.00,0.00},

SURDAY=1{0.90,0.00,0.00,0.00,0.00,0.00,1.00,1.00,1.00,0.00,

0.00,0.00,0.00,0.00,0.00,0.00,0.00,0.00,0.00,1.

00,1.00,1.00,0.00,0.00)

HOLIDAY={0.00,0.00,0.00,0.00,0.00,0.00,1.00,1.,00,1.00,0.00,

0.00,0.00,0.00,0.00,0.0¢,0.00,0,00,0.00,0.00,}.
SPECTALY=(0.00,0.00,0.00,0.00,0.00,0.00,1.00,1.
0.00,0.00,0.00,0.00,0.00,0.00,0.00,0.00,0.00,1.
SPECIAL2=(0.00,0.00,0.00,0.00,0.00,0.00,1.00,1.
6.00,0.00,0.00,0.00,0.00,0.00,6.00,0.00,0.00,1.
SPECIALI~{0.00,0.00,0 00,0.80,0.00,0.00,1.00,1.
0.00,0.00,0.00,0.00,0.00,0.00,0.00,0.00,0.00,1.
SPECTALE=(0.00,0.00,0.00,0.00,0.00,0.00,1.00,].
0.00,0.00.0.00,0.00,0.00,0.00,6.90,0.00,0.00,1.

END:

TEMPORARY SCHEDULE (ROOM PEOPLE):
HONDAY THRU FRIDAY={1.00,1.00,1.00,1.90,1.00,1.
0.00,0.00,0,00,0.00,0.00,0.00,0.00,0.00,0.00,1.
SATUNDAY=($.00,1.00,1.00,1.00,1.00,1.00.1.00,1.
0.00,0.00,0.00,0.00,0.00,0.00,0.00,0.00,0.00,1.

00,1.00,1.00,0.00,0.00)
00,1.00,0.00,
00,1.00,1.00,0.00,0.00),
00,1.00,0.00,
00,1.00,1.00,0.00,0.00),
00.,1.00,0.00,
00,1.00,1.00,0.00,0.00),
06,1.06,0.00,
00,1.00,1.00,0.00,0.00) :

00,1.00,1.00,0.00,0.00,
00,1.00,1.00,1.00,1.00),
00,0.00,0.00,
00,1.90,1.00,1.00,1.00),

SUNDAY=(1.00,1.00,1.00,1.00,1.00,1.00,),00,1.00,0.03,0.00,

0.00,0.00,0.00,0.00,0.00,0.00,0.00,0.00,0.00,1.

00,1.00,1.00,1.00,1.00),

HOLIDAY=(1.00,1.00,1.00,1.00,1.00,1.900,1.00,1.00,0.00,0.00,

0.00,0.00,0.00,0.00,0.00,0.00,0.00,0.00,0.00,1%.
SPECIALI=(1.00,1.00,1.00,1.00,1.00,1.00,1.00,1.
0.00,0.00,0.00,0.00,0.00,0.00,0.00,0.00,0.00,1.
SPECJALZ-(1.00,1.00,1.00,1.00,1).00,1,00,1.00,1%.
0.00,0.00,0.00,0.00,0.00,0.00,0.00,0.00,0.00,%.
SPECIAL3=(1.00,]1.00,).00,1.00,).00,1.00,1.00,}.
0.00,0.00,0.00,0.00,0.00,0.00,0.00,0.00,0.00,1.
SPECIALA~(1.00,1.00,1.00,1.00,1.00,1.00,1.00,1.
0.00,0,00.0.00,0.00,0.00,0.00,0.00,9.00,0.00,1}.

BRID;

TEMPORARY SCHEDULE (ROON TV):
HONDAY THRU FRIDAY=(0.00,0.00,0.00,0.00,0.00,0,
0.00,0.90,0.00,0.00,0.00,0.00,0.00,0.00,0.00,1.
SATURDAY« (0.00,90.00,0.00,0.00,0.00,0.00,0.00,0.
0.00,0.00,0.00,0.00,0.00,0.00,0.00,9.00,0.00,1.

00,1.00,1.00,1.00,1.00},
00,0.00,0.00,
00,1.00,1.00,1.00,1.00),
00,0.00,0.00,
n6,1.00,1.00,1.00,1.00),
00,0.00,0.00,
00,1.00,1.00,1.56,1.00),
00,0.06,0.00,
00,1.00,1.00,1.00,1.00):

60,0.00,0.00,0.50,0,00,
00,1.00,1.00,0.40,0.00),
00,0.00,0.00,
00,1.00,1.00,0.00,0.00),

SUNDAY=(0,00,0.00,0.00,0.00,0.00,0.00,0.00,0.00,0.00,0.00,

0.00,0.00,0.00,0.00,0,00,0.00,0.06,0.00,0.00,1.

00,1.00,1.00,5.%00,0.00),

HOLIDAY=(0.00,0.00,0.00,0.00,0.00,0.00,0.00,0.00,0.00,0.00,

0.00,0.00,0.00,0.00,0.00,0.00,0.00,0.00,0.00,1.
SPECIALi=(0.00,0.00,0.00,0.00,0.00,0.00,0.00,0.
0.00,0.00,0.00,0.00,0.00,0.00,0.00,0.00,0.00,1.
SPECTAL2<(0.00,0.00,0.008,0.00,0.00,0.00,0.00,0.
0.00,0.00,0.00,0.00,0.006,0.90,0.80,0.00,0.00,1.
SPECIALI={0.00,0.00,0.40,0.00,0.00,0.00,0.00,0.
0.00,0.00,0.00,0.00,0.00,0.00,0.00,0,00,5,00,%.

SPECIALL=-(0.00,0,00,0.00,0.00,0.00,0.00,06.00,0.

0.00,0.00,0.00,0.00,0.00,0.00,0.00,0.00,0.00,7§.
EHD
TEMPORARY SCHELULE (DONTINUGUS):
HONDAY THRU FRIDAY=(),00,1.00,1.00,1.00,1.00,1).
1.00,1.00,1.00,1.00,1.00,1.00,1.00,1,00,}.00,).
SATURDAY-(1.060,1.00,1.00,1.00,1.06,%.711,1.00,\,

1.09,1.00,1.00,1.00,1.00,1.00,1.00,1.00,1.007).

66,1.00,1.00,0.00,0.00),
a0,0.006,0.00,
00,1.00,1.00,0.00,0.00),
©0,0.00,0.00,
00,1.00,1.00,0.00,0,00),
00,0.00,0.00,
00,1.00,1.00,0.00,0.00),
00,0.00,0.00,
00,3,09,1.00,0.00,0.00);

00,1.00,1.00,Y.00,).04,
00,1.00,1.50,1.00,1. 40",
00,1.40,1.590,

00,1.00,1.00,1.00,1.00),

SUNDAY=11.00,1.60,1.00,1.00,1.00,5.00,1 00,1.00,1.201,3.00,



el

1.00,1.00,1.00,1.00,1.00,1.00,1.00,1.00,1.00,1.0u0,1

HOLIOAY=11.00,1.00,1.00,1.00,1.00,1.00,1.00,1.0¢,1.00,1.00,

1.90,1.00,1.00.1.090,1.00,1.00,1.00,1.00,1.00,1.00,1 00,1.00,1.006,1.00},
SPECIALYI=¢1.00.1.00,1.00.1.00,1.00,}.
1.00,1.00,1.00,1.08,1.00,1,00,1.00.1.

SPECIALZ=(1.00.1.40.1].

1.00,1.08,1,00.1.00,1.

SPECIAL}I=(1.00,1.00,1.

1.00,1.00,1.00,1.060.),

SPECIALA=(1.00,1.00,1.

1.€0,1.00,).00,1.00,1,
END:

90,1,
0o0,1.
00,1.
00.1.
00,1,
00,1.

00.1.00,1.00,1.
00,1.00.1.00,1.
00,1.00,1.00,1.
00,1.06,1.00,1.

TEHPORARY SCHNEDULE (LOBBY PEOPLE):
HONDAY THRU FRIDAY=(0,00,0.00,0 00,0.00,8.
0.50,0.580,0.50,0.50,0.50,0.50,0.50,0.50,0.
SATURDAY=(0.00,0.00,0.00,0.00,0.00,0.00,0.
0.50,0.50,0.50,0.50,0.50,0.50,0.50,0.50,0.

00,0.00,0.
50,1.60,1.
40,0.50,1).
$0.1.00,1.
SUNDAY=(0.00,0.00,0.00,0.0¢,0.00,0.00,0.50,0.50,1.00,1.00,
0.50,0.50,0.%0,0,50,0.%0,0.50,0.5D,0.50,0.%0,1.04,1.00,1.00,n.%0,0.50),
HOL1DAY=(0.00,0.00,0.00,6.00,0.00,0.00,0.50,0.%0,1.00,1.00,

00,1.00,1.09,1.00", 0.50,0.00,0,00,0.00,0,00,0.00,0.00,0.00,0.00,0.00,0.00,0.00,0.00,0.00)
SPECIALA={0.00,0,00,0.00,0.00,0.00,0.00.04.00,0.00,4.00,0.00,
0.006,0.00,0,00,0.00,0.00,0.00,0.00,0.00,0.00,0.00,0.00,0.00,0.00,0.00}:

00,1.00,1.99,).00,1.00, END;
00,1.00,1,00,1.00,1.00,1.00,1.0v,
00,1.00,1.00,1.00,1.00,1.00,1.00,

00,1.00,1.00,1.00.1.00,1.00,1.00.1,00,1.00¢t,
00,1.00.1,
80.3.00,1.
00.1.00,1.
00.1.00.1.

TEMPORARY SCHEDULE (ROOM VENT):
HONDAY THRU FRIDAY-(! 00,1.00,1.00,1.90,1.00,1.00,1.00,1,00,0,14.0.44,
0.44,0.84,0.44,0.84,0.44,06.43,0.44,0.44.0 84,1.09,1.00,1.00,1.00,1.00%,

oa,1,0m, SATURDAY=(1.00,1.06,1.00,1.00,1.00,1.00,1 00,1.00,0.44,0.44,
00.1.00,1.00,1.001, 0.44,0.44,0.44,0.84,0.04.0.42,0,4¢,0.44,0,62,1.00,1.006,1.60,1.00,1.00%
o0. 1,00, SUNDAY=(1.00,1.00,1.00,1.00,1.00,1.00,1.00,%.00,0.¢4,0.14,
00,1.00,1.00,1.00): 0.44,0.44,0.44,0.44,0,44,0.44,0.44,0.44,0.24,1.00,1.00,1.00,1.00,1.00},

HOLIDAY<=(1.00,1.00,1.00,1.00,1.00,1.00,1.00,1.00,0.44,0.42,
0.44,0.44,0.48,0.4¢,0.44,0.44,0.4¢,0.44,0.44,1.00,1.60,1.00,1.00,1.00),

$0,0.50,1.00,1.00, SPECIALI=¢1.00,1.00,1.00,1.00,1.00,1.00,1.00,1.00,0.4%,0.4¢,
00,1.00,0.%2,2.50), 0.43,0,44,0.14,0.84,0.44,0.4%,0.44,0.54,0.44,1.00,1.00,1.00,1.00,1,00),
60,1.00, SPECIAL22(§.D0,1.00.1.00,1,00,2.00,1.00,1,00.1.00,0.44,0.44,
00,1.00,0.50,0.50), 0.44,0.44,0.44,0.40,0.44,0.44,0.44,0.44,0.64.1.00,1.00,1.00,1.00,).00),

SPECIALM={1.00,1.00,1.00,1.00,1.00,1.00,1.00,1.00,0.14,0.44,
0.44,0.44,0.14,0.14,0.44,0.44,0.14,0.4¢(,0.84,1.00,1.00,1.00,1.00,1.00},
SPECIAL{-{}).00,1.00,1.00,1.00,1.00,1.00,1.00,1.00,0.14,0.44.

6.%50,0.50,0.50,0.%0,0.50,0.%0,0.50,0.50,0.%0,1.00,1.6¢,1.00,0.50,0.50}, 0.44,0.44,0.44,0.4¢,0,428,0.44,0.44,0.44,0.44,1.00,1.00,1.00,1.00,1.00):
SPECIALY={0.00,6.00,0.00,0.00,0.00,0.00,0.50,0.50,1.00,1.00, END;
0.50,0.5%0,0.50,0.50,0.50,0,.50,0.50,0.%0,0.50.1.€0,1.00.1.00,0.5%0,0.50}, TEMPORARY SCHEDULE (VENT SPEC 1):
SPECIAL2«(0.00,0.00,0.00,0.00,0.00,0.00,0,%0,0.%0,1.00,1.00, HONDAY THRU FRIDAY=(1.00,1.00,1.00,1.00,1.00,1.00,1.00,1.00,0.52,0.52,
0.50,0.50,0.50.0.50,0.50,0.%0,0.50,0.%0,0.50,1.00,1.03,1.00,0.40,0,50!, 0.52,0.52,0.52,0.%2,0.52,0.52,0.52,0.52,:.52,1.00,1.00.1.00,1.00,1.001,
SPECIAL3~(0.00,0,00,0.00,0.00,0,00,0.00,0.50,0.50,1.060,1.00, SATURDAY=(1.80,1,00,1.00,1.00,1.00,1.00,1.¢0,1.00,0.52,0.52,
0.50,0.50,0.50,0.50,0.50,0.40,0.50,0.%0,06.50,1.00,1.00,1.00,0,50,0.401, 0.52,0.52,0.52,0.52,0.52,0.52,0.52,0.52.0.52,1.00,1.00,1.00,1.00,1.00)
SPECIALA=(0.00,0.00,0.00,0.00,¢.00,0.00,0.90,0.50,1.00,1.00, SUNDAY=(1.00,).00,1.00,1.00,5.00,1.00,1.00,1.00,0.52,0.52,
0.50,0.50,0.50,0.50,0.50,0.50,0.50,0.50,0.50,).00,1.00,1.00,0.5%0,0.40}; 0.42,0.52,0.52,0.52,0.52,0.52,0.52,0,52,0.52,1.00,1.00,(.00,1.00,1.00)

ENO? . HOLIOAY=(1.60,1.00,1.00,1.00,1.00,1.060,1.00,1.,00,0.52,0.52,

TEMPORARY SCHEDULE (SWIR PEOPLE): 0.%2,0.52,0.52.0.52,0.52,0.52,0.52,0.52,0.52,1.00,1.00,}).0D,7.00,1.00),
MONDAY THRU FRIDAY=(0.00,0.00,0.00,0.00,0.00,0.00,0.90,0.00,0.00,¢.20, SPECTALL={1.00,1.00,1.00,1.00,1.00,]1.90,1,00,).00,0.52,0.52,
0.00,0,00,0,00,0.00,0.00,1.00,1.00,1.00,1.00,1.00,1.00.0.056,0.00,0.90}, 0.52,0.52,0.52,0.92,0.52,0.52,0.52,0.%2,0.%2,1.00,1.00,1.00,1.00,1.00),
SATURDAY- (0.00,0.00,0.00,0.00,06.00,0.00,0.00,0.00,0.00,0.00, SPECIALZ~(1.060,1.00,1,00,1.00,1.00,1.00,1.00,1.00,0.52,6.52,
0.90,0.00,0.00,0.00,0.00,1.00,1.00,1.200,1.00,1.00,1.00,0.00, .06,0.20], 0.52,0.52,0.52,0.52,0.52,0.52,0.52,0,52,0.52,1.00,1.00,1.00,1.00,1.00)
SUNDAY=(0.00,0.00,0.00,0.09,0.00,0.00,0.00,9.50,0.00,0,00, SPECIALI=(1.00,1.00,1.00,1.00.1.00,1.00,1.03,1,00.0.52,0,52,
6.00,0.00,06,00,0.00,0.00,1.00,).00,1,00,1,00,).ud,}.40,0,0,0,00,0,80], 0.52,0.52,0.%2,0.52,0.52,0.52,0.52,0.52,0.%2,1.00,1.00,1.00,1.00,1,003,
HOLIDAY={0.00,0.00,0.00,0.00,0.00,0.00,0.00,0.30,0.00,0.00, SPECTALI=-{1.00,1.00,1.00,1.00,1.00,1.00,).00,1.00,0.52,0.%2,
0.00,0.00,0.00,0.00,0.00,1.0¢,1.00,(.4¢,1.00,1.00,1.00.0.C0,0.00,0.00%, 0.%2,0.92,0.52,0.52,0.%2,0.52,0.52,0.%2,0.52,1.00,1.00,1.00,1.00,1.00):
SPECIALI={0.00,0.00,0,00,0.00,0,00,0.00,08,00,0.00,6.49,0,04, END:
0.00,0.00,0.00,0.00,0.60,1.00,1.08,1.00,1.00,1.00,1.92,0.00,0,00,0,00], TEMPORARY SCHEDULE (VENT SPEC2):

SPECIAL2=(0.00,0.00,0.00,0.00,0.00,9.05,a.00,0.00,0.80 0,060,
0.00,0.00,0.00,0.00,0.00,1.00,1.00,1,00,1.00,1.00,1,50,3.00,0.03,0.00),
SPECIAL3-(0.00,0.00,0,00.0.00,0.00,0.00,0.00,5.00,0.00,0.00,
0.00,9.00,0.00,0.00,0.00.1.00,1.00,1.00,1.00,1.00,1.00,0.00,0 08,0.001,
SPECIALA=(0,00,0.00,0.00,0.00,0.00,0.00,0.00,0.00,0.20,0.09,

HONDAY THRU FRIDAY-{1.00,1.00,1.00,),00.1.0¢,1.00,1.00,1.00,0.55,08.55%,
0.55,0.55,0.55,0.55,0.55,0.55,0.55,0.4%5,0.5%,1.00,1.062,1.00,1,00,1,00),
SATURDAY=(1.00,1.00,1.00,1.00,1.00,1.00,1.00,1.00,0.55,0.%5,
0.55,0.55,0.55,0.5%,0.55,0.54,0.5%,0.%5,0,55,1,00,1.00,1.00,1.0.,).00),
SUNDAY=(1.00,1.00,1.00,1.00,1.00,1.00,1.00,1.080,0.5%5,0.45,

9,00,0,00,0.00,0.00,0.00,1.00,1.00,1.00,1.0¢,1.00,1.00,0.00,0.00,0.00)¢ 0.55,0.95,0.%%,0.%5,0.9%,0.5%,0.5%,0.55,9.59,1.00,1.02,1.00,1.,09,1.,00!

ENO;

TEMPORARY SCHE!"ILE (LALRIDRY MACHINE):

HOLIDAY=(1.0¢,1.00,1.00,1.00,1.40,1.00,1.00,1.00,0.55,0.5%,
0.55,0.55,0.55,0.559,0.95,0.55,0.%5,0.45,0.25,1.00,1.00,3.00,1.00,).71),

NONDAY THRU FRIDAY~(0.00,0.00.0.00,0.00,0,00,0,00,¢.00,0,90,1.00,1.0992, SPECIALY=().00,1.00,1.00,1.%0,1.00,),00,1,00,1.00,°.5%,0.4%5%,
1.00,%,00,1.00,1.00,1.60,1.00,1.00,0.00,0.00,¢.00,0.30,0.00,0,00,9.001, 0.45,0.%5,0.55,0.%5,0.5%,0.55,0.55,0.9%,0.5%,1.00,1.00,1,00,1.00,1.00),
SATURDAY=(0.00,0.00,3.00,0.00,0.00,0,00,0,00, 0,00 0,40 0,50, SPECIALZ=(1.00,1.00,1.00,3.00.1.06,1.00,1.00,1.06,0.%5,0.5%5%,
0.00,0.07,0.00,9.00,0.00,0.00,0,00,0,00,0,90,7.00,0,00,2,00,0.00,0,001, £.55,0.55,0.%5,0.55,0.55,0.5%,0.55%,0.%%,0 55,1.70,1.00,1.00,1.00,1.00),
SINDAY=((.00,0.09,0.00,0.00,0.00,8.00,5.80,0 00,0.50,0,00, SPECIALI-(1.60,1.00,1.00,1.00,1.90,1.20,1.00,1.00,0.%5,0.*%,
9.00,0,00,0,00,0.00,0.00,0.00,0.00,0.00,0,00,0,00,0.30,0.60,0.05,0,00), 0.59,0.%5,0.65,0.55,0.%5,0.%%,0.55,0.%5,0.55,3.00,1.00,1.00,1.00,1.00y,
KOLIDAY=(0.00,0.00,0.00,0.50,0.00,7.00,0.02,0.00,.00, 0,00, SFECIALA=(1.00,1.00,1.00,1.00,1.50,1.00,1.06,.1.00,0.%4,0,%5%,
0.00,0.00,0.00,0.00,0.00,0.00,0,00,0.00,0.00 2,00 0,80, 0,00,0.00,5.081, 6.5%,0.95,0,5%5,0.5%,0.55,0.95,0.5%,0.55,0.558,(.00,).%0,1.00,3.00,1.00):
SFECIALL=(0.80,0,00,0.00,0.00,0.08,0,00,0,00,0,0 .ea, D

0.00,8.00,0.00,0.00,9.00,0,00,0.00,0.00,0.00,0. .00, 0,08, 6,000, TEKPORARY SCHENJLE (LAMNDREY VENT)
SPECIALI={0.00,0.00,0.00,0.00,0.00,0.00, 0.00,2, Lo, WOMNDAY TRRU FRIOAY=(0.00,0.00,0.40,9.00,0.00,0.00,0.00,D0.00,1.00,1.00
0.00,0.00,0.00,0.00,1.00,0.00,0.50,9.00,0.00,0.00,6.90.3.00,0.00,7 88, 1.00,¥.00,1.00,1.80,1.00,1.00,3.40,0.00,0,00,0,00,0.00,8,00,0.03,0.901,
SPEIALYe (0. 00,0.00,0.00,0,00,0.008,0,05,0.00, 0,00, A 00,000, SATURDAY=(0.00,0.06,0.00.0.00,0.,54,0,08,0.00,4 00,Y,00,1, 00,




(A%

1.00,1.00,1.00,1.00,1.

