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ABSTRACT

This engineering manual provides a complete companion documentation about
the structure of the main program and subroutines, the preparation of input
data, the interpretation of output results, access and use of the program,
and the detailed description of all the analytic, logical expressions and -
Tlow charts used in computations and program structure. A numerical example
is provided and solved com.'etely to show the sequence of computations
folTowed. The program is carefully structured to reduce both user's time
and costs without sacrificing accuracy. The user would expect a cost of
CPU time of approximately $5.00 per building zone excluding printing costs.
The accuracy, on the other hand, measured by deviation of simulated con-
sumption from watt-hour meter readings, has been found by many simulation

tests not to exceed x10% margin, a margin which is considered very reasonable
for enginearing purposes.
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1.1

SECTION I
INTRGAUCTION

Background

It is commoniy conceived that buildings can be designed for minimum energy
consumption if their thermal insulation is increased, window air leakage is
reduced, 1ighting levels are decreased, shading devices are properly installed,
heating and cooling equipment are adequately designed, maintained and their
capacity fully utilized, These energy saving ideas and many others should be
coupled before implementation with the cost of add-on equipment and materials,
operation and maintenance cost, constraints of building codes, 1ife styles,
aesthetic attractiveness, etc.

The common design methodology used in sizing heating and cooling systems based
upon the single-value quasi-steady state peak summer hour or peak winter hour
usually results in oversizing of equipment and consequently overheating or over-
cooling of the space to be controiled. Over-designed systems, while they are
occupying more space, always operate at lower efficiency and in turn require more
energy to tunction compared to properly designed ones. The single-vaiued design
methods are, therefore, ruled out in any study or design of energy systems.

The only effective way to study and design heating or cooling-systems and mini-
mize their energy consumption, is to simulate the building thermal performance

as accurately as possible. With the advent of high speed digital computers,

the above simulation requirement can be done on an houriy basis for a full year
and with summation over many zones or buildings. - In the last ten years, several
of these simulation programs have been developed which vary in cost, availability
to the user, program structure, and assumptions used in computations as indicated
in references (1? and (2). Most of these programs, whether they are public o~
proprietary, are applicable to new system design or to add-on or retrofit systems.
The user may access the programs by : (1) purchasing public source codes, (2)
input data only through time sharing when dealing with proprietary source codes
or (3) input data only to the developer when dealing with complete proprietary
codes, The disadvantages to the user in types (2) and (3) above are the lack of

awareness about assumptions and Timitations made by the developer and the inability

of the user to improve or modify the codes. Proprietary programs are commonly
written by architect-engineering consultants, heating, ventilation and air con-
ditioning (HVAC) equipment manufacturers or utility companies. The cost to the
user is usually included in their service.

The need for a building simulation tool was essential to suppori the Deep Space
Network (DSN} Energy Conservation project. The latter has been initiated to save
energy and associated cost at government instaliations, and specifically at the
Deep Space Communication Compiex, at Goldstone, California. Tweniy-three build-
ings out of Fifty were identified, by a first phase study, as major energy
copsumption buildings and were further put under investigation for a second
building modification study. Both studies were performed by architect-engineer-
ing firms in cooperation with the DSN engineering section at JPL,, resulting in

many energy saving recommendations. Furthermore, several suggestions and proposals

regarding building modifications have been presented by operations technicians and
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1.3

engineers motivated by the personnel Energy Conservation, Awareness and Recog-
nition program (ECARP). It has, therefore, become essential for economic and
technical reasons to develop a tool for accurate assessment and evaluation of
all building modifications.

To accomplish the task of finding the building simulation tool, & survey was

made among fourteen available codes for heating and cooling load caleuiations.
The major codes among them are (1) ECUBE 75 which was developed by the American
Gas Association, (2) NBSLD, the National Bureau of Standards Load Calculation
Program, (3) NECAP, the comprehensive and expensive NASA's Energy Cost Analysis
program, (4) TRACE, the Trane Air Conditioning and Economics Program and (5%
USPS,. the United States Postal Services Program developed by the General American
Transportation Corporation. '

Unfortunately, none of these programs was found: (1) suitable to simuiate the
unique features of two-level electronic control rooms located at the Goldstone
Communication Complex, (2) low in running cost to yield an inexpensive evaluation
of the tens of possible energy saving recommendations, and (3) simple enough for
the average user with minimum input data about system parameters. Toward these
objectives, an in-house Energy Consumption Program (ECP) was developed both to
satisfy the Deep Space Network needs and to be also applicable to residential

and institutional buildings.

Purpose of Documentation

The purpose of this engineering manual is to provide a complete companion
documentation about the structure of main program and subroutines, the prepa-
ration of input data, the interpretation of output forms, the access and use of
the program, and the detailed description of all the analytic expressions and
flow charts used in computations. The program is considered non-proprietary
and is carefully structured to reduce both user's time and cost without sacri-
ficing accuracy.

Overview of Program Structure

The caiculation of energy-fequirements for heating or'éooiihg in any enclosure
involves three major successive steps. First, the calculation of the heat loss
or heat gain to the enclosure which is heated or cooled is computed. Second,

~the heating or cooling loads imgosed on the heating or cooling coils inside the

fan-coil units (or air handlers) are determined. Third, the snergy input to all
of the primary components constituting the air conditioning system such as com-
pressors, heat pumps, boilers, engines, etc., is calculated., Each of these
calculation steps-may be carried out with various degrees of complexity and
sophistication if more refinement or accuracy is required. o

Fig. 1-1 illustrates, for examp]e; the possible sources of heat gain or loss to

- or from a simple zorie as needed in the first step of calculation. These sources
include (a) solar heat gain through windows and glass areas, (b) heat transmission
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Figure 1-1. Simple-zone heat gain/loss
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1.4

" The foTTowing ﬁaragraphs explain the methodology used to express each'major

st B s o

through walls and roofs due to solar and ambient air effects, (¢} internal heat
gain from Tights, people, electranic and ‘mechanical equipment, (d) infiltration
or exfiltration from cracks, and natural drafi, and (e) effect of neighboring
nodes at different temperature compared to the zone under study. In Figure 1-2,
the location of the fan-coil unit (air handler) with respect to the zone is
illustrated. The expressions of "supply air" to the zene, "veturn air" from the
zone, "outside air" and "mixed air" will be repeated throughout the text and

the reader should be familiar with their positions in the common air conditioning

loop in Fig. T-2. The fresh outside air charge to the loop and the recycling of

some of the warm return air from the zone(s) is a common practice to both satisfy
the ventilation needs and to save heating or cooling energy needed at the air
handler coils. Fig. 1-3 shows how the air conditioning Toop can be different

when a two-level zone versus a simple zone is conditicried. Two-level zones are
quite common in industrial or utility plants where large number of automatic

control and monitor equipment or racks are grouped in one room. The equipment
cooling is made via a large cold duct (air plenum) that exhausts in the room through
the racks. For personnel comfort in this type of zones, another stream of. = -
“comfort air" is fed into the room, through ceiling or floor level outlets, to

mix with air discharged from electronic racks. : ;

The second step of pragram calculations, the heating or cooling loads at the

air handler coils, are computed to match the zone needs. The third step of
calculations then follows and requires the definition of HVAC components such as .
the boilers (whether gas-Fired or electric type) for heating and the electric
driven vapor-compressor refrigeration units for cooling. Other supporting com-
ponents such as motors, pumps, fans, engines, etc., need to be also included.

The dual duct system, shown in Fig. 1-4 for example, is one of many fan-coil
arrangements that will ba explained ir detail later. -This is only presented at
this stage to acquaint the program user with the type and Tocation of components
included in the building energy anaiysis. In the dual duct multizone system,

the mixed air Teaving the fan section is divided into two main air streams; one
of them is cooled down to the cooling set point temperature (commonly at 55-60°F)
and the other one is heated up to the heating set point temperature (commonly at
80-90F). Each zone according to its internal heat gain or Toss asks the air
handlar for a specific "supply air" temperature to meet the comfort conditions
inside 1t. The mixing box, located prior to each zone air supply section, extracts
the appropriate amounts of air From each of the hot and cold ducts and mixes them
Together to yield the air mixture temperature requested by the zone. The function
of controlling the mixing process is usually made by motorized dampers that are -
actuated by signals from temperature sensors. The cooling ceil, heating coil,
boiler, and the vapor compression refrigeration unit are included in Fig. 1-4

to show their relative position in the cycle. ‘

Program Methedology

heading in the program. More input data description can be found in Section III.
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Tigure 1-4. Example of primary aix conciition:ing equipment components in a

dual. duct multizone system
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1.4.1.

1.4.2.

1.4.3,

Weather Data

Only outside air dry bulb temperature, cloud cover factors and wind speed are
needed, Since the program is handling only sensible loads with no cohsideration
to latent Toads, the outside air wet bulb temperature or relative humidity is
not needed in the weather data.

Transmission Loads Through Walls and Roofs

The methods that have been developed in the past, such as degree-days or bin
methods, for proportioning the design load to provide hourly Toads, were found
unacceptable with their gross approximations. On the other hand, sophisticated
and time consuming methods such as using the transfer functions or response
factors are expensive and cannot be justified on the basis of the random changes
of many other parameters in the system, This means that it is itlogical to
increase theaccuracy of only one of the many sources of heating or cooling
loads (i.e., the heat transmission through walls/roofs) while the other sources
are subject to random changes with very large errors.

The methodology used in ECP 1s the sol-air temperature method or Total Equi-
valent Temperature Difference method (TETD) as described in references (3) and
(4) and is written in (TRANS) subroutine section VII. It is a comprehensive
yet easy to apply method. In the TETD method, the effects of outside air tem-
perature and solar radiation intensity are combined into a single quantity.
Walls and roofs are assumed homogeneous with constant material properties that
are determined in advance by the special sub-program (UVPHI), presented in
appendix C. The steady state and transient heat transfer coefficients together
with the phase hours needed to vun the heat transmission calculations in %TRANS)
subroutine are expressed analyticaily in (UVYPHT) subprogram.

.Solar Heat Gain

Local solar radiation values have been calculated in {SOLAR) subroutine, as
explained in Section VI, using the well-known ASHRAE model described in Refer-

e e

e

ence (3). Cloud cover factors are used to modify the hourly radiation values from
(SOLAR) subroutine to yield the local and site-specific values. This procedure
was found to be effective in reducing solar radiation and cloud data required for
manipulation, since only the monthiy integration of direct normal solar irradiation
is required for the computation of monthly cloud cover factors. The latter can

be measured by an integrating type radiation pyrometer. Heat gain through glass
doors or windows will then Tollow in computation given the glass transmissivity.

1.4.4, Infiltration/Exfiltration Load

The "air change method" is used %o calculate the infiltration/exfiitration heat
load in this program instead of the common "crack method".. In this method,the
effect of repetitive opening or closing of doors, windows and leakage of outside




1.4.5,

1.4.6.

L% A g e o

:\.'::. W

~air to or from the zone by natural draft is averaged by assuming a fixed outside

air change rate of 1.2 changes/hr. The computation of heat loss or gain from or
to the zone then follows assuming quasi-steady state conditions.

Internal Heat Load Profile

Since latent loads due to humidity gain or loss to the zone are often less ‘than
10% of the total heat load, only sensible heat loads are considered in the pro-
gram. With this approximation in mind, the computer memory storage and humidity
related calculations were simplified. The cancellation of psychrometric chart
manipulations and the reduction of weather deck data are examples of simpie

handling of data. It is worth mentioning in this respect that the assumption of

negligible latent loads, although it appears as a gross approximation, is not
seriously affecting the accuracy of computations for a full year simulation
period. This is due to the fact that the other sources of internal heat loads
usually encompass parameters of random hature and given by the user based on his
"best estimate”.

~ The inte sal heat load in a zone is composed of heat gain from people, iight

(incandest .t or fluorescent], electronic and mechanica]l equipment, and other
miscellanacis sources such as process steam, kitchen equipment, etc. Each of
these Toads are calculated on an hourly basis for two day-types representing .
repetitive events for the whole yesr. The First day-type represents all working
weekdays (approximately 251 daysg and the second day-type augments all weekends
and holidays (approximately 114 days to include 10 official holidays). The
number of persons accupying the zone, the wattage rating of electrical, mechanical
equipment and Tight bulbs are 1isted every hour for the two day-types. S$ince
the data collected under this internal load calculation section are considered
approximate estimates with varying degrees of uncertainty, it was decided in

the early stages of ECP development that the (TETD) method, previously described

- under subsection 1.4.2, and the assumption of zero latent Toads are in fact

adequate to meet the program goals of simplicity and Tow running cost. Further-
more, the transient effects of convection-radiation segments of all internal heat
loads from 1ight, people and equipment were neglected.” The internal loads are
assumed totally convective and their hourly values were computed by quasi-steady
state equations. '

Architectural Data

‘The physical and architectural characteristics of the building and its zones

play a significant role in the sensible heat Toad. The required data include
building orientation, latitude, elevation above sea Tevel, wall areas, glass
areas, space volume, physical dimensions, exterfor 'walls solar absorptivity and
the cross section description of layers constituting walls and roofs. The
data are grouped by zone; the maximum number of zones per building is not allowed
to exceed eight in the program. If there are more than eight Zones, grouping
gf geVeral zones into macrozones having the same fan-coil feed arrangement may

e done. S ' _ ' ' ' "
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1.4.7 Shading Factors

The shading factors are used to attenuate the incident solar radiation and the
heat transmission to exterior walls. Shading due to overhangs, side projections
or adjacent buildings is handled in ECP as a fixed fraction between zero and

one given by the user based on yearly average observation. This approximate
method is used in 1ieu of the detailed analytical methods used to compute hourly
shaded areas at varying sun angles.

L

T

1.4.8 Loads Due to Neighbouring Areas

The effect of a neighbouring zone having a temperature different from that of
the zone under study has been taken into consideration in load calculations.
Ground floors were assumed perfectly insulated with no heat exchange to or from
the varying temperature ground. Temperatures of nefghbouring zones are specified
by the program user as input data as will be explained iater.

-

1.4.9 Fan-Coil Types and Arrangement

There are nine types of fan-coil arrangements that have been incorporated into
the program for the second step of calculatfons. These are sketched in Fig. 1-5
and will be explained in detail in Section VIII. Nine subroutines  {KEQl) through
{KEQ9) are presented corresponding to each fan-coil arrangement. The maximum
number of fan-coil units for each building is ten. To support the calculation
oT the heating and cooling Toads of the fan-coil units, the ratio of ocutside

air to total circulating air, and the set point temperatures of both hot and
cold supply ducts are required as input. Moreover, for two-level rooms the
maximum allowable plenum aiv temperature and the ratio of comfort air discharge
. to total circulating air discharge are required from the user. The program

also includes outside air economizer cycles and their various air flow and temp-~
erature control mechanisms. The outside air economizer cycles considered are
explained in the main program Section V in detail.

1.4.10 Time Clocks - | | o | | ‘

The inclusion of time clocks, to control the operation (on or off) of fan-coil
units only, has been presented as an energy saving suggestion. .The energy saved
by a time clock control is optimum for buildings that operate on the common 8:00 AM
to 5:00 PM schedule. The time clock on/off contral in the program is not made
_applicable to Tighting, electronic or mechanical equipment since these Tatter
changes will appear directly under the internal load schedule data. ]

1.4.11 Primary Equipment Performance

The user will identify under this heading: (1) type of_ﬁeating or reheating
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Fant coil arrangements handled by ECP
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1.4.12

1.4.13

1.4.14
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systems (electric, gas~fired or heat pump), (2) the arrangement of fan-coil .
units with respect to the electric driven compressor/chiller (vapor compression
refrigeration units) and (3) compressor stages and sizz. The maximum number

of compressors allowed in the program iz ten per building. Each compressor

was assumed to be made of two stages with the second stage giving the full refrig-
eration tons when on. The coefficient of performance of heat pumps and vapor
compression refrigerators was assumed a fraction (~50%) of the jdeal Carnot's
cycle working between the refrigerant's evaporator and condenser temperatures.
Partial-load performance was assumed unchanged from 100% full load until 40% of
the full Tead. Beyond the 40% full load point, the external energy consumed

was assumed copnstant. Further details are given in the coefficient of perform-
ance (COP) subroutine in Section IX. Electric heaters (or boilers) were assumed
having a constant 80% efficiency at all loads. No absorption chillers, steam
turbines or engines were considered in the primary equipment performance at this
stage but the program is simply structured to allow for future expansions or
inclusions if needed.

Energy Consumed in Auxiliary Equipment

An auxiliary equipment is defined in this program as that equipment outside the
air conditioned space which is necessary for building operation but does not
affect the heating/ceoling loads calculations significantly or at all. Auxiliary
equipment include air handler fans, condenser fans (if air cooled), condenser
pumps (if water cooled), cooling tower pumps and fans, boiler pumps, external
lights, etc. The energy consumed by these equipment divectly affect the watt-hour
meter reading. Their Toad profile and schedule can be quite compiex if not simp-
Tified. The auxiliary equipment consumption is modelled in this program by name
tag capacities and their total hours of operation. No allowance was made for
partial Toad performance or flow,pressure and discharge variations.

Energy Cost

The unit cost of both thermal and electric forms of energy as purchased from

a utility company or generated on siie was used to compute monthly and yearly
cost of energy. The economic section of the program is therefore made short

with results that can it many well-developed cost-benefit programs using the
cash flow analysis.

Other Program Features

In addition to the above component description, many default vaiues are assigned
to fill unknown input data. The program is written in FORTRAN v computer
language using fhe EXEC-8 commands and codes of UNIVAC-1108 machines at JPL.

The program output resultis are explained in detail in Section IV. The user would
expect a cost of CPU time of approximately $5.00 per building-zone excluding
printing cost. In this regard the program is considered inexpensive compared to
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other complex codes. The accuracy, on the other hand, measured by deviation
t-hour meter readings, has been found by actual

of simulated consumption from wat
tests not to exceed x 10% margin, which is considered very reasonable for

? engineering purposes.
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SECTION II
ACCESS AND USE OF ECP

ECP is accessed on the Univac 1108 System through the rse of EXEC-8 control
language. The following cards are necessary to execute the program:

A.

2 .,'-Ii

1108 Control Cards

A control card is used to control the flow, make necessary file(s)
assignment(s) and execute the program.

(1) @ASG,A PROGRAM. FILE.
Assigns the file(s) containing the absolute element, ECPABS and all
data elements.

(2} @XQT FILE.ELEMENT
Executes the ECP absoluie element.

(3) @ ADD FILE.ELEMENT
Adds the data needed for the run from FILE.ELEMENT
Data Deck

The data bank is divided into three decks: a weather deck, an air con-
ditioning equipment deck and a macrpzone deck. The three decks are described
in detail in Section III of this document.

A typical program deck is illustrated in Fig, 2.1. It is assumed that the
user has some knowledge of Togging-on and Togging-off the 1108 system.
Use of (NAMELIST)

With the exception of the weather'deck, all data are input inte ECP uszing
NAMELIST, explained as follows:

~ NAMELIST 1s a FORTRAN V- input/output option which allows an entire list of

data to be input in the program with only one READ statement. The data with-
in a NAMELIST must comply with FORTRAN V NAMELIST rules. These rules are
discussed briefly below. A typical NAMELIST deck is i1lustrated in Fig. 2.2.

The first card in a NAMELIST is a Title Card. This card must have $$
foliowed by the title of the NAMELIST with no blanks between, i.e., $$TITLE.

Cards following the Title Card are Data Cards. . The general form of input

- data is, for example:

AH(8,3) = 1. NOP (22, 5) = 3., HEATER = 1,

The data are punched on a card between columns 2 and 80 in any order. Data

items are separated by commasj; the final comma of the last data card is

optional. FORTRAN V ignores all hlanks within a NAMELIST, Numerical values

can be input in any form: real, integer or exponential form. All real data must

R
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point. (A numeric character following the decimal point is

not necessary.} Integer values are entered without a decimal point. The
detailed description of each data entry inciudes the form of the data entry
which allows the user to decide if a decimal point is needed or not. This

is explained in Section III. For the two variables (HEATER) and (AH), for
example, having dimensions (10) and (8,10), respectively, the following
demonstrate the use of shorthand notation and overwriting in a NAMELIST deck.

-EXAMPLES -OF SHORTHAND NOTATION

Equivalent

Card Image
HEATER (5) = 1,1,1, 1 _ HEATER (5) = 1
or HEATER (6) = 1
HEATER (5) = 3*1, |  HEATER (7) = 1
AH (7,9) = 1,1,1, ' AH (7,9) = 1
or : AH (8,9) = 1
AH (7,9) = 3*1, AH (1.,10) = 1
HEATER = 1,1,1, ' HEATER }1) =1
or HEATER {2) = 1
HEATER {1} = 1,1,1, HEATER (3) = 1
- EXAMPLES OF OVERWRITING o
Card Image Eguiva]enf
AH = 5%], - AH (1.1) =1
AH (3) = 2,1,3, AH (2,1) =1
AH (3,1) =2
AH (4,1) = 1
AH (5,1) = 3

If any data entries are omitted in é-NAMELIST_they_wi?T_be taken as zero

unless a default value has been set.

~ The Final card in a (NAMELIST) is the END card. The END card must have
a $$ followed by END with no blanks between as shown in Figure 2.2.
The data within a (NAMELIST)} is further divided into two subgroups:
(1) WAMELIST/HANDLR/ data which are related to the fan-coil units (aijr _
handler) and the primary air conditioning components and (2) MAMELIST/INPUTL/
~data which are related to building architectural data and other zone data.

The detailed descri
the next_Section;

ption of the data in each NAMELIST subgroup is given in

i
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SECTION III

INPUT DATA DESCRIPTION .

Each of the weather deck, the aiy conditioning eq
zohe deck will be explained in detai] as follows:

3.1 MWeather Deck

uipment deck and the macro-

The weather deck consists of three weather related data items: dry bulb s
temperatures of outside air, monthly cloud cover factors and hourly wind
speed for the Tocation under investigation. The dry bulh temperatures

%ng]clou? cover factors are taken as monthly averages and are Tisted in
able 3,7. _

-Tab1e 3.1 Weather Deck
No. ~VariapTe Numeric Dimension Descbipt?gh_
_ form - ' : 3

h
1. CCF REAL (12) CCF 1s the monthly cloud cover factor, f
- vector ~ One representative value for each month. :
' - . ' The cloud cover data card consists of q
twelve entries each occupying six col- %

umns. (TZFG.E)- CCF{4) indic tes the B

cloud cover factor for the it month, !

2. TOA ' REAL (12,24) TOA is the outside air dry bulb temper- ‘
matrix ature in degrees F. Fach month is assoc- '

iated with twenty-four values: one
value for every hour in a representative
day o that month. One data card consists
of fwenty-four entries, each occupying .W
three columns, (24F3.0) TOA(1,3) in- "
dicates the outside air temperature of g
the ith month at the Jth hour of the
reprasentative day.

3. WMPH REAL (24) Wind speed in miles per hour is used fop ]
vactor : computing the convective heat transfep ]
' ' coefficient of exteriop walls, Twenty- e
four values are needed corresponding
to twenty-foup hours of 3 day representa- -
tive of the year. Each of the twenty-four
entries occupies three columns on the wingd
speed data card. (24F3.0) WMPH(3) in-
dicates tﬂe wind speed in miles per haup -
- of the 1 houp of the representative
day of the year,

. shad e e
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3.2 Air Conditioning Equipment peck

ATl data_fbr the ajp conditioning equipment deck are input through NAMELIST/
HANDLR/ in a free field format, These data jtems simulate the fan-coil unit
configurations, hot.and co]d_deck 5 i i i i

type and size of Primary equipment

in alphabetic order. The data entry is stapted by writing
$$HANDLR

and is anded by writing
$$END

Table 3.2 Air Conditioning Equipment Deck

No.  .Variable Numeric Dimension Description
form : o
1 ACCERY Real {2,5) ACCERY is the daily energy consumption in
matrix kilowatt-hrs of each auxiliary equipment
(fans, bumps, external 1ights, etc.) that
does not contribute to the aip conditioning
load of the building. Data are entered
accerding to day type and yse of auxiliary
equipment as defined below. IF M is the
daytype then
ACCERY (M,1) = energy consumption hy lights
. external to the building
ACCERY (M,2) = énergy consumption by fans
n all air handleps in the
building
ACCERY (M,3) = energy consumption by pUmpS
and fans in ajl condensers
: in the building
ACCERY (M,4) = energy consumption by a1y
- boiler pumps ‘in the building
ACCERY (M,5) = energy consumption by any
other equipment which does not
contribute to the air condition-
ing Toad and is ot mentioned
above
A Integer (8,10}  Air handler type. (AH) identifies the mechanism

matrix which modulates the temperature of aip leaving
' & specific air handlep to match the zone needs
as shown in Fig, 1.5, There are nine aip
handler types

1. Single cold duct With térMinaT'reheat at
- the zone

2. Dual duct, multizone with mixing boxes, or

single duct, multizone wikh mixing at the
air handler o ‘
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Table 3.2 {continued) .

Numeric
Form .

No. Variable

Dimension -

DeScription 

3 ALFA Real (10)

. yector.

ot -

4  BLDG String

5  CLIMIT Integer 1

&  COPRES Integer (10,10)

matrix

7 DKUHE Real 1

8 DKWHT . Real 1

3. S1ng1e cold duct W1th bypass and

terminal reheat..

4., Heat pump with. bypass control, or
single duct with alternately operating
cooling and heatnng coils with bypass.
controi.

5. Two-level room with co]d pTenum air and
comfort air modulated by terminal reheat.

6. Two-level room with cold plenum air and
comfort air modulated by a mixture of
cold air with bypassed mixed air and
terminal reheat.

7. Two-level room with cold plenum air and .

- comfort air modulated by mixing cold
and hot decks.

8. Single cold deck with fixed, bypassed
return air and terminal reheat

9. Two-level room with constant volume
cold p]enum air and variable volume
comfort air at fixed hot deck tempera-~
ture. . AH{i,j) indicates the jth air
handler type that feeds the ith zone.

ALFA(i) is the ratio of fresh outside air

- discharge to total circuiating air d1scharge

of the ith air handier.

BLDG is the name of the building under study

 with maximum of six alphanumeric characters

(e.g. BLDG = "G-86"),

CLIMIT is the number-of‘compressors in the
building., CLIMIT cannot exceed 10,

COPRES indicates the compressor-air handier
feed arrangement. Each compressor can feed
a maximum of ten air handlers. All air
handlers fed by the same compressor w1]1

be Tisted as follows: COPRES{M,N) =

implies the Nth air handler fed by Mth
compressor is a1r'hand1er No. N.

DKWHE is the cost per kilowatt-hr e1ectr1c

~in do1]ars, defau]t value 15 $.03.

DKMHT is the cost per k110WaLt—hr-thermal
in do11ars default va1ue is $ 012

B T g S A P S Loy L STV

T S U P T




21

Table 3.2 (cohtinued)

No.'

Variable

Form

Numeric Dimension

Description

10

11

12

ECON

HEATER

HFBRA

ICNTRL

Integer (10)
vector

Integer (10}
vector

Real (8)
vector

Integer (8,10)
matrix

2 i e

ECON indicates the type of outside air
economizer cycle used for each air handler.
ECON(i} is the type of outside air econo-
mizer cycle, if any, controlling the 1ith
air handler. ECON is defined as follows:
0. No outside air economizer cycle

1. Honeywell economizer

2. Barber-Coleman DIGI-DAP Control

The exp]anat1on of the different economizer
iogic in each is presented in the main
program Section V. :

HEATER indicates the type of heater used in
each air handler as follows:

0 - electric heater

1 - gas-fired boiler _

2 - heat pump '

HEATER(M) = 1 indicates that the heater in

the Mth air handier is gas-fired.

HFBRA 1is the ratio of the comfort air dis-
charge to the total air discharge for air
handler type 5, 6, 7 and 9. Also HFBRA

is the ratio of bypassed return air to the
total air discharge for air handier type 8.
HFBRA(i) means the air flow ratio for the
ith special zone.

ICNTRL is an index that differentiates be-
tween air handlers feeding two~Tlevel zones
and single Tevel zones. The index ICNTRL
can be 0, 1 or 2 according to the following:
0 - Slngle Tevel zone fed by one or more air
handlers supplying each the same temperature
to the zone.

0 - Two-level zone fed by two air streams
(plenum and comfort air) both from a single
air handler

1T - Two-level zone with the air handler(s)
feeding its plenum air only

2 - Two-level zone with the air handler
feeding the comfort air only.

- If ICNTRL equals O then the air handler

type (AH) can be from 1 to 9. IF ICNTRL
equals 1 or 2 then (AH) can only be 1, 2,

3, 4 or 8. ICNTRL{i,j) presents the 1ndex

for the jth air handler that feeds the
ith zone.

f
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" Table 3.2 (continued)

No.

Variebie

Numeric D1mens1on

rorm

. Description

13

14

15

16

17

18

KLIMIT

MAXMO

MLT

REHEAT

SETPTS

STZE

Integer 1

Real 1

Real o

Integer - (8)
vector

_ — — : =
KLIMIT is the number of air handlers in
the building. KLIMIT cannot exceed 10.

MAXMO is the number of months requested'

by the user for analysis. Default value is
2. MAXMO = 8 means that the calculations
will be executed for the first 8 months

of the year starting with Janhuary.

MLT is the mass-specific heat multiplier
for the elevation of the site under invest-
igation. At sea Tevel MLT is 1.08; default
value is 0.97 for Goldstone, Ca11forn1a.
For elevations different from sea level,

MLT equals 1.08x{local pressure/sea Tevel
prassure).

* REMEAT 1indicates the type of heating used

Ffor the terminal reheat coils at the zone.
REHEAT only applies to those air handler
types which have reheat coils, i.e., for
AH =1, 3, b, 6, or 8. REHEAT 1is defined
as fol]ows:

0 - electric heater

1 - gas-fired boiler

2 « heat pump

" REHEAT(M) = 2 indicates that air reheat

system at the Mth zone is dons by & heat

 pump.

Real {2,10)
matrix

SETPTS s the temperature set po1nt of the

c0011ng/heat1ng coil for each air handler
in.deg. F. SETPTS is defined as follows:
SETPTS(],M) is the coeling set point of the

Mth air handier.

Real {3.10)
maﬁrix

SETPTS(2,M) is the heat1 g set point of the

Mth air handler.

' SIZE gives the air conditioning equ1pn£nt

capacity. SIZE allews for a two stage

- compressor and a heat pump and is def1ned

as follows:

SIZE(T M) = size of first stage comprassor
in tons of refrigeration fbr the Mth
Compressor. -

'SIZE(E M} = size of second stage comprassor |

in tons of refrigeration for the Mth
compressor

SIZE(3,M) = size of heau pump in BTU per

hour for the Mth compressor when it is in
heating mnde.

. . Lo . r
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Table 3.2 {continued)

No.

Variabie

Numeric Dimension
Form

Pescription

19

20

21

TMCLK

ZCFM

ZLIMIT

Integer (48,10)

Real (8,10)
matrix

Integer 1

TMCLK represents the ON-OFF schedule of a
time clock which controls the air condition-
ing equipment. Forty-eight values per air
handlier represent twenty-four values for each
daytype.

0 - Time clock is off, implies equipment is on.
T - Time clock is on, impiies equipment is off.

TMCLK{I,K) = T implies that the time clock

associated with the Kth air handler is on

during the Ith hour.

ZCFM is the zone air discharge which is fed
by a particular air handler in cubic feet
per minute (cfm). Zones that are fed by the
same Tan-coil configuration can be grouped
as ohe macrozone. One macrozone may be fed
by several air handlers or one air handier
may Teed several macrozones. ZCFM of a
macrozone is the sum of air discharge (cfm)
of each zone within the macrozone.
ZCFM(K,M) refers to the air discharge (cfm)
of the Mth air handler which Teeds the

Kth macrozone.

ZLIMIT is the number of zones or macrozones
in the building.

ZLIMIT cannot exceed 8. If ZLIMIT exceeds
8, zones may be grouped into macrozones
having the same air handler type.
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3.3 Macrozone Deck

in & free field format. These data items give the geographic location :
of the building, the physical dimensions of each macirozone and other i
related thermal and structural properties of walls bordering each macro- 1

Zone. Table 3.3 1ists the twenty-six variables defined in this deck in
aiphabetic ordep,

. . 4

ATl data for the macrozone deck are input through NAMELIST/INPUTL/ and E
;

)

Table 3.3 Macrozone Deck

No. Variable Numeric Dimension Description
. form
1 ABSORT Real 1 - Splar absorbtivity of exterior walls and roofs.

Default value is 0.62.

2 ADJ Integer (9,8)  ADg determines the nature and conditions of
- matrix  adjacent neighboring macrozones and their

thermal environment. Orientation is given a

number from 1 to 9 representing S,SW, W, NW, _

SE, E, NE, N and roof, respectively. ADJ can =

be either 0,1,2, or 3 as follows: ' x

ADJ(5,M) = 0 indicates that no wall exists op
there is a thin partition seﬁarating ;
the southeast side of the MEN macrg. i
zone from surroundings. P

ADa(5.M) = 1 indicatﬁs that the southeast wal] '
of the MM macrozone is adjacent
to a room that §s maintained at a
constant temperature ali year around.

ADJ(5,M) = 2 indicates that the southeast walf
of the Mh macrozone is adjacent: to
an unconditioned zone typical to me- - ;
chanical rooms housing bhoilers, air [
conditioners, pumps, etc, The un- |
conditioned ‘zone is exposed to Fluctu-
ating outside air temperature.

ADJ(5,M) = 3 indicagﬁs that the southeast wall
of the M"macrozone is an exterior
wall axposed %o ambient‘air.temperature i
Fluctuations in addition to direct P
solar radjation. , "

3 AGLAS Real (9:8) HGLAS is the total area in square feet of all
glass windows and doors in each wall (according
to its orientation) surrounding the macrozone. ;
Wall orientation is given a number from 1 to 9 ? i

representing S,SW,W,NW,SE.E,NE,N and roof,
respectively. ' -

AGLAS(4,M) = area of.gTass windows in the north-
west wall of the th macrozone,

£ N

.




25

Table 3.3 Macrozone Deck (cont'd)

No.

Variable ~ Numer

form

ic Dimension Description

10

11

AWAL

BOLEFF
GRREFL

KEQUPE

KEQUPM

KFLGHT

" KILGHT

LAT

12 NECHO

Real (9,8)
matrix

Real - 1.
Real 1

Real {(24,16)
: matriy

Real  (24,16)
matrix

Real (24,15)
matrix

Real (24,76)
- matrix

Rea] 1

Integer 1

AHAL is the net area (in Square feet) of each walj
excluding glass areas, surrounding a macrozone
according to its orientatsion. Wall orientation
is given a number from 1to9 representing S,SW,W,
NW,SE,E,NE,N and roof, respectively. For example,

AWAL(2,M) = area of southwast wall of Mth macrozone.

Boiler combustion efficiency. Default vajue is 0.8.

-Ground reflectivity to solar radiation.
Default value ig 0.2.

Schedule of major electrical equipment Toad and

- miscellaneoys electrical Toads Within the zone.
KEQUPE should be given in kilowatts. Twenty-four
values for each daytype for each Z0ne are needed,

exclude all loads which do not affect air con-

ditioning. Twenty-four values for each daytype
for each zone are needed '

Sthedule of Fluorescent 1ight Toads for each
Z0he on an hourly hasis. The total electric
kilowatts consumed by f1uorescent Tights
(excluding externa] lights) should pe entered.

Twenty-four valyes for each daytype for each Zohe
are needed, : S

Scheduie of incandescent 1ight loads for each
Zone on an hourly basis. The total electric
kilowatts consumed by 1incandescent Tights in
each zone (excluding external Tights) should

be entered. Twenty-four values for each daytype
for each zone are needed,

Latitude of the Tocation undep investigation. LAT

s given in radians. Default value is 0.71 (35 deg).

NECHD is a flag used to contro] the subroutine
ECHO.. ECHO will reprint out all the input data in

equals zero, input data will not be printed. See
Section Iy for_more.details. Default value is 0.

R R L K T e i s e e L
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Table 3.3 Macrozone Deck (cont'd)
No. Variable . Numeric Dimension Description
__form '
13 NOP Real (24,16) Number of people occupying each macrozone. An
matrix estimation of the number of peoble occupying each
zone on an hourly basis for a typical day is
requested from the user. Two daytypes for each of
the allowable 8 zones are included. Twenty-four
values are needed for each daytype- _
14 PHIRF Real (8) PHIRF(M) is the phase angle or thermz=? lag for the
vactor roof of the Mth macrozone. PHIRF is given fin
radians. Default value 1s 1.30. See UVYPHI sub-
program, Appendix C, for PHIRF calculation.
15 PHIWL Real (8)  PHIWL(M) is the phase angle.pr thermal lag for
yector the exterior walls of the M*" macrozone. PHIWL is
_given in radians. Default value is 1.10. See
UVPHI subprogram, Appendix C, for PHIWL calculations.
16 TAU Real 1  Glass transmissivity. Default value is O.88.
17 TNEXT Real (8,8) TNEXT is the temperature of a heighboring room
mateix adjacent to a given macrozone wall that 1s main-
tained at a constant temperature. TNEXT is only
applicable when ADJ =1. Wall orientation is given
a number from 1 to 8 representing S,SW.W,NW,3E,E,
NE and N. TNEET {(6,M) = 65 means that the east
wall of the MEh zone is next to a zone maintained
at 650F all year yound,
18 TPAM Real 1 TPAM is the maximum allowable temperature of plenum
' air in deg F. Only applicable for two~level zones.
Default value is 62°F.
19 TSUM Real (8)  TSUM({M) is the summer design temperature of the Mth 0
vector macrozone in degrees Fahrenheit. Default value is 75°F.
20 TWIN Real (8) TNIN(M% js the winter design temperaturg for
vector  the MM macrozone. Default value is 75°F.
21 UGLASS Real 1 Glass overall heat transfer coefficfent in BTU/
hr-ft2 - deg F. Default value is 1.13.
22 UR Real (8) UR(M) is the steady state overal1tneat transfer :
vector coefficient of the rogf for the M*" macrozone. UR
is given in BTU/hr-fi“- deg F. Default value is
0.1. See UYPHI subprogram, Appendix C, for UR
calculation. _ ' : -
23 UW Real {8)  UW(M) is the steady state overall heat transfer
- vector coefficient of exterior ¥a11s for the Mth macrozone.

UY is given in BTU/hr-Tt* - deg F. Default value
is 0.21. See UVPHI subprogram, Appendix C, for

UW calculation.
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Table 3.3 (continued)

No. Variable Numeric Dimension . Description
' Form .
24 VoL Real (8)  VOL(M) is the volume of the Mth macrozone

vector in cubic feet. Default value is 5000
o cubic feet. The zone boundary used to
- calculate VOL s the occupied volume not
inctuding attics.

25 VRF . Real {8) VRF{M) is the amplitude of transient heat

- vector = transfer coefficient for the roof of the
| - Mth macrozone. VRF is given in BTU/hr-ft2-
deg F. : Default value is 0.05. See UVPHI
‘subprogram, Appendix C, for VRF calculation.

L

26 VWL Real - (8) . VWL(M) is the amplitude of transient heat
SRR . ~ vector  .transfer coefficient for exterior walls of
. 'th§ Mth macrozone. VWL is given in BTU/hr-
ft--deg F. Default value s 0.0b. See
UVPHI subprogram; Appendix C, for VWL cal-
culation. ' '

From TabTe 3.3 the six variables number 14, 15, 22, 23, 25 and 26 are extracted
Trom preceding execution of the UVPHI subprogram described in Appendix €. These
six variables require for their evaluation the type, density, specific heat,
thermal conductivity, thickness and number of layers used to construct exterior
walls and roofs of each zone,

Also, in Table 3.3, the five data arrays number 7, 8, 9, 10 and 13 provide the
information needed for the internal load calculation. The values and time
schedules entered are usually estimated with various degrees of uncertainty. For
each zone (or macrozone) the five arrays are given for two daytypes representing
the whole year profile: Daytype (1) which is a typical weekday and Daytype (2)

-which augments the profile during weekends and holidays. . Each zone is associated
with two columhs of each array. The (2M-1) column represents daytype (1) schedule

and the (2M) column represents daytype (2) schedule of the Mth zone.
3.4 Sample Preparation of Input Data and a Case Study

To simplify the process of gathering input data, a set of blank forms.are pro- -
wided in Appendix B. The set of tables, table B-1 to table B-41, should be filled
in on site by cognizant personnel. Each table is provided with-a brief explanation
Tree from the abbreviations and expressions commonly used by computer programmers.
The intent is for it to be understandable to users of different backgrounds with
minimum familiarity with computer terminology. A second set of tables, given in
Section 3.4.2 as an example, represents a translated draft of the first set o be

used by the machine operator. An execution of the subprogram (UVPHI), as explained

in Appendix C, is still required before a full run of (ECP) can be made.

The following case study i1lustrates the use of data tables presented in Appendix

B and Tists the assumptions and guidelines used in performing a complete energy

analysis for a given bujlding.
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3.4.1 -Description of Building Zones

The selected building under investigation is the Operations Suppori Bujlding
(building G-86) which is located at the Mars Deep Space Station. The Tlatter
351929 station in the Deep Space Communication Compliex Tocated at Goldstone,
alifornia. : ' '

~ Building G-86 is a two story building whose floor plan is illustrated in
Figures 3.1 and 3.2. The type of occupancy in each room is presented in
Table 3.4. In the first floor shown in Fig. 3.1, Room (101) acts as a large
cold air duct (or plenum) providing the air upward to the second floor con-
trol room numbeyr 201. Similarly, Room 102 acts as a cold air plenum

providing the air upward to the second floor communication room number 213.

The building is oerinal]y composed of seven air conditioning zones as shown
in Table 3.4 and Fig. 3.3. o

The first zone is the cold plenum (rooms 101 and 102) which receives a total
of 40,000 cfm of cold air from only two air handlers; 23,000 cfm from air
handler 1 and 17,000 cfm from air handler 2. Both air handlers 1 and 2 are
‘multizone type with twin hot and cold ducts. A third air handler is _
Jocated in room 107 which acts as a standby only to air handier 1 in case of
failure. The second zohe is the electronic communication room Tocated on
the second Floor which receives 4000 cfm of "comfort air! from air handler 2
in addition to the part of upward plenum air that is coming through the
electronic racks located in the communication room only.The third zone is the
electronic control room located also on the second floor which receives
another 4000 cfm of "comfort air" frem air handler 2 in addition to the part
of upward plenum air that is coming through the electronic racks located
in the control room only. The comfort air temperature is maintained by
proper air mixing in hot and cold decks. The fourth zone supplies 2350 cfm
‘conditioned air to the second floor rooms number 202,206,207 ,208 and 209.
The fifth zone supplies 125 ¢fm conditioned air to the secend Tloor rooms
number 203,204 and 205. The sixth zone supplies 400~ cfm conditioned air
e the second Floor rooms number 210, 211 and 212. The fourth, fifth and
sixth zones are Ted by a main air duct from afr handler 2 through proper
mixing of air in hot and cold decks. The seventh zone is supplying equipment
room 105 in the First floor with 400 cfm from the main "comfort ajr" duct
that supplies zones 2 and 3 This is in addition to direct infiltration of
plenum air in zone 1 to zone 7. For building modelling, zones 1, 2, 3 and
7 are grouped into one large macrozone given the name macrozone 1. The
comfort air for macrozone 1 is accordingly fed by air handler 2 by a Tumped

quantity of 8400 cfm. Also, zones 4, 5 and 6 are summed together and modelled

as macrozone 2, which is fed by air handler 2 by 2875 -cfin of conditioned
air. The single line schematic of the building two macrozones 1s shown
in Fig. 3.3(b%

3.4.2 Collection of Input Data

The following data points arezgathered to support the modelling process..

The data are listed in tables 3.5.1 through 3.5.% and are explained as follows:

. The data collected to support the calculations are described next.
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Table 3.4 Type of Room Activity in Building G-86

Floor Room Nature of Activity Air
Number Conditioning
Zone
1 101 Electronic control room plenum 1
1 102 Electronic communication room plenum 1
1 103 Tunnel entrance -
1 104 Mechanical room housing air handler No. 2 -
1 105 Maser room 7
1 108 Mechanical room housing air handlier No. 1 ——-
1 107 Mechanical room housing air handier No. 3 ——
(stand by). ' '
2 201 Electronic control room 3
2 202 Hallway 4
2 203 Janitor Room 5
2 204 Rest room 5
2 205 Rest room 5
2 206 Offices area 4
2 207 Offices area 4
2 208 Rest area with snack machines 4
2 209 O0ffices area 4
2 210 0Fffices area 6
2 211 O0ffices area 6
2 212 Hallway 6
2 213 Electronic communication room 2

N
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3.4.2.1 Weather

Weather data for calendar years 1970 through 1973 were made available for the
study from nearby sites. Data for a "typical” yedr were deveiloped from the
dry bulb temperatures previously measured at ECHO station site and the cloud
cover data ware taken from the China Lake site. Both sites are within a
radius of 20) miles from the MARS site. A “typical day" in each month was
formed by averaging over the days of the month. Dry bulb temperature data
were listed in Table 3.5.1. Raw wind data for the Ipcatdon were available
but were not statistically processed. The location is known to be non-windy
and have an average wind speed of 10 mi/hr all year around. Cloud cover
Tactors were given in Table 3.5.2 by the ratio of integrated wonthly solar
¥adiati?n(at China Lake site) to that calculated theoretically by ASHRAE
ref. 3). ' = - o S

In Table 3.5.3, the wind velocity (WMPH) was assumed 10 mph for each hour.
3.4.2.2 Air Handler Type o

In Table 3.5.4, the first macrozone is fed by the first air handler with cold
plenum air and the AH type is 1. Also, the first macrozone is fed by the
second air handler with both plenum and comfort air the type that is described
under AH = 7. The second macrozone is fed by the second air handler by the
method described under AH = 2, ' ' ' _

3.4.2.3 Set Points

By actual field measurements, the first air handler is set at GODF.and 9505
Tor cold and hot decks, respectively. The second air handier is set at 55°F
and 959F for cold and hot decks, respectively. Data are entered in Table 3.5.5.

3.4.2.4 Zone Air Handler Characteristics

Since there is no terminal reheat at any macrozone, the variable REHEAT is set
equal to zerc in Table 3.5.6. 'The air Flow ratio for special zones (HFBRA)

is only applicable to the first macrozone and is equal to 8,400/25400 = 0.33.
The type of heating used in both air handlers is eleciric. No outside air '
ecenomizer cycle is used in both air handlers. The percentages of outside air
to total circulating air are measured as 0.05 and 0.17 for air handlers 1 and
2, respectively, and are entered in Table 3.5.7. The air discharge to each
macrozone from each air handler is abstracted from Fig. 3.3 and entered in
Tabie 3.5.8. The index for two-level zones (ICNTRL) is given in Table 3.5.9
for the first macrozone and the first air handler only. Since there is no
time clock used to control the operation of both air handiers Table 3.5.10
is left blank or filled with zeros.. - . = o o
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3.4.2.5 Compressor-Air Handler Arrangement

From field observations, the first compressor which is feeding the first air
handler is composed of two multistage units; each produces 56 tons of refrig-
eration at full load. Although one of them is actually used as a standby,
both tonnage are entered in Table 3.5.11. The second compressor, feeding

the second air handler, is composed of three multistage units each having 28
tons of refrigeration at full load. The second compressor produces 84 fons
total at full load and is modelled as a two-stage compressor with 42 tons

each. Tables 3.5.12 and 3.5.13 are completed following the above information.

Since the Tocal elevation is 3000 ft. above sea level with an atmospheric
pressure of 26.82 in Hg, the multiplier (MLT) in Table 3.5.13 is found
to be 1.08 X 26.82/29.92 or 0.97.

3.4.2.6 Accessories Load

The data used in Table 3.5.14 are entirely estimated and taken frem name
plate information. The 4 KWg external Tights o the building are assumed
to be on for 12 hrs/day. The sum of the two air handiers fan power is 6 KWg

is assumed continuously on for 24 hrs. The same is done with the 10 Kwe
condenser fans and the 7 KWy electric boiler circulating pumps. No
differentiation is made in auxiliary equipment consumption for daytype (1)
and daytype (2).

3.4.2.7 ‘Architectural Data

Wall areas, glass areas, orientation, adjacent neighbour condition and

its temperature, and the fraction of unshaded portions are entered in Tables
3.5.15 through 3.5.19, Data are collected from field measurements and

as built drawings. Structural details of walls and roofs are found from
architectural drawings to support the UVPHI subprogram. The values of UR,
UW, VRF, VWL, PHIRF, and PHIWL listed in Table 3.5.20, are taken from the
G-86 example in Appendix C.