00.1.00.1.00,0,00,0.0) 0.008, .00,0.30,0,

SUNDAY=10.00,0.00,0.00,0.00,0.00.0.00,0.00,0.00,).0¢,1 00,

1.00,1.00,1.00,1,00,1.

00,1.00,1.00,0.00,0.00,6.00,5.00,0.00,0.

{IOLIDAY=($.00,0,00,0.00,06,00,0.00,0.00,0.00,0.00,1.00,1.10,

1.00,1.00,1.00,).00,1,
SFECIALIw(0,00,0.00,0.
1.00,1.00,1.00,1.00,1.
SPECIAL2=(8.00,0.00,0.
1.40,1.00,2.00,1.00,1.
SPECIALI=(0.00,0.00,0.
1.00,1.060,%.00,1.00,3.
SPECIALA=(0.00,0.00,0.

00,1.00,1.00,0.00,0.00,0.00,0.00,0.00,0.

00,8.00,0.00,0,0¢,0.00,¢.00,1.0%.1.00,

00,1.60,1.00,0.00,0.09,0.00,0.04.2.90,0.

00,0.00,0.00,0.00,0.00,7.00,1.00.1.0n,

00,1.00,1.00,0.00,0.00,..00,0.50,0,v.,0.

00,0.00,0.00,0.00,0.00,0.00,1.00,1.00,

00,1.00,1,00,0.00,0.00,0.00,2.00,0.00,0.

00,0.00,0,00,0.00,0.00,8.77,1.00,1.00,

1.00,1.00,1.00,1.090,%.,00,1.00,1.00,0.00,0.00,8.080,0.00,0,00,0

EWD:
TEMPORARY CONTROLS (MCONTROL) :
PROFILES:

CC=l1.06000 AT 67.5D, 0.0000 AT 68.00,~1.0000 AT &9.101;

SCHEDULES:
HMONOAY THRU FRIDAY={0 YO 2(-¢C],
SATURDAY~ (0 YO 28-CC),
SUNOAY=(0 TO 2{-CC),
HOLIDAY={0 1D 24-CC),
SPECIALI«(0 TO 24-CC).
SPECIALZ~(0 TO 24-CC),
SPECIALM-(0 Y0 2(-CCy,
SPECYANLA=(D TO 21-CC);
1> (s 74
TEMPORARY CONTROLS (ROOH CONTROLY:
PROFILES:

CROOM=(1.0000 AY §3.00, 0.000M1 AY 6R_10, @ 000D AY 72.0D,

-1.0000 AT 72.10);
SCHEDULES:
HONDAY THRU FRIDAY= (4 TQ 24 -CRODHY,
SATURDAY= (0 FO 24 -“RivM),
SUNDAY=(0 YO 20~CROM),
HOLIDAY~ (0 TO 24-CRDOM),
SPECIALY-(0 TO 21 -CROOM!
SPECIALZ- (D TO 24-CROOHY,
SPRECIALI- (0 TOU 21 -TROOH),
SPECIALI- (0 YO Z4-CROOM);
END:
TEMPORARY CONTROLS {LAUNDRY CORTROL):
PROFILES:

NORMAL= (3. 0000 AT §7.9%0, 0.0040 AT £9.08, 0.0770 AY 8F. 30,

-1.0000 AT d0.101,

SETBACK=11.0000 AY 19,20, N 2000 AY 50.00, ..0000 AT Li.nn,

=1.0000 AT A5.1c1:
SIHEPULES:

MONDAY THRU FRIDAY= (0 TO B-SETRACY |
€ 70 )7-NW RMAL ,
1T 10 24-5RTRACK

SATURDAY < (& TO 6-SETBACK |,

6 TO 17-KORW. ,
17 YO 28-SEIBACY |,

SUNDAY= (0 TO 6-SETBACK
& 10 17-NORMAL
17T To 2t OSEIRATYY,

KN! [DAY~- (0 T~ 6-SETBACY |,

& 7O 17T-NORMAL
17 0 J4-SETRADY,

SFECIALI=(® YO 6-SEYBACY .

6 10 TTAMCRMAL

LN T
19,0.00),
"0,0.00),
90, 4.00),
¢c, J.DA),

a0,0.° 1

.ho,0.00);

17 TO 24 -SETBACK!,
SPECIALZ~(0 TO 5-SETAACK ,
5 TO IT-NORHAL ,
17 TG 28-SETBACKI,
SPECIALY= (D TO 6-SETBACK ,
6 TO 37-NORMAL
17 16 74-SETBACK),
SPECIALA=(# TO 6-SETBACK ,
6 TD 17-NORMAL ,
17 10 24-SETBACK):
END;
FEMPORARY C-HTROLS [SWIM COHTROL) :
PROFILES:

SCONTROL=(1.0000 AT 75.90, 0.0000 AT #0.00, ¢.0000 AT 85.00,

-1.0000 AT RS4.10);
SCHEDULES:

MONDAY THRU FRIDAY=({0 YO 24-SCONTROL],
SATURDAY= (0 TO 24-SCONTROLY,
SUHMDAY= [0 TO 24-SCONTAOL),
HOLIDAY=(D TO Z{-SCONTROLY,
SPECIALL=(D TO 24-SCONTROL),
SPECIALZ- (0 TO 21-SCONTROLY,
SPECIALM= (0 TO 24 -SCOHTROL),
SPECIALA=[D TO 24 -SCONTAOL) ;

END;

FROJECT-"motoel for thesis“:

LOCATION=TULSA

DESIGHN DAYS-TULSA SUMNER

WEATHER TAPE FROH 0)JAM THRU 3)DEC;

GROUND TEMPERATURES=({6Y, &8, 89, 69, 7z, 72, 72, 12, 72,

FRCILITY 1D=0;
BECIN BUILDING DESCRIPTION:
BUILDING="motel ™:
NORTH AXI8~0.00)
SOLAR OISTR)BUTION=0;
oy \ “iN.W.Cornar ":
ORIGIN:(D.00, ~12.42, 0.00);
NORTH AXI15=0.00:
EXTERIOR WALLS <
STARTING AY(D..0, 12.42, 0.00}
FACTNG(270.00)
TILYED(90.60)
WWJALL (12.42 BY 8.00)
WITH WINDOWS OF TYPE
HWINDW (5. )R BY 5.00)
ABVEAL(0,0D)
AT 10.01, 0.01),
STARTIRG AT12B.u_, 12.47, 0.31}
FACING(10.00)
TILTED(5¢. 00"
MWALL (28.00 By #.001;
PARTITI' 4§ =
STAATING AY{6.080, 0.00, 0.00%
FACING (180,00}
TILTED(%0.420)
HPARTI {21.70 BY 8.00),
STARTING AT (2t,?0, D.o0, 4.00)
FACING (90.00)
TILTED (D0.00)
MPARTI (5.00 BY 8,001¢
SLAB ON GRADE FLOOPS :
STARTING AT (7 "¢, Y2.%0, a.040;

69,

63

ea):



£el

FACING[180.00)
TILTED(180_D0)
HFLOOR (26.00 RY 12.50);

CEILINGS
SYARYING AT(D.0OO0, 0 04, A.00)
FACING(180.00)

TILTEDIQ.0D)
CPQOF 128.00 BY 12.50);

PEOPLE~2, ROOM PEOPLE ,

AT ACTIVITY LEVEL 0.19,100.90 SERCENT RADIANT,
FROM Q1JAN THRU JIDET:
LIGRTS=0.78,ROOM LIGKT ,
0.00 PERCENT RETURN AIR, 100.00 PERCENT RADIANT,
0.D0 PERCENT VISIBLE, ¢.00 PERCENT REPLACEARLE,
FROM DIJAN THRU JI10E7;
CONTROLS-AOCM CONTROL ,
1412000,0 HEATING, 3412000.0 COOLING,
0.00 PERCEN; MRT,
FROH O01JAN THRU JIDEC;

ELECTRIC EQUIPHENTeQ €8, ROOKY TV ,
100.00 PERCENT RADIANT, 0,00 FERCENT LATENT, 0.00 PERCENT (LOST,
FROM D1JAN THRU JI1DEC:

[HFILTRATION=S3. 1} ROOM VENY ,
WITH COEFFICIENTS 11.000000, @ noda00, 0.00080N0, 1, D800AN0,,
FROM OYJAN THAY 11DEC;

END 20NE;
ZONE 2 *1W.typleal ™

ORIGIN: (0.00, -24.B4, 0.00):

NOATH AX15=0.0¢;

EXTERIOR WALLS «

STARTING AT(O0.0P, 12,42, 0,90}
FACING(210.00)
TILYE0(%0.00)
MWALL (12.42 BY 8.00)
WITH WINDOWS OF TYPE
KWINDXRY (5.38 BY $.30)
REVEAL(0.00}
AT (0.01, 0.01):

PARTITIONS
STARTING AT(0.06, 0.0C¢, 0.3Q)
FACING14902.0n0)

TILTED(%0.00)

MPARTI (24.70 BY °.00)
STARTING AT (24.70, 0.00, 0.00)
FACING (3.0

TILIED(90.20)

HPART1 [9.00 BY 8.5M).
STARYING ATr24.70, 12.42, .00
FACING (13, 00)

TILTED(35.00)

MPARTL (24.™0 RY A,Q01:

SLAR ON GRADE FLOORS
STARTING AT (0.00, 12.42, 2.00)
FACING(i90.001
TILTED(12¢. 00}

MFLOQR (22.00 BY 17.42v:

CETLINGS
STARTING AY (O, 00, 0.00, U..u)
FACINGUIRA . N{}

TILTED(O.Z0)
CRCOF (2P.70 RY VJ.4° ¢

PEOFLE=2, FO\M FEOFLE |

AY ACTIVITY LEVEL 0.3%,100.00 PERCENT RADIANT,
FROM 01JAN THRU 31DEC;
LIGHTS~0.78, ROOM LIGRT ,
0.00 PERCERT RETURN AIR, 100.00 PERCENT RADIANT.
0.00 PERCENT VISIBLE, 0.00 PERCENT REPLACEABLE,
FROM O1JAN THRU 31DEC;
CONTROLS=ROOM CONTPOL
3412000.0 HIEATING, M 12000.0 rAOLIRG,
0.00 PERCERT MAT,
FROM O1JAN THRU J1DEC:
ELECTRIC EQUIPMENT=0.8&R,RO0M TV ,
190.00 PERCENT RADIANT, 0.00 PEACENT LATENT, 0.00 PERCENT LOST,
FROM 0!JAN THRU 31DEC;
IHFILTRATION=5).13, ROOM VENT ,
WITH COBFFICIENTS ().000000, 0.000000, 0.000000, 0.400000),
FROHM D1J3MN THRU 31DEC:
ERD ZIOME;
ZONE ) “IN.E.Corner “:
ORIGIN: (26.00, -1Z2.82, 0.00);
NORTH AX(5=0.00:
EXTERIOR WALLS :
STARTING AT(23.00, 0.00, 0.0D)
FACING (50.00]
TILTED(50.00)
MWALL {12.42 8Y 6,001
WITH WINDSWS Of TYPE
HWINDOW (S.*2 BY 5.0v)
REVEAL(0.00)
AT (0.01, 0.01),
STARTING AT(28.00, 12.42, 0.00)
FACING{0.00)
TILTED(99.00)
MWALL (28.00 BY B.00}:
PARTITIONS
STARTING AT().10, 0.00, 0,00)
FACING(160.00)
TILTED(90.00}
MPART) (24,70 BY B.0OY,
STARTING AT(1.30, 9.00, 7.00)
FACING(270.00)
TILTEDI9D.00)
MPART] (9.00 BY B.00):
SLAD OH GRADE FLCORS :
STARYING AY(Q.00, 12.42, 0.00
FACING (1R0_00)
TILTED()80.00)
MFLOOP (28.00 BY 12.42);
CEILINGS @
STARTING AV (6. 0, ¢.,00, .00}
FACING(1B0.04)
YILTED(0.00)
CROOF (2R.00 RY 12.42):
PEOPLE=2,ROON PEOFLE ,
AT ACTIVITY LEVEL ¢.3%,171),00 PE-"ENT PADIANT,
FROM CIJAN THRU 31DEC;
LIGHTS=0.78, RO™™ LIGAT .
0.00 PEPTENT RETURM A!P, 100,00 PESCENY RADIANT,
0.00 PERUSMT VIS!BLE, 0.00 PERCERT REPIAFEARLE,
FROM QYJAN THEU 3{DEC:
COMTROLS=ROOM C.NTEROL
JU12010.0 HEATING, 31Z20006.0 CCOLING,
.00 PERTENT MFT,
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FROM BYJAN THRUY 3{OET:

ELECTRIC EQUIPMENT=0.6R, NCOM TV
100.00 PEACENT RADIANT, 0.00 PERCENY LATENT, 0.1

FROH O0)1JAN TKRU JIDEC:
INFILTRATION=S3. 1), RCOM VENT |,
W{TH COEFFICIENTS (1.00000v,
FFOM OYJAN THRU 31DEC:
END ZONE:
ZONE & Y1E.Typlesl ™
OPIGIN: (24,00, -20.84, 0.00);
NOATH AXTS=0,00;
EXTERIOR WALIS
STRATING AT(28.00, 0.00, 0.6¢
FACING(90.00)
TILTEO{50.00)
MeALL (12.42 BY 8.00)
WITH WINOOWS OF TYPE
MWINDOW ($.18 BY 5.00)
REVEAL(0.00)
AT (0.0), 0.01}):
FARTITIONS
STARTING AT().)0. 0.00, 0.00)
FACING{180.00)
TILTED{90.00)
HPARTY (24.70 BY & 00},
STARTING AT(3.30, 9.00. 0.00}
FACING{270.00)
TLLTED(30.00)
HPART! [9.00 BY 8.00),

0.0000a0,

)

STARTING AT(28.00, 12.12, 0.00:

FACING{0,00)
TILTED(50.00)
MPART} (21.70 BY 8.00);

SLAR ON GRADE FLOQORS @
STARTING AT (0,00, 12,8, D.@C
FAZING(190.00)

TILTED(IAD.00)
HFLOOR (29.00 BY )2.42);

CEILIRGS
STARTING AT(0.00, 0.06, 5.00)
FACING190. 0™
TILTED(0.00)

CROOF (29.00 AY 12.42);

PECPLE~:,ROOM PEOPLE

t

RLGRLD

AT AUTIVITY LEVEL 0.35,10%. " PERCENT RADIANT,

FROM OYJAN THRU 3IDEC:
LIGHTS=0.78,ROOM LIGHT .,

Q

.90 PERCENT HKETURN AIR, 100,00 PERPCENT RA TANT,

0.00 PERCEHT VIS{BLE., 0,00 PERCENT REFLA

FR 0YJAN THRU MIDEC;
TONTROLE=-R:7"M CONTROL
3412000.0 REATING, Jt00
0.00 PERCENYT HRT,
FROM DIJAN THRU MDEC:
ELECTRIC EQUIPHEXT=D0.8E, ROOM TV

100.00 PERCENT RADIANT, 0.09 PERCEMNT 1ATFNY,

PROY CYJAN THRU JIDEC:
INFILIRATION=52, 13, Ro0M VENT
WITH COEFFICIENTS (1. aneona,
FROM DVJAN THRU }IDEC;
END IONE:
JONE &5 “IW_Typlcal “:

NO.Q QoL

0L 9anred,

0,003,

"

FERCEUT LOST,

RUDTA TR

3,00 TESTENT LOST,

LT

QRIGIN:10.00, -37.25, 0.00);
HORTH AX1S=0.00;
SAME AS ZONE 2 EXCTEPT:

END ZONE;

ZOME 6 "“IW,Typical “:

ORIGIN: (0.00, -49.69, O.0G);
NORTH AXISw0.00:
SAHE AS ZONE Z EXCEPT:

END 20NB:

ZONE 7 "IW.Typleal ™
ORIGIN: {0.00, -62.10, 0.00);
NORTH AX15=0.00:

SAME AS ZOWE 2 EXTEPT:

END ZONE:

208E 8 “1W, Typical *:

ORIGIN: (0.00, -74,52, 6.00):
MORTH AX15=0.00;
SANE AS ZONE 2 EXCEPT:

END ZONE:

ZOME 9 “1W.Typical) »:

ORIGIN: (0.080, -8$6.9¢, 0.00);
NOATH AX!1§=0_00;
SAME AS IONE 2 EXCEPT:

END ZONE;

ZONE 10 “\W.Typical *:

ORIGIN: (0.00, -R9.36, 0.00)
NORTH 2X1§+0.00:
SAME AS ZONE 2 EXCEPT:

END ZOME:

ZONE 11 "IW.Typleca)l ™:

ORIGIM: (0.00, -111.78, 0.00};
NORTR AX15-0.00:;
SAME AS ZONE 2 EXCEPT:

END 20NE:

ZONE 12 "IM.Typlea) ":

WIGINZ (0.00, -124.20, 0.00):
HORTH MX[S$=0.00:
SAHE AS 2ONE 2 BXCEPT:

END ZORE;

20NE 13 "IE.Typlesl ":

ORIGIN: (2. A%, -37.26, 0.0D0):
NORTH AXI1b5-u.00;
SAME AS ZONE 4 EXCRPT:

END ZONE;

ZONE 1§ "IB.Typiral "“:
DRIGIN:(28.00, -49.69, 6.001:
NORTH AX1$-0.D0;

SAME AS ZrME 4 EXCEPT:

END ZONE;

IOUE )3 "IE.Typicsl ™:

ORIGIN: (28,00, -62.10, 0.90];
NORYH AX][5=20.00;
SAHE AS 20NE 4 EXCEPT:

BNO IONE:

IONE Y€ "1E.fyplcal "¢
ORIGINI (IR, 00, 24.%7, ©,0001¢
NORTR AX1S#0.90;

SAHE AS 20NE L EXTEPT:

D ZONE:

ZOME 17 M1E.Typical
CTRIGIN: (2B. 20, -£6.9¢, J.00};
NARTH AX16=0.00;



cel

SAME AS ZONE § EXCEPY:
END ZONF;
ZONE 16 “1E.Typicsal “:

OPIGIN: {29.D0, -95.16, 0.00);

NORTH AXIS=0.00:

SAME AS ZONE { EXCEPT:

END ZONE;
ZOME 19 “laundry “:

RIGIN: (28,00, -124.20, 0.00);

NORTH AX15=0.00:

EXTERIOR WALLS :

STARTING AT(29.00, 0.00, 0.00)
FACING({90.00)

TILYED(30 00)

MWALL [(24.84 BY 8.00%:;

PARTITIONS ¢
STARTING AT(29.00, 2¢.82, 0,08
FACING (0.0Q)

TILTED(90.00)

MPART] (24.70 BY A.00),
STARTING AT (3.30, 2(.84, 0.00)
FACING (270.00)

TILTED(90.00)

HPART) (Z4.®{ BY 9.00)
STARTING AT (1.230. 0,.D3. 0.00)
FACING180.00)

TILTED(90.00)

HMPARTY (24.70 RBY B.00);

5LAB ON GRADE FLOJURS =
STARTING AY(0.00, 24.7%, 0.00)

FACING (188.00)
TILTED(180.00)
MFLOOR (28.00 BY 24.8¢);

CETLINGS :

STARTING AY{0.00, 0.00, 8.00)
FACING{180.00)

TILTED{(0.00)

CROOF (28.00 BY 28.84):

PEOFLY .5, LAUNRDRY MACHINE .

AT ACTIVITY LEVEL 0.6%,)09.00 PERCENT RADIANT,
FROM 01JAM THRU JICQEC:

LIGHTS=1,90, LAUNDRY HACHIME ,

0,00 PERCENT RETURM AIR, 140_07 PERCENT RADIANT,
0.00 PERCENT VISIBULE, 0.0f PERCENT REFLACEARLE,
FROM O0YJAN THRU JI1DEC:

ELECTRIC EQUIPKENT»7.17, LAUNDRY HACHINE ,
100.00 PERCENT RADIANT, 4.00 PERCENT LATENTY, 240 [ER EN
FE N 0VWJAN THRV JIDEC;

CONTROLS = LAUNDRY ~"NIRCL ,

3432000.0 HEATING, MI1I000.¢ COOLING,
0.00 PERCENT MRY,
FROM QI JAN THRU DIIDEC:
INFILTRAYICN =299 (0, LAIMNDRY VENT |

5

WITH COEFFICIEMNTS [1.D000000, 0.000030, 0.000000, &, 0000d07,
FROH Ot JAN THRU MIDEC:

END SOVIE;

TMIE I Mlebbhy T

CRIGIN: {0.D0, -182 31, d.nCi:
NCRTH AX[8=0.00:
EXTERIOR WALLS :
SYARTING AT .00, .0y, .57
FATING(ITC.00)

TILTED(90.00)

HWALL (34.)3 BY €&.001
WITH WINDOWS OF TYPE
MAINDGY (5.09 BY 7.09)

REVEAL(0.00)

AT (0.01. 0.0V,
STARTING AT (%6.00. 0.00, 0.00}
FACING (50.80)
TILTED(50.00)

NWALL (34,33 BY 8.00)
WITH WINDOWS OF TYPE
MW INDOW (29.37 BY 7.A3)

REVEAL (0.00)
AT (0.0), 0.01);
PARTITIONS .

STARTIRG AT{0.00, 0.00, 0.00}
FACING(1B0.00)
TILTED(%0.00)
MPART) (56,00 BY 8.00),
STARTING AT(56.00, 34.13), 0.00)
PACING{0.00)
TILTED{90.00)
MPARTY! (56.00 BY §.00):
SLA8 ON GAADE FLOORS
STARTING AT(0.00, 31.33, 0.00)
FACING(180.00}
TILTED(180.00}
HFLOOR 156.00 BY 31.33):
ROOFS :
STARTING AT (96.00. 0.00, B.0Q)
FACING(30.00)
TILTED(14.00)
MROOF (34.33 BY 29.00):
CEILINGS :
STARTING AT(0.00, 9.00, 8.00)
FACING(18D.00)
TILTED(0.00)
CPOOF (28.00 BY 34.33);
PEOPLE~1S,1L0B2Y PEOPLE ,
AT ACTIVITY LEVEL 0.45,100.00 PERCENT RADIANT,
FROM 01JAN THRU J1DEZ:
LICKYS=1. 2%, CONTINUOUS |,
0.00 PERCENT RETURN AR, 190,00 PERCENT RADIANT,
0.00 PERCENT VISIBLE, 0.00 PERCENT REPLACEABLE,
FAOH OYJAN THRU 21DEC;
CONTROLS <ROOM CONTROL
1412020.0 HEATING, W)2000.0 ~aLlG,
0.00 PERCEHY MRT,
FROM O1JAN THRU ) {DEC:
ELECTRIC EQUIPHENT=2,Q0, CONTINTINS
100.00 PERCENT RADFANT, 0.0¢ PERCENY LATENY, 7,066 PERICENT LOST,
FROM OY}JAN THRU MIDEC:
INFILTRATION=552, 00, CONTIWINNS |
WITH COEFFICIENTS ().0Q00ND, 0.00077), 0.000DDD, 0.0637Af),
FROM QI1JAN YHeU JIDRC:
END 77ME:
ZNE 2l "2N.H.Caranr 7
CRIGLIN:10.00Q, -3i2.4., R,00)r
HORTH AXIS=D.040;
EXTER[OP WALLS :
STARTING AT{0.99, 12.827, 0.0D0)
FACING{27h.4D)



9t!

TILYED(90.00)
MWALL {12.42 BY A.00)
WITH WINDCWS OF 1TYFPE
MWINDOM {5.38 BY 5.20)
REVEAL{(0.90]
AT (0.01, 0.1,
STARTING AT (74.00, 12.42, 0.00)
FATING(0.00)
TILTED (90 00y
MWALL, (2B.00 kY 8.00}:
PARTITIONS :
STARTING AT(0 60, 0.00, 0. 1)
FAC(NG (1BD.00)
TILTED(96.00)
MPARTI (20.70 BY 8.09},
STARTING AT(24.78, 0.00, 0.00)
FACING(90.60)
TILTED(90.00)
HPART! {9.00 BY 4.00%:
FLOORS
STARTING AT(0,00, 12.42, 0.00)
FACING (180.00)
TILTED(180.00)
CFLOOR {29.00 BY 12.42):
RCOFS :
STARTING AT[0.00, 12.22, ¢ 00)
FACING (270.00)
TILTED(15.00)
MROOF (12.42 BY 29.00):
PEOPLE~2, ROOK PEOPLE
AT ACTIVITY LEVEL 0.35,100.00 PERCENT RADIANT,
FROM 0)JAN THRAU 31DEC:
LIGHTS=0.78,ROOK LIGKT ,
0.00 PERUENT RETURN AIR, 100.00 PERCENT RADIANT,
0.00 PERCENT VIS)IBLE, ©.00 PERCENT RETLATEABLE,
FROM 01JAN THRY })DEC;
CONTROLS=ROOH CONTROL |,
3412000.0 KEATING, 3412000.0 COOLING,
©.00 PERCENT MRT,
FROM 01JAN THRU 31DEC;
ELECTRIC EQUIPHENT-0.67,ROON TV ,

100.00 PERCENT RADIANY, 0.00 PERCENY LAYENT, 0.00 PEKCENT LL-T7.

FROM N1IMY THRU JDEC;
{NFILTRATION=Y).1),RCOM VENT |,

WITH CQEFFICIEMTS (1.00Q0000, 0. C070800, O.000000, 0, 0a0050

FROH 01 TAN THU2U MIDEC:

MDD TOME:

LONE . PIWLTypiesi M
ORIGIN:(0.AA,  14.2C, B,A0!;
NOPTH AXIS 1.00:
EXTERIOR WALLS :

STARTING AT(0.00, 12.42. 0, f00v
FATING(270.00!
TILTRO(90. 00
HWALL (12.40 BY 8.03)
WITR WINDOWS OF TYPE
HWINDOW 12,34 RY S.000

REVEAL L. U
AT (3,01, G.DTt:
PARTITICNS

STARTING AT(O a0, A_da_ f fo
AR D

TILTED(20.00)
HMPART! (24.70 BY 8.00),
STARTING AT(24.70, 0.00, 0.00}
FACING (20,00}
TILTED(90.00)
HFART] (9.00 BY A.00),
STARTING AT(28.70, 12.42. 0.0D}
FACING{0.00)
TILTED(90.00}
MPART! (24.70 BY B,00);
fLOORS :
STARTING AT(0.00, 12.42, 0.00)
FACING(180.00)
TILTED(1R0.00)
CFLOOR (28.00 BY 12.42);
ROOFS :
STARTING AT(Q.00, 12.42, 8.00)
FACING(270.00)
TILTED(15.00)
HROOF (12.42 BY 28.00);
PEOFLE~2, ROOKR PEOPLE ,
AT ACTIVITY LEVEL 0.1%,100.00 PRRCENY RADIANT,
FROM D1JAN THRU 31DEF:
LIGHTS»0.286, RODM LIGHY ,
0.00 PERCENT RETURH AIR, 100.00 PERCENT RADIANT,
0.00 PEACENT VISIBLE, 0.00 PERCENT REPLACEABLE,
FROM O01JAN THRU 31DEZ:
CONTROLS~ROOM COMTROL |,
3412000.0 HEATING. 1)412000.0 TCLING,
0.0 PERCENT HAT,
FROM O01JAN THRU J11DEC;
ELECTRIC EQUIPMENT=0.68,RUDH TV

100.00 PERCENT RADIANT, 0.00 PERCENT LATENTY, 0.00 PERTENT LOST,

FROM OI1JAN THRU 1IDEC:
INFILTRATION=5].13, ROOM VENT ,

WITH CORFVICIENTS (!.008000, 0.000000, 0,0040009, 0.007100),

FROM Q1JAN THRU )IDEC:

END IONE:

I10NE 23 “2W.Typlcal ":

ORIGIN: (0.00, -37,25, 8.00).
NCRTH AXI1S=0.00;
SAME AS ZONE 22 EXCEPT:

END ZONE:

ZOME 20 “2W,Typlcal ™:

ORIGIN: (0.02, -43.64, E.00);
NORTH AX15=0.00:
SAME AS ZONE ™7 EXCEPT:

ND ZONE;

TONE 28 "2d.Typlcal "

ORIG)M: (0.D0, -62.10, 4.00!:
NORTA AX1$5=0.00;
SANE AS ZONE 22 EXCEPT:

END I NE;

ZNE 26 “Zd Typleal “:

DRIGIN: (0.0C, -74.52, 8. 1)!:
HORTH AX18~0,00:
SANE A5 ZONE 27 EXCEPT:

EUD 2 ME;

TUNE LT "W Typlea) <
CRIGIH: (0. 00, -RE_S1, ¢.0n03;
NORTH AX[Z~0.00;

SAHE AS ZOME 27 EXCFPT:




LEl

END "ONE;
ZONE <@ “2W.Typiecal “:
ORIGIN: (0.00, -39.36, 2.00);
NORTR AX[S=0.00D;
SAME AS 20ME 22 EXCEPT:
END ZDNE:
2ONE 29 “2M.Typical >
ORIGIN: (0.00, -1i1.2-, &.0n
NORTH AX1§=0.40;
SN4E AS ZONE 22 EXCEPT:
END ZOME;
ZONE 30 “2W.Typirca) ":
CRIGIN: (0.00, -124.206, 8.00):
NOATH AX1S=0.00:
SAME AS ZONE 22 EXCEPT:
END 20NE;
2ZONE 21 “2N.E.Typlcal ":
ORIGIN: (28.00, -12.42. H.00);
NORTH AX18-0.00:
EXTERIOR WALLS -
STARTING AT (26.20, ©.00, 0.00)
FACING (90.00)
TILTED(90.v0)
MAALL (12.42 BY 9.00)
WITH WIMDOWS OF TYPE
HMAINDOW {5.38 BY $.0Q)

REVEAL {0.00)}

AT (0.01, ¢.00),
STARTING AT(27.04, 12.42, 0.00)
FACIRA{0.00)

TILTED(90.00)

M@ALL (28.90 BY R.OQO\:
PART{TIONS

STARTING AY(2.30, 0.9¢, 0,00

FACING({)BD, 00)

TILTED(90.00)

MPART] {(24.70 BY 4,041,

STARYING AT{).30, 2.00, 0.00)

FACING(270.00)

TILTED{90.001

MPARY! (2.00 BY ®H.ani;
FLAORS

STARTING AT(0.00, 1Z.42, 0.00)

FACING(180.00)

TILTEO(1RD_ DOV

CFLOOR (28.00 BY 1242}
ROOFS @

STARTING AT (2€.00, A,Q00, 8,00

TACING 20.0M

TILYED(15.00)

MROOF [12.40 BY 1% "4p:
PEOPLE~D, ACOH PEORLE |

AT ACTIV(TY LEVEL 0.3%.100.7) FERCENT RAD'ANT,

FROM OYJAN THR™ 31Df°:
LIGHTS=0. 78, 00N L1GRT

0.00 FRRCENT RETURM AR, 190,30 FERCENT PADIANT,

0.00 PERCENY VISI®LE, 0.0. PEPCENT REPLATEAFLE,
FROM O1JAN THRU 3iDEC:
CUONTROLS =ROCYH COKTROL
JO12000. 0 HEATING, 312000, 0 TOALING,
0,00 TERCENT HMAT,
FRoM CYIAN THRU MDEC:

ELECTRIC EQUIPMENT~D.68,ROOM TV

100.00 PERCENT RADYANT, 0.00 PERCEMT LATENT, 0.00

FROM O1JAN THRU 31DEC:
INFILTRATION=53.13,ROOM VENT ,

WITR COEFFICIENTS ().0P0200, $.000002, 0.000009,

FROM 0YJAM THRU 3ItDEC:
END ZONE;
ZONE 32 “2E.Typieal “°:
OFIGIN: (28,00, I4.94, B.00):
RORTH AX15=0.0D;
EXTERTOR WALLS
STARTING AT128.00, 0.00, 0.0D)
FACING (90.00)
TILTED(90.00)
MWALL (12.42 BY 8.00)
WITR WINDOWS OF TYPE
MWINDOW (5.)9 BY 5.001

REVEAL(0.00)
AT (0.01, 0.0));
PARTITIONS :

STARTING AT{).}0, 5.00, 0.00]
FACING (210.00}
TILTED(90.00)
MPART! (9.00 BY 8.00%,
STARTING AT(3.30, 0.060, D,00)
FACING{180.00}
TILTED{50,00)
MPARTL (24.30 BY B8.00),
STARTING AT(26.00, 12.42, 0.00)
PACING10,00)
TILTED(50.00)
MPART! (24.70 BY 8.00):
FLOORS :
STARTING AT(0.00, 12.42, 0.00)
FACING (180. 001
TILTED{1A0. 00)
CFLOOR (28.D0 BY 12.42):
ROOFS =
STARTING A1(28.00, 0.00, 8.00)
FACING (30.00)
TILTED(15.00)
MRGOF (12.42 BY 24.00);
PEOPLE=2, ROOH PEOPLE
AT ACTIVITY LEYVEL 0.35,100.30 PERCENT PADIANT,
FROM OIJAN THRU 31DEC:
LIGHTS=0.72,R00M LIGHT ,

0,00 PERTEHT RETURN A!R, 100,00 PEPCENT PADIANT,
0.00 PERCENY YISIBLE, C." PERCENT ZRTACEABLE,

FROM O1JAN THRU 3DEC;
COMTROLS=ROOM COHTROL ,
31412000.0 MEATING, JU12000.0 < OLING,
0.0C PERCENT NMRT,
FROM OVJAN THRU 3)DEC:
ELECTRIC EQUIPMENT=).68 RoOM 1V

100.00 PERCENT WADIANTY, 0.00 PERCENT LATENT, ©0.00 PERTFNY IAST

FROM D1 1AN THPU VIDF :
INFILURAT I N-$3.1), RACH VENT

WITH " BFFICIENTS _1.0600000, 0.000000, 4.000000, 0.000040),

FRQM OUJAN THRU 31DET:
IND Z VE?
TONE )Y T2E.Typlcal
ORIGIN: (28.00, -37.26, H.00):



NORTH AX(S§-0.00:

SAME AS ZONE 32 BXCEPT:
MmD ZONE;
Z0ME 34 “M2E.Typlcal ":

ORIGIN: (264.00, -¢9.68, 8.00):

NORTH AXJS=0,00;

SAHE AS 20NE 32 EXCEPT:
END 2ONE;
ZONE 35 "2E.Typical »:

ORIGIN: {28.00, -62,10, 8_001;

NORTH AX1S=2.00;

SAME AS 20NE 32 EXCEPT:
END ZONE:
2ONE 36 “2B.Typicsl ™~

ORIGIN: (28.00, -74.52, £.00):

NORTH AX]S5<0.00;

SAHE AS ZONE 12 EXCEFT:
END ZONE:
ZONE 37 "2E.Typical ™:

ORIGIN; (28.00, 6.94, B.0O);

NORTH AX15+6.00;

HMPARY} 120.70 RY 8.00};
FLOORS :
STARTING ATI[0.00, 17.17,
FACING(1B0.00)
TILTED(180.90)
CFLOGR (3Y.50 BY 17.17):
ROOFS -
STARTING AT[0.00, 17.17,
FACING {Z70.00)
TILTED(0.00)
MROOF (17.17 BY )1.50):
PEOPLE~2, ROOM PEOPLE ,
AT ACTIVITY LEVEL 0.235,1
FROM 0)JAN TIIRU DIDEC;
LIGHTS=Q.76,R00N LIGHT ,
0.00 PERCENT RETURN Al
0.00 PERCENT VISIBLE,
FROM QLJAN THRU 31DEC;
CONTROLS=ROOM CONTROL ,
3412000.0 HEATING,
0.00 PERCENT MAT,

0.00)

8.00)

00.00 PERCENT RADIANT,

R, L00.00 PERCENT RADIANT,
0.00 PERCENT REPLACEABLE,

2112000,0 COOLING,

8l

SAME AS ZONE 32 EXCEPT: FROM OlJAN THRV J{DEC:
END 20KE; ELECTRIC EQUIPMENT=0.68, ROOM TV ,
20NE 18 “2E.Typical *: 100.00 PERCENT RADIANT, 0.00 PERCENT LATENT, 0,00 PERTENT LOST,
ORIGIN: (2/.00, -99.36, 8.00): FROM 013NN THAU 11DRC:
NORTH AX1§%0.00: INFILTRATION=64. 00, VENT SPEC2 ,
SAME AS ZONE 32 EXCEPT: WITR (OEFFICIENTS (1.000000, 0.0006000, 0_000000, 0.000000),

END 20NE; FRUM G1JAH YHRU J1DEC:
ZONE )9 "2E.Typlecal ™: END 20NE:

ORIGIN: {28.60, -111.78B, 9.00): ZONE {2 "2 Spesial ”:

NORTH AXIS=0.00; ORIGIN: {0.00, -15B.%4, 8.00):

SAME AS 2Z0NE 12 EXCEPT: NORTH AXIS=0.00:

END ZONE:! SAME AS ZONE &1 EXCEPT:
20RE 40 "IE.Typlea) “: END ZONE:

ORIGIN: {28.00, -124.20, 8.00): ZONE 1) "swim room ™=:

NORTH AX15-0.00: ORIGIN: {0.00, -1RA.RT, 0.00):

SAHE AS 20NE 32 EXCERT: NORTK AXIS=0.00:

END ZOME) EXTERIOR WALLS :
2ZONE (1 "2 Spocial “: STARTING AT(0.00, 3A.33, 0.00)

QRIGIN: 10,00, -)1).37, 2.00%; FACING1270.00)

NORTH AX18=0.00: TILTED(R0.N0)

EXTERIOVR WALLS - NWALL ()0.3) BY 10.00)
STARTING AT(0.0a, 17.{7, 0.00) WITKR WINDOWS .'F TYPE
FACING (270, 00 MWINDOM (10.89 BY 5.00)
TILYED(S0.50) REVEAL{D.00)

MWALL {17.17 BY 6.00) AT (0.01, 9.01).
WITH WINDOWS OF TYPE STARTING AT13.00, 0.30, 0.00)
MWINDOW (7.68 BY 7.20) FACIRG ()=, 00)
REVEALID.00)Y TILTED{90.00]
AT (0.9, 0.01%: HWALL 126.20 BY 10.00)

PARTITICNS WITH #INDOWS OF TYPE
STARTING AY 14,00, 0,00, 000 MWINDOW (26.67 BY 7.50¢)
FACING{1€D.. 2 REVEAL (0.00)
TILTED(S0.00) AT (D.0}1, O0.01),

MPARTI 121.70 BY -.001, STARTING AT(%6.00, 0,00, D,.00)
STARTING AT (24,70, 0.00, 0.00% FACING(90.00}

FACING (30,10} TILYED(B0. 00y

TILTED( 30001 MAALL (20.3% BY 7,00

MPART) (id.00 RY B, "), WITH WINDOWS ~F TYPE
STARTING ATI124.%0, 17.17, 9,00} MWINDDW (10.8% BY 9.20)
FACING (.00} REVEALIG. 00

TILTER % 00 AT (0.01, n.01}:



6¢tl

PARTITIONS
STARTING AT(56.0¢, 30.1), 0.00)
FACING(0.00)
TILYED(90.00)
HPARTI (56.00 BY 10.00):
S1LAB ON GRADE FLOORS :
STARTING AT(0.00, 30.33, 0.00)
FACING(]1RB0.00)
TILTED(1BD.0O)
HMFLOOR (56.00 BY 20.23);
ROOFS
STARTING AT(0.00, 30.33, B8.00)
FACING(270.00)
TILTED(15.00)
MROOF {10.)3 BY 29.00),
STARTING AT(56,00, 0.00. B,00)
FACING(90.00)
TILTED(15.00)
MROOF {30.3) BY 25.00):
PENPLE-30, SWIM PEOPLE ,
AT ACTIVITY LEVEL 0.70,1080.00 PERCENT RADIANT,
FROM O1JIAN TRRU 31DEC:
LIGHTS-2.90, CONTIRUDUS ,
0.00 PERCENT RETURN AIR, 100.00 PEACENT RADIANT,
0.00 PERCENT VISIALE, 0.60 PERUENT REPLACEABLE,
FROM O01JAN THRU J1DEC:
CONTROLS®SWIK CONTRQOL
)4120060.0 HEATING., J412000.0 COOLING.
0.00 PEACENT NRT,
FROM 01JAN THRU 31IDEC;
INFLLTRAT {ON=1700. 00, CONTINUOUS

WITH COEFFICIENTS (Ll.0CO0JQ, 0.000000, 0.0004D0, 0,080800),

FROM O1JAN THRU 31DEC:
END 20WE:
END BUILDING DESCRIPTION:
ENO 1NPUT:
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>>> The lopuk Data of Bullding HTL

Bullding's nama:
Building‘s Locatson:
Latituda:

Longitude:

Building's Tiwe Zone:
Time:

Atm. Pressuta:

Suumet Design Conditions:
mvesmsauvrervesvovenanen
Month:

Day:

Dezlun Dry Bulb Temp.:
Mean Coincident WBT:
Muar. Daily Range:

Winter Dexfigo Conditions:
PAvePerdissessrsveursrvan
Design Ory Bul:k Temp.:
Relative Humidlity:
Average Alr Temgp.:
Ground Amplitude:

= Buwildlog nformaticn ==mmicane=

MTL

Tulsa, OXlahama
36.20

95.9¢0

7

Clock Time
14.70

21

5e.0C
T¢.00
24.00

13.08
60.00
49.30
{B. 0D

mammewis mwm Zone INfOCMALION =mManmmamaxs

Zone Name:

Zope Multiplier:

Sumnsr Indoor Des.gn DET:
Sucrex lpdoor Deslgn WB?:
Hinter Indoor Dezign DAT:
Winter Irdoor Dezign WBT:
Susuner [odoor R. Humadity:
Winter Iodoor R. Humidity:
Raem Ceopscruecrion Type:
Max. Sysvem C. Capacity:
Max. Systec H. Capacicy:
Systom Alr flow Kate:
Outdoor Aur Flow Rate:
Sysvam Throttling Range:
Syszvem Annual Scnd. Neame:
System Dasigc Schd. Name:

Ventilating Ann. Schd. Neme:
Ventilaring Des. Schd. Nama:

IN.E. Corr.