3.4.2.8 Time Schedule of Peaple, Light and Equipment

For each macrozone, Tables 3.5.27 through 3.5.25 include the time schedule
of number of occupying persons, wattage of Tluorescent and incandescent
1ight bulbs, wattage of electrical and meshenical equipment. Data for day-
type (1) and daytype (2} are also entered. The data were abstracted from
tracking station maintenance {iles, communication with building personnel
relative to operating practice, Tield survey and actual measurements. No
consideration was given to predicied future changes and only present con-
ditions are used in computations.
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_Tab]e 3.5 Set of Tables For G-386 Input Data-
Table 3,5,1  TOA (F3.0)
' _HOUR
MONTH 11203 (afs|e71]8] o 10 111 132113 )14 |15 116417 | 18] 19 [20 |21 22 {23 |24
1 40 140 {4039 {39 |39 | 38138 |40 |44 | 47 |50 51153 (53 |52 150 (47 {43 | 41 [41 |40 [a0 | 40
2 46 145 | 45 (45 145, (44 | 24 {45 |a7 (52 |56 |50 62 63 163 163 |62 59 |55 | 52 |50 | 49 |4g | 47
3 147 146 ) 46 |45 (45 |45 | 46 {49 |52 |55 | 59 60 163164 164 |64 163 |61 |58 | 55 |53 |51 |50 49
4 51 (50 {4948 |48 |48 | 48 |52 55 |50 |62 |ga 66 168 168 |69 |68 |67 |65 | 61 (58 | 55 53 | 52
5 6] 159 | 5857 |56 |56 | 55 |57 |61 |65 | 68 |72 | 75 77 179 180 180 180 78 | 76 |73 | 69 |66 | 63
G 7_[70 | 6867 (66 |65 | 65 (69 I73 |77 |81 |gs 87190 191 |92 93 92 |91 | 88 {84 |80 |76 74
7 79 177 176175 |74 {73 | 72 |74 |78 {82 |87 |90 93 |95 {97 (98 |98 |98 |o7 | o 91 187 184 |81
8 80 178 | 77176 175 {74 | 73|73 |76 |81 |85 lag 21193 195 195 |95 95 |94 | o1 |88 | 85 |3 81
9 71 169 | 68|67 |67 |66 | 65!66 |70 |74 | 75 |82 85186 187 |88 187 86 |84 | 81 |77 | 75 734071l
10 59 158 | 57157 {56 |55 | 55|57 ls0 |e3 66 169 172173 |74 |73 |73 |70 |67 | 65 |62 61 |59 |59
11 46 146 | 46145 |46 |45 | 45 |45 Ja8 |54 |56 |58 60 161 |61 {61 |59 |55 |52 | 50 |ag | 49 |ag A7 5
12 39 138 | 37137 |37 |37 | 36 (38 |40 |44 | 46 48 {49 (49 149 148 (46 {43 |41 | 40 |39 39 /38 |38] 7
Table 3.5.2 CCF (F 6.2)
MONTH ] 2 1 3 4 5 _ 7 8. 9 10 11 12
CGE_ .0.88 { 092 | 095 | gosa | poe 0.98 0.88 0.94 1| 098 | o098 | 0.97 0.92
- Table .3.5.3 ° WMPH (F3.0) .
HOUR 1 ]2 1314 1506 [7 (8 |9 |10 1ux]12]13/12] 15116 17 18 lis]20 o1 T[22 23 T2z
WMPH % 10 ' >
o L - T R e
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3.5.4 AH TABLE

ZONE

KRNUM

10

G LA

3.5.5 SETPTS TARLE -

e e A ke e

Sl aaLiad

HOT -
95
95

COLD
60
bb

KNUM.

10

¥




3.5.6 REHEAT & HFBRA TABLE

ZOWE

1

REHEAT

0

HFBRA

0.33

3.6.7  HEATER, ALFA & ECON TABLE

KNUM

1

2

3

4

10

HEATER

0

0

ALFA

.05

g7

ECON

0

0

' 3.5.8 ICFM TABLE

N T T S

: ZONE
KNUM :

23,000

25,400

2875.

Wil |l i

—
[em }




TR 3.5.9  IGNTRL TABLE

. 38

- [ KNUM

ZONE

Gl lw[viom o |~ iro =

2
o<

3.5.170

TMCLK TABLE

KNUM

DAYTYP

HOUR

24 HOUR SCHEDULE

1

24 % 0

o

10

2
1
2
1
2
1
2
1
2
1
2
1
2
1
2
:
2
1
2
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3.5,11 SIZE TABLE

SIZE

CNUM

FIRST SECOND HEAT

STAGE PUMP

(TONS) STAGE  |tBTU/HR)
(TONS)

56 b6

B2 | &2

o | | W N

o |w o |~

'3.5.12 GOPRES TABLE

COMPRESSOR -

NO. .SEQUENCE OF AIR HANDLERS.FED.BY.COMPRESSOR

.'15359

23939

-5

R U T S S

e

R N T T




3.5.13°  MISCELLANEOUS

40

VARIABLE .

INPUT

~ DEFAULT

BLLG

'6-86

KLIMIT

2

ZLIMIT

2

GLIMIT

2.

MLT

0.97 .

b

DIMHE

0.03

0.012 - 't

-~ TormT

MAXMO

3.5.14 ACCERY TABLE

12

. . 3 i
o _....d_m-_‘.-.,_:_“..n.mm;.._aj

| ACCESSORIES

(KWH)

DAYTYPE 1

DAYTYPE 2

EXT. LIGHT

48.

48.

|AH FAR -

144,

144,

COND .- FAN

240.

240,

|BOILER PUMP

OTHER

168.

- 168,

S T I T T P T
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3.5.15 AWAL TABLE
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ZONE S(1) | su(2) {w(3) | mu4) Ise(s) | E(6) | mE(7) N(8) | ROOF
1 284 0 | so00. 0 0 800. | 1380. ] 1514. | 4550.
Z 1035. 0 | 200. 0 0 196. 0 11770, | 2291
3
4
5
c
7
8
3.5.16 AGLAS TABLE
ZONE S(1) | su(2)] W(3) |ni(a) |se(s) |E(e) | ne(z) _N‘8) | ROOF
1 4.1 0 0 0 0 0 0 196. 0"
2 S 110.] 0 0 0 0 | 4. 0 0 0
3
4 i
5
6
7
8
3.5.17 ADJ TABLE
ZONE S(1) 1sul2) w(3) I wata) | seqs) | E(6) | WE(Z) |n(a) | mooe
1 3 0 3. 0 0 | 3 2 3 3
2 3 0 3 o | o 3 0 2 3
; , :
4
5
6
7
. 8

B S ST

T e e e
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3.5,18 SHADE TABLE

42

. oS
T P U N PP o

ZONE

s(1)

SW(2)

W(3)

NH(4)

SE(5)

E(6)

NE(7)

Nf8) | ROOF

1

N oot i |w In

3.5.10 TNEXT TABLE

ZONE

-~ 5(1)

W{3)

- 1

T [T IO

NK(4)

SE(5)

E(6)

NE(7)

_N{8)

~Slarv |y i e

8

. 3.5.20

OTHER ZONE DATA

T T T N T T T e S T TS e 1 T vy L UL T P S

1

ZONE
VOL

F73

22900.

TSUM

°F

96960,
78.

78.

gy "

CTWIN

0F 

. §8.

68, |

UR

' 1.0657

.0657

UW

|.0755

- PHIRF

RAD.

1,708

1.708 |

PHIWL

RAD.

2.962

2.962

VRF [

~ 1.0378

.0378- |

ol |luolo
. - - . . . - -
o

VHL

0181 =

.0181

olojojo|o o |ojolo -

olojlo|lo|lo ol ol @

ololololelolo | o oi,

0.05

ABSORT

jojlolo|lololo |o| ojo |w

lolole|lolo|lojo | ojole

ojo|olojo |o|e'| olo

- 0.62

_LAT

{RAD | -

0611

1o TPAM

62

F T S S L e e

o A TR e e Mh v p e
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~ 3.5.21 NOP TABLE
| zone | DAY 24 HOUR SCHEDULE
X 1 24 % 7.0
1 2 24 * 7.0
1 " 6%*0, 10%4, 8% 0
2 2 24 * 0
1 24 * 0
3 T2 | _ %o
1 24 * @
4 2 24 %
1 24 * Q
5 2 24 * |
1 264 *0 *
6 2 24 * 0 ‘
Ty 28 %0
7 2 24 * 0
1 24 * Q
8 | 2 24 %0

e ot AR ia At b A ks maE e e e
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© 3.5.22 KFLGHT TABLE
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ZONE | DAYTYPE

24 HOUR - SCHEDULE

|

- 6*73.0, 4*16.5, 6%205, 2% 17., 6*13.

6% 13.0, 4 *16.5, 6% 20.5, 2% 17, 6% 13,

24 % 3,

24 * 0,

24 % 0.

24 % Q.

Qoo |o

24 * Q.

24 * (,

20 % 0,

24 *p,

24 * Q,

24 * 0.

24 % 0,

24 %0,

AR R R N IR B LR IR LRI R PR B P R

8

¥

Olo|lojlolo|lOo|lOo|lO (@

24 * 0,

3,5.23 KILGHT TABLE

ZONE | DAYTYPE
1

24 HOUR - SCHEDULE
24 % @ |

24 * 0

6*0, 10 % 0.1 8 %0
28 %0

24 % Q

24 * 0

24 * 0

| sa%0

24 * 0

24 % ()

20.% 0

248 * 0

I

24 % Q

24% 0

CT [FSTR ORI PO (IR PR (S PO WP M M U P A

]
!
1
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1
¥
r
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1
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3.5.24 KEQUPE_TABLE

45

24 HOUR - SCHEDULE

ZONE DAYTYPE
1 '

24 * 99.4

1

28 % 99 4

§ % :1.0, 10%3.3, 8 % 3.0 .
24% 30 o

24 *

24 * 0

24 * 0

24 * 0

24 * 0

24 * 0

24 % 0
24 * 0

24 % 0

24 * 0

24 * 0

_.NI—JI\DHNI—'NHNHI\JI—'NI—'N

24 * 0

3.5,25 KEQUPM TABLE

ZOME | DAYTYPE
L

24 HOUR. - SCHEDULE
24 * ) '

1 2

94 % 0

24 * 0

N
™

28 * Q

ey
-

124 * g

o4 * (

24 %0

24 *

24 *

o8 * )

28 * 0

'g@ﬂ

24 * 0

24 * 0

24 %0

PSCRN PP PR MR POSH PUPR [ OO PEFRS FCOE SRR |

24%0

) ot
T




B R .

DESCRIPTION OF OUTPUT FORMS é,

45
SECTION 1V

The program results are given in tabular form and are divided into seven groups: éf

2) Tables of hourly, daily and monthly load calculation of each zone

L
1} Tables of echoed input data i

]
3) Tables of hourly, daily and monthly cooling and heating loads of each

air handler

4) Tables of hourly, daily, and monthly cooling Toad of each vapor'compress1on ' B

compressor 3
5} TaEies of hourly, daily and monthly profile of watt-hour meter i
6) Tables of new design conditions 5‘
7) Tables of monthly and yearly itemization of energy consumption and cost

Each group of tables is described next,

4,1 Tables of Echoed Input Data

Upon assigning the variable NECHO {see number 12, Table 3.3) the value "one," :
the program will call the subroutine ECHO to echo all the input data in a i
readable tabular form, Fig. 4.1 iilustrates the output form for the example
building (G-86) given in Sec. 3.4. The input data presented in Fig. 4-1
should match the data in Section 3.4.2 and are sectioned for convenience

to the reader.

4.2 Tables of Zone Loads

The output form presented in Fig. 4-2 pertains to the same exampie, Building
G-86, presented in Section 3.4. Only the result of the month of January

is given as an example; 1i.e.

The columns from Teft to r1ght are explained as follows:

~ Column 1 (M0)
Cotumn 2 (ZONE)
Column 3 (DAY-TYPE)
Column 4 (HR)
Column 5 (INFTLTN)
Column 6 {GLASS)
Column 7 (TRANSMTN)

Column 8 (LIGHT)
Column 9 (PEOPLE)
‘CoTumn 10 (EQUIPMENT)
Cotumn 11 (NET HEA?)

Column 12 {SUPPLIED =
AIR TEMP)

Column 13 (RESULTANT
RM TEMP)

“through solid walls and roofs of the zone, in Btu/hr

 gives the sensible heat gain to the zone due to

S

Py

, Fig. 4-2 presents 1/12 of the zone loads output.

gives the month (varies from Jan to Dec) - ' :
gives the zone or macrozone number (varies from 1 to 8)
gives the daytype number (1 or 2)

gives the hour of the day (varies from 1 to 24)

gives the infiltration heat gain or loss %o the zonhe

in Btu/hr

gives the direct solar heat gain and heat transmission
from the outside air through glass areas of the zone,

in Btu/hr

gives the combined solar and ambient heat transmitted

gives the heat gain to the zone by 1ncandescent and
fluorescent 1ights, in Btu/hr

peop]e, in Btu/hr

gives the heat gain to the zone by mechan1ca1 and
electrical equipment in Btu/hr

gives the algebraic sum of columns 5 uhrough 10, in
Btu/hr .

gives the supply air temperature to the zone, in deg F -

gives the zone inside temperature in deg F. .This should
match the design cond1t1ons with proper air handiing. ‘




I

. Rhmci Lo Lo

[ P

4.4

. Column 1 (COMPRESSOR) g1Ves the humber of compressors (var1es from 1 to a

' Column 2 (MON*H) - gives the month of the year (varies From Jdan | to Dec)
~~ Column 3 (DAY—TYPE) gives the number of day-type (1 or 2} - L
- Column 4 (HOUR) gives. the hour of the day(varies from 1 to- 24) e
Column 5 (TONNAGE) gives the cooling 1oad on ccmpressor, 1n tons of :
o refrigeration - '

" Column 16 (BOILER
~ Column 17 .(PUMP)

&7

CoTumn 14 (COOLING) This gives the cooling coil Toad in tons of refr1gerat1on
- that is required to satisfy the zone needs.

Column 15 (HEATER; - This gives the heating coil Toad in Biu/hr; which is _

required ‘to satisfy the zone needs. Column (15) is used

and column (17) for heat pumps. Only one of the three
columns will g1ve the heating load values.

TabTes uf A1r~hand1er Loads

_ The hour?y, daily or menthily- coo11ng and heat1ng Toads on the air handler

coiTs are presented in Fﬁg. 4.3, fTor the example building G-86.Table 4.3
presents only rasults for the month of January i.e., 1/12 of theyEaF1y
total air-handler load tables.. ' _

The coTumns of Fig. 4.3 from 1eft to r1ght are exp]a1ned as Tollows:

Co]umn 1 (AIR HANDLER) g1ves the a1r-hand]er number (var1es from T to 8

, maximum)
Column 2 gMO) gives the month (varies from Jan to Dec)
Column 3 (DAY-TYPE)  gives the day~type number (1 or 2).
Cotumn 4 (HR) gives the hour of the day (varies From 1 to 24)
- Column 5 (TEMP OF - gives the temperature, in deg F, of the air mixture
MIXED AIR) at the fan-coil entrance. This is a mixture of outside_
_ ' © air.and return air
Column 6 {COOLING) 'g1ves the coo11ng Toad on the atr hand]e coo11ng coil

: : TONS ©in tons of refrigeration

Column 7 (HEATER)) gives the heating load on the air handler heating

Column 8 {BOILER) €011 4n Btu/hr. Column (7) for electric resistance’

CoTumn 9 {PUMP) 5 heaters, column (8} for gas-f1red boilers and column

: - (9) for a heat pump

Column 10 (MIN TSAZ) gives the Timits of the supply air temperature {in

Column 11 (MAX TSAZ){ deg F) to all the zones fed by a particular air handler,
o . Column (10) gives the minimum va1ue, and column (171)

gives the maximum value.

In addition to the above, the monthly minimum and maximum supply air temper-

ature to the air handler zones are 11sted for reference

Tab1es of Refr1gnrat1on Compressor Lnads

:The hour1y, da11y or monthly coo11ng 1oads an. the vapor—compress1on refr1ger—' i
ator compressors. are printed-in a form identical to Fig. 4.4. Fig. 4.4 Tists | 1

the output results for the example building G~86, and ‘the results shown
present 1/12 of the full year performance. The columns are exp1a1ned as f011ow

maximum of 10)

- Next to the above co1umns the "DAILY TOTAL“ 11ne g1ves the sum of cool1ng | _ ;
. energy -consumed for each - day in tonh-hrs.  The number of hours per day dur1ng -

which the compressor was "off" s also 1nc]uded

T R T e R et s TR . Py VU
AR g R - Mk e ekl P TR N .

for electric heating, column (16) for gas-fired boilers . & 5
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4.5

4‘6

4.6.1

4.6.2

4.6.3

4.7

48

Watt-hour Profile

The hourly electrical energy consumption of the building under study is
summed for all the Tights, electronic equipment, mechanical equipment, etc.,
and presented in the forp of Fig. 4.5. Fig. 4.5 presents the results of the
example building G-86. The simulated KWo values given in Fig. 4.5 should not

deviate very much (j 10% at the most) from the actual watt-hour meter chart,
it available.

Design Conditions

The design conditions output provide data for the user who is designing
new building equipment, or for quantizing the difference between a "present"

condition and a "properly designed" one. The design conditions data are
divided into three sets.

Zone Design Conditions
These consist of:
a) Minimum one-hoyr heat gain or loss to or from the zone, in Btu/hr;
amony the whole year hourly data
Maximum one-hour heat gain to or from the zone, in Btu/hr, among the
whole yeap hourly data
¢) Design value of cfm Tor proper design
d} Present value of cfm
e) Maximum cooling load in tons of refrigeration needed to satisfy the
Zone needs
Air-Handler Conditions
a) Minimum ventilation air, in cfm (MIN CFM)
b) Minimum ratio of outside air to total air circulation (MIN ALFA)
¢} Yearly minimum and maximum temperature of supply air to zones fed by a
given air handler
d) Yearly maximum cooling Toad oh air handler cooling cails
Compressor Design Conditions
These include:
a) Yearly sum of cooling energy in TON HOURS
b) The yearly maximum cooling Toad in TONS.
Monthly Energy Consumption, Itemization and Cost |
This output is presented in a tabular fopm similar to that in Fig 4.7 for
the example building G-86. The columns from Teft to right are explained
as Tollows: :
Column™1 ' ~ gives the month of the yeak
Column 2 gives the monthly energy consumption due to incandescent
: ‘ and fluorescent Tights in the building , in KiHg
CoTumn 3 ~gives the monthly energy consumptioh due to mechanical
S o and electrical equipment in the building in KiHe
Column 4 givis the monthly energy consumption due to auxiliaries
in KWH _ -
Column 5 gives the monthly energy consumption by vapor

compression refrigeration machines in KiiHg
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CoTumn 6

Cotumn 7

Column 8

Column 9
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Column 10
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gives the monthly energy consumption by electric
resistance heaters in KiHg, if any '

gives the monthly energy consumption by heat pump(s) -
in KWHa, 7 any Co s '

gives %he monthly electric energy consumption, in KuHg.
Column 8 is the sum of cotumns 2,3,4,5,6,and 7.

gives the monthly thermal energy consumption by gas-

fired boilebs used for heating, in KWH
gives the monthly energy cost in dollars, combining
electrical and thermal Torms.
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PROGRAM

C Rk
w
13
Ty
xR

NUMBER OF MACROZONES
NUMBER OF ATRHANDLERS
ABSIRPTIVITY DF WALLS AND ROOFS
LATITUDE ANGLE FGR THE LOCATION

R L e LT T

*¥%  WALL AREA IN SO, FT,
ORIENTATION g 1) W NH
ZOHE
1 284, 0. 800, 11
2 j035, . 0 200, Ne
naw WALL ADJACENT CONDITIONS
ORIENTATION 8 5u H HW
ZONE
1 3 g . 3 ¢
g 3 0 3 {

#¥% FRACTION DF UNSHADED AREA OF WALL

QRIENTATION § BW W HK
. ZO0NE
i 1.0 1,0 1.0 1.0
2 : 1.0 1,0 140 1,0

xx%- GLASS AREA IN 50, FT,

ORIENTATION . ] S W NW
ZONE '
1 i, 0, 0s (1Y
2 . 110, C, 0 0o
#% OCCUPANGY LOAD
. DAY _ .
ZONE TYPE 2 3 4 5 )
i 17 T.0 Tel Tal T0 7e0 Tal
1 2 Ta0d Tul Ta0 7.0 7,0 7.0
? 1 Y Y Y Y
2 > E OQ '0 _' l'lo .a '.ﬂ 10
%% FLUORESCENT LIGHT IN Ku
bav :
ZONE TYPE ¢ 2 3 2 5 . &

A P e e —

W NJ = O

e T

ENERGY COMBUMPTION ESTIMATION FON- BUILDING G=B8&

s 2
B 2
L] Y]
2 35,

11 £ NE N ROOF
0. 800, 1380, 1514, 4580,
na ‘1?6. Oa l??aq 2290!

DATE 042373

FOR NO WALL DR PARTTITIONS
FOR AN INTERIDR WALL ADJOINTING A CONSTANT TEMP

FOR AN INTERIOR WALL ADJOINTING A UNCONDITIGNED ZONE

FOR AN EXTERIOR WALL EXPOSED 70 AMBIEZNY

SE - E NE N ROOF

o 3 2 3 3

0 3 ) 2 3

SE E NE N  ROOF
1,0 1,0 a0 140 0
1.0 1,0  f.0 1,0 1.0

Fig. 4.1

3k E ME N  ROOF _

0, Oc 0, 198, 0o

0. “l 0' 0. n-

SCHEpPULE

7 8 9 10 1t 12 $3  t4 18 16 47 18 19
7a0 Tal Tal 7,0 Tal Tol 720 T30 740 7,0 Te0 7.0 T
Tel 740 Tal 7.0 7o0 7Ta0 7.0 7,0 7uB 740 740 750 740
15.0 ugo 13.0 N.O ‘3.0 “.0 H.O ﬂIU ﬂao ﬂ.ﬂ nn Du -0

ID !0 Hn -0 .D ID |0 -_0 Qo nﬂ '0 -‘0 -0

T8 % f0 1% 12 13 f4 15 tb {7 48 49

Tal
Tobd

00

20

2!