1

68.00

70.00

0.00

Q.00

50.06

30.00
Extrome L.ght
100000.00
=100000.00
0.00

0.0¢

0.10

wmotel room control
motal rocm
toom pecple
rous paodple

--------- Rc o Informatlon~~====-c-x
Foon Name: Raon
koom Multiplior: 1
Floor Sur. Azoa: 347.720
Rozm Ceiling Height: 9.0
Rocm Pevamorer=:
knom Gecmewry : 15 fr o« 15 1.
Rosz Heagh= H B
» of Eaterioc Wall : K
Interior Shaaaq : 50 t
Furnjtuce ¢ With
Exterior Conarucvionh & L.W. with Lt. insln.
partit:on Type : 4/8 in. Gyp-A1r-$/8 1n. Gyp

Rcom Locataiun
Mid Floor Type
Sled Type
Ceiling Type
Rool Type
Flocor Covering
Glass Parcent

botvos Fleo.r

1 io. Wood

4 ip. slak op 12 In. a01)
Without Ceiling

L.W. w/c susp. corling
vinyl tile

I}

===av~sa~--Pgople Informatfon«-~-=--

Poople's Name:

Yeople Peak Gaan:

Peak iicupancy:
Ser.sible Heaw Caln:
_aLent Heat Gair:
Radiont Fracrion:
Convactive Fracrion:
Annual Schd. Name:
Design Day Send. Rame:

peaple
T1¢.00
256.00
105.0%
6.700

0.30d

room peapla
room peopia

vEsesav~ans Ligh% Informations-==s=~=«

Light’s Hame:
Light’s Paak Gain:
Raaiant Fraclior:

Light
783.497
Q0.590

Convective Fractlon:
Annuaal Scbd. Name:
Dasigc Dey Schd. Name:

0.410
rocm llght
rocmw light

mvasvesscEquipment Jafofzmationsssss=

Equipment's Nama:
Equipnent Peak Gsin:
Sensixle Hest 'faun:
Lavent Hoat Ga:nm:
Equipzent Hultiplisex:
Radiant Fractiop:
Convective Fraceivn:
Annua)l Schd. Name:
Dasign Day Send. Name:

Equipmant [TV}
682.00

6E2. 00

[ ]

1

9.700

9.300

reoz TV

rooa TV

~w-~vesrslpfileration Information~-=-

Infiltratican's Name:
Alr Change/Rour:
Anpual Schcd. Nanpe:
Desion Day Scha. Narme:

InEiltravion
0.%0
continucus
2omtibuous

--------- ~~~wall Informatiop-~~s===---n

wWall's Namea: Eexr.

Facing Darecrio=z: 96, 0"

Tilz Angle: 96.02

wall Type: 2

Actual U Facnor: 0.1

Surface Apsarpranca: 0.7¢

Surface Araa: 7%.36

Material Descriptions:

fesistance

Resx)srapce

Stone

Mass Location;
Principla Hsteriel:
Stycea,Steal
Secondary Material:
Gy psun

Al 1 Outzide Surface
Al Sveu)] S,dang
®J2 * 3 in. lnsujar:un
EC : Inslde Surfaue

EZ . 1/2 in. Slag oc

Masy Integrat

Al,A3,A¢,0c El T in.

El /4 1in. Plaster or

>y~v~-Whndew tor Tnls Surface---- [

Glass's Nama: windu

Window Width: €.

Window Height: 4.2C

Glass Shadina C:w{ficion?: u.pp

Glass U factor” 0.6700

------------ Wall InfcrmRLIOR-~-v ==ravs

Wall's Name: Motk

Facing Dire~tion: 0.0¢Q

Tilv Angle: 90. 60

Hall Type: 2

Actual U Fecror: n. 1

Sutface Absorptance: LI

Su¢face Araa: 2 B

Hacerial Roscraptions:
A0 ¢ cwrtsade Surface

Rezlsrance
A fnee) .dlidag
Bi12 . 3 in. Ifizula%jion
EC < In31de Surfazwu

Resistance
£2 ¢ /2 3n. 5ley or

Stone

Hass Location!
Principie Mareraal:
Stuecco, Steel
Soconzdary Material:
Gypsum

Masz Ipteoral

Al A3 AL, ur EX ! in.

El 374 in. Plaster or

==* Ne Wirdow Defined For Thas Sur(ace **¢

------- ~tnCilvcation Inforpation~==-



Inf:lrratjon's Neme:
Ar Change/Hour:
Apoual Schd. MName:
Dasiga Day Schd. Name:

VENT
0.65
roas people
recon peaople

revaren e Z6Ne [D{OMAL)OD =mermarmawmre

Zone Name:

Zoem Multiplier:

Summer Indoor Design DBT:
Sumzer !naocor Daslgo WBT:
Winter (ndoor Deslan DBT:
Wipter ipdoor Deslgn WRT:
Sumzer lpdooy R, Humadity:
Winter Indoor R. Humsdjry:
Recom Cornstruction Typa:
Max, Sysrem C. Capacity:
Max, Systom H. Capacity:
Systen Air Flow Rave:
Outdoor Axr Flow Rate:
Syztem Throt:ling Range:
System Annual Schd. Nama:
System Desigp Schd. Nams:

Ventyiating Apn. Schd. Naxe-
Vantilating Des. Scha. Name:

1E. Typ-
.

68.00

70.00

0,00

0.00

$0.00

10.00

Sxtremm Light
100000.00
-100000.00
0.00

0.0¢

0,10

motel room contral
motel roam
roam people
room peaple

mmsesses ~Hoom Informat:ion----=--- .-
Rocn Nsme: Room
Room Multiplier: 1
Floor Sut. Area: K770
Room Ceiling Reigbt: B.00

Roots Paresumeters:
Room Geametry
Room Maight
# of Exterior Wall
Interier Shada
Furniture
txterlor Construction :
Parzytaon Type :
koom Location :
¥1d Floor Type :

1% fv x 15 fc

B ft

1

50

With

L.W. wath Le. ipslao.

$/R {n. Gyp~Air-5/8 in. Gyp
Bottam Floor

1 in. Weod

Slak Type : 4 in. siab on 12 in. =oil
Ce:iling Type : Hdithout Ceilamg
Roof Type L.W. w/o susp. celling
Floor Cavering vinyl tile
Glaas Percont 161
e ~+~-Light Inforwmatiof~~======
Light '3 Name: Liaght
Lighr's Pesk Ga:in: 783.47°
Radtant Fraztrion: €.59 ¢
Convez*ive Fracvion: ¢.412
Anrua: Schd. Nape: ro~in light

Dezian Day Schd. Name:

room light

=s=s=sss~~s-Pcople Informatlion-=s-=«-

People's Name:

Paocple Peak Gain:

Pesk Occupancy:
Sensible Heal TGain:
Larent Heat Gain:
Radiant Frac%ion:
Convectave Fracrion-
Annuol Schd. Name:
Design Day Scha. Name:

amsassw ~-fQuipmen”

Equiprent's Neme:
Equipmen. Pea)y Gailn:
Sensible Heat Gain:
Latent Heat Gajrn:
Equipment Multviplier:
fadisnt Fractjon:
Canvective Fractaon:
Annua!l Sehd. Hape:
Dasign Lay Scha. MName:

-------- Intaleration

people
710.00

2

2590.00
104.00
90.70°

0.100

rooM peocpie
room pecple

[afafmacionsas~==

Equipmant {(TV)
682.00

682.00

0.00

1

0.70¢

0.302

roen TV

room TV

Intormation=~~~

142

Inflltraticn‘s Nene:

iatiltration

Avr Ohange/flouc: 5.%¢

Anpual Schd. Nama: continvous

Dasign Day Schd. Name: cenranuonr
===s-=-<intiltyatioc Information=~=-=

Infileravaon's Name: VENT

Ar Change/Bour: 0.65

Anrual Schd. Name:
Derign Day Sehd. Name:

Wall's Name:

Facina Direction;
Tiie Apgla:

Wall Type:

Actual U Factar:
Surface MAbsorprance:
Surface Area:
Haterial Descraprions:

ResiAtance

Resistance

Stone

Hass Location:
Pranciple Material:
Stucco,Steal
Saecondary Material:
Gypsum

Toam paopie
ra:n peaplea

information=-=sssse~~~

Eost

90.07

90.4v

2

.11

.79

49.3¢

A0 @ Queside Surlnce
A) : Steel Siding
B1Z : 3 1n. Inzulatioen
B0 : loayde Surface
E2 : /I in. S5lsa or

Haax Invegrsl
AL A3, A6,0r 51 1 Ln.

El 3/80 in. Plsster ot

P>ve~vablindew (0T This Sueface~---<<

Gla3s> 'y Hame:

Wipdow Wldzn:

Wirdow Beighz:

Glesas Shading Coefficlenr:
Glass U Factor:

mma i mmmann Z&B6

Zone Name:

2one Multipller:

Summer (ndoor Dosign DBT:
Sugmer Indoor Deslan WRT:
W.nrear Indecr Desiqn DBT:
wintaz Incor Desian WBT:
summec [ndo r K. Humidst
Winter Insoor K. Rumidl
Roer Constructlior Typo:
Han. System C. Capocity:
Hax. Sysvex H. Caparivy:
Systen Adr Flow Rare:
Qutdoor Ar Flow Rave:
Sysvem Theottling Rangm:

Informarian

window
$.40
1.20
c.AR
0.870¢C

Zd. Typ.
9

wn, 03
To.0D
v.n¢
D,on
H0.00
a0, on
Lromu Lian
100630.00
-10ud00, 02
[ L]
0.00
0.10

Syster Abnual Schd, Nawe: woral room  nttual
System Dwsian Schd. Hame: motel roem
Vent)lating Ann. Schd. lame: room people
Vontilating Des. Schd. Hame: rour people

~enencesesRoo~ IRYOLMAL IR~ me-er -
Rotm Name: Room
Rocm Hultiplier. 1
Floor Sur. Ares: (.70
koom Ceiling Hedghv: €.06
Neoom Paramerers:

%oom Geometry 15 fv x 15 fr

Roam Haight : L 41

q of Exverior wWall : 1

Interior Shade : L0 b

Furnizure HWith

L.w. wixh Lt, inslo.

Exverior Conzteucmaon :
Parzation Type :
Room Lozation

Hid floar Type

£1ab Typo :
Cerling Type H
Rou! Typw
Floor Cavsring
Glass Percenx

5/08 an, Gyp-Air-<7 an  Gyp
Top Flos:

1 {z. Woma

4 in. soul

zlep an 32 1m.
Without Zeiling

L.W. w/o susp. ces)ing
viny}! tile

161



=~=~~-a~s~Poople

Iolormastlion~=-~~-~-

Paople’s Name: peopla
Paople Peak Galn: 210.00
Park Occupancy: 2

Senslble Haat Gain: 250.03
Lstont Host Gain: 105.00
Radiant Frection: 0,200
Convective Fracrioo: 0.200

Annual Scbd. Nawme:
Design Day Scha. MName:

room peopie
TO0Mm PAople

Stone

Mass Location:

E2 : 1/2 :h. Siag ¢t

Maxs Invagral

Principle Matorial: Al,A), A8, EY 1 1m.
Stucco,Steel
Sacondary Materaial: El 3/4 ar. Flarrer er

Gypaws

>>~~~~~Window {or This Surface-==--<<

~svsvassa--light Information==-==-~=s

Glass's Name: window
Window Widrh: 6,40
Window Raighe: 4.20
Glass Shading Coeffrclent: ]
Claxy U Facror: ©.6700

2are Informstion

v o

Light's Name: Light
Light's Peak Gain: 762.457
Rsdisni Fraction: 0.5%90
Convecrtive Fraction: 0.11¢0
Annual Schd. Name: room light
Desagn Day Schd. Nanze: cocm lraht
--------- Zquipaent Infofmations~~=--~
fquipmont 's Mape: fquipment (TV)
Equipment. Peak Galn: £82.00
Sansible Heat Gain: 682.00
Latant, fleat Gear: 0.00
Equipraen'. Mulvip:ier: ]
Radisnt fraction: 0.700
Convective fFractw.ion: 0.300
Annual Schd. Namae: roar TV
Design Day Schd. Name: room YV

------- ~Infiltraty

Inf(ileration's Name:
Arr Change/Hour:
Annual Schd. Name:
Design Day Scha. Name:

B LTINS IR A |

Roef's None:

Facing Dirvction:
Tilt Anale:

Roofl Type:

Acrual U Fach~r-
Surlace Absorntance:
Surtace Arwa:
Msteria) Description=:
Mass Location:
Pranciple Mavacial:
Suspennad Cearlits:
""" No Window DdEinea

Infalrrar:

Infylecavion's Nama:
Aot Changes/Rour:
Annual Schd. Name:
Desstan Day Seha. Name.

e mee ~--Wall 3

Wall's Naaze:

Facing Direction:

Talt Angle:

wall Type:

Actual Y Factor:
Surtace Absorp-ance:
Surface Ayes:
Haterial Descripriocs:

Resistance

hesi1stance

on Isformatioh-~~=

Infileration
0.50
continuoux
continuous

rl{ormaridn~==--

Roof

270.00
15,00
!

G. ol

0.7¢

366.18

10 Undofined 81

) Undelined 448

0y UndeTined 39
For This Sutface *°°

or Information- -~

VERT
J.6%
rocn pepple
room pe3dpls

ntormation=---==-==- ==

West
270.20
90.90
2

0.1}
6.78
$99.36
Ad Cutside Surface
px
Bl&
£0

Steel Siding
3 in. lpsulation
Inside Surface

143

2one Nomeo: 2N.W. Corn
Zope Hultipliar: )

Summer JYndocr Desioo DBT: Ef. 00
Summer Indoor Design WBT: 245.00
Winter Indoor Deaigma DBT: 0.00
Winter laduvar Desige WBT: 6.00
Summer Indoor R. Humn{divy: 50.00
Winter Indoor R. Bumdity: 345.00
Rocz Construction Type: Extrece Liat:
Hax. System C. Capacity: 10000C .00
Hax. System H. Capscicty: -100000.00
Systex Aar Fiow Rate: 0.00
Outdoor Ayz Flow Ratve: 0.00
System Throttlina Range: 0.0

Systam dnnuasl Schd. Name: motel rocm contr..
Systam Desiaon Schd. Nape: agtel room
Ventilating Anp, Schd. Names:. (oom pacple
Ventilating Des. Scha. Name: room paople
~vmsnmvenaRoom INFOrMATIOR~Y S a~as va -
Rocm Nape: Room
Roca Multiplier: 1
Floor Sur. Ares: 347,90
Roop Ceiling Height: §.02
Room Parazeters:
Room Geomstry H 1S ru = 14 12
Roam Heignt : - 44
# of Exterior Watl 2
Interiar Shado s0 1
Furmiture : Witk
Exterlor Construction : L.H. with Lt, analn,
Pactitlon Typa 478 1n, GypAlr-~%/¢ Ln.
Rooe Locatian : Top Floor
HMld Fleoor Type : 1 dn. Wc .t
Slab Type : { 1n, 3int 1. sn. oo
Ceiling Typo : Withoust twiilenr

Ron( Tyfpe L.W. w/n vurp. verling

Floor Coverina ~inyl Lile

Gless Percent 10y

~asvssesvesbeople Informalaon-v-ss--

Peopla's Nomu: poople
Feocpls Penk Gain: b
Puak ( zzypancy: N
Sensible Hear Gain: 2L0.0¢
Lacent Heet Gain: 105.00
Radyant Fraczion: 0.7%00
Coovertive Fraction: 0,100

Anpual Schd. Name:
Desisan Day Schd. Mame:

roett. ponplw
roor penphe

------ ~~~=~Ligh Intorms=fans~e---.-
Light's Newe: Light
Light's Peax Ca:n: 78349
Radiant Fraction: T8RO
Convecuive Freclion. 010

Annval Schd. Name:
Dasian Day Schd. Name:

ront Light
racs .ayght

sss==s-ssgquiznent Inlolmation=~s-s-

Equipment's Nawme:
Equigrent Peak Gain:

Equipment (TY)

662.0C

[



Sebsibie Heat Gain: 692,00 8l ¢ 1 ju. Imsulatiern
Latent Hemt Gairn: 9,00 FG i Inside Surlsce

Equipmont Hultiplier: 1 Rosistance

Ramiant Frection: 0.706 £2 : 1/2 an. Slag ¢
Convective Fracvion: 0.300 Stems

Anpual Scxnd. Name: rocom TV Mas- Lezatlon: Hass Integrai

Design Day Schd. Nama: roam TV Frapciple Maverial: AT R, A6, 0r BY ] im.

~~~ve~solpfileraticon Jofsrmation----

S-uczco,Steel
Socondary Material:

Cypa.ax

)] 31/3 {p. Plastar or

»e¢ N+ miypdow Defined For Yhis Surface <

lolfiltration’s Name: Infilzration
Ay r Chenge/Hour: n.50 oo~ . Zphe IRformati.o . ——
Annual Schd. Name: cont{ousnz
Des:gn DAy Schd. Neme: conttinuous Zone Nome: M.E. Corn
Zooe Multipller: 1
Sur=er lnco: Deslan DBET: Gy, Q0
------------ Biaf Information~===ss~svss Surmet Indoor Design WRT: 20.00
winter Indoor Design DBT: Q.00
Wibter Indeooc Des=ign WBT: .02
Roof ‘s Neme: Roo Sucmer Indocor R. HRumlidiy: 50.00
Facing Direction: 270.00 Winter Indcor R. Humidluy: Jo. 60
Ti{lv Angle: 18.0¢0 Roam Consrtuction Typa: Extrume Light
Roo( Type* 1 Hax. Systenr C. Capacity: 100000.0¢C
Actual U Factor: 0.05 Max. Systexz R. Capacity: -y6teoa. 0o
Surface Absotptance: 0.78 System Air Flow Rate: 0.00
Surface Area: 160.18 outdoor Adr Flow Rate: 6.ov
Haterial Descriptions: System Throttling Renge: 0.1¢

Mass Location:

19 Ungefipmed €»

System Annual Schd. Nama:

motel room control

Principle Mavocial: 01 Undefinad ev
Suspendad Ceailing: 89 Undefined &»
**¢ No Window :efined Fcr This Surface <

Sysvom Dasign Schd. Namae: mote! room
Vent:lating Ann. Schd. Hsze: reom pesple
Ventilating Des. Schd. Notw: room people

------- Infiitravion Information--~- =s~s~-=-~-RaorT IDfOrmation-~~~=~~-~-

Rooo Name:

Room

Infaleration’s Name: VERT Room Hultiplier: 1
Air Chenge/Hour: C.65 Floor Sur. Area: 145,
Annual Schd. Name: room peaple Room Ceiling Reight: 8.0

De¢sien Day Scha. Name:

Toas people

Raom Pacamaeters:
Roam Geomstry

15 fv x 15 fx

Room Helght -
~=s=sss==~-<Wal) Informatlon---~-~~ EETE 8 of Exvarior Wall 2

Interior Shade 50t

Purnleure Hith

Wall‘s Name: Wast Exteriot Conszvructien L.W. wrth LU. 1ncin.
Facipg Dicacrion: 270.00 Particion Type : 3/ an. Gyp-~Aar-%'" in. Gyp
Tilr Angie: 90.D¢ Room locatien : Top Ficar
Wall Type: 2 Mia Floor Type Vi, wWoed
Acvugl U Festor: oLt Sieb Type : 4 in. 3lap on )2 3. Jo..
face Absorprance: 0,78 Coiling Type i HWithout Ceillng
Ssrfaco Area: 9Y%.36 Root Typo : L.W. w/uv suap. cailang
Ms*.cz1ad Liscripuions: Flocr Covering N vinyl tlls
Al 1 Cutside Surface Glass Percent H 10 1Y
kesistance
A} @ Swweel Siacing
B12 : 3 in. Insulatiocr ms=s======-Lightl IN[LIBA" LOR~=~-=~- -
E) ! Inside Surface
Resistance
E2 : 1/2 Lln. Slag or Light's Nemo: Light
Stene Light's Penk Gajn: TR3.497
Mass Location: HMass Integral Radiant fraction: Q.8%h
Principle Maversal: Al,Ml N6,0r E] 1 :n. Convect.ive Freztion: [ 34

Srucee, Stexl
Sacondary Matsryaic
Sypsu

d>-w-ssdipdew (or

Th. >

El MU an. Piastat of

Sortace=~==<<

Annual Schd, Neme®
Desian Day S<ha. Name:

foctn §gahe
room 1iqht

--------- £quiz-wnt Infofratich~=---»

Glass ‘s Mame: winaow Equipment™s Namo: Equlpnent (TY)
wWihdow Widib: 6.5 fquipnent Pea¥ Galn: &4z, 00
“Window Height: .20 Sensible Heat Gain: £9r.03
Giass Shadanz Ceoeffrcilent: O.FFR Lavant Heat Gain: ¢.00
Giass U Facuar: ¢. 6700 Equipment Rulnipller: ]
Rodiant Fracvlon: 0.0
Conveztive Fraction: 0.300
mssmssssvessWall IREQIRATIOR===~~- == Apnual Scbhd. Hame: room TV
Design Day S<ha. Name: roae TV
Wall's Nampe: Noren
Facinz Directlion: .00 ~vsss=nva-~paople Inlormprion~~==~~=
Talu Amgloe: 20.00
Wall Typer 2
Acrual U Factor: 0.1 People’s Nema: poaple
Surfaze Absorprancu: G.72 Yeopla Pesk Ga:n: 210,90
Surlace Ares: 224,70 Peoas Occupancy: 1
Heterial Dazzgzapticna: Sonaible Hent Gein: 250.49
A0t Cuvside Surtace Latant Bert Gain: 105,00
Ros1stance Radiant Fract;:own: 0.790
A) @ Stael! Siaina Coavecrive Fractlon: 0.300



Aomual Sced, Nawe:
Deslgn Day Sche. Naza:

roo= paople
re-n people

------ ~~Inli)zratrion loformation=--~
Infiltration's Name: Infileration
Air Chapge/Hour: c.%0
Appual Scbd. Hama: <¢ontinuous
Desigun Day Schd. Reme: cont1nuous

Smmsemssaaas Roo! Infarmation-~-~-

Kool's Narme:
Facing Diractions
Tilt MApgle:

Roof Typa:

Actaal U Factor:
Surface Absorprance:
Surface Area:
Maverial Descripiions:
Mass Location:
Principle Materia):
Suspended Ceiling:

Bof
$90.08
15.00
1

0.05
6.8
360.18

€ Undefined el
1V Updefined 41
¢4 Underined 13

*v* No Window Defined For This Surface "*°

s~sasss=Inlilnratio:

Infileracion's Name:
Ar Change/Hour:
annueal Schd. Nare.
Desagn Day Schd. Name:

Inforration=-=~-

VENT
0.65
1opx peopls
LOCR pecple

sesvmsc-aas-Wall Information----~--~=n--
Wail's Name: | 2214
Facling Direction: 50.00
Tilt Augle: 9¢.00
wWsil Type: 2
actual U Facror: 0. 11
Surfacy Absorpiance: D.2¢
Suctnce Azea: 95.36
Hat.oria! Deéscriptions:

AD @ Ouvside Surtace

keyistance

Ras.3atance

Stone

Hazsz Lozarjen:
Principle Material:
Stuzzo, Steel
Seconaary Mavurial:
Gypaur

Srvvesalindow far

A S%eel S5adina
B12 : 3 in. Insulavyon
EO0 : [Ipside Surface

E2 : 12 in. Slag or

Mass Inteara)
AY,AY,AE, 00 EY ] arm.

El J/% :n. Plaster or

Supface~~~~<<

Slass's Nape: HIRI N
Waniiow Width: 6.40
Window Helght: .20
5lass Shadina Coefliczeont: 6.7
Glass U Factrer: 0.6700
------------ Wall Intormations~~-sse-aos

Hall's Name: North
Faclng Directadns 0.00
Tilt Angle: 98.0¢
Wall Type: 2
Actuval U Factor: .11
Surface Absorptance: 0.78
Surface Ares: 120.0¢

Material Descriprions:

Rez:atance

Rozle*ance

Stone

A0 : Outiside Surface
A @ steel Siding
812 : 3 in. Insuvlatios
£0 : loside Surface

£2 : 1/2 in. Slsg or

145

Mass Location:
Pricciple Katerlal:
Seuces, St a)
Sucendary Material:
Cypaur=

Mas: .otegral
AY, A AGL o BN

1 1n.

El 3/4 1in. Flasuer cr

s* No Window Def1med For This Surlface =**

Zane Nama:
Zone Multiplier:

Summar Indoor Dezign DBY:
Summar Irndcor Design WBT:
Win=at {ndoor Desiqr UBY:
Winter lodoor Deszign WBT:
Sumar Ipdcz: R. Humldivy:
Wintsr Indoor R. Humiajty:

Rocar Corstrucrion Type

Max. Syster C. CTapscluiy:
Hax. Systey H. Capacity:

Systes Alr Flow Ratm:
outdeor Alr Flow Rate:

System Throntllng Range:
Systan Annual S<hd. Nonu:
Syster Design Schd. Name:

2one JRYO0Im At 0Ol s

2r. Typ.

9

6f . 00
7¢.00

0.00

b, o0

%0.00
jg.o¢

: Extrene Lightl
1go0ns, 0o
-i000l0.00
g.o0

o.on

.10

merel rocw

Vertlleting Ann. 5zhd. Nawe: room people
Vertilating Des. Schd. Name: rcom pecple
---------- Roo- Informatiori~s=~===<=-~

Roeom Nama; Ream
Roam Multiplier: ]
Floor Sur. Area: 4770
Row= Ceiling Relghz: €.60
Rocm Psrematers:
Raom Geometry : 15 fv o« 15 {¢
Room Rayight H L 4
&t of Euteryor Walt : 1
Iateriar Snade H PRI ¢
Foroiture : Wleh

Exterior Canstyuction :

Fartition Type
foom Locatiaon
Hid Plooc Typa
Slak Type
Celling Typo
fleof Type
Floor Covering
Glass Percent

------ ~---=-toaple

Pocple ‘s Namu:

People Puva¥ Gain:
Peak Occupancy:
Sensible Haae Gman:
Latent Heat Gajin:
Padian’. Fraction:
Caonvecrtivae Fractien:
Anfiual Schd, NHame:
Da-lgn Day S<hd. Name:

5/P in. Gyp-Air--.
H Top Floor
: 1 in. Weod

metal roos control

L.wW. with Lt. insln.

“in. Gyp

¢ 1o. slab on 1Z an. 3cal

Without Ceiltna

: LH. wic susp. rezlurs

: “inyl tile
16 Y

Intosmal lopi-=~v---

fotipin
EATON Y]

i, 00
10%. 00

G700

0,360

room people
toor peoplo

srsssass=s=sslight [Rtormstion--~~----

L:ght s Mac::

Light's Psax Gain:
Radlarn'. fractiano:
Convactive Praction:
Annua| Schi. Name:
Design Day Schd. Mame:

Light

TR1. 437
4.5%0
g.41¢0

yoam Lrghe
reom light

------------ R~ f Informavion====s<=-==---
hoof's Nape: Root 6%
Fscing Directjon: 9¢.00
Tilb Angle: 15.00
Roaf Typa: :

Acvual U Facvor: 0.03%
Surface Absorph.ance: ¢.7n
Surface Arwa: RLIPRE

Haterial Descripraons.
Hasa Lozation:
Principle Materis!l:
Suspanded Ceiling:

ter No Window Déefinsd

91 Urdefipsd 16

31 Updeisved 49

81 Jndefirea 1)
For Ihis Surfsce “°*



av~v~av~~Equapmaat 1nfofmatfon-=-==~--

Equipmant's Neme: Equipaent. (TV)

Equipmant Peak Gaix: 682,43
Sensible Hear Ga:in: 692.04D
Lavep: Heat Gain: 0.00

Equipment Rultiplier: 1

Radlant Fracriop: G.706
Convaective Fracecionm: 0.30.
Annual fchd. Name: covT. TV
Dasign Day Scbd. WName: rooca TV

~~~=~~~-lpfiltrarion Information-~-~

Infiltration's Name: Infilrracion

Air Chenge/Hout: 0.50¢

Annual Schd. Name: cobtsnuous

Design Day Schd. Name: continuouy
-------- Infiltration Information-~--

Infiltration's Nana: VENT

Air Chenga/Hour: 0.6¢

Annual Schd. Name:
Design Day Schd. Name:

roc people
rocm people

vesv=ms-s~ssWall Infomation=~ssssnasas

Wail's Naoe: Eost
Facing Direction: $0.00
Tilt Angle: 30.00
Wal! Type: 2

Aztual U Facror: 0.11
Surfsce Absorptance: $.78
Sur(ace Axaa: 55.36

Haterya)l Descriptions:
A0 @ Outside Surface

Resastance

Ad  : Sveel Siding

B2 : 3 in. Insulatien

80 : Inyide Surfece
Reslrrance

E2 : 1/ ip. Slaa or
Stoae

¥a3r Integral
Al A3, A&, ox EY

Mass Location:
Pranciple Hatveriai:
Stuzrce,Srael
Scecandsry Materiai: [ )
Gypsum

} ap.

/¢ in. Plaster or

P>~<~~-Window tor thia Surface----<<

Glass's Nema: Wi hdow
Window Wader: €.40
Window Height: .9
Glass Shading Coaf{izien~: n.8A
Glass U Factor: 0.6700

scssssnssse ZONC [N{OrMAL1ON Sexssswsses

2Zone Name: W, Typ-
2one Hulzplier: 3

Summer Jodcor Dezign DBY. 68.00
Sugmoer lndooc Desigr, WRY: 20.040
Winter lodoor Des:gr DBY. 0.00
Winter Iodosr Desirgn WAT: 0.00
Sumner ladeor k. Humidity: $0.0C
Winter Iodoar R. Hum:dity: 30.00
Rcom Construction Type: Extreswe Ligb-
Ham. Systam C. Capacity: )00000.00
Man. System K. Capacity: -3¢0000.00
System Aitr Flow rate: ¢.00
Dutdeoor Air Flow Rate: .00
Sysien Threttling Range: q.1¢

motel room contrel
motel room
rocr. pecple
room pevple

Syateam Annual Schd. Name.
System Dasign Schd. Mawe:
Ventilating Ann. Schd. Nome:
Ventilazing SYes. Scbd. Mame:

------ ~~-~Room IRfOTmOLIOR~=~~~~~~~*

146

Rocs Nemu: Roos
Roo= Multiplier: Yy

Floor Sur. Area: 4.7
Rowam Ceiling Helghr: E.Cd

f>am Parametars:
hooc Geometry
Rooz Helght :
? of Exterior Well H
loverior Shade :
furpicure B
Extarior Cornarruction :
Parcition Type
fkoam Locatian

& fo x 15 I
fr

o

1
~th
LW, Witk Lr. ipsin.

A in. Gyp-Mr-°/¢ in. Gyp

Bottom Floo:

A

L

Nig Floor Type H 1 in, Wooed

51ab Type H 4 ip. 3lab an {7 iz, sexl
Ceiling Type : Without Ceilibpa

Roof Typo H LY. wa susp. ceiling

floor Coverina vinyl tlle

Gilaas Parcact 1¢ %

------ ~=---L1ght Informavion-~=-~--==
Ligh='s Naoa: Light
Light ‘= Peak Gslin: 783.447
fadisnt Fraztion: 2.450
Convective Fraction: 2,410
Annual Schd. Name: roae L1gbl
Design Dsy Schd. Name: roc- Light

~a=ve~-cInfileratycrn Informacion~-~-

lafilerasion’s Name: Infiitretion
Alr Changs/Bour: 0.%0
Appual Schd. Name: can’ ipuaus