Ta0
T

0

21

PAGE

22

7o
70
o
el

22

ZONE INPUT DATA e T T L P T

Input Data from
Eche Subroutine

23

24
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I - l ) T T e i B A SV S N T S e PR
ECP PROGRAM DATE 062378 PABE. Y AR
C1 1 1340 13,0 13,0 1340 13,0 1300 16,5 5.5 1645 1645 20,5 20,5 20,5 20,5 20,5 20,5 1740 17,0 §3.0 1300 130 1340 13.0 130
g 17 2 130 1300 1340 1320 1340 1340 165 16,5 16s5 16,5 2045 2045 20,5 20,5 20,5 2045 17,0 17,0 130 1340 130 33,0 13,0 1300 : _
: 2. 1 Tl 3.0 340 3.0 Z40  3ud be0 bat Hed a9 Be%  Ga9. A8 o9 Be® Ho9 Fal Tad 3.0 340 3.0 340 30 30 :
! 2 3 3.0 3.0 3.0 340 3.0 3.0 3.0 3.0 340 3.0 3.0 3.0 3.0 T,0 3,0 3.0 350 3.0 3.0 Fe0 3,0 3.00 340 ‘30 '
| ** INCANDESCENT LIGHT IN KW . | . - S
 zowe TYPE 1 2 3 4 5 & T B 5 10 41 12 13 14 15 16 17 18 45 20 B 2 23 24 -
4 i i "D =0 o0 % Y 1 0 a0 s 0 o0 20 .0_ a0 0 o0 - 0 0 W0 _ »0 o o0 o i) o0 PR
; 1 E ;n 60 lo .D ‘0 . .0 _- .ﬂ . .0 .U '0 . ._0 .0 .0 aﬂ -o . aﬂ no .0 IQD _|G .0 ..0 ou go * L .
Lo 2 1 g0 o0 1y «0 «0 al "% S 0] o1 el -l el el ol ol o el 0 a0 el 30 20l i
! é 4 E e o0 el «0 W0 0 « 0 «0 0. a0 ) all 9] «0 o0 D o0 s 0 Y »0 S Y 2l o0
. E b o _ _ _ o B _
# 1. #% ELECTRICAL EQUTPHENT LDAD IN KH
Pl ey o | | - |
o zoNg TYPE -y 2. 3 4 5 6 T B 9 10 11 12 15 14 15 e 17 6. §9° 20 21 22 23 24
; 1. 1 §9.4 99.8-99.4 99,4.99.4 99,4 00.4°99.4 G9pd 9944 99,4 9944 99,4 9.4 9944 69,0 99,4 99,4 9904 994 FTe4 9954 99,4 99,4
S -3 2 9%.4 GO, F9.4 994 FT44 99.0 9.4 9.4 9948 9.8 998 994 99,4 99 ¢l §9.0 994 09,4 994 9.4 998 9944 9964 9G4 9904 -
{ 2 1 '_3-0 300 3!0 3-0 3u0 '.300 303'- 3.3 303 333 - 3-3 -3.3 3;3 '303 3:3 3.!‘ 3iU 300- 3.0 3'-0 3-0- 3-0 3;0 3:0
‘ 2 2 -3-0 300 300. 3-0 3-0 -_3.0 '390 ) 3|0 '30_.-0 350 3-0 3n0- 3.0 3|ﬂ 3!0 3.0 3:0" Snﬂ 3'00 300 3|0 3!0 3|0 I!nﬁ
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. EcP-PRDGRAM : - _ ' _ ~ DATE 062378 PAGE
[ MO ZONE DAYe MR INFILTMN  GL45S TRANSMITN  LIGHT POEPLE ERUIPMENT WNET HEAT SUPPLIED RESULTANT COOLING HEATER BOILER = PUMP
; TYPE {srw) (87U (a7 (aTy) | (eTW ¢RTY)Y (BTU)  AIR TEMP RH TEWP  (TONS) = (BTU) (BYU) ~ (BTU}
CUANLE 1 1 aBR669, =6328, =9349, 554584 .  2030.- 339252, 3128394, 6540 6840 2b,26 135282, “ 0 - Qs
JAN 1 1 2 52669, w6328, =10160, 55458, 20304 339252, 3IP27SR3, 6140 68,0 26,25 135925, G 0,
CJAN G 11 3 w5669, w5328, =1098B.  554GA, 2030, T39252, 326755, 6140 6840 2ba24 136581, 0, ta -
JAaN 8 g 4 =54550, 6554, =11778, 55458, 2030, 339252, 323859, b1, 68,0 25,81 139626, -0, o by o
AN L. B e58550, wb5550. j24T4. 55458, 2030a 339252, 323163, Blal 6B.0 25:78 140182, s O Eg 5
JAN 1 { . b 50550, =b554, =31%3030, S5458, 2036, 339252, 322607, 61,1 66,0 25.78 140625, 0, S PRI
CGJAN 1 7. m56431, w6780, 13407, T038%s. 2030, 339553, 33505%3. C 6049 68.0 25¢61 1311386, Do 0 E§.53
GJAN 1 8  =5h43§, =u929, 13581, 703AR9, 2030, © 319252, 336731, 60,8 68:0 25,64 130039, 00 0. Y =
GSANT g 9  =52b69, «299B.° @)3539. T0389s 20%0. 3I9252. 342456 60,7 68,0 26.51 124109, B Bor 53 =
o pdAN 11 10 ed518B,  =f101, =13284, 70330, 2030, XI9252, 352142, 60,5 68,0 28.23 113933, o, 0. B £
O HJAN 1 1 3117 =39803, - 172«  =12833, 87453, 20%0. 339252, 376573, 6040 68,0 29,88 93393, 0 0y EmH
|- (JAN 11 {2 «3385a, 1049, 12218, ‘87453, 2030, 339252, 383708, 598 6640 31,23 8su7?, 0. 0, e
LoOJJAN 1 1 43 34977, 1976a 11479, 87453, 2030, 339252, 36863154, 59,8 68,0 31468 BuQOB, Ou " D -g::é
[7LJAN 1 1 4 w2B215, 933,  ~10668, AT4S3. ° PO3n, 339252, 390784, 50,7 58,0 32,58 715778, 0, T
LOUJAN 1 1 1B =2R215,- =60, - =9840, B745%. - 2030, 339252, 390620s 59,7 68,0 32,58 793399, 0. Ve pé g
- JJAN 1 1 16 «30096, w1765, 5051, B7453, 2030, 3%9252, 387823, 59.7 68,0 I2.12 82436, Do O,
FooJAN 1 1 17 w33858, - al06A, _=8355, . 72522, 2030, 339252, 347523, 60,2 68,0 30489 98815, 0 0
©OLJAN 1 1 48 =38502, w4746, 7799, 72522, 2030, 339252, 151758, 60,3 LY 29,59 104715, Dy D
AN 1 1 19 =U7026, aGB50, =721, 554584 2n¥0s 339252, 33aAdY, 6048 68,0 27.56 §264685, 0. - Qe
SJAN L 1 20 =507B8,  e6102, w7248, 55058, 2030, . 339252, 332603, 60,% - 68,0 - 26,72 131214, 0 T B
PJAN - p 21 <5078%,7 #5102. 7290, 55458, 2030. 339252, 3325614 60.9 68,0 26472 131267, Do Ds
SIANG 13 22 #5249, =4328, w7545, . 55453, 2030, 319252, 330199, BleD 6840 26,29 133A49, 0, s
L JdAN g 1 23 =52669,  «b32RH, w7996, 55458, . 2030. 339252. 325748, 6140 6640 26229 134207, Os 0
CopIAN 4 24 «526b9,  =6328, «R611, 55458, ©  3010. 339252, 3293133, 61,0 68,0 26,28 134695, 0, f, &
i : : .
wo ANt 2 1 w5R689, - =6328,  =934%. . 5564584 2030. 339252, 328394, 610 6840 2626 352824 B, Qe
ST 3 N - 2 =52669, w6328, 10160, 554584 - 2030, 339252, 327583,  61.0 6840 26525 135925, 0, 0
- iJAN 1 3 =S2069, w6328, =10988, 55458, 2030« 339252, 3267554  bl.n 68,0 26024 136583, V¢ G
CldAN 1 2 4~ «54550, =&554, «{1778. 55458s . 2030. 339252, 323859, 61:1 68,0 25.81 139624, 0, O
COJAN LT 2 5 =54550, - ~6558, =12474, 554584 - 2030, 339852, 323163, 6144 68,0 25,79 140182, 04 0s
C(dAN 12 b 58550, «AS554, w13030c 55458. 2030. 339252, 322607, 61a1 6B.0 . 25.7TB {40625, 0s . 0
C[JANC 12 o7 eBed31, 4780, =13407. 70389, 2030, 339763, 135053, 60.9 6840 25.61 131386, 0 B
JAN- 12 B w5031, w8939, «13581, 70389. - 2030, 339252,  33673f. 60,8 ©  &8,0  25.64 {30019, Os - Da
JAN 1 2 9 =5P6s9, w2998, w{3539, 70389« - 2030e ~339352.  BU3BbA,. 6047 6840 - 26451 124109, 0s - . 0a
JAN 12 710 451045,  ={10%.  =132B4,. 70389 2030, 339252, 152142, 60,5 68;0 28,23 {3933, 0 " Ds
(AN 4 20 {1 w30%502,  172. =12833, 87453, - 2030s 339252, 378572, B040 6840 . 29.88 933193, 0, Y
CIJAN 4 2 42 - e3385g, 1049, =12218, 87453, . 2030.- 339252, . 383708, 59,8 68,0. ° 31,23 8su72, 0, 0,
(dAN 12 43 a31977, 0 1076e 11479 . B7453¢ 2030, 339252, 386354, 59,8 68,0 31468 840060 0, . 04
JANS 102 14 =2R215, 933, 10668, 87453, 2030, 339752, .39n7R4. 59,7 68,0 32,58 797178, O Oa
CjOEN 2 15 - -28215, © wb0e =980,  B7453, - 2030. 339252, 390620, 597  &Be0 ' 32.58 79899, O . B
JAN 12 16 =30096, w1765, w9051, 87453, 2030, 339252, 147823, 59.7. 68,0 . X2.12 B2436, 0, . D,
(JARY 1 @ 17 =33858, o408R. =B355, 72522. 2030, 339252, - 367523s . 6042 .6B.0  30.89 98635, g, 04
JaN ot 20 18 »39502, w4746,  =7799, 72522, - 2030, 339252, 361758, 60,3 68,0 29,59 104715, 0. - Ca
JAN 1 -2 19 wd7026. w5650. w7021. 55458 . 2030, 379252, I3H643, 604B 6840 - 2T.56 126655, 0: = 0
- JANC 1220 e50788, . e6102, «7248, 55458, 2030, 339252, 332603,  A0.9 68,0 26,72 131234, - B, - 0. o
AN 1 2 28 =50788, wb10R. 7290, 55458, 2030, 339252, 332561. 60,9 680 - 26,72 1317267, - 0, - 0, U
AR 2 22 52669, w6328, 7545, 55058, . 2030. 339252, 330199, 6140 68,0 -~ 26.29 133849, (i 0 b
CjdAN 1 TR 23 #S5P689, AR, 7996,  55058. 2030, 339257, 329748, . ble@ T68.0 26,29 {34207, 0o I P E
JAN 1 2 20 w52869, wb32B, wB&1{, .55458. 2030, 339252, 329133, 61,0 - 68,0 26428 134695, 0s . 04 S

~ Fig., 4.2 Hourly, Daily, and Monthly Zone Load Calculations
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; { ECP PROGRAM S ' ' ! L : - DATE 062378 PAGE e
S MO ZONE DAYe WR INFILTN . GLASS TRANSHITN: LIGHT * POEPLE. EQUIPMENT NET HEAT SUPPLIED RESULTANT CoOLING HEATER BDILER PUNZ
__m TYPE (BTUY . (BTUY . (BTUY - (BTW) “{RTUY © (BTW) (BYU) AIR TEMP . RM TEMP. {TONS) - (BTU) (ETU)  (BTUY
i JEN 2 1 =12439, 3607,  «3277, 12798, 04 10239, 3714, 667 BBeD . .38 25837, - o0, 0,
PoUJAN a2 gy 2 =12439,  =3607, «3718, 12798, 0. 10239, 3272, 68,8 6RO 1,35 B6IBT. . . 0, . 0, i
g JAR a2 g 3 m12629,  23407. <4179, {2798, " pa 10239, 2812¢ 6740 . 6B40 . §.34 24553, 0o 0y %
Jay 2 g 4 =12884, - wi73&, 4626,  1D7qR, 0, 10239, 1791 - 67,4 48,0 1.3 27510, T Dy N P
i JAN 2 ¢ S =128B4, «3736e . <5030, . {2798 0+ 10239, 1387s 6745 - 6840 1429 pTE32, .. b - 0
‘ JAN 2 g 6 w1PaB4,  -=3736, w5364, 1279a, - 0, 10339, 1054, C 6746 0 . EB,0 - 1,258 28098, - - 0, T 0y
JAN 2 1 7 -13328, w3885, =5608s . 2977Te 115§ 11263, 19003%. R -} Y 68.0 1256 13522, O s
JAN 2 8 =13328, ° 6193, . w5734, 29777, 1160, © 11263, 29331, 57.5 . 68,0 - {,v2 5555, . g, . 0y
JAN© 3 gy 7 m12439. - 1321B. - wS574S. - 29777, . 11604 11263, 37233, . SuU.b 48,4 5 T05 T PR C Qe
e JAN 2 17 10 «10662,  {7A3R, w5637, - 59777, 1160, 11263, ~ 43738, . 52,3 76,7 . 2.,07 7 0, 9, O
: JAN g g 14 =9329, 20497, =5417, ?IT77. 1160, . t1243, 47950, [50.8. ° TRe2 2419 S Be I
B JAN 21 2 w7997, 21475, . w5099, 29777, 1160, 11263, 50578, - M9,9 . T34 - 2,34 Gy = 0, 04
7 JANT 2 1 14 - wbbeu, - 18997, =4265,  29777.. 1160, . 11363, 50268, - Bl.0 CT3L00 0 2,43 o, S 0s . 04
E CJAN 2y E -&bby, 14893, ° w3808, " 29777,. . 1160. 11263,  deé2d4, = 51,3 . 71,7 2ed3 B P . B, TR
P ©JAN 2 1 18 =7108, - 7997, =33G7, - 29777, 1160, Ates3, 397%%, © 53,8 . 69,2 2,39 Da co Oy Tl
Lo JAN 20 1 17 eTe97, =231%9, w2953, - 12798, ©oDe 10B39,. . 8TE9. . 4ULS . 6B,.0 1.76 19903, o, B Y
— CJAN 2 18 w9329, < epTy5, =2619, 12798." Qe Y0239, . AIAY,  &5,0 68,0 - 1,64 21300, - 6, - o,
i J‘N 2 i 19 =11106, »3220s - w23?G, 12798, ! Da- 10239, 6331, - §517 . 6B.0 loue 33377- : O« . ba
Coh a2 1 T wi4995) u3478, - wadg. 12798... 0, 10239, 5315, 8.1 . 6BL0 g4y 23034, p, - g,
. C AN 2 ) al1995] . 23478, e2238. 12798.° Oe 10239 5326 ba) 680 T 1a4¢ 2AdE5, Q. B T
pooodAN 2 22 - «l2439,  =3607, 2386, . 12798, 0. 0239, 4645, Y N 1.3 25998, D0 T 8, &
Lol JANC B - 3% aypaiel  axs7. =2566, 1879847 0, - 10239, . 4424, Tbbal - BB.O CTe3T 25273y 0 0, - 0s .
;‘ e ; JAN 2 1 24 "1243‘7. : "3607! "EBBH. . 12798! . ) Ua !{1333. u‘o?. : 66.5 ' 65.0 B . 1.36 255?5- B 0. L 0'
CJAN 2 17 »12439, - =3607.,  =3277. 13798, 0s 10239, X714, 6bs7 . BBu0. - 1036 25837 . 04 . e
AN B0 20 3 W12039, 3607, w3718, 12798 Cbe 10239, 3278 . 6648 . 68,0 1,35 26187. S0 B
JAN 2 a1 epp439, tm3607e wU178, 12798, 0s 10239, 28124 7 8740 68,0 1,34 24553, . 0, 0s
AN TR 20 4 al28B4, w3738, . =lbRb. 12798, C0a . 10239, 179 - AT.4 6840 . 1s430 27510, . 0, Ge
.‘_JAM_ - 2 g -".IEBB_Q. ) .-~3736. o mS030, 12798- - fNa 10239 : 13571 o G758 - R b8,0 129 278330 o P Y N Y
JAN 2 3 6. =12888,  a173s. 5384, . 12798, . 0s 10239, . 1054,  §7.4 68,0 . 1,28 2R098, 0s O
JANCT 2702 7 e13328, w3865,  w5A04, 12798 0« 10238, 241, 67,9 . 8B40 .24 28900, - - Q.. - ps
JAN 20 20 8 e13328, - 5193, 5734, . 12798, C0s 18239, - 10169, - Bd,4 68,0 -~ 1ol 20933, N EEET
i AN 2 R 6 (2039, 1321B.  «5745. 12798, - Os - 1023%: = 10071. - 81.5. 68.0 Leb0 - 14437, - g, " Da
; JAN 2020 10 wlphe2, . 17838, w5437, 127984 0. 10239, 24575, - 54,2 - @B,0 l.86  So072, 9, g,
JAN @ gy =3329, . 2nU9T. w517, {2798, @ g.-. 10239, 28787, 5747 .  &8a.0 204 BT0&y. T 0e - 0s
| AN 2 2 12 WY997, 21475, 5099, 12796, Da -~ 10239, .3{d{6, 56,7 1 68,0 S 2.21 0 3636, 0, - O, -
o JAN OS2 T@t 53 78520 21018, o wd70&. 13798, O« 10239, 31790 . Sbsb  6B,p 226 - 3115, Y "G
3 JAN. -2 2 i =664, 18997, w0265, - 1279B..° - Q. 10239, 31105, " 56,8 68,0 - 2,32  3BO3, . g, 04
JAN.. B2 15 wpbbl, U893, w3805, 12798 - 0s 10239, - 27882, 5842 6840 2:24 6495, Os. " D
- JAN - 2 2 18 7108, " 7997,  =3157,  1279B. . - Go ;10239  F056%. . B0.H 6840 - 2405 11654, 0s 0o
b JAN -2 2017 =7997,  T=2319. w2953, 127498, " 0e. 10239, 9769, 6,5 6840 Le76 . 19903, ~ g, ~ O
. J‘N' 2 2 18 "'9329- »2708, =gbhtiq, T127%98. De ¢ 10239, ' 83539 45,0 - 6840 .Y 213%300. De ) s
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© - . THE MAIN PROGRAM ' -~ .~
B Deseription

 The main program of ECP calculates the hourly heat gain or Toss to

" each zone. within-a building according to the building architecture -

‘and structure details, local Weather,_positian'of'the-sunrand schédu];' 
ing of equipment, lights and people, etc. The heat loss/gain of the
various zones determines the requirements on the air handlers or. .

L fan-coil units. From thESe.requfrements;thE'enérgy'cdhsdmption 3 R
(eTectrical or thermal) of the air conditioning primary equipment . SR

is calculated. Moreover, the electric energy consumption due to -
lights, electronic and mechanical equipment and other auxiliaries

- are added to the computed energy consumption by the primary air -~

conditioning equipment to give the fotal energy consumption of the
building, The latter is used for comparison with actual readings

from watt-hour meters to determine the accuracy of the simulation. - .o
S oprocess.. T o e R

The. net heat gain to a Zdne'calcuTated'?n'the'main1prdgfam is the"
final result of augmenting direct solar radiation, infiltration, -

~heat transmission through glass and walls and internal heat scurCES' :_[.7'”

such as Tights, electronic/mechanical equipment and people.
The main assumptions used in the main program are listed ds follows: -

{1} The heat gain or loss %o or from a zone is assumed'fotalﬁy
sensible with negligible latent Toads. The effects of outside
- alr humidity changes are neglected,. - - - . - - -~ . -

{2) Scheduling of people. lights and electronic/mechanical equip-
ment (other than air conditioning equipment) remains the same
for each month throughout the year. Only variations in sche-
duling due to day type (weekday, weekend or holiday) are
considered. IR - :

(3) - The number of day type (2) augmenting holidays and weekends
per year is taken as 114 days assuming 10 holidays per year. .
The average number of day type (2) per month 1is 114/12 or 9.5,
~ The average number of days per month for day type (1) {weekdays)
will then be (365 ~114)/12 or 20.9, .. - - 00 SRR

(4) The sources of heat gain to the zone due %o electrical, mechani-"
- cal equipment, incandescent and fluorescent Tlights, and people, . .-
- are all assumed 100% ‘convective to the air stream with'ho
radiative portions. I e

A complete 1isting of the program and all of the subroutines_are-:_-

ETese2t$d in Appendix A. A Flow chart of ‘the main program is presented in E
ig. 5.1, , : : e S T

)
;
E
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COMPUTE LPOWER (DATYPE, ZONE) | -
COMPUTE EPOWER (DATYPE, ZONE)
COMPUTE QLIGH T (HOUR, 2)
COMPUTE QEQUP (HOUR, 2)
- COMPUTE LITPR (DATYPE)
_ : _ _ N COMPUTE EQPWR (DATYPE)
* DATYPE= DATYPE +1 ZONE = ZONE + |- - — :
e
F
YES
K e, COMPUTE ATZVOL
COMPUTE MINCEM (KNUM)
ATZVOL=0
COMPUTE MIALFA (KNUM) MO =1
Figure 5-1. (Continuation)
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COMPUTE TCOMFT (ZONE;, 1)

KNUM) =
KNUM) + 1

YES

o

- SAZ(ZONE, I)

| SAZ {ZONE, 1)

T

y

g

HMINAH (15, KNUM) =
~ TSAZ (ZONE, JJ)

!

HMAXAH(1S, KNUM) =
| TSAZ (ZONE, JJ)

———

MAXAH (KNUM) = CSETPT.
( NUM)

EVALUATE HMINAH (13, KNUM)

R

v

MINAH (KNUM) = CSETPT (JJ, KNUM)

| EVALUATE HMAXAH (KK, KNUM)
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HMINAH (11, KNUM) =
CSETPT (JI, KNUM)

EVALUATE MAXAM (KNUM)

Y

~

HMAXAH (11, KNUM) =
CSETPT (JJ, KNUM)

EVALUATE MINAH (KNUM)

%‘k

KNUM = KLIMIT

EVALUATE HMINAH (JJ; KNUM)

*.

NO

KNUM = KNUM +1

EVALUATE HMAXAH (11, KNUM)

A e e g

A+FOLDOUT. FRAME

- Figure 5-1. - (Continuation)
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, HOUR =HQUR + 1 |

DATYPE = DATYPE +1

-nbl __._DMDETRA;\ 3 l | L - .- :.. : :

R TR

Y

HOUR = HOUR-24 J

COMPUTE TMA (1, KNUM) _%

MO

¥
IRy

RITE ECON
{KNUM)

NZONE = NZONE +1 —‘

a

| | FCLOCTT FRAME

Figure 5-1, :(Conﬁinua-tidh) -'
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INITIALIZE ::
ZQHEL, za'ii
rielololly.el':

. QHEL, Qut¥

-~ QHBOL j:

2 K -
A

MAXAH (KNIM) = TCOMFT (ZONE, JJ

WINAH (KNUM) = TCOMPT (ZONE, 1)

-

TOA (MO, HOUR)
<TRAA

HMIFAH (01, KNUM) =
TCOMET (ZONE, 1)

HMAKAM (JJ, KNUM) =
TCOMFT (ZONE, 11}

EVALUATE HMINAH (J3, KNUM)

Y

EVALUATE HMAXAH (1), KNJM)

TOA (MO, HOUR)
CSETET
- KMUM)

» ”°-'L

TMA (34, KNUM)= TOA (MO, HOJR)
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CALL KEQ 6 i

CALLKEQ 7 S

JFLAG (1)) =0

CALLKEQ 8 =t

IFLAG (1) = 1

CALL KEQ 9 e

Y

FASTRK = 1

r————

'

DATYPE=1

Y

CALL KEQ 2

CALL KEQ 3

TROOMA, (1), KNUM) = TROOM (1)

RESET VALUES
OF QHEL, QCC,
QHHP, QHBOL

CALL KEQ 4

TROOM (JJ) = 0

CALLKEQ 5

r_ Lk
N
L
. ' ;;‘;.HP,
- i IOL,
s L Qce
: )
; KMUM)
YES
)
YES
0
b]
YES
D
bl
YES
3
b
. YES
2
3

HOUR = 12

DATYPE = 2

'

HOUR = JJ-24

2/ BOEDOUT. FRAME

Figure 5-1. (Continuation)
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3 |

L COMPUTE AQHEL (13, KNUM) ;{
| COMPUTE AQHHP (JJ, KNUM)
- ¥

KNUM =
COMPUTE AQCC (JJ, KNUM) :

KNUM = K
"IMAXTAH (KNUM) = CC (1, KNUM) l
N
. ;
: |
; L
? EVALUATE MAXTAH (KNUM) '
COMPUTE AQHBOL (1J, KNUM) ;
g E
]
_ 4
: RITE HEADER |
a— . . aaeiesf RECORD FOR |
OUTPUT TABL |
T
M=+ KMUM = KNUM + 1 §=1
KNUM =1 i
| compute TRaom )

[TROOMA (1, KNUM) = 0
] | y
L COMPUTE ZQHEL (J) i

{ FOLDUUT. ERAME | comrure Lo @ |
Figure 5-1. (Continuation)

i




R¢C)

QHBOL (J)
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Y
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Y
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HOUR=J - 24
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IASTRK = 1

WRITE MESSAGE
ABOUT AIR
HAMDLER BELOW
OUTPUT TABLE

j

ZONE = ZLIMIT

MO

KNUM =1

ZOMNE=ZONE+ 1

| EOLDOUT FRAME

YMINAH (KNUM) = MEINAH (KNUM)

{

YHAXAH (KNUM) = MAXAH (KNUM)

P

EVALUATE YMINAH

¥

EVALUATE YMAXAH

!

WRITE HEADER
RECORDS FOR
OUTPUT TABLE

{

PRENT OUTPUT
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AIR HANDLER

JUMP 1 LINES

WRITE ARRAY'S ]
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iMUM SUPPLY
AIR TEMPER-
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QUTPUT
TABLE
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MONTHLY
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KNUM = COPRES (CNUM, INDEY)

YES
KNUM =0

NO

HOUR=1, 48

-
Y

COMPUTE CQCC (HOUR, CNUM)

MAXTCP (CNUM) = AQCC
{(HOUR, CNUM)

Y

EVALUATE MAXTCP (CNUM)

¢

COMPUT CQ HPP (HOUR, CINUM)

71

YES YES
HOUR y INDEX = KLIMIT,
% rO NO - NO
¢
HOUR = HOUR + 1 INDEX = INDEX +1 CNUM = CNUM + 1
2}s FOLDOUT, FRAME,
Figure 5-1, (Centinuation)
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»aa-/ JUMP A LINE;

Figure 5-1.,

CQRCC (4, CNUM)

COUNTE = COUNTC + 1
< 0,001

COMPUTE DCQCC

¥

WRITE QUTPUT
IN TABULAR
FORM

WRITE THE DAILY,
TOTAL TONN
AGE AND THE
NUMBER OF

HOURS THE

COMPRESSOR
IS OFF

7‘-.