Dosign Dezy Schd. Hame: continusys
~~~asss~-Equipmodt Infofmavion--~~-~

fquipzent's Name: Equipmear (V!

Equipment Peak Galn: 682.00
Senslple Heat Galn: 6B2.C0
Latent Rest Cein: 0.00

Equipment Multaplier: 1

Radiant Fraction: 6.700
Convective fraction: o, 300
Annuel Szhd. Nama: teom TV
Design Day Schd. Name: toom T
msv-ssvasssPeopls Informationss-s-v-

Poople’s Name: paople
Prople Peak Gsin: T1d.00
Peak Occupsncy: <
Zonsible Heatl Gain: 250.00
Lavtent Hoax Gain: 165,00
Radiant fraction: G.760
Convecrjve Fractien: 0.306

Annual Schd. Wamo:
Design Day Schd. Neme:

rowm peaple
room puople

vave~ew-Inllivraticn Informatinp----

Infiltrazion's Name: VENT
Alr ChangeskFour! [ 3]
Anpual Schd. Naga: roctr pespls
Des:gn Day Sehd. Name: toom puap it
R ke Wal)l lrformation=~~-~-sssa-
wall's Neme: Moz
Facina Direcicn: e
Tllt Angle: Yu.DL
wWall Type: 2
Aztual UV Factor: 6. 12
Surface Abrurprance: 2.7k
Surface Ares: $9.36
Materlal Deactiptianz:
AS @ tutal b Sur(ace

Resisvarce
Al : Sreei 5i1d:inm
a2z J an. Inzulanion



kesysvance

Stone

Mass Lecation:
Princ:ple Material:
Stucco, Stesl

E0 : lnside Surfate

E2 : 1/2 1n. Slsg or
Mass loteares)

ALLA3 A8, 0r EY 1 in

Sacopdary Materisl: El 3/4 in. Pimster o:
Gypsum
>demms Window for Tharx Surfasce~~-~<<
Glasa's Name: window
Window Width: 6.40
Window Helght: 4.20
Glsas Shadlng Coofficienx: 0.86
Glssy U factor: 0.6200

asmmrmames ZoAC

one Name:

Zone Multlplier:

Summer Indoor Design DET:
Summer [odeor Des:gn WBT:
Wintac Indoet Desigo DBT:
Winter [ndoor Dexign WBT:
Summer Indeor k. Humid:ty:
Winter Indoar R. fAumidity:
Recm Construction Type:
Hax., Syster C. Capacity:
Max. System M. Capacjity:
System Air Flow Rave:
Cutacor Alr Flow Rate:
System Throtrling Aanqe:
Systam Annual Schd. ¥ama:
System Design 5zhd. Name:

Ventileting Anr., Schd. Name:
Scha. Name:

Vegpeilating Des.

[DIDImMA’ i) wmcsacsa=ams

{N.W. Corn.

1

68.00

10,060

0.00

0.00

£0.01

30.90

Extreme Light
100000,00
-100000.00
0.¢o

0.00

0.i0

moral roorn coptrol
motel room
room people
Toom peuple

~~-+=s<xs--Roam INFRYmELION~=~=s==ss~

Roorr Heme:

Room Mulziplier:

Floo? Sur. Ares:

Roce Codling Hesghts

Rocz. Parsmeters:
Ko Geomeryy
Kk mm Heaght
¥ D! Extorior Wall :
Intefieor Shade .
furniture B
Exterier Constriction
fartition Typo
kcam Locaticn
Mid Fleor Type
S1ak Type
Cailing Type :
toof Type- :
floor Coverina :
G.ass Percen'

Rocm
1
347,
§.00
15 fe x 15 1t
5 fx
2z
40
Witk
L.W. wire Lt. inxln.

$/% in. Gyp-Air-S/R in. Gyg
Botten Fiocor

} in. Wood

¢ 4n. slak oa 12 am.
Wirrauer Cellirng

L.W. w/o suap. celiing
vainyl rile

101

zoil

~sesessovssL1ght InformALions s s -~

Liaht's Napea: Light
Light's Fecik Gain: F3.497
Radlant Fraction: 7.590
Convective Fractaon: 0.410
Asnual Schd. Name: rcor light
Cesign Day Schd. Kame: rook light
mmassasen ~~Peopie Information~====~-
Peaple’s Name: people
Feopie Peak Gain: 746.00
Peak Occupancy: 2
Sensible Haat Gain: 250.00
Lavent Haat Gayn: 10%.00
Rediant Fraction: 0.70°
Convectjve Fraczion: ¢. 300

Annugl Schd. Name:
Dosign Day Schd. Name:

--------- Equapment

roau pacple
1o0m pecple

Infef{mavion~---~~~

147

Equipment's Narcu: EQuipment (TV)

Equip-ont Peak Gain: 632.00

Sensible Heat Gain: §92.00

Latent Hest Gain: 0. 00

Equipnont Multiplier: 1

Radiant Fractlon: 8.0

Convectiva Fracrvion: 0.300

Annual Scha. Nave: roam TV

Design Day Sthd. Name: reom TV
-------- Inflleration Informazion=---

Infiltration
0.5%0

Infilvcaticn's Nape:
Air Change/Hour:
Annual Schd. Nemo:
Desian Day Schd. Name!

conk laudus

s~vsse-sIntilriration Informavion----

VENT
0.8t
room peaple
roam penple

Infiltravion's Namo:
Alr Change/Hour:
Aonual Schid. Name:
Do3ian Dsy Scha. Name:

smsasasmaeesbiall Informatlof==--«- Ne -
Wall's Name: Was.
Facing Dirsclion: 27p.nn
Tilt Anale: 90.00
Wall Typo: 2
Actyal U Fackar: .1
Surface Absorptancc: 3.78
Sur{scs Afrea: 59.16
Materlal Descriptions:
A0 & Taraide Sfurface
Resistance
A3 1 Stoel S:ding
P12 : ) Qn. Inzniar:zn
E¢ : Inaide Surlace
Rosistapce
E2 @ 1/2 an. Sdag €
Stons

Hass Location: Mass Inzearal
Principle Maveclal: ALLAI ARG, -7 £1 YV an
Stucco,SLeol
Secondary Matoecial: El 278 an. Plaste
Gypsum
dpe=w=s=Window (o: Thi: ‘urlaces=s-cs
Glasx's Hamu: wing
Window Width: b.80
Window Helghr: a.F
Glass Shading Cosff.crunv: G
Giass U Facror: 9.6700
------------ Wall Intormat;ons--=ssvs~es
Wall's Namu: Noreh
fecino Dirsttion: 0,40
Tal% Angle: S0, 00
Hail Type: 2
Actual U Facror: G 11
Syrface Abaorptarnce: (.7
Surfaco Ares: 224.00
Material Descriptions:
AD i Outsyide liface
Resistance
A3 ¢ Svtew] Sidane
B12 ¢ ) an. Inzsuiav.on
EQ i Iaslde Surlace
Resarsrance
€2 . 1/2 1n. f.va sr

Stone

Kass Locatlon:
Principle Mavarlal:
Stucco,Sroeal
Secondary Materisl: £l
Gypaum

+7+ No Window Deflned For Thiy Surfacs ***

Hass Integeal
ALUA L AG o ET ) .

3/% tn. Flasver o1

mmsde~—-mas Tone Irn! Tmalion



Zcnc Rame:

2one Hultipllar:
Sucmat Joudoor Dealgn DBT:
Suzzor lodooy Des:gum WBI:
Winter Indoor Dasagn DBY:
Hinter Inaoor Dasign WBT:
Sumaer [odoor N. Rumidivy:
Winter Ipdoor R. Aumadity:
Roam Constructlon Type:
Hax. System C. Capacity:
Hax. System B. Capacity:
System Al:r Flow Rate:
Outdoor Air Flow Rate:
System Tdrotrling Range:
System Appual Schd. Nagme:
System Deaigu Schd. Name:
Ventilating Ann.

Scnd. Name:
Venrilating Des. Scnd. Name:

Laundry

1

To.0C

700

0.00

9,00

50.00

30.00

fxtreme Light
100000.00
=-100000.C0

0.00

0.00

1.00

lsundry control
laundry contral
lauvndry’s vent
laundry's vent

-------- ~~Room Informationssssessswa
Ream Namer Roan
Ream Multipiler: ]

Floor Sur. Area: 695 50
koom Ce1ling Height: 8.904

Réom Parsmeters:
Roor Gocmatry
ROy Belaby
U of Exterior Wall
Interior Shede
Furniture
Extaglor Construction
Partition Type
Room Location
Mid Fleor Type
Slab Type
Ceslitg Type H
Raof Type
floor Covering
Gilass Percent

FE

IS 1= x 15 fe

-0 42

1

ot

#ith

L.W. with mcderate insln.
5/% in. Gyp-Alr-L'€ in. Gyp
Bottom flpor

1 in. Wood

4 3n. slab en Y2 4n.
Withou~ Ceiling

L.W. w/o susp, ce1)inae
vinyl uile

RO |

ET-3

vvsess~s-=vProple Information-=------

Paopilu's Neme:

People Pesk Gain:

Peak Occupancy:
Sersible Hoat Gain:
Latent Hea Gatn:
kadiant Fracr:ion:

T nvective fracrion:
Annual chd. Mama:
Deslgn Day Schd. Nami:

People

32%0.00

5

15¢.0¢

300,490

S.1eo

0,300

laundry machine
laundry Mazhine

savsasssas-Light Informetianssssseas

Light's Name:

Laghv's Faak Gain:
kadiant frazvion:
T.avective Frattaien:
Annual Schd. Name:
Dexign Day Schd. Nare:

Light

1A%5.66)

0.¢9%0

0.410

Jaunary mathine
laundry Msecbine

~==--~~s-Equipment In(e{taljon~~=~~~

Equlpmont ‘= Name:
Equipment Fusk Gain:
Sensible Heat Sarn:
Laten. Hea' Gain
Equipment Hulriplier:
Radrant Fraction:
Convertive Frach:ien:
Annual Schd. Name:
Davign Day 5chd. Name:

---------- ~Wall
Wall’'s Nage:
Facina Direcrisn:
Tiit Angle:
wall Type:

Acrual U Factar:
Surface Abrorptance:
Surface Ares:

Harerial Deseriptaons:

wash machine
716%.00

511€.20

2050.60

1

D.700

0.300

laundry machine
laupdey Machihe

Information~-~~==~sne-

gast
90.00
90.00
|

0.11
0.7%
199,92

148

o7 Undefined #0
#» Undafipv a0
#t Undefined &9
Surtace *°*°

HMass Lleocation:

Principle Maverlal:

Secondary Msterlal:

**¢ HNo Window Dafined For Tha:

—mmmeass Infilerstion Infarmatyan~v~-

Infiltration
1.80

laurdry machine
laungry Macnine

Infi{itration’'s Name:
Ayr Caargu/Hour:
Annual Schd. Name:
Deslgn Day Schd. Numo:

~~=~-~~~Infilrration Information----

venl
1.72
laundry's vone
laundey's vers

Infllrentiop™s Nama:
Asr Change/Hour:
Annual Schd. Name:
Dosign Day Schd. Nama:

mmmmmsman. v 2001 IB(OIRITION eam— s
Zone Nawmp: Swioripg room
Zooe Muttiplier: 1
Summar Indoor Design DBT: 75,00
Summer lndeor Dazign WBT: Y0.00
winter ladeor Design DBT: Q.90
Winter Jndoor Design WBT: J.00
Summar Ipdoor R. Humidity: 15,05
Winter lndoor R. Rumidity: 50.00
Roam. Consthruction Type: Extrame Light
Max. Systen C. Capacltiy: 10000630, 00
Max. Sysvem H. Capacity: -1000200.20
System Alr Fiow Kate: 0.00
Ouramor Alr Flow Raca: 0.00
Systam Torottilng Range: 1.00

swats control
BWim control
conv.inuocus
coatinuous

Systess Annwval Schd. Nawme:
Systam Deasign Schd. Nama:
Voatilaring Aon. Schd. Name:
Ventilating Des. Schd. Ramu:

aenvasncc~Room INFOIBALIONS~~s~v—nan

Romr Name: Rz
Room HMultipliler: 3
Floor Sar. Areas: 1732, 00
Ror Cwiling Molghe: fo,u0n
Room Paramoters:
Ro'n GoomatTy H 100 € w20 Y
Room Hulght : 10 (e
4 of Bxveclor Well z 3
Intorior Shade : [}
Furniture : Wishouwr
f£xvorior Conavruction : [.W. Wwith modera o gn=in
Factition Type : S/ an. Gy AoroaoHoan. Oy
Roci. Lecatien : Slngle-Snary
Hid ¥loor Type : 1 an. Worsd
Slak Type H 4 (n. 3laL on 1o am. Tcdl
Celling Type : Withovt Ca:lina
Root Type L.W. w/c suap. tailina
Fi' o1 Cavocing vinyl tile
Glass Percent s9
~~asasanesvpPeopie [N(ormatjon-««--- ~
Peopla's Nome: paople
Poople Pedk Gain: 20706.00
Puak Uccupancy: 10
Sensirle Hex'. Gain: ILC.00
Lyzen Haaw Gain: 4y.00
Radaant. fracraon: 0.7¢0
Convectiv, fracrion: b.1060

Annual Schd. Name:
Desjian Day Schd. Name:

Wil perpla
wum pecplie

Light's Name. Light
Ligh''s Pesk Gain: 29094088
Reaiant Fractacon: 0.%%0
Convectrive Fraction: c.410
Arvisal - 2hd. Name: continuons

Desian Dav Schd. Nema: continuaus



e ~~=~Wall Infofmatiop~s~~-sssass
Wsll's Neme: asst
Facing Directien: 90,90
Talv Angla: 90.00
Wall Type: 1
Acrusl U Fecror: (]|
Sur(sca Absorpranca: 0.73

Sur{ace Area:
Haverial Descriptions:
Hass Lezatien:
Pripciple Haverial:
Secondacy Haterial:

303.30

#9 Undefined €
80 Undefinea 81
¢35 Unaelined ¥

I>~-~-~Window for Tbis Surf{mce-~+~-<<

Glass‘s Name: sWinm Win

Window Width: 14,00

Winaew Heighvw: 7.00

Ginss Sheding Coeff.cient: 6.88

Glass U Factor: 0.6700
N +all Infomation

Wall*s Name: west
Facing Direction: 210.00
Tilv Angle: 90.00
Wall Yypa: !
Actual U Factor: 0.11
Surface Absorptance: Q.78

Surtace Araa:
Materyal DGescriphions:
Mass Lecation:
Principle Marerial:
Secondary Materaal:

303.3¢

0 Underiped on
19 Undetired »»
1 Undefined of

¥>-+---HWindow (or Thiz Surface~-=--<<

Glass's Neme: Sy win
Window Width: 14.0¢
Virdow Heigbt: 7.00
Glass Sheding Coefliciade; a.68
Glaz: U Fscror: 0.6700
Yravann Wind w (- This Surfmce---=x¢

Giass's Neme: west dosr

Winacw Widhh: 3.5
Window Heighr: 7.00
Glass Shading Coefficiunt: 0.88

Giass U facror: 0.4004

wves=s~-1lnfileration Ionformation=--~

intiivrazion's Name: vens
Alr Thaoge/Hour 6.00
Annusl SChd. Name: continuoux
Desygn Day 37hd. Nape: —_iptiguous
----- ~~~-Equipmont Intofmation-~~~~-
Equipmen' 's Name: awl> peol
Eguipmen® Feak Gains ¢.00
Sensible Hast Gain: -.00
Latent Heat Gain: 0.00
Equipment Mu,-1pjler: 1
Rrajant Fraction: 0.700
Convective Fraction: 0.30°
Annusl Schd. Neme: continuaus

Desigr. Day Scbd. Name: conlinuaus

smasrwmansrex Zone lD{OMALION "sssmcmssxm

Zone Name: W, Spec. 2
2one Hufviplier: ]

Summer Yndoor Desiga DBT: €8.D00
Summer Indoor Desian WBI: 70.0C
Wintar Indoor Design DBT: 0.00
winter Indoos Design WBT: 0.00
Summer Inddor R. Hunidiwy: 50.00
Winter Indoor R. Humidity: 30.09
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Re- ~ Canstructi.: Type:
Max. Systen C. Capacizy:
Mex. Sy=zter H. Capacziiy:
Syatez A1z Flow fsta:

Sucdoor Adr Filow Rate:

Systaz Throttling Range:
Systex Ancual Schd. Name:
Systan Desigr Scha. MHare:

Vertilating Apn. Scnd. Kape:
Veptiiating Des. Schd. Name:

Extreme Llght
1000dc.,. 00
=100000, O
0,00

¢,00

0.0

motel room con
motel yoor
Toch pechle
rcom people

sas--sscesRoom InfOrmatiamesas = sans

Por— Mame:

Ream Mulciplier:
Floor Sur. Area:
Roomm Celling Heigh*:
Rooa Parametrors:

Rooca Heaght

1 of Exterior Wall
Inoterior Sheds :
Farnivuce H
Exterler Construction :
Parvition Type

Ao Locat:ion

Hid Floor Type

Siab Type

Ceilira Typr

Raol Typw

Floor Coverina

Foun

1
538.00
g.oo

50 a s (e

e f

i

3G

Wish

L.W. with L. insien.

/8 an. Gyp-Alr-%/8 1n. Gyp
Top Fioor

1 in. Wood

4 in. 3lab on 12 an. 5o
Wathout Ceijing

L.W. w/& susp. ce:ling
vipyl tile

Class Percant R |
----- ~~==~-FPoople Inliraation-=~===-

Paople's Neme: people
People Peak Gain: 10,00
Peak Occupancy: 2
Seo=i1ble Hea: Gain: 25¢.00
Latent Heat Gasn: 10%.0D
Radiant Fraction: 0.700
Convactiva Fraction: 0.36¢

Avpusl Schd. Mame:
Deaign Day Scha. Name:

rcom prrpla
toem peagle

~evsvsvaseslight IRfOrmat)N~~~-~-=-

Light's NHama:

Light's Peak Gain:
Fadiant Fractian:
Convectivw Fracricn:
Aonuai Schd. Neame:
Design liay <-hd. Name:

roor llant
roca. )iake

R Rt A T G ¢, T L

Acof‘s Name:
Facipa Direzraon:
Tilr Apgle:

Rool Typs:

Actual U Fscvor:
Surface Absgrprance:
Aurf{ace Area:
Haverial Duvsceipr.ocs:
Masy Lecarion:
Principle Maverial:
Suspended Ce1ling:

koot
ST3,G0
1. 00
1

.08
o, 7¢
N7.9%9%

»P Undelinc: BI
®8 Undefin: ’
08 UnJoefir.. »»

¥¢® No Windos Dalaned For This Surtace =-*

----- ~mmmsacball Informat iofimmnsnannas

Wali’s MNeme:
facing Diree~ or:
Tilt Angla:

Wal) Type:

Actual U Fac-or.
Surface Absorptan-e:
Surlece Arwa:
Hateris) Denrrip%.ons:

Rezisrance

Moy
270.00
90,00
?

[ B
C.7B

132.3¢
AV 1 Ounside Eutface

AY @ Stee)] Sidyng
B1Z : J im. Insu.azion



Resjstance

Stapne

Mass Locatlon:
Principle Mazerial:
Stucco, Steel
Saconaary Hateriali:
Gypsuc

0 ins.de Suttac:

E2 : 1/2 in. Sleg or

Hass Integral
A,A3,x6,0r E1 ] 1p.

E) 3/0 1a. Plasver oz

>>~-~~-Window for Thbis Surface-~~=<<

Glass's Nama: windaw

Window Width: 12.60

Window Height: q4.290

Glass Shading Coafficlent: 0.88

Glasx V Facrer: 0.6700
-------- Inf:rltrntiop lnformation-=~~

In(iltration's Name: laliltration

Ayr Change/Hour: 0.40

Annuel Send. Naaw: zontinuous

Dexign Day Schd. Nama: continuous
-------- Infileracion Information-=~--

Intileration’s Name: VENT

M Change/Hour: Q.42

Annusl Schd, Name:
Daslgn Day Schd. Name:

rocam peopile
toom pecple

s~~~~sv-~Equipooent Infofmation=-~~~~

Equipaent's Naru -
Egquipment Pesax Gain:
Sensible Heat Gain:
Latant Heat Gain:
Equipment Hultiplier:
Radrant. Fraction:
Convective fraction:
Annual Scnd. Name:
Desagn Day Schd. Name:

Tquipmont TV
6p2.00

€82.00

0.00

1

5.700

0.300

room TV

room TV

mmms=sas=sc 2000 INYOIMA%)ION wesswsumm=s

Zone Name:

Zone Hulviplier:

Summer Indcor Omaign DBT:
Lummer lnacor Dezien WAT:
Winter tndeor Desion DBY:
Wintar Inaoot Desiar WHT:
Sumwer Indeor K. Humidaby:
Winter Indoor R. Humscdaty:
Moge Consvtructian Type,
Mau. Sylewm C. Capazary:
Max. Sfystem M. Capacity:
Sys-om Mr Ficw Rate:
sundoor Mr Flow Rate:
System Throttiing Ranae:
System Annual Schd. Name:
Systen Deslan Send. Kame:
Venti.ating Ann. Schd. Name:

.
1
66.00

7C0.00

0.ar

D, 0u

50.00

30.00

Extrane Light

1 1)05.08
=10000v. "

0.00

.00

¢.1¢

motel roan contral
motel room

raoz people

Spac. ]

Vent:iatine Des. Schs. Name: room poople
---------- Room lnforpation=~==~=--=~

Room Name: Room

Rooxw, Multyplier: 1

Floor Sur. Area: AR0.7D

koom Ceiling Hergru: 6.00

Hoom Paramctaers:
Room Goecmutry H 16 v x 35 [t
Room Herqht : I 44
B of Exterior Wail |
Inverior Shade H 50 %
Furgiture @ with

£xterior Constfuctiof
Partition Type H
Roce. Location H
Mad Floor Type H
Slab Type i
Cerllng Type -
Roof Type

L.W. with Lt. 1nalp,

578 {n. Gyp-Ar-5/6 in. Gyp
Top floor

} in. Wood

4 1p. siob o0 12
Withaut Ceirling
L.W. u/o susp.

in. sc11

ceyling

150

Fi>or Ceverang : vinyil %1
Glass Percert : 1. 8
smas=ssssenll@nt Into-mation===s-===

Ligbt ‘s Name: Light
Liaght*s Peak Gain: 1082, 19¢
Radyiant Fraction: 0.5%0
Convectave Fracrion: 0.410
ABnual Scha. Name: roem light

Desagn Day S<hd. Namo!

room light

--------- Equipnent Infotmation==sa~~
Lquipment 's Name: Equipment (T\]
Equipment Peak Gain: &e2.00
Sensible Heat Gain:

Latent Hsat Gean: 0.0¢
Equipment Mul-aipliaer: 1
Radiant Fraction: 0.740
Ceonvactive Fractlon: .00
Annusl Schd. Name: coan TV
Design Day Schd. Name: roos TV
~=sa~~cmc~-Peuple Inforazsnion~~s~vv-
People's Name: people
People PenX Gajyn: 7106.00
Paak Occupancy: 2
Sensibie Hea" Gafnm: 25¢c. 00
Latant Heat Gain: 105.00
Radjapt fraction: 0.700
Canvactive FracrLion: 0.13a0
Annual Schd. Name: room pesople
Design Day Schd. Name: rocc peoglo

------------ Wall laYormatiom~-—-==--==--us
Wall's Namo: Woot
Facing Direction: 270.c¢
Tliv Angle: 4c, 08
Wall Typs: h
Artual U Fector: 0,11
_urface Ahsorptance: .78
Surfece Aroa: 17 .36
Material Descripticons:

Al D Ovtalge Surfeca
Fosisvance

A 1 Stee]l Siding

Rl @ 3 an. lnauist aen

£ : Inside Suriase
Resistancs

€2 : i/ In. Zleg o
Stone

Mass keoaryon:
Princlplie Material:
Stuceco, Steel
fecondary Material:
Gyp3un

SdavvesWindow for This

Hans Intéaral
AR AL, ot E1 Y A

£l /0 arn. ¥laster v

Surface~~~--<

Gloss's Nama: window
Window Wider: LT
Window Height: 4.0
Glass Shad:ing Coetf{icarerc: ¢.6¢
Glass U Facror: 0.620¢
Amsasass ~essResf Intormar op--~-ss--- -
Roof’s Name! Rt
Facing Direction: zi.m
T1lt Angles 1%.00
Roof Type: 1
Aczual U Facror: 0.0%
Surface Abdsorptance; 0.7¢e
Surlace Arsa: 137.36

Maverial Descriptions:
Mass Location:

Principle HMaterial:
Susponded Ce1lirng:

*=*> No Window Defined Fer

$1 Undefited a#

&1 Ungelined i

84 Undefitiod M
Tbis Surface "*"



~~~wws-=ipfiltrataon Information----

Infiltration's Name:
Air Change/Mcur:
Abnual Schd. Mame:
Design Day T“cha. Name:

~Inf:leracion

Infiltratzon's Nama:
Alr Change/Houfs:
Apnual Scbhd. Name:
Dex:3n Day Schd. Name:

Infilerarion
D.40
continuous
coatipuous

Information-~~~

VERT
0.47
tocn peaple
c..n puople

- ~ Ione IRformazion mewe=smme: -
Zone Nawme: Main Lobby
Zobe Multiplier: 1
Summar )ndo~r Dasign DBT: 68.00
Surmat 1ndc.r Desran WRBT: 70,00
Hincer Jndaor Design DBT: 6.60
¥inter lndoor Design WBT: 0.00
Sumtor Indoor R. Humidi<ty: $0 00
WinLer Indeor R. Humidivy: 30.00
Rerwa Construction Type: Extreme Light
Max. Syster C. Capacity: 100008.0C
Hax. System . Capacaty: -100000,0¢
System Adr Flow Rate: 0.00
ritdoor Axr Flow Rate: 0.00
system Thro%tliing Range. 0.:0

System Annual Schd. Nawme:
Systan Design Schd. Name:

Ventilating Ann. Schd. Nema:
Ventilating Des. Schd. Name:

flocm Hamo:

Rooco Multiplier:
Fisor Sur. Area:
Room Cejiling Heighu:
Reor: Parameters:

Roon Geomevry :
Room Peiah :
bV of Extaraor Wall :
Inverior Shade
Furniture

Extarier Conatructicn
Parravian Type
Room Locataon
“id Figor Type

Siad lype

Ce.luing Typo

ke ¢ Type s
Floeor Coverinn :

Glasa 7=rrent

“ea-ne--s--Feople

reople’s Name:
Yeoplu Peak Laan:
Puak Occuparcy:
Ser.:ible Heat Gain:
Latent Hoot Gaan:
Rad:an® Fraction:
Convec®ive frac-yaon:
Annual S5¢ha. Name:
Desaon Day Sehd. Nara:

------------ Wall

Wall's Namn:

Facang Dicrecrion,
Tile Angla:

wWall Type:

Actual U Facta
Surface Absorptance:
Surfoce Area:
Nateria) Descripnions:
Mas> Lotaviont
Principle Material:
Sazondary Mal.erial:

Information~

100 4-

A
Wi
L.
Ly}

Lobby's Ceotrol
Lobby's Cantrol
continuous
continuous

Roos

1
1926.00
B.00

¥ 20 fu
43

[}
th
W. with Lo. aasin.
B in. Gyp-Aar-i-* an. Gyp

Bottem Flicer

1
4
Wi
i.
Ca

10

in. Wolg

in. 3iab en 12 in.

vrhour Ceiling

W. w/o susp. caxling
rpo% with rubber paa
]

an1ld

[ 2-F SECET-1. BN

Poople
6750.00

1%

2%a.00
200,00

0.7D3

0.300

1obby pacple
lobby paoplie

Informatlon---~~s~=r=s

West
270.00
$C.00
1

0. 11
0.78
274.64

#s8 Undefined a¢

Ps Undefined 11
Ps Urndafinad

151

»Yev~~+Windew for Thix Surfaco-~-~--<x

Glaas’s Name: Lobby win
Window Wadeh: .40
Window Telght: €.80
Glass Shadino Ceefficienz: .68
Glaas U Facror: 0.670¢C
---------- wWall Icformatzon-ssesse--nn
Wall's Name: East
Facing Darection: 30.00
Tile Angle: 96.00
Woll Type: 1
Acraal U Factor: .1
Suvrface Abaorptance; 6,77
Sorface Area: 589, 2B

Haterlal Descripriyons:
Mass location:
Principlie Material:
Secondary Mstoraal:

P wWindow for Thas 7 irface~~~-<<

Glass‘s Name: Lokby ea=t

Window Widbh: 2€.00

Window Helghu: B. 60

Glass Shaaing CoetficCient: N L

Glass U Factor: 0.6700
-------- Inflleration Intoarmation~~-~

Infiltration's Name: Infilwration

Air Change/Heour: Y. 00
Annuval Schd. Kame: con” inue
Deslan Day S¢hd. Neme: COnLINnUTLS

~vaven~alefjltration Information==--

Infiltretion's Reme:
Mir Chango/Rnuz:
Annusl Schd. Nape:
Dasiarn Day 5rhd. Neme:

ven'.
1.17?
centinuohs
SONT GO

“-sssver-Eguipment Infofmation- ===

Equipmont.'s Hame:
Equipaent Peak iyin:
Sunsible Heat Galn:
Lataert Heaw Galn: X
Equipment Mul’ipller: i
Reaiant Fracnian:
Cenventive Fraet
Apnual Schd. Name:
Daosiqgn Day Schd. Naye:

Equipmer*
2000.00
1R300

cant iputun

cont lnuous

~~~s~svs-o-Light Infarmavion

Ligre's Nameo: L.aghr
Laght's Peak Gaio: 3z87,°7%
Kadiant Fracvion: ‘.8%0
Convestive Fractinnc v.41¢

Annual Sehd. Mame:
Dosign Dsy S:na. Nane:

CORNIRUGUS
o1 LY VTR

AR ~~~~Rvo! lafomawioli=====~== ass
koot's Name: foot
Facing Dicrection: .00
Tilt Angle: 1%.0¢
Roaf Type: K
Acrual U Factnor: 0.0t
Surface Absorptarce: 0,78
Surfacu Area: 395.57

Matoria! Doscraps.ions:
Mass L::ation:
Princip.e Meteriol:
Susgended Cuzling: 1
"*+ Ne Window Dotined For Tmas

2 Undefnaa
Unde?linez
Undef tnec
S'J‘{BCE ..

€4 Urdelined BE
a8 Undefinod »s
88 Urdaefrned B0




Appendix C

HVAC Input File for the BESTEST
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>>> The lopur Dats of Burlding Bestast

Building’'s pame:
Bullding's Location:
lLatitude:

lengitugde:

Bul{lding's Time Zoano:
Tame:

Awtn. Pressure:

Summar Design Cond:tiors:
svavasisveseevrerveansas
Honth:

Day:

Da2ygn Dry Bulb Temp.:
Mean Coincident WBT:
Mean Daily Rapge:

Wirter Design Ccpd:tions:
Shsveresvesisdavevievies
Design Dry Bulr Temp.:
Aolative Humiditvy:
Averagae Air Teamp.:
Grouba Amplitude:

= Building Ilnformation

s mam -

Beatast

Azheville, N. Carolina
J)9.80

104.90

7

Clock Tlme
14.7¢Q

21

38.09
74.00
24.00

33.00
60.00
48.30
19,00

rmanesweaas 70Ma INfOTrMALLON —wwema—wana

2one Name: Zope 620
2one Multaplier: 1
Summer Indoor Dasiun DET: 78.09
Supmer lndcor Dezign WBT: 76.00
Winter Ilndeor Lesign DBT: 0.00
Winter Indoor Deziqn WRT: 0.00
Samrer Indoor R. Humldity: 50.00
Winter lndoor R. Humldivy: 30.0D
Rocm Construction Typa: Extreme Liant
Max. System C. Cspacaty: 50009.00
Max. Syscam H. Capacizy: ~50000.00
System Axr Flow Rave: 0.00
Jutdoor Air Flow Rave: Q.00
System Throttling Ranga: 0.01
Systae Aapuval $chd. Name: 600 amnual
System Dasigp Schd. Name: 600 daily
Vencilating Ann. Scbd. Name: contlnucus
Ventilating Das. Schd. Kame: contipuchs
s assmes Roor InYormartion=--==-==-w-.

Lamm Name: Room 6240
$zv Mulriplaer: 1
Floor Sur Avea: 516.¢u
Rock Ceirling Hw:ignt: B.86
hooi Pacamavers:

Roeom Geamerry H (B4 U SN 44

Room Huight : 8 (e

# of Extericr Wall : 4

Interior Shada - [

Furniture < Wirhous

Exterior Conpstruc-ion !
partition Type
Poom Locarisn
Mid Fioor Type
Slab Type
Ceiling Type
Roaf lype
Fiaot Cevering
Glass Yercent

L.W. wizh moderats inajn.
$/8 1n. Gyp-Air-L/8 ir. Gyp
Tep Floor

1 1n. Wood

Mid Fioor Type

Mithout Cei)ing

L.W. w/o ausp. ceiling
viayl tila

101

~mensasslnfylerstion Information~~~-

Infiltration's Name:
Air Change/Hour:
Annual Schd. Name:
Deaign Day Schd. Reme:

Infileration
0.50
cont:inugus
continuous

~s=~=s--~Equipment Infofmation~--~=~-

Equipment 'y Nape:
Equipment Peak Goin:
Sensible Hest Galn:
Latent Hea™ Garo:
EqQuipment Muleipllec:
Radlsnt Fraction:
Convective fraction:
Annual Sehd. Name:

Equipmen:
682.40
682.490
0.00

1

0.600
0.300
continuous
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Dexigt Day Schd. Neme:

[{=\ 1 3 AU

R i . /- U lnlomtxon---~-~---~-
Wall’'s Name: North
Facing Direction: ¢.00
Trle Aagle; %0.00
Wall Type: 1
Actuai U Factor: Q.04
Surfaca Absorptance:r 0.6v
Surface Area: 211.50

Haveriel Descripticos:
Hass Location:
Principle Matacial:
Secondary Material:

31 Unde(ined »»
40 UndeT:inad &r
¢ Undefinod 89

*** No Wipndow Defined For This Surlace ***

~swesamm=was-Roo! information-s==svaasas

Rocf's HNagse: Roof

Facing Direction: ¢.00

Tilt Anale: .90

Roc{ Type: l

Actual U Facle:r: 6,06

Surfece Absorptance: 0.6

Surface Arear L16.60

Maverial Desc¢riptlons:

Reaistance

Reslscance

Stone

Masy Locstaon:
Principla Matarial:
Svspended Ceiling:

A Outside Surfac:

B? : ) in. W
B12 : 3 un.
E¢

E2 - /2 1n. Slag or

Maps Integral
B? ) an. Wood
Without

“v4 No Window Dsflned Fer This Surtace *"*

camsvceeese~Wal]l JOfOLBALIDON mn v

Wall's Neme:

Facing Dlrectien:
Tilt Angla:

Wall Type:

Actual U Fector:
Syrface Absorptance:
Surface Area:
Ma'ari1al Deacraprions:
Hazy Llocsrtior:
Peineciple Matorgisl:
Smcondary Materials

Breemadl Window tor Thiz

Glass’s Name:

Weat
270,00
50.U0
1

0.03
0. €t
Y24 3R

9 Undofinad 68
9 Undetllino:
3 Undefanarl a8

Surf{ace~---<c¢

Wes Window

Wingow Widuh: 9.04
Windeow Height: 6.5%6
Gless Shading Coefficient: D.8g&
Gles=z U Fagtor: 0.519G
“““““““ ~=Wall Inforpavion===s~sn~a-ve-

Wall's Name: Eest
Faclng Dlrection: 90.6G0
Tilt Angle: 50.00
Wall Typa: 1
Aceuol U Facror: .09
Surfaca Absorptance: C.&0
Surface Area: 174, 3E

Material Descriptions:
Mass Location:
Pzinciple Mareriml:
Secondary Materisl:

»>--=-=MHindxr ter This

Glasx ‘s Neme:

Window Widuh:

Windew Heignw:

Gleas Shading Cosfficient:
Glaas U/ Facror:

04 UndeCined 14
19 Ur=atinod su
11 Undetired e

Iariate~~-~<¢<

West Window
5.8l

6.4%
0.¢€8
0.5100

1oazlacion
Instde Surface



TEmassesas Wall information-s~==-=w====

Wall's Name: South

Facing Directiom: 160.40

Tilt Angle: 90.00

Wall Type: 1

Acrual U Facror: 0.0%

Suc{ace Absorptance: D. &0

Surfaca Aros: 232,50

Haterial Descriptions:
Mms3 Locmtion: a4 Unde(ined 1
Principle Maverial: ¢ Undalinod 88
Secondsgy Matorial: e Undafined 84

*"* No Windew Defaimad For This Surface *¢°

o mmmammmna Zone Information =emme s swsa

Zone Name: Zope 630
Zone Multiplier: 1

Suwmar Indoor Design DBT: 76.00
Summer {ndoor Design WBT: 70.00
Winter Indoor Design DBT: 0.0
Winter Jnadoor Design WBT: 0.080
Sumper lndocr R. Humdacy: 50.00
Winter Indoor R. Bumdivy: 36.06

Room Comstruction Type: Extrewe Light

Max. Systen C. Capocity: 50000.00
Max. System H. Capacity: -50000.¢0
Syater Air Flow Rato: ¢.00
Outdaor Axr Flow Rate: 0.00
Systen Tnrotriling Range: 0.01

600 annual
©0C daily

System Annual Scha. Name:
Sysvem Desigr. Schd. Nspe:

Wall Type: 1
Actua) U Facror: 0.0%
Surtace Abscrphance: .60
Surface Area: 3.

Material Descraiptions:
Maas Location? 41 Uadeline: 02
Pranziple Material: 48 Undefane: o
Socondary Nateriml: 11 Undal:ined 6t
*ev No Winacw Defined For This Surtacae "**

----------- ~Roc! Information=~sa-==s-==

Rosf®s  Name: Reol

Facing Direcrtion: .00

TLivn Angle: 0.0C

Roof Type: 2

Actual U Facror: 0.06

Surface Abzorprarce: 0.60

Surface Area: 41¢. 60

Material Descripticns:

AC i Outsidoe Surtacc

Rasiatance

B : ) in. Wood

BYZ : 3 in. Insulatico

ED0 : lnside Suriaze
Rosistance

B2 : 172 in. Siay or
..rono
Masy Location: Rass lpresral
Pranciple Mareriatl: B? 1 an. Wooa
Suspended Cexling: Without

*** No Window Defined For Thl:z Surfaar *e°

Vent:ilating Ann. Schd. Name: continuvous
Vantilating Des. Schd. Name: continvous

R RN Room Informa%ion~=~=-= ===

Room Name:
foor Hultiplier:
Floor Sur. Araa:
Rone Ceviling Herghr:
Room Paremeters:
Rootm Geometry
Room Keight
¢ of Exterlor wWail
Interisr Shade
Furnitare

Extazror Cobcrnructicn

Pactivtioa Typs
K wm Locadion
Mid Fioor Type
Sial Typw
Cexrlxne Tyr»
Rl Type
float Caverlinc
Gias= Parcent

~===s-s~Infilrration

Ir€iitratinn’s Name:

Roea 61C
1

416. 69
9.8¢

15 ft = 15 f¢t

8 fr

q

[ ]

Hithout

L.H., with noderatu lrsin.
/A jr, QGyp-Ar-'.% (n, Gyp
Tep Floor

1 in. Wood

Mid Floor Type

Witheut Celisna

L.W. &/~ susp. -niling
vinyl vile

o1

Information~~-~

Inf{llryracian

Axr Chango/Rour: £.50
Annual Scra. Name: COnLinueys
Seragn Day Schd  Raow: CORntinuous
-------- ~Equipment Jn(ofmation=~-~=-
Equipment 's Name* Equipmens,
Ejuipment Peax Gain: €BZ.40
Sensible Heat Ga:n- 682.40
Latent Hest Gaim: 0.00
Egu1pment Hultapller: 1
Rad:ant Frectior: 0.600
Convectiva Frectiaon: 0.40¢
Anpual Schd. Mare: cantinusns
Desian Day Schd. Hame: cont invous
~~svvressssnWall Informationsscses--a- -
Wall's Name: North
Facipg Direevion: a.co
Tilt Angle: 38.00
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------------ Wall Informationp~=-<-rssvass
Wall's Nape: Sooth
Facing Oirection: 1BO. 00
Tilt Angle: 90.00
Wall Type: 1
Acrual U Factor: c.a9
Sucrtace Absorprance: 0.80

Surfaice Arear

Mareria)l Deacrapticns:
Ma33 Locatlon:
Principle Hatarial:
Secondary Material:

23250

06 Undef:nex €4
2 Undsaiined a¢
et Urdelined ne

*<* Nn Window Deraned For This Surface *=*

------------ Wall Int “matjon-s----nans s
Wail'z Nema: et
facing Dicmerion: 90.00
T.lv Angle: $0.00
Wall Typw: i

Actual U Fac*or:
Surfarn zorplanca:
Surfa.y Afea:
Maltorlal Qescrigcions:
Mass Location:
Principle Mavtorla)l:
Secendary Maverjal:

d3~a~--Window (3r Thia

Glass's Name:

54 Undelingd €4
fn ‘Indylpe : €3
#1 Unde(ineca aa

Surface==~--se

Was' Window

Window Wideth: y.01
wWindow Helght: 6.56
Glaxs Shading Loeflr_.ant: .87
Glnas J Factor: 0.4300
Overhang Lenath: 3.2¢
Glass vo Overnang: 1.61
Cvernang Protrurs:on: c.n
Ravesl Oepth: o.i .
~sassasceo~sMal)l IR(Orme%1ON= mmmmss s .~

Wail'a Name: West
Facing Cirection: 23000
T:it Angle: 90. 34
wWall Type: ]
Azrual U Factor: 0.04
Surface Absorprance: 0.€2
Surfnce Area: 174,38

Maverial Descriptions:



Masz» lccaclen:
Principle Maverisl:
rndary Mavarial:

4¢ Undefio=d ot
80 Undelin 3 de
9 Undefined 0@

>>--~--Window fcz Thus Surfaze~~--¢<

Glsss’'s Kama:

Window Width:

Window Heighe:

Giazy Shading Coefficient:
Gilazxs U Factor:

Overnsng Lengtn:

Glass to Ovarhang:
Overbang Protrusicn:
Reveal Depth:

mmamacmem—s 280w

Zone Naxme:

Lone Maltaplier:
Surmat Indoor Deaign
Susmer Indoor Doslgn WBT:
winter lndoor Desigo DBT:
Winter Indoor Desian WAT:
Summer Inacer R. Humidivy:
Winrer Incoor B. Aumadity:
Roam Construcrion Type:
Hax. System C. Capacirty:
Hax. System H. Cepacity:
Systar Aiv Flow Rata:
(utdcor Adr Ficow Rate:
Systom Throttiing Range:
System Annual Schd. Nam. :
System De3ign Schd. Nama:

DBT:

Ventilatipg Anu. Szhd. Nape:
Ventilazing Dex. Schd. Naner

~~<=~=-==-Room

Room Name:

Rooex Multipiter.

floor Sur. Area:

Roem Cerling Reagre:

koaz Faramevors:
Reor Geomelry :
Room Height i
» of Exteriar Wall
Intaraor Steae :
Furniture ’
Eatarior Censretuction
farticion Type B
Kaop Louation .
Mid Floor Type
Slab Type
Cerisng Type
Roof Type
floor Coverang
Glass Parcont

—wesv=--lRiguttat1an

Woat Wicaow
9.8

6.56

0.3%

o.lm0

1,8

0.00

0.00

In({OrmAtior wearpaema= ..

Zona 640

1

78.00
70.00
6.00

Q.00
55.00

3. 00
Extreme Ligh”
50000.00
-50000.00
¢.00

£.00

c.ol

40 snpual
640 daily
ceontipucus
contirudous

tnforealion-~~~~~a=n-

floca 800
1

S1B.86C
3.B6

1¢ fr x 15 f¢
g fe
]

ot

Wl hour

L.W. with meodecatre insin.
/6 in. Gyp-Aur-%/% is. Gyp
Top Floaor

1 in. Woed

M1.. Fioor Type

wWitheut Coriinag

L.W. w/o susp. ceiling
vinyl <lle
16 %

Infarpation~---

infiltration's MNanme: Infllxration

Aiy Cnhange/Heur: 0.50

Anavs)l Schd. Nawe: continuous

Dezign Day Schd. Nare: zontinuous
----------- ~Wiall InloMmMatlons s v am=~

Wall®s Hame: West

Facipy Diractions 2732

Tiit Angle: 92.0%

Hall Type- i

Acviusl U Facror: 0.09

Scerfisce Absorplahco: 0.66

Surface Area: 17¢.)38

Harerial Descrip-ions:
Mass Lzzav:ion:
Principle Haterisl:

S. -ondary Mavteraal:

...... ...Equ)pment

Equipmonk’s Neme:

¢0 Undefined »i
29 Undefinez )
in Undefined #4

No Window Dv(inod For This Surface "°*

Intofmation~~~~~~

Equigment
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Lq.ipaent Peak Gaan:
Sersibl. Heat Goarn:
Lazanz Heat Galar
Equpmar: Haltiglier:
Radiapt Fractton:
Corve-~1ve Fract
Anrval Schd. Nabm:
Deijign Day Schd. Nawme:

emmemmeasesiall

wWall's Naze:
Freing Dire<tion:
Tile Angle:

wWail Type:

Acru3dl U Tecnuor:
Surface Absorptance:;
Sur{nce Area:
Matarisl Descrigtions:
Masz Location:
Principle Hacerial:
Secondary Maverfal:

682,490
69I2.4¢
c.o¢

)

C.600
o0.%00C
cantinuouy
continudus

Informanymnmssmscemnss

Raae
w0, 00
37.00
1

0.0%
0.6%0
114,38

a1 Updefyned su
@) Undefined B2
0) Undelined o1

¢"* No Windoew Defined For This Surface =**
A amssm e Watl Ipformation~-sv-=~=ssx

Wall's Name: North

Facing Dire:tiodn: c.00

Tilt Angle: G0,

Wall Type: 1

Aotual U faetor: Q.05

Surface Absorptance: G.6D

Sur(ace Ares: 232.%0

Materisl Oescriptions:
Mass> Loctetion:
Peipcipie Marerjal:
Secondary Materfal:

€4 Ungeflaney e
1 Undelined B
84 Undotined 1y

**« No Window Defined For Tois> Surface *°**

------- ~~===foof InformAY1OR~=~=~====<-
Roof’s Nage: Raof
Facing Dirsctaar: 0.0
Tilt Angle: 0.00
roof Type: <
Acwual U Facter: 0. 06
S5urface Ahsorptance: [ 3+
Surface Ares: £16.60
Material Descriptions:
A @ Outside Surlarce
Resystance
B ot oun Weod
T 1. lnauakation
E0 @ Insidas Surlace
Resistapnce
E2 7 6. sian
Sionw
Hass Leo-av:ion: Masz=n
Francipsw Ratorjal: B7 Kk
Suspunded Cefling: Wi thou*

No Winaaw Doflnoed

anacee~av-sball

Wall ‘s Namu:
Facing Dirasctaion:
Til% Angle:

Wall Type:

Actyal L Facnuar:
Surface Absnrptance:
Surface Aras:
Ma'orial Descciptions:
Ms3s Location:
Principla Haterisl:
Secondsry Motarisl:

P vanvnniindow for Thi:

Glass's Neme:

Wipaws Widtn:

Window Heigh':

Glass Snading Coefficiext:
Glass U Facrot;

For This Sucfmco ***

Informarlon--=sseeen=n

Sourh
182,00
90. 00
1
Ly

¢.C
0.6
242,50

o1 Undef.ned 90
9 Undefinua g

13 Unddynatd ae

Snrfagn--enie

fenth Window
15.60

6.5%6

Q.8¢%

0.53%2



———mamews 20ne IDECIDAL QR mmeerean——

Zone Name:

Zoue Multiplier:

Supmet Indcor Design DBT:
Summer Indoor Design WBT:
wircar lodoor Dezign DBT:
Winter Indonr Dessiqr, WBT:
Sumrc: Imdoor R. Rumjdizy:
Witter 1nacor R. Bumiaivy:
Poom Copstructicon Type:
Max. Sysvem C. Capacjiry:
Max. System H. Capacivy:
System Air Flow Rste:
-Jtdoor Aar Flow Reve:
Systen Tbra-tling Range:
System Ansual S=hd. Nar.:
System Dosign Scod. Mame:

Ventilating Ann. Scnd. Naze:
Ventiiating Des. SZhd. Name:

Zope 10

!

2-.006
70.¢0¢€

0.00

0.00

$0.8¢C
10.30
Mediur
sppde, &0
-50800.00
4,52

.02

0.0}

64D annual
640 daily
coptinuous
¢ontlipuc.a

““““ ~-~~Roon Inf{Oormation~=s+===s~s~

Room Naoe:

Room Multiplier:

Fl-ar Sur. Area:

Ro.m Tealing Heian%:

Roca Parameters:
Room Gwomexry :
koem Height -
» of Extarior Wall :
Intersor Shade *
Furaiture :
Exterinsr Canatruction :
Farzitlon Type
Roam Locstion :
Mxd Fleor Type :
Siab Type
Teilline Typs
Roof Type
floor Covering
Glass Porcent

Hoom 947
)]

$16.860
§.6€

15 =~ x 18 (-
¥ v

4

L

Without

B.W. with acderare ansin.

€ an  Conc. block

Top Flooar

2.5 in. Cene.

Mad Floor Type
Without Ceiling

L.W. w/o ausp. ceilang
vinyl tate

16 )

-------- Infalteazion [Glormation-~-~

nfilrrarion’s Nane:
Jar Cnange/Eour:
AnnLal Sechd. MHamo!
Lex:26 Dy Sand. Name:

Infiltratiacn
c.50
CCORNANNONS
continucus

------ c--Equipmer' Infoflmstlonss~~~~

Equipment 's Name: Equapmuent
Equipment Pesk Ga:in: GHZ.40
Senzlkle Heat Gala: 68440
Later! Hrat Sairn: o.00
Equipment. Mulviplier: 1
kadiant Frace 0.600
Convestive Fragvioan: 0.400
Annus! Scnd. Nemu:: continuous
Deyian Day Schna. Nama: continucus
------------ Rucf Infarmation=s=ss==-<--
Roof"s Hanme: Road
Facing Dire-nion: 2,08
Tai* Anale: 5,00
kool Type: 2
Actual U Facenor: 0.C6
Tarface Abzerphrance: b.60
sdrface Area: s16.80
Materia] Descrip-ions:
A0 1 Ouiside Surface
Resiszance
87 : | in. wWeoz
Bi? : 3 an. lInsuiazion
£. : !nside Surface
Ke=L."ance
E2 : /2 in. Siag

Zvone

Masa Locat.on:
frinciple Material:
Juapended Cailina:

Hass intacxal
B7 1 wn. heoa
Without

*v+ No Window Defaned For This Surface *<*

m=as=mseso-cWall Inficwationsssssemsees

Wail's Norr: Wes'
Facina NDirecti-:.: e o
Tilt Angle: 30.00
wWell Type: 1
Actza) U Factor: L.0%
Surface Absorptanca: 0,60
Surface Area: TR

Haterial Deacriptions:
Mas» locazion: 08 Undofinec AR
Prin.ipie Marsrjal: pe Unanfined a1
Secondary Materxai: 48 Undofined m1
"v* No Wirdow DLitinea For Thiz Sur(ace *~*

sessemmeec=cbal] Information- s et anas-

Wail’s Neme: Esst
Facing Direction: S0.C0
Tilt Angle: 9G. L3O
Wail Type: 11
Ac~ual U Factor: o.en
Surrace Absorptance: .ol
Surfocze Ares: 174,32

Materiai Cwsiriptions:
Maza Locstion: 29 Untefinud 8
Principle Matorlai: 8 Uraefined 19
Secondary Matwraal: U8 Undelinua 1w

=¢* No W{naow Def.r.r1 For Thxs Suctace *°*

arssanasaess Wail IRITOIMALLIOR==~~~~an-sx
Wall's Hama: Saurh
Facing Direction: 180,00
Tit" Anvla: 92.00
Wall Type: 11
Acrtual U Facror: 0.0%
surface Abxocpranca: 0.60
Surtace Area: 212.%°
Mataris) Description .
Mazs location: on Untefived Bs
Principle Matersal: 41 Unde!irod e

Secondary Maveryai: e Undelined By

2>~=~~-Window [or Thi: < rlace---

Glan: ‘s Nama: Irunh Windoe