COMPUTE YCQCCT (CNUM)

i

COMPUTE YCQCC2 (CNUM)

(Continuation)

| FOLDOUT FRAME




VR

EOLDOUZL FRAME

)
B

CNUM = CNUM + 1

YES

YES

4 NO

1+
B3

4
\248/
l’ NO
+1
P15



CALL CCp

Y
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" ZOMPUTE SUMHL2

{

- ZOMPUTE SUMHP2

Y

~ OMPUTE SUMCC2

Y

OMPUTE SUMBL2

YES

- JTEFINMON (MO, 1)

{

JIE FINMON MO, 2)

Y

UTE FINMON (MO, 3)

}

ITE FINMON (MO, 4)

Y

TE FINMON (MO, 5)

1

TE FINMON (MO, €)

¥

" IEFINMON (MO, 7)

3

Y

JE FINMON (MO, 8)

-/ RECORD FOR

MO =MO +1
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RITE HEADER

OJTPUT
TABLE

Ep4

ZONE=1

COMPUTE DEZCFM

¥

WRITE QUTPUT
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ZONE = ZLIMIT

l

WRITE A ROW OF
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ZONE=ZONE +} OQUTPUT TABLES

Y

WRITE HEADER
RECORD FOR
QUTPUT TABLE

'

WRITE OUTPUT
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‘\

]
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\

EOLDOUE ERAVA
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Figure 5-1, {Continuation)
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COMPUTE YCQCCT {CNUM)

WRITE OUTPUT ARRAYS
{N TABULAR FORM
!

COMPUTE YTQCC
i

YES
CNUM = CLIMIT

CNUM = CNUM +1

EOLDOUL FRAME

B

Figure 5-1. (Continuation)
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5.2 Computation Procedure

1. Compute P,DEC, A, B, and C to be used in [solar] subroutine
- using the algorithm in ASHRAE model. ref (3)

P = Mo* o
6

DEC = [0.2833 - 23.188%C0S(P)-0.15*C0S(2.%P)-0. 211*SIN(P)+0. 1155%
SIN{2.#p]* # /180,

A
B
¢

I

[368.5+23.98*COS(P)~T.OQS*COS(2.*P)+4.893*SIN(P)-.722*SIN(2.*P)]
[]7].58~33.08*COS(P)+3.08*COS(2.*P)-10.34*SIN(

i)

P)+1.3%SIN (2.%p)] #1793

[90.333—39.63*808(P)+6.83*COS(2.*P)—10.551*SIN(P)+3.T?*SIN(Zn*P)Jxlﬂ-S

o
2. gompute infiltration heat gain/loss (QINF) assuming 1.2 air changes per i
our i

QINF = VOL*,02(TOA-TRA)*MLT : :
Call [SOLAR] and [TRANS] subroutines to determine heat gain through
walls and roofs and glass areas QWAL and QGLAS

4. Compute LPOWER, EPOWER, QLIGHT, GNOP, QEQUP and QSUM (on an hourly o
basis) for each zone: '

> KEQUPE(4) + KEQUPM(1) | &
i=1
QLIGHT = KILGHT*3413. +KFLHT*4266

(assuming Fluorescent bulbs dissipate 25% more energy
from ballasts) :

4

24 | j

LPOWER = 2, KILGHT(1) + KFLGHT(1) o
i=1 4

24 a

EPOUER = i

QNOP = NOpgpp

QEQUP = KEQUPE*3413. 0+KEQURM*347 . 3

(assuming that mechanical equipment are dissipating
102 of its power in the form of heat)

W

QSUM = QGLAS + QWAL + QINF + QLIGHT + QNOP + QEQUP

Compute total cfm for each zone whéh fed by more than air handler.

10
ZCFM(total) = = Zetm(d)
i=] |
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6. Compute temperature of supply air to zone
' TSAZ = TRA ~ QSUM/ZCEM{TOTAL)*MLT

7. Compute the supply air temperature for two-level rooms with air
handlers feeding the comfort air only, plenum air only, or both.
Compute the maximum and minimum values of (TSAZ) for each zone.

8. Compute the average temperature of return air (TRAA) associated
with a given air handler. Averaging is done over &11 zohes that
are fed by the air handler. '

ZLIMIT
)

i=1

TRA(1)ZCFM(1)

TRAA =
ZLIMIT
> ZCFM(4)

=]

9. Compute mixed air temperature (TMA) based on the outside air
economizer control schemes, and the return air temperature.

With no outside air economizer
TMA = ALFA*TOA+(1-ALFA)*TRAA

10. With Barber Coleman (D1G1-DAP) outside air economizer, the
outside air and return air dampers are positioned to vary
automatically the cold deck set point temperature according
to the zone requiring the most cooling. The hot deck set
point is automatically adjusted to match the zone that requires
the most heating.

i) Cooling mode (at least one zone is in cooling mode) when

TRAA =  HMINAH

ALFA 7

//
~ o HMINAH

~ TOA

e IF HMINAH = TOA

Dampers will be set at minimum position. The hot deck
set point will be set at the supply air temperature for
the zone requiring the most heating

HSETPT = HMAXAH,
ALFA = minimum value '
TMA = ALFA*TOA+(1-ALFA)#TRAA

i

it gy ek
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e IF TOA < HMINAH

Dampers will be automatically adjusted to vary the value -

of ALFA such that

TMA = HMINAH o
CSETPT = HMINAH §c001ing equipment are off)
HSETPT = HMAXAH heating will be only off for a
single zone)

and the minimum value allowed for HSETPT is 60CF.
i1} Heating mode: when all zones in heating mode.

HMINAH > TRAA

L L} :
ALFA g N HUINAK
LU P
T ~

¢ IF HMINAH < TOA TCA
TMA = HMINAH

CSETPT = TMA (cooling is off for all zones)
HSETPT = HMAXAH :

¢ ELSE IF TOA = HMINAH
TMA = ALFA*TOA+(1-ALFA)*TRAA
ALFA = minimum value - .
CSETPT = THMA (cooling is off for all zones)
HSETPT = HMAXAH
11, With Honeywell Type Outside Air Economizer
a) IF TOA = TRAA
THA = ALFAXTOAt(1-ALFA)*TRAA

b) IF TOA = TRAA and TOA = CSETPT
caaling is off

THA = CSETPT
ALFA = (CSETPT-TRAA)/ (TOA-TRAA) =
c) IF TOA = TRAA and TOA = CSETPT
* ALFA = 1.0
CTMA = TOA —
AR
ALFA VA
| LA
ff b :‘ c w‘t-
. ] a

CSETPT TRAA TOA

.‘.MMJ{&._.;_“M T S S
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13.

14

X 3

]5‘

16.

17.
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Call appropriate air handler subroutine to determine QHEL, QcCC,
QHBOL., QHHP, TROOM

Compute AQCC, AQHEL, AQHHP, AQHBOL sum of loads for 24 hours and

all air handiers. Also calculate for each zone ZOGC, ZQHHP, ZQHBOL
and ZQHEL. o

24 10

_ 24
Mg = & 2, qooli.g) . zec = O Qce(3)
=1 3=1 i=1
24 10 | 24
AQHEL = 2. 3 QHEL(i,j) , ZQHEL = 3 QHEL(4)
=1 31 i=]
24 10 24
AGHHP = %5 5 QuP(i.j) . ZQHHP = h) QHHP(1)
i=1 3= i=1
24 10 24
AQHBOL = F ¥ QHBOL(i.j) . ZQHBOL = X QHBOL (1)
' i=1  j=1 =1 '

Call [COP] subroutine to determine coefficient of performance of air
conditioning equipment. Sum loazds for Daytype 1 and Daytype 2 in
SUMBLT, SUMBL2, SUMCCT, SUMCCZ2, SUMMLT, SUMHLZ, SUNMHP? and SUMHP2.

Compute TTLAC and TTLAC 2 (sum of accessories for daytype one and
daytype two)

5 | -

TTLACT = 3~ ACCERY{1) (daytype 1)
i=1
5 | |

TILAC2 = J,  ACCERY({) (daytype 2)
i=1

Compute total Toad (sum over hour éhd.zones) and mﬁ1t1p7y by daytype
factor and determine total monthly energy consumption (FINMON) matrix.

Compute design conditions DEZCFM by:

DEZCFM = maximum of | MAXQ and |MINQ|§
© 23%MLT 155HLT

S e TS

e gaiieeaao ik .
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SECTION VI
SOLAR SUBROUTINE

Description

6.2

The [SOLAR] subroutine determines the position of the sun and calculates
the different components {direct, diffuse and ground reflected) of solar
radiation intensity incident on the outer surface of a building wall.
The subroutine is composed of three parts: the first part depends on
the day of the year, the second part depends on the time of day and the
third part depends on the surface orientation.

The main assumptions used in the calculations are as follows:
(1) Ground veflectivity [GRREFL] is 0.2.

{2) Clearness number is 1.0. Clearhess number is « multiplier of the
direct novmal intensity (IDN) which accounts for the effact of
dry sky, high elevation, season and type of industry in the
neighbourhood of the locality. '

(3) The local solar time is assumed zqual to the local civil time.
The Tongitude correction (4 mir/degree difference between local
longitude and the Tongitude of the standard time meridian for
that locality) and the equation of time (which is in the range
of + 14 wminutes) are neglected. ' _

Fig. 6.1 illustrates the solar and wall angles used in this subrsutine.

The flow chart is sketched in Fig. 6.2. _
List of Variable Names o

The following is an alphabetical list of variables used in the [SOLAR]
subroutine. .

Al1 angles are measured in radians.

CCF Cloud cover Tactor. CCF is the ratio of vreal solar irradiation
ta the clear day formula given by ASHRAE. '

COSTH Gosine of the angle'(THETA) measured between the normal to the

wall and the sun's ray.
HA Hour angle measured from solar noon.

HALMT  Hour Angle Limit. The angle at which the sun rises or sets.

1DN Divect Normal Intensity of the sun's energy veceived on a surface

perpendicular to the sun's rays.

LAT Latitude of the site (pbsitiVE for a location north of the
equator; negative for a Tocation south of the equator).

I T

PP T I PP
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NORMAL TO HORIZONTAL PLANE

ﬁl

THE SUN WALL

FROJECTION
OF SUN'S RAY >
ON HORIZONTAL -
PLANE _
} -
i SAZM
SOLAR AZIMUTH
P WAZM
wAlL- < WALL AZIMUTH
SOLAR /
AZIMUTH 5 ‘
s -/ HORIZONTAL
NORMAL TO WALL
Figure 6-L. golar and wall angles for [SOLAR] subro
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CALCULATE
HA

CALCULATE
HALMT

HALMT < ABS(HA)

CALCULATE
SALT, SAZM
WSAZM, COSTH
IDN, VSG
FOR 7 WALL
ORIENTATIONS

CALCULATE
s1, QS

$1 = ZERO

Figure 6-2. Flow chart for solar subroutine




6.3

MO Month

SALT Solar altitude angle. The angle between the sun's ray and
the projection of the sun's ray on a hovizontal surface.

SAZM Selar azimuth angle. The angle between the south direction
and the projection of the sun's ray on the horizontal surface.

SI Total Solar Irradiation (direct, diffuse and ground reflected) .
on a wall for the given day of the month, hour of the day and
surface orientation.

Vsa View (geometric) factor. The fraction of the energy reflected

- from the ground which reaches the wall.

HAZM Wall azimuth angle. The angle between the'projectich of the
normal to the wall on the horizontal plane &nd the direction
south (positive for an angle west of south) according to the
following table:

WAZHM +180 ~-135  -90 -45 0 45 a0 135

ORIENTATION N NE E SE S S NH

WSAZM  Wall-Solar Azimuth Angle. The angle between the projection of

_ the normal to the wall on the horizontal plane and the projen-
tion of the sun's ray on the horizontal plane. - -

HT Hall tiTt is the angle between the wall and the horizontal

82

surface..

Calculation Procedure

(1)

Calculate the hour angle (HA). It is positive in the morning and

negative in the afterhoon.

(2)

or greater tha
is zaro. . =

HA = (12 - HOUR) 15 % radians
. - T80 o :

If the hour angle is smaller than the hour angle Timit of sunrise
n the hour angle 1imit of sunset, the solar intensity

HALMT = tos"T{—O.7 tan {DEC)} radians
~ IF{HA}>HALMT Then SI = Zero
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{3) Calculate solar altitude, solar azimuth and wall-solar azimuth

angles and cosine the angle of incidence. The declination
angle (DEC) is previously determined in the main program,

Section 5.2.

SALT = SIN''[COS{LAT)COS(DEC)COS (HA)+SIN(LAT)SIN(DEC)]
SAZM = SIN”'[COS(DEC)SIN(HA)/COS(SALT)]
WSAZM = SAZM+[MAZH(HA/[HA{)]

COSTH = [CDS(SALT)COS(NSAZM)SIN(HT)]+[SIN(SALT)COS(NT)}

radian

radian

~ vadian

(4) Calculate direct normal solar radiation'using'the'vaTues of the
constants A, B, and C previously calculated in the main program,

Section 5.2.
IDN = A/exp(B/Sin(SALT)) Btu/hr. 7t

{5) Calculate the view factor from wall surface to ground
ysg = (1 - Cos (WT) )/2

(6) Calculate total solar irradiation (31)

SI = IDN[?GSTH +[C*{1-VSG) J+GRREFL*VSGLC + Sin (SALT)i] Btu/hr.ft

(7) For different wall orientations, the index (J) is given such that

Index J 8 7 6 5 1 2 *3
Orientation N NE E SE S 11" "
WAZM angle 180  -136 -9D -45 i} A5 90

or analytically

For d > 4 WAZM = - %1- (3-4)
J< 4 WAZM = %1—-(J-1) |

2

4

NW
135

(8) Calculate the heat transmitted (QS) through glass  both directly

by solar gain and indirectly by warm outside aiv:

Qs = (SI*TAU*AGLAS*CCF)+[UGLASS*AGLAS(TOA-TRA)]

“where
TAU:  glass transmissivity
UGLASS: glass heat transter coefficient, Btu/

AGLAS: surface area of glass, 2

PRy S 2 S

hr. F£2OF
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SECTION VII
TRANS' SUBROUTINE

Description

The ( TRANS ) subroutine calculates the rate of heat transfer from the
external environment through each exterior or interior wali and roof

of a zone. Input Data include the construction details, ( UNPHI } sub-

program output, solar irradiation, outside air temperature, and the
temperature of adjacent zones.

For exterior walls, the sol-air temperature method or Total Equiva-
lent Temperature Difference method (TETD) with perioedic {transient)
heat flow through homogeneous wails is used. The sol-air temperature
combines the effects of direct solar incidence and variable outside
gir temperature as shown in Fig. 7.1. It uses = Fourier series expan-
sion (harmonic analysis) where harmonics higher than first order are
neglected. The analysis considers the time-wise change of thermal
environment and the thermal storage in wall material. See Reference

{4) for more details. A flow chart is provided in Fig. 7.2,

For interior wallis, quasi-steady state heat transmission calculations
are used. The U-Factors calculated in ( UVPHI )} subprogram are entered
to { TRANS ) subroutine as input data. S :

The main assumptions used in the sol-air temperature method and
{ TRANS } subroutine are:

(1) Malls or roofs have an infinite height. length (compared to the
thickness) and the heat transfer is one dimznsional.

{2) Walls or roofs are homogsneous with material properties (zonduc-
tivity, specific heat, density and thermal diTfusivity) that are
constant with temperaturs. For walls or roofs of multilayer
construction, average properties were calcuTated.

(3) Convective heat transfer coefficients on the Ingide and oytside
boundary layers of the wall surface are uniform and constant
~with tenperature. o : o

{4) The solar absorptivity of ‘the outside wail surface is independent
of the ray's angle of incidence and is constant with temperature.

(8) The variation of the outdonr air temperature and the total solar
irradiation is pericdic and identical with time on consecutive
days.

(6) The internal zone thermal environment is-unchanged from day to day.

e e e
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Figure 7-1. Wall temperatures in a one dimensional unsteady

(periodic) heat transfer
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INFUT DATA
u,V, BHI,
AWALL, TOA
si, ABSORT

1

[ starr HourLoor ‘
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NG
ADJ=2 NO !
QTRAUL; =
U+ (TNEXT-TRA) YEs cALCULATE
T
QTRAUN =
U* (TOAT-TRA) 1
CALCULATE
; SANGLE
. CALGULATE
A
il QTRANS
L 1
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SANGLE=T— SAMGLE= .

SANGLE 2T—SANGLE
SANGLE=T+
SANGLE

. N !
CALCULATE
QTRAUN-

Figul'e 7—2-
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Flow chart of trans subroutine
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| 7.2 List of Variables

ABSORT (or ALPHA)
ADJ

H
HO

M
N
PHI -
QTRAUN
QTRANS
SANGLE
SHADE
ST

CTE
TEM
TNEXT
TOA
TOA

L T LU

87

Solar absorptivity, for exterior walls and roofs.
p

Flag for adjacent zone condition.
(ADJ can be 0, 1, 2, or 3)

Hotuy

Heat trans er coefficient for outs1de wall surface,
Btushr, Fi20F,

Fourier coefficient for'(TE) expansion.

Fourier coefficient for (TE) expansion

Phase angle (or hour) for the heat transfer QTRAUN
Heat transmission rate per unit-area, Rtu/hr. ft2
Total heat transmission through a zone boundary, Btu/hr
Phase angie for (TE) expression.

wa1l shade factor = unshaded area[total wall area

Total solar radiation, Btu/hr ftz

So]—u1r temperature, OF,
Mean sol-air temperature, OF.

Next neighbour temperature For ADJ

1}
—d
w o

o
-
.

Neighbour zone temperature for ADJ

]
fAv
-
(=
-1
.

Outside air temperature, OF.
Overall heat transfer coefficient (mean), Btu/hw. ftZQF

Overall heat transfer coefficient (amp11tude),
Btu/hr. FL2oF, | |
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7.3 Computation Procedure

{ TRANS ) calculates the heat transmission per unit area (QTRAUN) through

a wall depending on the conditfons of adjacent zones:

M

(2)

(3)

(4)

I ADJ=0, i.e., no wall or only a partition separating two air
conditioned zones of the same temperature, then:

'(TRAUN=0 Btu/hr. Ft2

If ADJ=1, i.e., an interior wall separating the zZone from an |

adjacent conditioned zone at constant and different air tempera-

ture {TNEXT):
QTRAUN = (TNEXTﬂTRA)*UHALL ' Btu/hr.ftz

If ADJ=2, j.e., an interior wall separating the zone from an
adjacent unconditioned zone, typical of mechanical rooms

QTRAUN = (TOAT-TRA)*UNALL Btu/hr. Ft2
TOAT = TOA IF TOA = 70
=70 IFTOA < 70

IF ADJ=3, i.e., an exterior wall,

a) Calculate sol-air temperature
TE=TOA+(ABSORT*SI*SHADE)/HO OF

b) Expand the temperature (TE) by FnurTer Series with 24-hout's
period, in the form
TE(H)=TEM+M*COS 1_%.11)-» W*Sin

(—Z H)g e
at any hour (H) -

The fourier expansion coefficients are as f011QWS'

24

M= XL TE(H)*COS( 7 /12)/12

i=1

24 -
! = E TE (A *SIN{ 71 f12)/12

5!

TEM =3 TE(1)/24

i=1

s i L T e - b kbt B e e e+ oo el e o e Bl . .
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(c) Rewrite the above TE expression in the compact form

TE(H) = TEM + [ {Mzmz*ggs(ﬂ ...‘SANGLE)]

where

~SANGLE = ARCTAN | N/M |
If N<O and M>0 then SANGLE =27 - SANGLE
If N<O and M40 then SANGLE = = + SANGLE
If N>0 and M0 then SANGLE = = - SANGLE

{(d} Calculate the transient heat flow per unit area

QTR AUN(H) = [U*(TEM - TRA)}' +_Ev*§, M + NZ)*COS(m H/12 - SANGLE - PHI)} |

Btu/hr £t
The values of U, V, and PHI are given by (UVPHI } subprogram

5. Calculate the total heat transm1ss1on through the walls and roof of a zone
boundary’

QTRANS = Z:l QTRAUN( ) *AWALL(3)
1= 7

The zone boundary is made up of 9 possible orientations.

R e b e e a e
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SECTION VIII
AIR HANDLER - TYPE SUBROUTINES

General Assumptions

There are 9 subroutines available in ECP which characterize the different
types of air-handler units (fan-coil units). The subroutines are as follows:

KEQT
KEQ2

KEQ3
KEQ&

KEQS
KEQ6
KEQ7

KEQ8
KEQQ

The

‘Single cold duct with terminal reheat.

Dual duct, multizone with mixing boxes, or single duct, multizone
with mixing at the air handler.

Single cold duct with bypass and terminal reheat.

Heat pump with bypass control or single duct with alternately
operating cooling and heating coils and bypass control.

Two-Tevel room with cold plenum air and comfort air medulated by
terminal reheat.

Two-level room with cold plenum air and comfort &ir modulated by
mixing cold air and bypassed mixed air and terminal reheat.

Twa-level room with coid plenum air and comfort air modulated by
mixing cold and hot decks.

Single cold duct with fixed, bypassed return air and terminal reheat.

Two-Tavel room with constant volume cold plenum air and variable
volume comfort air at fixed hot deck temperature.

main assumptions of the air handler subroutines are as follows:

The heating/cooling loads are assumed predominately sensibie with
negligible latent loads; the effects of outside air humidity changes

are neglected.

Quasi-steady state conditions prevail for all heat transfer calculations.

The air-handler coils are ideal, i.e., they provide the zone-'
heating/cosling as needed without heat losses.

The ducts are adiabatic, 7.e., no heat exchange occurs beiween the
ducts and theiy surroundings. '

A1l air dampers are functioning according to their specifications
with no leakage or malfunctions.

Air temperature rise due to energy dissipated by the air-handler
fans is negligible.

L ‘_h“#ln:umi
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7. Mixing of plenum air and comfort air in the main room is homogeneous.

For each subroutine an analytical description, a flow chart and a
schematic of the heating/cocling mechanism are presented. Each calcul-
ation included in the analytical description is performed cn an hourly

basis.




8.2

8.2.1

KEQ1 Subroutine

This subroutine simulates the performance of type "one" air handler,

a single cold duct with terminal reheat as shown in Fig. 8-1. Mixed air

is cooled to a fixed set point at all times for all zones. The supply air
temperature to a particular zone is modulated according to its load profile
by a reheat coil located near the zone. A flow chart for the subroutine
algorithm is shown in Fig. 8.2 and a sketch of the air temperature control
mechanism is given in Fig. 8.3 on the psychrometric chart. ' :

{alculation Procedure

1. Determine the temperature of the air Teaving the cooling coil.

If TMA<{CSETPT
Then SETLO = TMA
Else SETLO = CSETPT

2. Determine the actual temperature of the supply air te the zone (TSAIN):

If TSAZ<CSETLO
Then TSAIN = SETLO *
Else TSAIN = TSAZ

3. Compute the reheat coi1 heating toad. With electric-type boilers

QHEL = MLT* ZCFM (TSAZN SETLO) Btu/hr
qHEOL= 0.0

With gas-fired boilers

QHEL = 0.0 -
QHBQL= MLT* ZCFM *(TSAZN—-SI:TLO) tu/hy

4. calculate actual zone temperatursa. If the actual supply air to the
zone dnes not equal the required supply air to the zone then the temper-
ature of the room will differ from the design temperature _

IT TSAZN # TSAZ
Then TROOM = TSAZN + QSUM/(MLT*ZCFM).
Eise TROOM = TRA

-5, Determine the cooling load on the cooling coil

QCC = MLT* ZCFM *(TMA-SETLO) Bru/hy

T S ]
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ZCFM, TSAZ, |

( ’) SETPTS, TMA
START » QSUM, TRA " - ]

* o

E
SETLO = CSETPT B
|
4
;

TSAZN = TSAZ

TMA<SETLO VES

Rk

NO SETLO = TMA

v

"COOLING COHL
1S OFF»

YES

TSAZZSETLO } !
TSAZ = SETLO
Y |
YREHEAT COIL ;
IS OFF*
CALCULATE .
QHEL, TROOM [ ]
_ i
HEATER = | 5 !
' CN ' ' QHBOL = QHE. .
QHEL=O R '
@ CALCULATE ‘ . .
. S . Qcc - o — - - :
Figure 8~2. TFlow chart of XEQL subroutine. g 4
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Figure 8-3. KEQL air temperature control on the psychrometric chart
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8.3.1
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KEQ2 Subroutine

This subroutine simulates the performance of type "“two" air handler:

dual duct, multizone, with mixing boxes or single duct, multizone with
mixing at the air handler. Mixed air is divided and supplied to a heating
coil and & coeling coil. The supply air temperature to a particuiar zone
is modulated by mixing cold and hot air streams at the air handlier or at
the zone. A schematic of this type of air handler is shown in Fig. 8.4
and a flow chart for the subroutine algorithm is shown in Fig. 8.5. The
procass on the psychrometric chari is sketched in Fig. 8.6.

Calculation .Pracedure

1. Determine the temperature of the air leaving the cooling and heating coiis:

oI TMA<{CSETPT
Then SETLO = TMA
Else SETLO = CSETPT

o IT TMA>HSETPT
Then SETHI = TMA
Else SETHI = HSETPT

9. Calculate the fraction of air which passes through the heating coils (XH).

XH = (TSAZ - SETLO)/(SETHI - SETLO)
3. Determine the actual temperature of air supplied to the zone

If XH>1 then TSAZN = SETHI and XH = 1
IF XH<0.0 then TSAZN = SETLO and XH =
Eise TSAZN = TSAZ

4. Compute the heating coils heating Toad. Distinguish between the
different heating types.

0.0

If MEATER = 1 then QHBOL = MLT*{ZCFM)*(XH)*(SETHI-TMA) Btu/hr
QHEL = 0.0
 If HEATER = 0 then QHEL = MLT*({ZCFM)*(XH)*{SETHI-THA) ~ Btu/hr
and QHBOL = 0.0 _
5. . Determine cooling Toad én cooling coils |
QCC = MLT*({ZCFM)*(1-XH)*(TMA-SETLO) - Btu/hr
6. Calculate actual temperature of room _
TROOM = TSAZN + QSUM/ {MLT*ZCFM) O




L6

v/
: B /é,’
i TRA T
HSETPT, (HEATING)
HEATING i 1 w
: COIL
PR
DR
7 7
TOA THAA .
g = g
Z s . Z 1
COOLING/ \
) colL CSETPT
i {COOLING) TSAZ
"s Figure 8~4.  Type g giy handler: dual duct multizone
;
i 3

| P R T P .
L e g
L

T
e maael el y




TMA, TSAZ
[ START  j————gm]  CSETPTS, HSETPTS
ZCFM, QSUM, TRA
¥
SETLO = CSETPT
SETH1 = HSETPT
TSAZN =TSAZ
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e

SETLO =TMA

:

P P P

COOLING
COIL IS QFF

P

SETHI =TMA

¥

HEATING COIL
15 OFF

| CALCULATE XH  |ug /—\IM/

TMA>SETHI

TSAZN = SETHI
¥H=1]

TSAZN=SELO - | s
XH=0 I
"]
CALCULATE o ]
1 - Qum, TROOM  [® .
YES "
QHBOL = QHEL :
NO QHEL = O

LCALCULATE.QCC ]—1 - i
l -

Figure 8-5. Flow chart of KEQ2 subroutine
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Figure 8-6, KEQ2 air tempexature contrel on the psychrometric chart

L T I T P

e el . i  iaar e g

NI T




160

8.4 KEQ3 Subyoutine

8.4.1

This subroutine simulates the performance of "type three" air handler;

a single cold duct with bypass and terminal reheat. Mixed air is cooled
to a fixed set point for all zones. The supply air to a particular zone
is modulated according to its load profile by mixing ccoled air with
bypassed mixed air with a reheat coil Tocated at the air handler or near
the zone. A schematic of this type of air handler is shown in Fig. 8.7.

A flow chart of the subroutine aigorithm is shown in Fig 8.8. The process

is also sketched on the psychrometric chart as shown in Fig. 8.9.

Caicujation Procedure

1. For heating mode (TSAZ>TMA): .
AlT air will bypass the cooiipg coil. Compute the heating load.

If TSAZ >TMA then BF =1
QHEL = MLT*(TSAZ-TMA)*ZCFM Btu/hr
Set QHBOL = 0.0

If HEATER =1 '
Then QHBOL = QHEL = MLT*{TSAZ-TMA)*ZCFM and
Set QHEL = 0.0

2. For cooling mode; TSAZ<TMA
I TSAZ<TMA and TMA<CSETPT
then BF = 1
QCC = QHEL = QHBOL = 0
TSAZN = TMA
cooling is off
heating is off

3. For cooling mode; TSAZ<TMA

If TMA = CSETPT
then compute the bypass factor (BF):

BF = (TSAZ ~ CSETPT)/(TMA~CSETPT),
TSAZN = TSAZ

4, For cooling mode TSAZ < TMA
IT TSAZ < CSETPT 1.e. BF<O,
then BF = 0
TSAIN = CSETPT

5. From 2, 3, or 4 determine the cooling Toad on the cooling coil and
the actual temperature of the zone.

| QCC = MLT*{1-BF)*ZCFM¥*(TMA-CSETPT) Btu/hr
TROOM = TSAZN + QSUM/ (MLT*ZCFM) °F
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O

BF =1
CTSAZN - TMA

COMEUTE
QHBOL

COMMITE
QCC, TROOM

5

COMPUTE
BF

FSAZSCSETPT
BF<O

8F = O

TSAZN = CSETPT

¥

COMPUTE
TROOM

<

N

RETURN )

Figure 8-8. . Flow chart of KEQ3 subroutine
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Figure 8—95 Schematic of KE(3 processes on the psychrometric chart
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KEQ4 Subroutine

This subroutine simulates the performance of type "four" air handler.

A mixture of outside air and return air is supplied to a coil which may be
used for heating or cooling depending on the operating mode. In either
mode, supply air to the zones is modulated by mixing heated or cooled air
with bypassed mixed air. This type of air handler can also fit the case
of a heat pump with bypass control. A schematic of this type of air
handler is shown in Fig. 8.10 and a flow chart of the subroutine algorithm
is shown in Fig. 8.11. The process is sketched on the Psychrometric chart
as given in Fig. 8.12.

Calculation Procedure

1. For heating mode, TMA < TSAZ

and yf TMA < HSETPT

then QcC = 0
BF = (TSAZ-HSETPT)/{TMA-HSETPT)
TSAZN = TSAZ

If BF <0 then BF = 0
TSAZN = HSETPT _
QHHP = MLT*ZCFM*(1-BF) (HSETPT-TMA), Btu/hr

2, For heating mode, TMA<TSAZ
and if TMA = HSETPT

then BF = 1
Qcc =0 cooling is off
QHHP = QHEL = QHBOL = O heating is off
TSAZN = TMA
3. For coolitg mode, TMA>TSAZ

and if TMA > CSETPY
Then BF = (TSAZ - CSETPT)/(TMA-CSETPT)
TSAZN = TSAZ

If BF<O then BF =0
TSAZN = CSETPT
QCC = MLT*ZCFM*({1-BF )*(TMA-CSETPT) Btu/hr

QHEL = QHBOL = QHHP = O

4, For cooling mode, TMA = TSAZ
And if  TMA = CSETPT

Then BF = 1
gQcc = 0 no cooling
QHEL = QHBOL = QHHP no heating
TSAZN = TMA -

5. Calculate actual zone temperature.
TROOM = TSAZM + QSUM/(MLT ZCFM} U
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Figure g-11. Flow chart for KEQ4 subroutine
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Figure 8-12. Schematic of the KEQ4 processes on the psychrometric chart
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8.6 KEQ5 Subroutine

The KEQ5 subroutine simulates the performance of type "five" air handler:

a two-level room, with cold pienum air and comfort air modulated by terminal
reheat at the room. Mixed air at the air handler is cooled to a fixed set
point for all zones. <Cold air modulated by a reheat coil Tocated near or

at the zone is supplied directly to the main room. The required air temper-
ature to the zone is achieved by complete mixing of plenum air and comfort
air in the room. A schematic of this type of air handler is shown in )
Fig. 8.13 and a flow chart for the subroutine algorithm is given in Fig. 8.14.

The process is sketched on the Psychrometric chart as illustrated in Fig. 8.15.

8.6.1 Calculation Procedure

1. Determine the set point temperature SETLO
If TMA < CSETPT
Then SETLO = CSETPT
Else SETLO = CSETPT

2. Calculate the temperature of comfort air (THOT) o
THOT =  TSAZ-(SETLO)(L - HFBRA) /HFBRA ~  °F

where  .o. comfort air

- 2 0
HFBRA = G Comfort air + o plenum air ©

3. Compute heating and cooling Toads on the coils:
IT THOT < SETLO
Then THOT = SETLO
QHEL = QHBOL = QHHP = 0
QCC = ZCFM*MLT*(TMA - SETLO) =~ = Btu/hr

If THOT = SETLO -
Then QCC = MLT*{ZCFM)*{TMA - SETLO) tu/hr
QHEL = MLT*ZCFM*HFBRA*(THOT - SETLO) Btu/hr

a. Calculate the two—Teve1:room température TROOM
TROOM = (HFBRA*THOT) +  (1-HFBRA)*SETLO + 0
QSUM/ (MLT*ZCFM) F o
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Fizure 8-14. Flow chart for KEQ5H subroutine.
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8.7 KEQ6 Subroutine

8‘.7.]

The KEQ6 subroutine simulates the performance of type “six" air handler:

a two~Tevel room with cold plenum aivr and comfort ajp modulated by by-
passed mixed air and termina] reheat. Mixed air at the ajp handiar is
cooled to a fixed set point for all zones. The "comfort" ajr to the second

level is a mixtupre of cold air and bypassed mixed air and is modulated by
& reheat coil locited near or at the zone.

Arschematic of this type of air handler is shown in Fig. 8.16 and a flow -
chart of the subroutine algori thm is given in Fig. 8.17. The process is
sketched on the psychrometric chart as shown in Fig. 8.18.

Laleulation Prqcedure

1. Determine the actual
IT TMA < CSETPT
Then SETLO = TMA
Else SETLO = CSETPT

temperature of air leaving the cooling coils(SETLo )

2. Caléulate the temperature of comfort air (THOT) a
THOT = TSAZu(SETLO*(]~HFBR )} /HFBRA F

Where HFBRA = (cfm of comFort air)/{cfm of comfort air + cfm of plenum ajr)

3. Compute cooling and heating Toads on the cooling and heating coils:

4.

(1) If THOT < SETLO

Then CPF = 1
THOT = SETLO
QHBOL= QHEL = QHHP = Reheat is off

. _ QCC= MLT*ZCFM*(TMA - SETLO)
* (1) If SETLO < THOT=< TMA ang TMA 2 SETLD
Then CPF = (TMA - THOT)/(TMA - SETLO)

QHBOL = QHEL = QHHP = 0

o Q00 = MLT*(ZCFM)* 1 - HFBRA®(1 - CPF)]  *(TMA - SETLO)
(111) If THOT >TMA then

CPF = 0
QHEL = MLT*ZCEM*(THOT - TMA)*HFRRA Btu/hr
QCC = (MLT)*ZCFM¥*(1-HFBRA)* (TMA - SETLO) Btu/hr
(iv) If TMA = SETLO A
Then QCC = 0
QHEL = ZCFMMHFBRA*MLT*(THOT - TMA) Btu/hp

Calculate the actual room aip temperature (TROOM)
TROOM = (THOT * HFBRA) + ({1 - HFBRA) * SETLO) +

0
F
QSUM/(MLT * ZCFM)
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SETLO =
MIN (TMA, CSETPT)

1

CALCULATE
THOT

114
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CPF=1.0 CALCULATE
THOT = SETLO — QHEL, QCC
YES
HEATER =1
CALCULATE CPF
NO QHEL=0
A
QHBOL = QHEL =0
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Qcc
CALCULATE ¥
TROOM ke
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Figure 8~17. Flow chart of XEQ6 subroutine
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8.8 KEQ7 Subroutine

- 8.8.1

This subroutine simulates the performance of - type "seven" air handler:
a two-level room with cold plenum air and comfart air modulated by mixing
cald and hot decks. Mixed air at the air handler is divided and supplied
to a heating coil and a cooling coil. Mixing of comfort air and plenum
air is assumed complete and perfect. A schematic of this type of air
handler is shown in Fig. 8.19, and a flow chart for the subroutine algo-

rithm is shown in Fig. 8.20. The process is also sketched on the psychro- |

metric chart as shown in Fig. 8.21.

Calculation Procedure

1. Determine the actual temperature of air leaving the cooling ceil

(SETLO) and heating coil (SETHI).
If TMA < SETLO then SETLO = TMA  else SETLO
If TMA > SETHI then SETHI = TMA else SETHI

CSETPT
HSETPT

o

2, Determine the temgerature of comfort air (THOT)

CFM1 = (1 - HFBRA)ZCFM= plenum air discharge -
~ CFM2 = HFBRA*ICFM= comfort air discharge '
THOT =|TSAZ*(ZCFM) - (CFMI*SETLO)/CFMZ, CRH2# 0

3. Determine the cooling coil pass ¥actor (CPF), which is the amount of
- comfort air that passes through the cooling coil:
(1) If THOT < SETLD ‘
' Then CPF = 1.0
- . THOT = SETLC
(1) . If THOT >SETHI
Then CPF = 0.0
THOT = SETHI
(ii1) I SETHI = THOT = SETLO: then
CPF = (SETHI ~ THOT)/(SETHI ~ SETLO)

4. Calculate the heating and coeling loads on the coils:

MLD = (1.0 - CPF)*CFM2*(SETHI - TMA)*MLT | Btu/hr

If HEATER = O then QHEL = HLD
If HEATET = 1 then QHBOL = HLD
Qce =

5. Calculate the actual temperature of the room (TROOM).

TROOM = ({THOT*HFBRA) + (SETLO * (1.0 ~ HFBRA))+
QSUM/(MLT * ZCFM) S L

CFML + (CPF*CFM2)] * MLT * (TMA - SETLO) ~ Btw/hr

1
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Figure 8-20. Flow chart uf KEQ7 subroutine
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KEQ8 Subroutine

This subroutine simuiates the performance of type "eight® air handler:
a single cold duct with fixed, bypassed return air and terminal reheat
as shown in Fig. 8.22. Mixed air is supplied to all zones afier being
cooled. The supply air temperature to a particular zone is modulated by

-mixing veturn air with cold deck air and heating the final mixture with

a reheat coil Tocated near the zone. A flow chart of the subroutine algo-
rithm is given in Fig. 8.23 and a schematic of the processes on the psychro-
metric chart is g1ven in Fig. 8. 24

Calculation Procedure

1. Determine the actual temperature of air leaving the cooling coil (SETLO)
IT TMA < CSETPT
Then SETLO = THA
Else SETLO = CSETPT

2. Calculate the temperature of the air mixture (TMR) when mixing coid
air with return air o
TMR = (HFBRA*TRA) + ({1.0 ~ HFBRA) * SETLO) F
Where HFBRA is the fraction of zane air discharge that is bypassed by
return air.

3. Determine the actual supply a1r temperature to the zone (TSAZN)
If TSAZ < TMR _
Then TSAZN = TMR
Else TSAZN = TSAZ

4, Calculate the heating Toad oh the reheat coil. If the required supply
air to the zone is higher than TMR then the reheat coil is activated
and the heating load is calculated.

If TSAZ =TMR _

Then HLD = ZCFM*MLT*{TSAZN - TMR) o Btu/hr
If HEATER = 1 then QHBOL = HLD :
If HEATER = 0 then =~ QHEL = HLD

5. Calculate the cooling load and the actuai temperature of the room

QCC = ZCFM * MLT * (1 - HFBRA) * (TMA - SETLO). Bgu/hr
TROOM = TSAZN + QSUM/(MLT * ZCFM) F
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8.10 KEQ9 Subroutine

8.10.1

This subroutine simulates the performance of type "nine" air handler: a
two-level room with constant volume cold plenum air rate and variable

voiume comfort air rate at fixed temperature. Cold plenum air is supplied
at constant discharge to the main room through the electronic equipment
racks. Variabie volume hot deck temperature is supplied directly to the
main room. Mixing of plenum and comfort air is assumed perfect and complete.
A schematic of the air handler is shown in Fig. 8.25 and a flow chart of

the subroutine algorithm is given in Fig 8.26. A schematic of the processes
on the psychrometric chart is given in Fig. 8.27.

Calculation Procedure

1. Determine CFM1 and CEM2

CFM2 = HFBRA*ZCFM = maximum comfort air discharge
CFMI = ZCFM -~ CFM2

1

2. Dgtermine the supply air temperature to the zone {TSAZ1) assuming no comfort
air at all is provided.

TSAZL = TRA - QSUM/ ( CFM1 *MLT)
If TSAZ1 <50 then TSAZ1 = 50

3. If TSAZL = TPAM then the variable volume damper is closed. Cooling set
point is automatically adjusted to be TSAZI.
a) If ECON = 0 then go to item (e)
(b) If ECON =0 and TOA > TRA then go to item (e)
(c) If ECON = 0 and TSAZL = TOA < TRA | |
Then TMA = TOA and go to item (e)
(d) If ECON = 0 and TOA < TSAZI
Then TMA = TSAZ1 and go to item (e)
(e) Determine cooling and heating loads and the actual room tempeprature

QCC = CFMI*(TMA - TSAZI1) *MLT Btu/hr ,
QHEL = 0.0 |
QHBOL = 0.0 0 | _ !
TROOM = TSAZ1 + QSUM/CEMI*MLT - - PF ' '

Return to the main program. g

4, %‘F)TSAZI > TPAM ECON =1 and TMA = CSETPT then

a) IFTECON=0 go to item (e)
(b) If ECON # 0 and TOA > TRA go to item (e)
(¢} If ECON # 0 and TPAM = TOA = TRA then '
_ TMA = TOA , go to item (e)
(d) If ECON # 0 and TOA < TPAM then - Co
TMA = TPAM, go to item {(e)
(e} Determine the actual cold and hot deck temperatures, SETLO and SETHI
SETLO = MIN(TMA,TPAM) : - - .
. SETHI = MAX(TMA,HSETPT) :
(f) Determine the variable air discharge fpr comfort air, YCFM2
YCFM2 = T CFMl*(TRA»TPAM)/(SETHI-TRA)F r
IT VCFM2 < 0 then VYCFM2 = O L
If VCFM2 > CFM2 then VCFM2 = CFM2

- | QSUM/MLT*(SETHI-TRA)| ",cfm -
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Figure 8-26. Flow chart of KEQ? subroutine.
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Determine QHEL, QHBOL, QCC and TROOM

If HEATER = O then

QHEL = VCFM2#MLT*{SETHI - TMA) Btu/hr

QHBOL = 0.0 '
IT HEATER = 1 then %
QHEL =0.0 i
QHBOL = VCFMZ*MLT*(SETHI - TMA)

Btu/hr
Qee = MLT*CFMl*(TMA - SETLO) B

tu/hr
TROOM = ](VCFMZ*SETHI) + (CFMl*SETLO) + (QSUM/MLT)? // (CFM1 + VCFM2) F
Return to main program

STrvees e

e i

N [FE RN e .
Y Lol T

" L




9.1

g.2

129

SECTION IX
COP SUBROUTINE

Description

The coefficient of performance (COP) subroutine calculates the actual electric
energy consumed by the compresser in electric-driven vapor compression refrig-
eration equipment. Both cooling (refrigeration) and heating (heat pump)

modes are considered. The air handler heating or cooling 1oads, as computed

from the main program ar converted in (COP) to the corresponding electrical
consumption by the primary equipment.

Changes in equipment performance due to outside air temperature variations
and inefficiencies due to partial load operation are considered,

Refrigeration Performance

Figure 9.1 illustrates the four basic components of a vapor compression refrig-

eration cycle: the compressor, condenser,evaporator and expansion (throttling) valve.

Heat (Qe) is extracted from the space to be cocled to produce a phase change of
the refrigerant from Tiquid to vapor. The vapor is compressed in a compressor
from paint (B) to (C) before it enters the condenser. In the condenser, the
vapor (C} is condensed to liquid (B) while rejecting heat to the ambient air.
The Tiquid is throttled to point (A) where thas cycle is repeated, The mechanical
work required in the compressor is
. M=g -0,
The coefficient of performance is defined as

(COP) = refrigeration effect _ Qg

" compressor work

. | o _ . Qc-qge
~ For an 1ideal Carnot cycle, the COP is given by
' ' : L Te
‘,(COP)Carnot " Tc-Te

refrigeration

where Tc and Te are the absolute te peratures of the condenser, and the
evaporator, respectively, o h SRS o

Practically, a finite temperature difference in the condenser and the evaporator
is assumed as shown in Fig. 9.2. '

~ The following assumptions are made = I

1. In the cooling mode, the condensation temperature (T.) in the condenser is
assumed 400F above the ambient air temperature (T{)A)T |

2. In the cooling mode, the evaporation fempsrafufe'(Té) in thewévébeatdr is

below the desired cooling set point by 10°F.

_3. The relative efficiency of an actual refrigerator compered to the ideal

Carnot refrigerator is 494. The relative efficienc value was abstracted
from average conditions of air-cooled and water cooled chillers. '
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4. The electric bower consumed, in cooling mode, p

is assumed constant for alj partial Toading down to 40 of the
of each compressor stage. Op op below 40% of ful

- 0.40 CSETPT + 450
(COP)act, = 0-49 For csErprg g5

For'exampie, if CSETPTis chosen to be 55.0°F then the e
per 1 ton of refrigeration (12,000 Btu/hr) is

PPT = KWe/Ton" = 7.18%(TOA - 5.0)/505

9.3 Heat Pump.Performance_

Fig.'9.3”i11ustrates the cycle of events for the heat pump which are reversed
between the condenser and the evaporator

compared to Fig. 9.2, The heat is
extracted from the relatively cold outside air and is pumped to the spacé air
by providing the mechanical work in the compressor (W). The ~oefficient of
performance for the heat pump is given by: :

(coP) - heating effect - _Qc
< * heat pump compressor work Ge-Qe
For an ideal Carnot cycle, the (COP) is given by
. Ic
(COP)Carnut " Te-Te

heat pump

- where T is the absolute temperature,

T s

Figure 9.3 shows the operating temperatures of a hegt pump cycle allowing
for a finite temperature difference in the condenser and the evaporator. The
Tollowing assumptions are made:

1. In the heating mode, the condensatio

n temperature {TC), in the condehser,
is assumed 40

F above the desjred hot deck set point. temperature (HSETPT).
2. In the heating modé, the'evaporaiion temperature Te, in the evaporator,
1s assumed below the outside air temperature (TOA) by 10OF,

- 3. The relative efficiency of'an'actua1'h3at'pump compared to the ideal
- Carnot's heat pump is 49%. : '

. (PPK) in heating mode, per 1 kilowatt (thermat) -
15 assumed constant for all

partial Toading down to 40% of the full neating
capacity of the machine. 0n or below 40% of fulj loading, the heat pump

is assumed to consume an energy level corresponding to 40% of full load,
For heating mode, the comp

er ton of refrigeration (PPT)
Tull tonnage
1 ]oadigg, the refrigerator

lectric power (Kie) -

ressor is assumed to be single stage, - o
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Accerdingly,
| | (coP) .49%  (HSETPT + 500)
: | actual” (HSETPT = TOA * B0

‘9.4 Variables List

Variable - Description
¢ cooling load, tons : .
CDSIZT fraction of f1rst stage cooT1ng load
B _ CSETPT : cold deck set point, OF
- ¢qce compressor cooling Toad in Btu/hr or Kie
B CQHHP heat pump heating load, Btu/hr or KiWe
f FFG1 fraction of full load of first sfage (cooling)
i FFC2 - fraction of Tull load of second stage {cooiing)
FFH fraction of full heat1ng capac1ty {heat pump)
HSETPT hot deck set point, ©
~ PPK ) electric power per Kw (heat pump), KWe
PPT - electric power per T0§S (coo]1ng§ Kile
SIZE(1) first-stage compressor SIZE, TONS
SIZE(2) second stage compressor SIZE, TOMS
SIZE(3) heat pump capacity (Btu/hr)
TOA outside air temperature, OF

8.5 Computation Procedure

T. Convert the compressor cooling Toad CQCC(Btu/hr) to tons of rafrvgerat1on
¢ = CQCC/12000 tons
| 2.  Ca]cu]ate the power per ton of reffigératfon'
PPT = 7. 18*(TOA—' 5'0)/505'

3. Determ1ne the partial Toading of each compressor stage
a. - If the required cooling tons {C) is Tess than the size of stage 1.