Window Widen: 19_60
Window Hei1nv: L1
Glas: Shadzra Cosificient: O.8R
Giaar U Fazh o 0.L100
------------- Wall Infarmation---=--------
wWall's Nome: Horn
Facing MNirection: b, 20
Tilt ANgle: 90,05
Wall Type: 11
Reruwal U Facror: G.0%
Surface Absorptance: 0.6n
Surltace Area: 2iz.40

Ha%erial Do3crip”iZns.

Fasz Loca~,ian: 1l Undafined U8
Principle Mazerial: 1 Undelanal B9
suzondary Marrial: 1y Yndelinea 61
Tt No Wingow Lo finea For Tne: Sarface "

sxzmams=xrr 2006 JN{OIMDAYION mmnmsms===s

Zoue Nate: 2ono 420
ione Maltiplier: |

Susmer Indvor Dosign DBT: TR, 00
Sutzey Indoor Desigrn w87: g
Winter Irdoor Dezign DBT: 0,00
Winrner Indsog Des:ian WBT: oL 0n

. wmer [pgoor K. Husadity: 50.00
Wintee Indoor R Husadaey: 30,00

Re -o Copstruztiorn Type: Hed)um
Max. System T. faps._\ty. LOo000.00

Hax. System Capacaty: =-50000.49%
System Axr Fiow Rave: G.an
Tumdesr Ar Fiow Rate: S.02

Sysver Thtowhiing banye: (O]



System Annuaj Scnd. Name:

600 anmual

Systen Dasiqn Schd. Name: €00 da:ly
Ventilatang Ann. Schd. Rame: <ontaAuous
Venrileting Dax. S5chd. Name: <eontinuous
---------- Roum InforRatiof~~~—~=~~
Kocr Name: Roor 920
Kocm Myltipliiaer: 1
Floor Sut. Ares: 516.60
Rocm Celling Heighe: 6.R6
koom Parsmerers.
Koom Gaamelry H 3¢ (v x 15 (u
Rucen Heiant : B fr
t of Exterler Will 4
!averior Shade Ct
Furniture Without
Exterior .- astructaorn H.W. with moaarste knsin.
e

Partitaon Type

Rooz Location :
id Floar Type N
S)ab Type :
Cci1iing Type :
Roocf Type :

floor Coverlng
Glass Percert

. Conc. bleck

Top Floo:r

Z.S in. Cene.

Mid Floor Type
W:theut Ceilice

L.W. w/0 xusp. cellins
vinyl tile

1210

~se==~==Ip{:lvravion Infoimavzon~~--

Infileratics's lame:
Alr Chang- Houar:
Annual S¢nd. Name:
Dosign Day Scha. Name:

--------- Equrpmant

Equipment's Name:
fquipment Paak Gain:
;ensible Huan Gain:
Latent Heat Gain:
Zquaiprzant Mulziplier:
wadiant Fraction:
Convective FractiGn:
Annual Schd. Name:

D. .z29n Day Szhd. Nape:

i
0. 5C
CONRLinusUs
cofLinuous

“ravich

Informavion~=~=~-~

Equipaent
6§2.40
£82.%0
2.00

1

0.600
0.420

conx Lnuoua
con~ invuous

----------- AWall InlormIniop s s e

Wall's Nage: Nor'h

Farina Ditvction: G, a0

Tilt Anale: 9G. 00

Wall Type: 11

Actual U Facvto:: 6.09

] e A S.el

Syrtace Alw 232080

Naraciast
Ba-r Lacariof:

Pranziple Patezsal:
Sacondary Marzeziai:

o Undefines an
P UndeaZine au
8b Undef:nea 40

=" No Winaow Letaned For Thix Surface "**

------ ~=vv-Roof

R 2'x HNome:

Facing Direzior:

Tl Arale:

L Type:

Aztuai U Facror:
Surtaco Absorptanca:
Surface Area:

Material Descraptions:

N

Ausistance

Keristance

Stche

Has: LoZavtion:
Fran-iple Miveryal:
Sugperded Ceilina:

Intotmation-~-~~~vu~as

Roof
G0
5.00

2

.06
u.€0
516.60

AG 1 Quuside Suriace

B7 : 1 an. Woed

12 : 1 in. Ipsulstior
EC @ Inyige surface
E2 * Y7 an. Slaag ar
Mass Intearal

B7 1 1n. Weod
W:thout

=4 No Wincow Defined Far This Surtace **°

157

irfors

N .

Wall's Name: Eazt
Facing Crrectaon: 90.00
Tile A=gle: G0, 00

Wall Tyg:: 11

Azcueai U Facroe: ¢.06
Surfa i ADsorplancs: 0.60
Surtace Arwa: 174. 3¢

Maverial Descraptions:

Mas: Location: 10 Unaelined op
Principla HMator:n!: &5 Urndelined D
Secondary Mater:a.: o1 lUndelined np

d>xve-vWindow for This Surtaces-=~<<

Glass's Name: West Win! w2

Window Wiath: ENLH

wWindow Height: [T

Glass 3bading . lficiart: 0.89

Gless U Faczgr: 9.5300
------------ Wali luformataumess sa-mmm-

Wall's Namo: South

Facing Directaion: iga. o0

Tilt Ancle: 0,490

Wall Type: ti

Aztual U Faetor: 0.¢o

Sucrfa_» Abaorprance: [

Surface Axea: QIL.H

Material Descc.ptiuny:
Mnss Locazion:

Princaple Maveraal:
Swcongsry Haterial:

*** Np Wipdow Delimed ror©

#1 Ucdetlned o

1 Undefined »e¢

98 Unoelired »»
Thiz Susfacza *=*

----- ~===~~<Wal) Informanion-~===ws=s<~

wWall's Neme: Waar
Facing Direction: 0.0
Tilt Angle: 35,00

Wall Typat 1]

Actval U Facroc: [INTA]

Suriae Absorprancul ohn

Suriace Area: LAY

HMaZurgal Duscrsztian..

Mans Lacatlon: 1 Upndelined »n

00 Undefined 68
b Urnidetined 44

Pris .aple Maveyial:
Soconfary Matéerial:

Glasa’'s Name: W' Windew

Window W:GLh: LR Y

Winaow Heidaht: [T
Glar: shading Coetiilien.: [N
Glass U facret: G.N3EGG

In{armarior =s--uwssaan

O

Zone Hame: Zznw 910
ione Mulnapliar: i

Summer Indoc: Des:izn DBY: TE. Q0
Susaes 1ndoor Desigrn WBT: T0.00
Winver Indoor Dzsagh DBY: 0,04
Winter lndeat Desian WRT: 0. 50
Summez Indoar P. Husidavy: £0.09
Wintar lpauoc R, Humidavy: 30,449
Rnam Constructint Yypa: Hedium
Hax. Syzre- ¢, Capazivy’ $0209.00
Nax, $y=-cz H. Cap Y 5000, Ok
Sysvex Alr Flow ¥atu D.0%
Ourdzoy Adr Flow kate: H.00
System Throtvlina Range: .01

Sysvam Anrusi Zchd. Mame: E00 annual
System [osigh Schd. Mawe: 600 cally
Vonr:iliating Ann. Szhd. Name: z
Venr.lating Des. Schd. Name:

Roem Narme: ks.o 515



Room Multipliier:
Ficor Sue. Area:
koom Cerling Heirgne:
Rkoom Paremeters:
Room Gecpetry

koon Heighe H
® of Exvericor Wall

Interlor Stad- H
Furniture :

Exterior Constructico
Parcizion Type

Raem Lecavsen :
Rig Vi, .t Type :
Slab Type :
Ceilding Type

Roo! Type

Floor Coverina
Jlasx Peccent

1
$16.86C
c.be

1€ fe & 15 v

E in. Conc. block

Togp Floor

2.% in, Cone.

Hid Fiocor Type

Wiracut Ceijiing

L.W. w/c =usp. callino
vinyi tile

004

=s~-<--=Inf:itration Infarpatien----

Inflleurscion’s Name:

Infilvravion

Air Change/Hour: -1

Annual Schd, Mame: cont ipusus

Desige Pay Schd. Naia: continuous
R O I A 7 R Y- R

Wali's Noame: NagLy

Facing Direcrion: 0.60

Tilt Angle: $5.00

Wall Typue: 1

Acrual U Facror: 0.¢3

surface Abasrptance: .60

JurZace Afea: 232.%0

Material Descriprions:
Mass Location:

Principvle Hateriol:
Secondary Materiakr

*** No Window De{ined for

“s-sas~es=msRoot

Hoef's Name:
Fazine Dires=yar:
Tiiv Anale:

Type:

ual U Faerer
Iuttayee
lurfsce Area:

Myrorial Desczipticne

SUIFELgnTel

RefL3TARTe

Rezlstance

s

fre

Kass Locataion
Princaple Haverial:
Suspendec Teilina:

1 Undet ined
31 Undafined
¥r Undefined
Surtace ***

Thas

Informations~-=~as~en

Poat
oL

4,00

o ta

.06
7,80
516.62

Al @ Cutside _urface
T ) oin. We o

B12 ¢ 1 1a. Ip=ula=ion

El  Jnzide Sutface

EX < 1/T 1n. Siaa oz

Ma=2 {nvtearal

87 I in. Wopd

Without

44 No Winaoed Zefir»s For This Susrface ==

----------- ~Wall

Wall‘s dHar.:

Fazino Dire -¢a1om:

T:!t Anule:

Wall Typa:

herua) U Facvor:
Surf{ace Apsorptarca-
Surface Ares:

Material Dascriptiana:
Mas> Locaion:
frinciple Material:
Saconaary Material:
1 No WinZ_w Ly line” For

ARk ~~-Wa.l

Wall‘s Kame:
Fszana Dire-tac:

[rfoimar, A~as=eeee--

Woav
2N .0
#0.00
It
509
L.62
178,38

" Undefined g¥
#d Undefired 48
t Undefirnea i
This Surface **"

informatichs-~-== R

East

7.

JW. Witk moderata imsin.

158

Tilt Angle: a0l
Wal) Typez 11
Acnua. U Factor: 0.0

Ly

furface Abscrptance: 0.6
surface Area: 174. 3%
Marerial Descriprions:
Mas= Lecatian: 4# Undetitied 89
Frinziple Paverial: a4 UndeZines »s
Secondary Miterial: 4% Undefines ne
=4¢ Nc Window Defined For Inis Surtace ***

s=~v-esssEQuipment InfoloAianss-s-s
Equipmant’s Nare: Equipment
Equipmont Peak Gairn: €A 40
Sensibla Heal Gain: 632.4C0
Latent Hes Gain: 2. 00

Equipmer. Fuitiglier: ]

Rkazdyanr Fracraca: 0.600
Convective Fraction: 2.400
Anral Schd. Nage: continuoua
nagqn Day Scrd. Name: fentihuous

—m————— SENNS Wall Informasion--=-=s=s-~s

Walil®s Name: South

Fazina Direcilon: R0t

Tilv Anzies 9C.00

Wall Type: W

Aczual U Facrer: [ ]

surface Abaocrptance: L.60

Surtace Afea: 232.%40

Mataer{al Descriptions:
Hass Lotation:
Pranciply Maverisl:
Secondary Mareriol: ax

¥4 Urdetinea 02
s Ucdelirct a8

trdelinoy a4

>>~-~-Jindow Lor Tris dctlace~~~ves

Glass's Mame: S.uth Winduw

window Widn 17.60
VYindess Reight: .56
Glass Skasdino Cowfficient: G.¢¢

Giass U Factor:
fverhang Lanath:
Glass vo Overhang;
Cvarnana Protrurlisn:
kaverni Dapth:

Fmmwmmmmm== Jone IRLCYmAY (TR memmesemmee

fane Hama: 7ena GO&

Lone Miligplier, i

Summer lndooy Cesian DRI: TR.CEO
Suamer Irdoor Deslan WBI: e
Wirwer Indoor Desian DB 0,0

Wintor Indaor llesion WR 0,00

Summor inooor P. Hus 4.

Winwar Ingoor K. Humisdt

Mer!,

Room Conatructicon Typw

Hax, Syatem 7. ‘ipacity: L0000.00
Hax. Syacem H. Uapa :ly: ~L00%4, 00
Sysrtem Aar Flow Rate: oo
Gurdoor Alr Flow Hata: .00
Swaten Throtrling kanae: 0.0

CLIR T T
A0 s Ly
TanLiruoun
[ TAS VNN

Evarem Annuai Schd. Rame:
Sysrem Uez.an Schd. MNems:
Vortilaling AR. =hd- Name-
Venvi1:a%shg Des. Scnd. Hamu:

---------- Roun {nformasion=s=ssssos-
Ronm Name: Room 400
Room Hul<apllar: 1
Fleaz Sur. Arxea: 16, &L
Yoom Celling Hoxqhr: .46
Room Farsmetors:

Room Geomatry AR AAE SR LA A
Reom Hesar : LI ¢

o of Extericr Wall ~ 2

Irrerier Shade : Tt
Fuzhature H Witheun

H.W. with eodgaret - i
L in. Tond. RO

: Top ¥ H

Type : 2.% In. Conc.

Extetlor Zonstruction
Farvivicn Yype

Reom LOZA%.ON

M:d Flooct




€la Type
Calliang Tyg-
Ronl Type
FPlooz Covaring
Glass Parczan:

Bid Yiosr Type
Without Ceiling

LW, w/c sudp. <a1ling
vinyl tile

0

=s===-=-Infiltrat.on Information-=---

In(:iitration's Mane:
Alr Chamge/Hour:
Annual §ecpa. Namo:
Design D3y Schd. Name:

Infiltravion
0.50
continusus
continuous

mss~s-----Equirrent [nfofmation~-=-~~-

Equipmen’. 's Nena:
EqQuipzeont Foak Gain:
Senzible Heot Gajsn:
Latent Heat Gaan:
Equipment Multipiler:
Radiran” Fract:icon:
Cenvertive Fraction:
Anpual}l SeiAg. Napu:
Dusign Day Schd. Name:

----------- Roct

Roof's Nare:

facing Direction:

Talt Angle:

Roc! Type:

Actual U Foctor:
Surf{ace Absorprance:
Surface Aroa:

Maturaal Desecrlptions:

Resistance

Rasy srAY e

frone

Masr Locavian:
Princzple HMater:al,
Susperaed Ceiling:
AT N Winaow D

Samsanesen WAl

Wali'x Nape:

Facstoy Drrecraen:

Tilv Angus#:

Wall Type-:

A2nvua) U Facver
“lace Al-srpranc. :

Surface Araa:

Hateryal Descraiptions:

Mass Lozation:

Principle Mater:al:

Secondary Matsrial:

Eguipment
68z.40
562.490
0.00Q

)

.. 600
0.440¢
concinvous
continuouns

InLOTMAL 1Bf~~a~~r e

Rool
.00
.00

.06
.60
L16.60

(== NI

A3 Outside Surface

B7 : 1 in. Wood
B12 3 ib.
EC : lnside Surface

E2 : 1/2 ar.
Hasy Intagral

B? 1 tn. Wood
Wirhnyy

fined Fot Th:is Surface °v°

IN{OrmMALIOn s~~~ manss~

Waz
27¢.0C
o, 00

84 Unaefsned 4y
#1 Urcoflinen mn
#1 Undelined ml

*vr No Wirdew Defined For This Surface **-

conrvvananesWall INYOIDAT FORS v av e

Wall’'s Nomu:

Fac:ng DirecRion:
Tilt Angle:

Wall Typn:

Acv.al U Faceor:
Tutdace Absorptance:
sugface Azea:
Materstal DesCriptions:
Mass Locst.ian:
Pcameaple Material:
fecondary Meterial:

o8 Undelineg wn
3 Unacelined m»
40 Unde(ines a»

"** N¢ Window Defined For Thie Surfaza "*¢

----------- wWall

Wall's Name:

InfOrmatIan-~~==snmsnn

North

Insulation

Slao or

159

FAcS:irng Direction:

Tilz Angle:

Wat! Typu:

Aztual U Facvor:
Suriace Abhsorptante:
Surface Afea:

Nacerial Deycripri ns:
Has> locarzgan:
Princlple Maverial:

Se condary Mavterlal: [}]

o) Urda!iped wl
 Yndefanod mr
bUrde! ined 61

*v* N Windm~ QaYined Far Thiz Surface *<=
------- ~==-Rall IRformatidn=-=-=-=-~v-

Wall's Nade: South

Facing Direct:on: 18¢. 00

Tilt Analae: gt.o0

wall Type: 1!

Actual U factor: c.os

Sur(ace Absorplance: L. 60

Surtace Area: 2s2 .60

Haterlal Descraptlons:

Hans Locatizn: 1) Undefines #d
Prircipie Material: 1) Undotino wd
Secondary Material: st Undafine: ar

Sr===--Mindow far Thi: Surface=«-~--

Glazs's Nome: Lounh Wiy too
Winaow Width: 15.62
Window Heaghw: 6.he

Glass Shsdino Coevfizienr: 0.RE

Glaas U Facuor: -G

Furosussnans Zone INnformat: o

r EEeness-

Zone Nama: Zone €00
Zone Multaplier: M

Swmmer lndoor Desior DBT: 8,00
Sumnet indoor Desaan WAT: 79,00
Winver Indoor Dusign DKT: 4.0
Winter Indosar Design WBY: 7.00
Suymmer indoor R. Humidity: 50.0¢
Yinter Indoor R. Rumidivy: 32,00

KRoor Construction Type: Extrams l.ont
Hax. Syatem . Tagps Ily: tooon.aa
Hax. Syarem H. Capaxizy: L0400 00
Syston Axr Flow Rate: o, On

Gux: o1 Alz Flow Rat-: r.on
sysram Thrott)ing ¥anae: 0.0}
Systoem Aarual ohgd. Haeme: €00 snnusl
Sysvem Dos>ign ackhd. Name: EQO0 Hnily

Ven<ilating Ann. Schd. Nams
Vortilaning Dea. Scnd. Name

TORY Iruings

cont araonT

sessssscachoor JRIOCMALIADS --s oo -
Koot Name:
Room Multiplaar: 1
Floor Sue. Afex: Lln. et
Woom Cellang Heignr
Room farame”ers:
Foom Gyomerry
Roor Holsghn B
B ol Exterior Wall
Irherior Shace
Furnizure :
Exverior Constrwstiorn :

Pactirion Type : 1. Gyp=kar-i/F
hooy Lotatioh . Top Floor

Mid Flozr Type : 1 in. Wood

Slan Type . Mig Floor Type

wirnout Ceilina
L.W w/o susp.

Tellina Type
Reof Type

Flaoor Coverina vinyl tile
Clax= bercent 16
o easIntilvianicr lafarcatioh- - -

Infylesarion's Hame: Infilotarion
Asr Changm/Huues (LA

Apnual Schd. Nanpe: TERY A ANOUS
Ceoagn Day Schd. Name: conrine us

Irformalion~=sss==n-s:

cmyl

maln
if.

Anin

Sye



Wail's Name:
Facing Dire
Tilt Angle:
Wall Typa:
Actual U Factor:

Sur (sce Absorp-ance:
Surfaca Ares:

Meterial Descriplians:
¥as3s Locetion:

Principle Material:
Socondary Materlsl:

*** No Window Daflved For

Wont
270,00
90,00
1

2.09
.60
Y7436

31 Undafined o4

84 Undefinad 0

#2 Unda(ined ¢
Tbhis Surlace ***

Equipment ‘s Name: Equipnarn.

£quipment Peak Gain: 682.4¢C

Soensible Heat Gasn: 682.40

Latant Heat Gain: 0.80

Equipment Mulviplier: 1

Radiant Fract:on: 600

Convective Fraction: v a0

Annual Schd. Name: ceo”inunus

Design Day Schd. Name: continuous
----- ~ese~s~Wall Informavi1on-~~~~sv--v~

Wall's Name: Easr

facing Direczion: 50.00

Tilv Angio: $0.80

Wall Type: 1

Actual LU Facror: 0.0¥

Surtace Absorptance: 0.62

Surface Area: 174.38

Harerial Descriptiens:
Hass Location:

Principle Material:
Secondary Materyal:

v=! Nec Window Defined Far

31 Undefined fe¢

#3 Undefined s

#* Uadefined m
This Surface ¢-*

------------ Wall Infocmation~~~~~~-~-~-
Wail's HName: Norvh
faving Direczian: 2.00
Tl Anale: #3.09
Hsl) Ty

Actual U Faceper:

Surtace AbscIpTance:
Surlace Area:

Harerial Duscriptiome:
Kasr Lacatgon:

Principle Mater:iai:
Secondary Mavrerial:

*** No Windcor Defines For

1 Urduftraa ¢4

Urdotine !l 18
e Undefinud 66

This Burlace b+

wrvemsamcas-aWall o inalormaricnesessss s

Wall’'s MName:

facing Direoction:
T:.% Angle:

Wail Type:

Aivua, U Faevnr:
Surface Absorptanze:
Surface Acua:
Matorial Deczriptions.
Mass Location:
Principic Marerial:
Secondary Material:

>3-~ W for This

Glass's Name:

South
180.00
70.040
1

0. 03
0.869
232.50

P2 Undelfined
s8¢ Undefirsu a»
33 Undef:ned »»

Surface~~-~-<<

South Window

Window Width: 19.€2

Windew Haiaht: 6. i

Cleas Shadina Coeff1c.ens: Q.-+

Glass U facr .t 0.%300
---------- ~=R0C! Informazion----ssve.-.

Reo!'s  MNeme: Raol

160

Facirng Direztion:
Tile Anale:

Yoo! Tygpo:

Arrual U Facvor:
Surface Abs el
Surface Are
Haterxal Dezcrip.icns:

Kesistance

Resiztanze

Swona

Nass Location:
Pranziple Matsrial:
Suspended Cealina:

*** No Window~ Defined For Thiz Sutface

.00
b.o¢

Q. 0¢

0,80

S1E.au

AQ : Lataine Surfalw
87 : 1 in. Wod

Ri2 ¢ 2 1p. lnsulation
& ¢ loside 5

2 : ) 2 th. Zlac or

Hasr Integrai
R 1t In. W Ao
Withou™

cnasanenmne 2006 [REOIMALIGH ==ss=nm=: ==

Zone Namea: Zopw &10
2one Mulraplirer: 3
Summear lndoor Desian DBT: 78,00
Susmer !ndoor Dezian WRT: 7q.00
Kinter indosr Deaign OBY: g.o¢
Wincar Indoor Desigr WBT: C.0oD
Summor Indocr R. Rumidatly: 50.00
Wintevr jindoor R, Hum:dity: 37.09
Poca Consvructlon Type: Extrame Light
Max, Sysrem C. Tspacivy: SPO0e. o
Max. Syscap H. Capaejty: =50002. 00
Sy=tem Alr Flow Hate: Q, o0
Qutdoor Alr Flow Rare: Q.00
Syatem Thrott!ing Ranage: .01
Syztem Annua) S<nd. Namo: 600 annual
Systec Design Schd. Name. €90 aally
Ventilating Ann. Scxd. Name: continuous
Ventiriating Des. Schd. Name: <conlinuous
sva~~s-~--Rocm Informatiol~s=~~~=-==~
Rogs Name: Room 6.
Roon Multapliet: )
Floor Sur. Area: 316,60
koot Celiing Heignt: f.R#

foom Parsmeers:
Poom Ge. retry
kaam Hajyght
P ool Erterier Wall
Interior Shadu
furniture -
Eatetior o oanLrycLinn
Parcrtien Typ
Aoom LOCAY.1on
¥id Floor Type

Wit b
L.W. Witk r el rata analn.
Aoan. Gyp-Accliroan.

Slab Type -

Celiing Type Withoot Ce.litg

koot Typa L.W. w/r susp. ~ei1linn
Floor Cov: rina vinyt Tiln

Glas: Purcent o

~~=swssslnfalieavion Infommat o=+

Infilhea%:ian’s Name:
ALr Cuange/Hour:
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