(SIZE1) then only the first stage is ]oaded and the fract1on of fu11 R

cooling capacity of stage 1 is: s : ]
FFC1 = maximom (0.4, C ) and FFC2 = 0.0 . o
- STZE 1

b, IfC> [SIZEi + SIZE2] then wr1ne 2 warn1ng message, .
' GQCC(1n KWe) = PPT*C '

S T

. 2 . .
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c. If [SIZE] + SIZE2] >¢ > SIZE 1 then
€2 = (C - SIZE1)/SiZE2 -

where €2 is the fraction of fu11 cooling capacity of stage 2.
FFC2 = maximum (0.4,C2)

Calculate the electrical consumption of the compressor, in Kie
CQcCe = PPT*(FFCl*SIZEl + FFC2*STZE2)

If a heat pump is used for heating, ca]cu]ate the power per kilowatt -
thermal assuming 859 hot -deck set §01nt

PPX = (135.0 - TOA)/ ( 49+585 KHe/KNt

Calculate the fraction of full load for the heat pump and the electric

. power consumpt1on.

FFH = CQHHP/SIZE3

a. If FFH <O 4 then

FFH = |
CQHHP = (0 4*STZE3*PPK)/3413.0 Kie

b. If FFH Z 0.4 then

CQHHP = CQHHP*PPK/3413.0 _ Kie

The subroutine flow chart is sketched in Fig, 9.5.
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APPENDIX “A"
PROGRAM LISTING
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~ONUM

TABLE A.1 List of Program Variables
Variable . Description
‘A Solar radiation parameter, Btu/hr.ft2
ABSORT Outside wall solar absorptivity
{or ALPHA) '
ACCERY Daily energy consumption by accessories, KNHe
Ad Adjacent zone 1dent1f1er
AGLAS Glass area, i
AH Air handier type identifier
- ALFA - Qutside air to total air discharge ratio-
AQCC Air handler cooling load on cooling coils, Btu/hr
‘AQHBOL Air handler heating Toad on gas-fired boilers, Btu/hr
AQHEL Air handler heating load on electric heaters, Btu/hr
AQRHP Air handler heating load on heat pump, Btu/hr
ATZVOL Summation of zones volume fed by commen air handler, fta-
AWAL | Wall {or roof) surface area, fr2
AVALL |
B Solar radiation extinction coeff1c1ent
BF _Bypass factor '
BLDG Alpha-numeric name of Eu11d1ng under study
BOLEFF - Combustion. efficiency for gas-fired boilers
C Diffuse radiation parameter
C Compressor cooling load in tons
c2 Second stage compressoy cooling load in tons
CAPACY Total air circulation of a given air handier, cfm
CoF Cloud cover factor
CbsSIZ1 Fraction of full Toad on first stage compressor
CFM1. Plenum air discharge
CFM2 Comfort air discharge
CLIMIT  Maxinum number of compressors
CLK Time clock |

- Compressor number or index

e | ST e
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" TABLE A.1 (cont'd)

- Yariable Doscripinn;' 3
cop o Coeff1c1ent oF performance | ?
- COPRES " Compressor-aiv haridler d1str1out1on index _ R }
COUNTC - Compressor counter flag ' R _ : ?““"; : '?
- COUNTE. . Counter index - | | |
CPF ~° Cooling coil passufactor o S
- cqee o Compressor cooling load for ali air handlers Btu/hr B L
CQHHP - Compressor heating load for all air hand?ers, Btu/hr' o i.~'?
(GSETPT - Cold deck set point temperature, °F e
DATYPE,DYTP Type-of-day identifier | o . i
‘neqcee - Sum of cooling Tloads on COMpressors for 24 hrs.- S T o E
DEC | Declination angle, radian ' | | b
DEZCFM Design value of zone CFM ;
DKWHE - © Cost of KuH, in dollars T
DKHHT - Cost of KWHt in doflars . oy |
bt Temperature difference = {TOA-TRA) T I TR Ik Dt S
SR S
ECHO ~ Subroutine to echo input data ; | f
ECON .  Outside air economizep cycle fdentifier =~ Ty
EPOWER . - Daily sum of electrical energy in zone consumed by Hlectr1ca1 . L
: : and mechanical equ1pment KwHe/daytype S
EQPUR _ Daily sum of electrical energy in building consumed by e]ectr1ca1 f
' and mechanical equipment, FwHe/daytype R . _ -
EYE F}ag or index s B o
- FFC1 B Fract1on of fu1’ Toad for First compressor stage ]
FFC2 Fraction of full load for second compressor stage S
CLFFH . Fraction of fulT load for heat pump I
" FINMON . - Monthly energy consumpt1on and cost matr7x -
FLIP Flag , - -
FLOAT - Flag

AR L AP e S e e ey A m sk e [ P
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TABLE A.1 (cont'd)

KEQ2

'Variab1e Description
GRREFL Ground reflectivity
“H, HOUR Hour index -
HA Hour ang]e, radian .
~ HALMT Hour: angie at sunrise or sunset, rad1an
CHANDLR - Afr handler namelist |
. HEAT, HEATER -  Type of air handler heating source identifier
HF, HFBRA - Air discharge ratio for special air handlers
HLD, HLOAD Heating load on heating coils, Btu/hr
HMAXAH Maximum supp]g air temperature for multizones fed by a given
_ air handier, °
HMINAH Minimum supp]g ajr temperature for mu1t1;ones fed by a given
air handler ,
HO Convective heat transfer coefficient for outs1de wall surface,
Btu/hr. F£2OF
HSETPT Hot deck set point temperature , °F
I,I1I Index
IASTRK Index
ICNTRL Index for two-level zones
IDN Direct normal solar radiation, Btu/h'r‘.ft2
INDEX Index |
ISET, IZ Parameters. for ECHO subroutine
J,dd Index
JFLAG Index
K Index
KEQT First air hand]er subrout1ne {(k=1)

Second air handler subroutine (K=2)
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" TABLE A.1 (cont’d) -

. Yariable

Month 1ndex |

Description

KEQ3 Third air handier subroutine (K=3)
KEQ4 - Fourth air handler subroutine (K=4) -
KEQ5 Fifth air handler subroutine (K=5)
KEQ6 Sixth air handler subroutine (K=6)

KEQ7 “Seventh air hand]er_suﬁféutine'(K¢7)"; 
KEQS - Eighth‘air'hdnd]er“éubroutine'(K=8)

 KEQ9 - Ninth ajr handler subroutine. (K—D)
KEQUPE Kilowatt of electrical equipment, Kw

' KEQUPM Kilowatt of mechanical equipment, Kw
KFLGHT' * Kilowatt of fluorescent lights, Kw
KLIMIT Maximum number of air handlers in the building
KNUM Air handler number or index

L Index .

LAT,LAT1 Latitude of the 1ocat1on, radian

LITPR Daily sum of energy consumed by Tights 1in E bu11d1ng KNHe/daytype L
LPOWER "Da11y sum ‘of energy consumed by Tights in'a zone, kNHe/daytypa '

M Parameter in ECHO subroutine - .
MAXAH Maximum supply air tempnrature to all zones fed by a given air handler o
MAXMO Maximum number of months for program run A
MAXQ Maximum vaius of net heat gain. QSUM |

. MAXTCP Maximum cooling: tonnage of a g1ven compressor, tons of refrugerat1on
-MAXTZN Maximum zone cooling Toad per year, tons :

MIALFA Minimum ratio of outside venu11at1on a1r to tota1 c1rcu1ated a1r

IR for a given-air handler - o
MINAH Minimum supply ajr temperature to al1 zones fed by a given air handler
MINCFM Minimum outside vent11at1on air for a given a1r handTer, cfm

MINQ Minfmum value of net heat gain QSUM ' CoT

COMLT Altitude muitiplier for{dens1ty*spec1f1c heatjproduct
~ MO,MONTH

e i e
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TABLE A.1 {cont'd)

Description

Variabie
N Parameter for ECHO subroutine
NECHO Index for ECHO subroutine
NEWHR Hour index
NOP Number of persons occupy1ng a zone
NZONE “Number of zone
P Parameter = PI*M0/6
PI Constant /7 |
PHIRF Phase angle for heat transmission through roof, radian
PHIWL Phase angle for heat transmission through wall, radian
PPK Power per kilowatt {therm} for heat pumps, KW,
PPT Power per tons of refrigeration, Kwe
Qce Zone coo11ng Toad by c0011ng coit, Btu/hr
- QEQUP Zone heat ga1n due to electrical and mechanical equ1pment, Btu/hr
| QGLAS Zone heat gain through glass areas, Btu/hr
QHBOL Zone heating load by gas-Fired bo11ers, Btu/hr
QHEL - Zone heating load by electric boilers, Btu/hr. .
QHHP Zone heating Toad by heat pump, Btu/hr
QINF Zone heat-gain/loss by infiltration, Btu/hr
QLIGHT Zone heat gain by Tight sources, Biu/hr
QNOP Zone heat-gain Trom people, Btu/hr
QPP Heat dissipated per person, Btu/hr _
qQPPs Heat dissipated per person in summer, Btu/hr
QPPU Heat dissipated per person in winter, Btu/hr |
Qs Zone heat gain by so]ar and ambient a1r effects through glass avrea
only, Btu/hr
QSUM Sum of zone heat-gain/loss, Btu/hr
QTRANS Total heat transmission through walls and roofs, Btu/hr =
QTRAUN Transmission heat gain Eo zone by sol-air temperature method, fov

QWAL

a giver wall, Btu/hr.Tt
Heat transmission through zone walls and roofs, Biu/hr
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TABLE A.1 (cont'd)

_ Variable . Description
REHEAT3 Zone index 1dent1fy1ng the tvpe of term1na1 reheating system
RI Index
SALT Solar altitude angle, radian
SANGLE Solar transmissioi angle
SAZM Solar azimuth
SETHI Heating coil set point temperature, OF
SETLO | Coo]ing coil set point temperature, OF
_ SETPTS Set point temperatures, °F
SHABE Ratio of wall unshaded area to total area
SI Solar intensity, Btu/hr.ft2
SIZE Comprassor cooling/heating. capac1ty
STAR Index
SUMBL1 Sum of gas-fired boiler Joads on'daytype 1
SUMBL2 Sum of gas-fired boiler Toads on daytype - 2
- SUMCCH m of cooling compressor loads on day 1
SUMCC2 Sum of cooling cempressor 1oads on day 2
. SUMHL1T Sum of electric heater loads on day 1
SUMHL2 Sum of electric heater loads on day 2
SUMHP1 Sum of heat pump loads on day 1
SUMHP2 Sum of heat pump Toads on day 2
T Zone cooling Toad in tons
TA _ Glass solar transmissivity _ .
TCOMFT Supply air temperature to a zone From 2 given air handler
TE Sot-air temperature, OF
TEM Avefage Sol-air tempEPature-for'24vhours,°F
THOT Comfort air temperature of air fed into two-level room
™A Mixed air temperature at the air ‘handler, °F
'TMCLK Index for time clock operation
TMR

Mixed air temperature at the zone in (KEQ8) subroutine

T P T I T PR T T S

_ :l&.hmhd‘u.‘a.{im—-..eﬁ.udr_.u‘.‘&‘d

S




e N

145

- TABLE A.1 (cbnt’d) o

P T " et e S | TR M § T 0. T WO Alp it o o - PR —— e e e e T - S .

;
T P u.‘.'..e-:m:ﬁ

Variable - . . Description
TNEXT - Temperature of next neighbouring'zone ADJ=1,°F ;
~TOA - - Outside a1r temperature,.oF : _ i
TOAT - Special zone temperature for ADJ 2 Of ?
TPAM Max~plenum air temperature, OF ) E
TRA - Zone return air temperature,°F - . - o : z ;
TRAA . Average return air temperature for zones fed by a given air handler ' %
~ TROOM,TROOMA Room temperature, °F S g
© TSAZ, TSAZN _'Supply air temperature to zone, O , _ -
TSUM  Inside summer design temperature, °F < ; - - .
TTLACT. .- Daily total energy cohsumed by accessories for daytype 1. :
TTLAC2 _ Paily total energy consumed by accessories for daytype 2
THIN _ Inside winter design temperature, PF_ .
U .~ Overall heat transfer coefficient, Btu/hr. FE2OF j
UGLASSi  Overall heat transfer coefficient for glass, Btu/hr. ftZOF E
UR,UN 'Dvera11 heat transfer coeff1c1ent for roof and walls, Btu/hr ftZOF _'é
_ _ o _ _ S . ;
4
Y Lo Amp11tude of periodic heat transfer coeff1c1ent, Btu/hr ft20 :j
VCFM2 Variable air volume for comfort ]
VoL ~ Zone volume, ft3 . ﬁ
VRF, VWL '5f“-Amp11tude of periodic heat’ transfer coefficient for roof and walls, ’ i
Btu/hr. ft20F 7 -
~ VSG V1ew factor between ref]ected soTar energy and the ground i i
- WAZM . - HWall~-azimuth angle
WMPH : o | Wiﬁd speed, mph | ;
WSAZM  Wall-solar azimuth angle '

IWT . . oL wa--” 'til_t'ang]e
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TABLE A.1 (cont'd)

Yariable

-Description

YCQCcel
Ycqecz
YMAXAH
YMINAH
YTQCC

Z,IN, ZONE
ZCFH
ZLIMIT,ZLMT
ZQCC
ZQHBOL

' ZQHEL

ZQHHP

Yearly total energy consumption by compressor in daytype (1)
Yearly total energy consumption‘by compressor in daytype (2)
Yearly maximum supply air temperature to ZOnes (MAXAH),OF
Yearly minimum supply air temperature to zones (MINAH),OF
Yearly total summation of cooling tons for all compressors

Zone index
Zone air discharge, cfm
Maximum number of zones in building

- Zone share of cooling coil load, Btu/hr

Zone share of heating coil foad using gas-boiler, Btu/hr
Zone share of heating coil load using electric heater, Btu/hr
Zone share of heating coil load using heat pump, Btu/hr
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A.2 Listing of Program Source
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ECP PROGRAM DATE 062378 PAGE

135925VIC (1) JECPaVA . , ' '
FIRST PART OF THE ECP PROGRAM COMPUTES THE WEATING AND

VIRV RGTAR &
TrAEwUeO O

i ¢
§ c COALING LOAD FOR BUILDINGS
: \

a ¢ .

7 DIHENSTION TOA(iEcEﬂIvQWLLtEHJaSI(?ﬂvQJnVOLtaJ

) DIMENEION CCFC12):QTNF(EHJ1HFRRA(B}9T5UHIEJr?ﬂ:#{a)

7 DIYERSTON GGELAS{20)+NSUH(2924) sONOP (2320 ) o HMPHE2UY 1HDL21)

5 NIMENSINN GLIGHT{ZUs 15 4NEQUPL2U114) +CAPACY (] D)

9 DIMENSTON ACCFRY(2+S)vaALFa{10) +QHFLLERYI0Y :

{0 DIMERSTON AGHEL (0B 10) yOHKP (UR10) + ABHHP (B 1.0 +HCCEUBy10)

11 DIMENSTON AQCECURY10)4NHAOL (4810 AAKMROLCEB,10)

12 DIMENSTION EETPTS(2410)¢ST7E(3+50) 1 THACURC10)TSAZ(By4B)

13 DIMEXRSTON CSETPT(URs10)y HSETRPT(UR:10)

14 DIMEMSIGN EPOWFRIZyAY+TCOMFT(Ay4B) ENBHRD)

15 RIMENSION UR(AY UWIB) sPHTRFIA) «PHTHLIB) yVRF(B) s VAL {BY s TRALB)

th DBIYENSION THGOM(HB)|H0NTHt12)JFINMD&(13|Qj1TRUOHACH8v!0)

17 DIYENSION COPRES(10440)eCNLE(UBY10)9CGHHA(UAE1D)

is DIMENSTION VCG:E!£¥OJcYCGCC2t10)rYHAXAHCIOJnYHINEHtiﬂ?

19 DIMENSION H4AXAH{UBcIN) s HMINAHLUR,10) .

Zn DIHMENSION COUMTE(LRyI0)sCFMPENTB)

21 DIMENSION ASUMNULP 924 e TEAZNULB4AY

22 DIVENSINN KwH{24424)

23 DATR I8LANK /Y 1y

24 TNTEGER 3P(8)

25, IMPLICIT INTEGER (2)

g6 HFiL-ZGHFLtuﬁ)fZOHHPtﬂB)vZGCCtaa)vZGHBDL{Hai
27 REAL MINCFHLID)}sMTALFAL} QY . :

28 REAL NAXLHCIGJgMINAH(iO)'MAxTZNtS)rﬂthlHtIO)oﬂlxﬂtﬂitﬂlNﬂfa)

29 REAL HAXTER(ID) '

10 . REAL NGP(EUi16)o“ILﬁH?(Eﬂcl&)!KFLGHTfE“!!ﬁ)GKEGUPEfZHwiE)vKEQUFM(E .

31 s 16 L TTERIZYeLATIMLY ™
32 REAL ZCFMI8y11)¢LPOWFRI2+48) . gg
33 INTEGER FCONCIO0)eFL IPoTHELK {810 )
34 INTERER FEMEATEA) sHEATER{10) y AH{B¢10) ¢ ICNTRL LB 4103

3% INTEGER‘DATYPEvHDURuADJvaR)1JFLAGUJBJ . g E
16 INTEGER cOUNTCoCLIMIToLNUHCOPRES s COUHTE e g:
3? COMMONZAREA/ A4ALC9rAYvAGLASL{91B) sy TNEXT(B«B) +IHADE(D¢8) o)
33 CﬂHﬂON/WALLI'URvUWvPH!PFvFHIHLuﬂﬂvvﬂFyVHL9£BSURT fos ] g
39 COMMON/DEL/ PaDECHA9RaCoHO = g;
40 COMMNN/ Ky GSUNvT5A21TMAoZCFMtCSETFToHSETPT'HEATERvREHEAToHFBRA e
41 COMMON/CONST/MLT ) . g i
42 COHMDNfALL/BLnGvKLTHIT-ZLIHIT,VDLeTSUH,THIN,AH.ALFA, e oo
4% 1 . STZE+COPRESsCLIMIT

4d COHMON/CNT/ TPeRSUMMLLTRAA

us MAHELIST/HAMDLR hHrSETFT51GIZEoHEATEPlREHEAT!KLIMITcZLiﬁrfc

0 & AtCERVvBLDBoALFArHAxHDaECDN'HFBRAtZCFHrCDFRESyCLIM:T,

47 +  DRHHE s NHWHT e MLT ¢ THOLK e ICNTRL

Lt} NAMELIST/ZINPUTL/ AHAL-AGLASranuTSUHrTHIN|ABSOR?v f 2/6/78

# URsUWsRRIAF cPHIWL A VRF s VWL y ADJoNOPIKILGHT v KFLGHT y KEBUPE v KEQURA
FeLATs TRPAMANFCHO e TAUSRAREFL 4 UGLASSyBOLEFF
TeTNEXTeSHADE :
COMMON/CONSTR?/LATa TAUBHREFL ¢ UGLASS
DATA /PY/3,1U0159/ _
DATA HOMTH/ZIIANV @ IFERT ¢ IMART g LAPRI ¢ THAY 19 I JUNI g 1JUL Y g FAUGH
[ TSEPT3TOCT 12 INOVIyIDEL T/ : .

Bl L




EC? PROGRAM

N 57
5 L1}
59
L0
&l
he
63
&4
31
1]
&7
48
&9
70
T
T2
73
T4
75
76
77
T8
74
_ 50
: a1
A i ¥4
: A3
54
A5
B 1]
: 87
BE
AS
%0
1 9%
_ 92
; 93

94

95
t6
&7
98
5%
160
101
ig2
103
1ol
165
186
107
igB
109
110

1583
182

113

[+

c
¢
gt#a*#a*#*t:s*a BET DEFAULT vALUES RN EXEFIEVERERNK -
DD 2 ZDNE=EL4A
Do 1 Jgz1,9
: SuihEIJvZONEin,
1 CONTINUE
- TP(ZONEIXD
CFHPEN{ZONE) =D,
VoL {ZO0NE}x5500,
TSURLZONEIER TS,
CTwWINLZIONE)I=TS,
~IRCINHE)=0, 1
. Uw{ZNHEI=0,21
PHIPF{ZONE)=:,3
PHIWLIIONE)=L, L
. VRF(ZONE)=ZH,05 :
2 VHL(ZONE}=0,05 .
ABSORTE B2 = :
OPPSa2zs,. 0
- BPP¥*z290,0
TPLMzR?,
MAXMOR]D
NELHOX0
LAT=, 611
TAU!O.Bﬁ
- UGLASS=21,1%
GRREFL=0,2
DKAHEX ;0%
DKWHT% 012 -
H, T2 .57
BOLEFF=z,. 8

E .
c*a#$$¢$4w¢x$*tt**m*t*#a*tt*at***xxt##**##a:mt##t

.E

caasaanaaanaon-Olnlavmoaaiaacaasaaa:aaﬂa.snea;aaapnsaaisocpwﬁoeaa
14
g INPUT HEATHER DATAs NAMELIST SHANDLRySINPUTY

. READ(5+502) ((TOALT»J)y J1¢28)9 TEle123-
- READ{S5t501) { BCF(Kis Kelypl2)
READ(S+502) [WHMPHIL)s Luiy24) & 2/5/TH
READ(SsHANDLR) -
READ(Sy INPUTL)
801 FORMAT( {2F6.2)
502 FORMATLR2UFI,0)

g ' '
e COMPUTE waLL-AND: RDDF HEAT TRANSFER CDEFFICIENT ACCDRDXHG
t TO MIND SFEED
c .
B0 4 Ix{e38
G HOCII®! sawHPHITI/ S,
c. - ' ’

DATE 062378

ALTIVND ¥0Od A0

S] OV TVNIOTEC

L P T Y TP P SO ¥

PAGE

2

—
e
v




ECP PROGRAM

11
118
114
117
118
119
120
12t
122
123
124
12%
12&
i27
128
129
130
131
132
- 133
154
135
136
137
138
139
140
141
142
43
144
145
fub
147
" fag
149
150
151
“152
153
igd
18%
156
157
{58
159
150
181
ise
163
164
169
- 164
1a7
168
169
170

L0

CPOYCTOY

sODRO

(3 Xs s Rsdg]

10

23

2%

30

SUM ECCESSORLIES CONTRIBUTION
TTLACLT TOTAL AGCESSORIES IH KWE FOR DAYTYPE 1
TTLACZ: TOTAL ACCESSORIES IN KWE FOR DAYTYPE 2

DO 5 Ixled
TTLACISTTLACLSACEE Rl 1)
TTLACZETTLACR+ACCERY(211)

ECHO INPUT DAT& IN PROPER FORMAT IF 30 DESIRED

IFENECHD ER. 1Y CALL ECHO(NDP«KILGHT s KFLGHTyKEQUPE
? KEQUPHsLATsECONy THCLK s ADJ#SETPTE)

COMPUTE CAPACITY IN CFM OF THE AH AND TOTAL CFM TQ THE ZONES

D0 20 ZONEmisZLIMIT

60 10 KNUMzi+KLIMIT
CAPACYI{KNUKIRZCFH(ZONE 2 XKNUMISCAPACY (KNUK)
ZeFMIZONES 1) ZCFMLZONE ¢ KNUMY4ZCFMEZONES L)
CONTINUE

SUM LIGHTING IN KW AND EQUIPMENT LOADS IH KW
COMPUTE MINTMUM PERCENTAGE OF QUTSIOE AIR FOR AJRHANDLERS

DO 15 DATYPES1t12
ZXR2#70NEw]

IF (DATYRE,ER.2) ZnZ+!

DO 15 WOUR%Ly24

LPOMER(DATYPE s ZONE) SLPOWER LDATYPE s ZONE) $KFLGHT CHOUR 9 2)
? #KILGHT (HOUR y2)
EPDHER(DiTYPEyZDNE!SEPUNERCDATYPE;ZONE)?KEGUPEtHOURuZJ
? +KEQUPH{MOURZ)

QLIGHT (HAUR s ZIxKILGHT (HOUR1ZI #3413, #KFLOHT (HOUR 9 Z) %4266,
QEQUP (HOUR$Z) #3413, % (KEGUPE (HOURY2)+ 4 §#KEQUPH (HOURZ))
CONTINUE

CONTINUE

DO 23 DATYPER1rZ

DO 2% ZONE=1¢ZLTMIT

LITPR{DATYPEIXL ITPR(DATYPE)+LPOHER(DATYPEZONE)
EQPWR{DATYPE)=EQRWR{DATYPE)+EPONER COATYPE Y 7ONE)
CONTINUE

0 J0

ALFVOD ¥o

DO 30 KNUMELsKLIMIT

DO 25 ZONE=19ZLIMITV

IFCAHCZONE KNUMY ,NES0) ATZIVOL=ATIVOL4VOL{Z0HE)
CONTINUE
”INCr"fvmuﬂiﬂHAX(ATZVOLJ‘0.9.I*CAPACY(KNuﬂﬂl
ATZvOL=0,
HIALFh(KMUHJ=HINCFq(nNU“)ICAPAEY(KHUH)
CONTIHUE

DATE 062378

PAGE
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ECP PROGHAM _ C : . : CATE 062378 PAGE 4 -
174 Es # % ¥ k¥ * % k x K & K % % x
172 £ BEGIN MONTH 8Y MONTH CALCULATION . ’
173 E2 $ & & . * x % 2 & £ kK ¥ ¥ ¥ & A
. 174 c
; 1;2 € INITIALIZE KILOWATT=HOUR TABLE TO ZERD
i 17 £
' 177 c -
178 00 333T x={+24
179 P 0N 3333 Laxzle24
180 KWH{KsLAXI®D
151 3333 CONTINUE
| 182 €
O 183 £ COMPUTE ACCESSORIES IN KW PER HR '
184 £
A 185 ' ACERYLIED
i 186 ACERYRZO
: | 137 . DO 3338 Im1¢5
P 188 ; ACERYITAPERY14ACEERY (10T
S 149 ACERY25ALERY2+ACCERY(241)
! g 150 3338 CONTINUE
: i 1491 t
. 192 (o4 . .
; ? 193 DO 90000 MD=14HAXMD
: 194 I } . .
o 19% £ COMPUTE vaRILALES PsDEC;AerC FDR 80LAR BURROUTINE
1496 e —t
197 : PIPI#HO/ 6. : jud
198 DECR(0.2833=235,1BB%E08LPI=0,15%£08(2,%P}=0, ali*sxntPa :
199 ' A #0,115568TNC2,*P))%PT/180, [ol's)
200 : AZ3ER 5423, 9BXCNS{P Il 0B34C08CR#P) ¢l RIZETIN(PYu, TEA*BTIN (R, *P) i ral
205 BE(171,58-33,08%C05(P)143,0B4C05(2,%P) ol 0. 3UXSINIPI+L . I¥SINL2,%P)) Eg o)
20 & #) ,E=03
= 03 c:t@o.szswzv BERCOSIPY+6.83¢COS(2,%PI~10, 651*3!N;P:+3 17%8IMC222P) Q 53
204 A J¥1,E=03 ~ e
205 t o
- 206 c ‘ : _ o
_ % . ggg g P¥F (%3 [¥1 D1 &) [¥1 0 [¥) (]  [&1 (%) . [#1 [k} L&Y [¥7 (W} [} - EE o
: _ : “
= 209 e . g
. 210 © SET INITIAL VALUES . Z
i 21t £ _ ) :
- 242 DO 33 HOURX1s4B
T 213 bo 3T KNUHMELJKLIMIT
214 AGHEL (HOURYKNUMISD,
: 215 ARCE CHOUR s KNUH) =0,
§ 216 AQHHP (HOUR sKNUK) =,
- 217 AOMBOL (HOUR 9 KNUM) 20,
3 218 33 CONTINUE
f 219 M .
| 220 RO 34 HOUR®1e48 _
; 221 : DO 34 CNUMEL+CLIMIT
222 : CLHCCLHOUR I BNURI %0,
223 - oﬂﬂﬂtHnuﬂtcuuMJao.
2an 34 COMTINLE
225 . : DN 3T Ieteld . _
226 DB 37 J=1+i0 : _ ' .

227 . 37 COUNTE(Iyd)=0

e e s ta o a s s




Ecs PROGRAK

2258
729
230
231
232

233

234
23%
g236
237
‘238
234
240
241
242

-7/

244
2a%
246
247
24B
2489
250
251
252
253
254
£5%
256
257
258
259
260
2s1
242
26%
2h4
265
246
267
268
269
270
271
272
273
274
275
276
277
278
279
280
2nl
242
283
254

c
c
c

IO 0D

OO T30

OOy

[+ 1t Xgl

LYoo

35

SET DESIGN CONDITIONS FOR SUMMER/WINTER HONTHS

pn 35 ZONE=1ZLIMIY
TRA{ZONES2ZTWINCZONE)

RPPEOPPW
TF{40,LE,5.,008,.H0,6E, 5060 TO 15
TRA(ZOMES=TSUMLZONEY

ORP=RPPS

CONTINUE

‘REGIN ZONE BY ZONE EVALUATION CF THE HEATING/COOLING

LOADS? AND EGUIPHMENT ENERGY CONSURPTIONS

DO 500 ZONE={4ZLIMIT
TASTRKEO

. BEARCH FpOR ICNTRL EBUAL TO ! FOR THIS ZOHE

.}

00 38 KNUMZ1aKLIMIT

TFLICNTRLIZONESKNUM) LER. 1) IP(ZONE) =1

CONTINUE

., COMPUTE INFILTRATION LOAD

1910

39

. HEATING/COOLING LDADS

DO 1010 HOUREY+24
QINF CHOUR) V0L (ZONE) %, 02¥MLT* (TOA (WD HOURI = TRA(ZONED )

£OMPUTE TRANSMISSION LOADS THRU WALLS AND ROOFS AND SOLAR LOADS3
THRU GLASSES :

CALL SOLAR(THACZONE)+CCF9TOAs8I2GGLASYZONE)
CALL TRANS(TRACZONEY +TOAYST¢GHAL®ADJeZONE)

HOURLY HEATING AND COOLING COIL SETPOINTS
Do 39 I=xtydB

DO 39 UNUM=eRLINIT

CSETPT (T KNUMIRSETPTS {1 yKNUM)
HSETETLI 4 XNUMIISETPTS L2 KHUH)

CONTINUE

DO 1050 DATYPEX142
2=3%70NE=1 .
1F (N&TYPELER,2) Z®Z+1
po- 1050 ROURE1e24 '
11=HOUR .

. IFLDATYPE.ER.2) I11sHOUR+24 P

TP T
L, »

DATE 062378

PARE ]

281

A‘lﬂ1'.‘hﬂ-(ﬂ.“mﬂ




ZCP PROGRAM

285
286
287
288
249
258
291
2a2

203

254
2495
296
297
298
299
360
301
3a2
103
304
3035
306
3of
indé
309
310
It
52
313
318
315
316
317

318

319
120
izl
322
323
324
125
326
327
328
329
330
in
332
333
334
335
i34
337
318
139
340
T4y

(3 Er Ny Yol

45

oon

anao

(22 Ny ]

57

1020 TSAZNLC(ZONF
& [ZLFMezON
GO 70 1dup

1030
1040

1060

- 56
1050
c.

ANOP (DATYPE s HAUR
GSUMCDATYPE s HOUR
?

RSUHNUCDATYRE»HOU

JINOPCHOUR 2) PP
VEQELAS (HOURY +RHAL (HO
+0HDPfDAT?PE'HGURJ+DEGUP(H0UR923
R)ZQSUMIDATYPEHOUR)

BEGIN EQUIPMENT LDADS CALCULATIONS

IFC.NUT.{DATYPE-EQ.!

IF(HOLNE, 1) gD T0 50
HIND(iDNEJzDSUMEtiii

MAXQLZONE)=05UM{ T4 1)
50

INRUZONE) ¢ 28UM
AXG{ZONE)

G0 TQ

MINGLZONEYZMIN(H
MAXR(ZONE RMAY (M

CONTIMNUE

COMPUTE T8AZ1

AND, HOUR JEQ. 1{3) 60 T 43

(DATYPE ¢ HOURY)
YOSUMIDATYRE s HOURY )

TEMP DF BUPPLY AIR TO ZONE

UR)+QINF (HOUR)

DATE 062378

FULIGHT (HOURYZ)

TSAZ(ZDNE{IIiITRA(ZDNEJ'GSUH(DATYPEvHDURJ/fZCFﬂEZDNE-lli*HLT)
TS&ZNUIZGNEtIIJITSAZCZUNE!IIJ

COMPUTE NEW SUM .
AIRHANDLER FEEDIN

KTURZFKLIMTT
D0 54 Krk=1eKkTU
TFURK .67, %
IF(AMEZONEsK
IFLIENTRL (ZONEKK)

GO TO 54

COMPUTE MAX AND MIN TSAZ FoR ATRHAND

LIMITY

FOR AIRMANDLER FEEDY
G PLENUM CNLY §

GO To 57

Rl «ER. 0) GO TO 5e

_ WNE. 1) 60 70 58
SSUMNUCDATYPE Y HOUR) 0SGMNU (DATYPE y HOUR)
A (TRACy0

NEY=CSETPTIITeKK)))

KK1ZKKmK[ THTT

IFCAHLZONE kK1)
tDUNTEtIIthlilﬂ

IFLIPCZONE)
IFLICNTRL (2O

TSAZNU{7ONE,
TFEIT LEQ, 7

IFLIT oEB 1) MaXaH(wii

NE, 1

+EQ. 0) GG TO E6
OUNTECTIoXK141

1 G0 TD 1040

ICNTRLRY)

NEsKK])=1) 1n26+10309 1020

rITY=2TRACTONE)
ErkK133)

1I)=es
Y MINA

IF(COUNTELTI KK 1)
HHINAH{TTsRK1IRTEA
HHA!AH(II!KKI}=TSA

ETPT{ITvKKIY

=OSUMNULDATYRE ¢ HOUR) / EHL T4

H(KKI)ETSAZNU(ZONE!IIJ

YeTSAZNUCZONEYIT)

«6T« 1) 60 TO 1060

ZNUCZONES 1)
ZNULZONEYTT)

NG THE ZONE WITh

ANGTHER

=(ZCFM{ZONE 2 KK ¥ ML TS

LER FEEDING BEVERAL ZONES

HMINAH(IIvkki]!“IN(HHYNﬂH(IIvKKI)!TSAZNUIZUNEOIIii
HHAXAH(ITfKKi):Hﬂx{HHAYAH(IIvkkiJlTSAZNUf?UNE!IISJ
MaxaufﬂxjJ:HaxtHAXAkakil1HM431H(TIvKK!}J
HJNAH(KKiJ=HIN(HINAH(KK1jrHHINAHfIIvKK}}J

CONTINUE

CONTILLE

_ . I
N A g Siare mrems T L etaae L e A ] e et S i hEee o
PP .

PAGE s
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ECP PROGRAM

3a2
a3
lay
34§
344
247
. 348
349
350
351
352
35%
sy
355
354
isy
358
159
360
351
- 362
163
354
3685
L1-T:
Ie7
348
369
370

371

372
373
174
375
178
177
- 378
379
340
381
182
3a3
384
385
148
387
3n3
349
390
391
392
193
394
395
196
307
398

P

Lo L heaa Lo

oOon

&0

13 Ez Ny

61

63

[.31]

RSNy Ny ]

A5

&4

s Na Ry ]

EVALUATE THA (TEMP OF HMIYTURE AIRYZAH/HOUR
COMPUTE TEMP DF RETURN AIR _

DO 80 KNUMxi¢KLIMTT

TRAARD,

DO 60 NZIONEmiZLTHIT
TR&A:T?AthUNFl*?CFHCNZUNEIKNUHJ+TRAA
TFOAH{ZOME s KNUM) LED, 0) GO To 8¢
EONTINUE :
TﬁAAzTRR&/CAPACVfKNU”)

D0 75 YIeis48

HQUR=TI

IF(II-GT.E"}HUUH:HUUR*EQ
IF(ECDNCKNUH)"iJTO:&Sv&I

BARBER«COLHAN TYPE ECONOMISER

HRITE(beuD4) ECON{RNUM) s HOUR ¢ MONTH{MO) y KNUMp ZONE
TFCHMINAR{TYsKHUM) LGT,TRAAIGO TO 63

IN COOLING MOBE : _
IFtHRINAHCIIuKNUHJ.LE.TDA(HOvHUURJ!BD TO &2
TH&(IIrKNUM):HHIN;HcIIrKNUHJ

CSETPT{IToKNUMY=HMINAHC TT 1 KNUM) -
HSETPTCIr:KNNHJEHAxtHMAx&HIII1KNUHj1&0.] ' : '
IF(CUU$TEfIIfKHUH) +EQs 13 HSETPT(IIrKNUMISTHALIToKNUM)
60 TO 75 o
HSETPT(IT¢KNUM) ZHMAXAHET T o KHUM) e

Ga Tn 7o :

IN HEATING MODE :
IF(HMINAHCTT (XNUM) L T,TDA(HOHOURY) GO T0 54 o '
'TH#EII*KNUM}:ALFA!KNUHJ*TOAtHDvHDUR}*(!.wALFA(KNUHJJ*TRAA
CSETPTLIT+RMUMISTHALTT yKHUMY -
HSETPTUIToKNUMISHMAXAHITT s KNUM)

GO TO 75

THA{IIrKNUH):HMINAHfII;KNUMJ
CSETPT(II.KNUHJzHHINAHtII.xNUH)
HEETPT(TTyKNUMYSHHAXAHC T ¢ KNUM) :
IF{COUNTECTTI RNUMY LER, 13 CSETPT(IIiKNUHiﬁTMA(II!KNUH)
GO TO 75

HONEY#ELL TYPE ECONORISER

IF(TSAZ(20NEV TS LGT.TRAA) GO TO Y0 -

HRITE(6ra04) ECONIKNUM) s HOUR Y MONTH MO} y KHUM s ZONE

IFCTOA(MOYHOUR) 6T, TREAY GO TO %0 ' :

THALITOKHUMIRESEYPT (I T 9 KNUK)Y. : : _

IF{YOA(HOHDURY LLE, THAL,AND, TOAL{HOWHOURY - oGE,CRETPT (T o KNU
#M)) THACTTeANUMIZTOALHMOTHOUR) _ o :
FORMATIL  FCONZ!4I1y1 IS ON AT HOUR HIoIZoBXe TN JohiloiXy
?VFOR AIAHANDLER!$1Z42Xy | FEEDING ZONET 123} .

60 T 75

NO - ECONDMISER

THAEII:KNUH}:ALF!fKHUH)*TOi[MOtHDURJ+(!.-ALF@CKHUH))#TRAA
CONTINUE : ' :

CONTINUE , _ b

DATE né2378

PAGE
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ECP PROGRAM

169
4060
401
402
403

qo4-

405
466

407
408 -

499
ate
411
418
413
uiy
415
416

4yv.
uig .

{419
420
4zt
uzz
u23
424
425
g
27
828
4zn
R 4]
431
412
433
aziy
415
436
417
438
419
agn
441
8a2
4az%
444
4us
nus
q4u7
HY4a
449
4350
451
452
453
45y
453

c

€
c

a3

AOTaon

e

90
100
110

SET INITIAL VALUES FOR EQUIPMENT LoADS -

DN 85 HOpRxi,48
ZOHEL(HOUR) =0
ZOHHP (HOURY=O
INCCI{HOUR)I =0
IRHABNOL (HOUR) 20

GO 8T KNUMs|eKLIMIT
QHEL (HOURsXWUH)I R0
QHHP {HOUR T KNUK ) = 0
QCC(HAUR,KNUH) %0
GHBOL (HOUR rKMUM) %D
COMTTHUE

- TEST ICFM ELEMENTS FOR.NONZERO VALUE AND CALL APFROPRIATE BUBRTN

TQ COHPUTE A/g EGUIPHENT 1.OADS

PO 136 KNUM=1 KL IMIT
TFCARCZONE T KNUM) LEB,0) 6O TO 156

K2AH{TONE ¢ KNUM)Y

G0 Totecﬁioo,110.120.122;12ug125flaa’1293.x

CALL KEDIfKNU”!ICNTPLrTCD“FT!ZDNEiUHELvaCrGHBOLBTRDUHJ
G0 Ta 139 '

cALL KED?(KNUHoICNTHL!TCDHFTrZUNEtGHELuﬂCﬁvEHBDL!fRODHJ
GO TO 1Xp .

CALL KEGB(GHBOLtDCC!DHELtKNUHvICNTRLrTCﬂHF?!ZDNEwTHﬂﬁHJ

- GO TO 13n

120

CALL KEﬂﬂtﬂCC!GHEL!DHHPOQHEﬁL!ZDNElkNUH|ICHTRL?TCQHFT'TRDﬂHJ

60 Ta {3n .

i2e
124
126
iz8

129
M

130

CaLL KEHSCKNUMvICNTRLrZDNEvQHEL-GCC!EHBDL;TRﬁnmi

GO TO 13p

CALL KEnstKNUMu'“"?RLoZONEenHELoQCCoDHBOLfTRDDHJ

G0 TO 13p

CALL KEQ?(KﬂuﬁvICNTRLoZUNEeHCC’mﬁBDLonHELuTﬁnUHJ

GO0 TO 13p : : g

EaLL KEDH(KNUHaICNTPLnZDMEvGCCvGHBDLmQHEL,TﬁUDHvTRA(ZONE)J

GO To 13q

caLL KEGQEKNUH'IcNTRLaZDHEvaELfmccvohsﬂLanAvECDNvHUqTFAHr?Runﬂl
TRACZONE)} : -

DO 235 Ir=1448

JFLAG{II)=na

IF(THCLKETTsXNUM) LE0, 1) JFLAGCITIES

IF(THCLK(ITyKNUM) LEG, 1) T4STRK=g

Ry O

DATYPE=3

HOUH=TT

IFL1] «671. 24) DATYPER2

IF(IT ,GTs 241 HOURZTJwny

TROOMA (T TokNUMISTROOMCT) .
IFCTHCLX{IToKNUNY (ER, 0} 6O TO 233

TIME CLOCK 1S ONy IMPLIES EQUIPMENT 13 oFF

QHEL{ITeyNUMIa0,

C BEC{TEsNUHIMD,

Ak i

DATE 062378

ALFIVAD ¥00d ¥O.

§1 @oVd

PAGE
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At e e =

EC? PROGRAM

456
as7
458
454
gt
441
442
043
LY
HGeS
Heb
4s7
LY
IR
470
47
472
473
n¥y
475
476
47
ara
479
430
451
yng
481
gAY
4as
qas
EY
438
age

DATE 042378

RRHP{IT+KNUM)=Q, .
GHROL{TI ¥NUMIRD,

233 TRDDH(II)Sﬂ

oD

238
134

133

EGUIPMENT T8 ON 1 8SUM 20NE EGUIPHENT LDADS TO AH EGUIPHENT
LOADS AND COMPUTE MaX TONNAGE FOR AIRHANDLER :

AQHELCIT ¢KNUMISAOHEL(CTToKNUM)$QHEL (T 1o KNUM)

AQHHP (I T KNUM) 2ARHHP (T TeKNUMI+QRHP (T 1 KNUM)
AQCC{TTvKNUMIRARCC LTI s KNUMYSRCE (T T e KNUMY 2L 2000,

IFLTT WEQ. 1 JAND, MD LER,. §) MAXTAHCKNUMI=ADCECTII ¢sKNUH)
MAXTAHCKNUM) ZMAX {MAXTAHTKNUM) ¢ ARCECTIT ¢ KNUMY I

AQHBOL(IT o kNUN}= AGHBOLfIIcKNUHj+QHBUL(IIvKNUM)

CONTINLUE

CONTINUE

HRITF(He133) . o g
FORHATEII|1T3v|H0'nT&1IZDNE||T110|D#Y~ HR!+T203 | INFILTNY 9 T30
TIGLASS! p T3+ ITRANSHY N1 oTUSyILIGHT s TES ¢ 1POEPLE! ¢ Tbl e :

TVEQUIPMENT Iy TYS e INE' AEAT SUPPLIED. RESULTANT CHOLING!y
TT11291HEATER ROTLEF PUMP LTI e VIYPE s T2 L{BTUY Yo T30 1EBTUY e

.?T391|(BTU)’9THQQ‘CGTUJ'!TBT!'(BTU)"YabvfEBTU)lcT77|'€BTUJ’!

{PCIOY

21 ATIR TEMP . RM TEMP (TONS) (ATU) (BTU) (BTUY 1)
CNMPUTE PROPER ROOM TEMPy ZONE MAX TONNAGEy AND PRINT UUTFUT

ha 134 IIS.HG
NO 410 KNUM=I+KLIHIY

C TROOMLI)= TROOM(!)*TRODHA(I1KNUHJ*ZCFH(ZDNE!KNUM!

TADDMALY ¢+%xNUMYaD,
ZDHELfIisGHEL{T'KNUH3+ZGHELfI)

- ZOHWPLIYRZARHP (114 QHHRP (T v ENUM)

ZRCCCTY =ZACCCLY. +ACCLIIKNUM)

 ZOHBOL(T1)=ZRHROL LY +GHROL LT KNUM)

4i0

CONTIMUF
TROGH(I)zTROOH(I)IZCFHfZDHE!l1]

~ TaZACC(1) /12000,

1F(T oE0. 1 LAND, MO FQ, 12 HAxTZNtanEJaT
MAXTZN(ZONEYZRAXTHANTIZNEZONE) ¢ T)

Z=2770NEw]

hATYPE=z1

- HOUR=I

i32
adh

TF(I.LE.24) 6O TO 132
Z27+1

DATYPES2

HOURZ w4

_IF(I oEm. 1 coau I nEma ES,NRITEEE!&&&’

FORHAT(/) .

IFCJFLAG(I) LEB, 0) GO TO 137

WRITECHe131) MONTH(MO)+ZONEsDATYPE s HOUR¢BINF (HOURI ¢ OGLAS(HOURY ¢
TAWAL CHOUR) e QLTGHT (HOURSZ Y s QMOP{DATYPEyHOUR) yREQUP (HOUR 2} ¢

NSUM{DATYPEsHOURI ¢ TSAZCZONE s T) o TROOM{ I o To2ZOHELCT) yZOHBOLCT) ¢

131
138

HZAHHP (L)
FORMAT(IW e Ao 2 T8 oISe 1o TFOa092F 9, Le Xy %1 4F7,2¢3F8,0)
FORMATL/2) * ASTRISK INDICATES TIMES AIRHANDLER .18 OFF DUE TO TIME

PAGE 9
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ECP PROGRAM

513
514
515
516
517
518
519
526
521
S52
523
524
525
526
527
528
5239
530
534
532
513
534
515
5314
517
538

539

540
5d%

543
Su4
545

LT

5u7

_ 548
- 11
550

551

552

553

534

589

556
557
558
5549
560

561

542
553
310
S5hS
556
587
568
56%

54z -

o000 n [y Ny

L 1
134 CONTINUE

+ CLOCK! /)
GO TO 134

137 WRITECEr135) HDNTH(MOJvZDNEfDATYPEvHDURoGINF(HUURJuGGL‘SfHUURJv

TOWALfHOURJ'OLIGH?(HDURvZ);GNDP(DATVPEvHUUR1oQEGUP(HDURfZJ|
?GSUHtDATvPEoHUURScTSAItZONE:IJrTRDUH(IJtTUZGHELCIJvZQHBULfI!v
FIVHHRC(TY : o

135 FORMAT( Xti3121ﬂ175r1X!7F9-092F9-1vlchB.?t3F8.0)

IFCIASTRK LEQ, 13 WRITF(by138)

500 EONTINUE
END ZONE BY ZONE CALCULATION

[%1 i} r%3 €3] [%} [x}] [#) [*! (£ ] t#] %) (£ ] [#*3 I*]
PRINT AIRHANDLER FELATED INFORMATIONS

DO 700 KNUMzioKLIMTT -

IF(MO.NE, 1) 6D TO 580

YHINAH(KNUM)xuruautKNUHJ

VHAXAHCKNUH):NAXAHIKNUHJ
58¢ YHINAHCKNUHJ=HINfYHINAH(KNUH!iMINAHfRNUM)J
. YHAXAHEKNUMJmMﬁXIYMAXAH(KNUH)¢HAXAH(KNUHJJ

WRITE{&v4{0)
610 FURHATtiuioEchAIR-!vEX1an DaY= HR Tpmp OF TalXo tEDOLTNG !y
R N HEATER BOILER Puupf,T71sIMIN'TSAZIoTBaolHAx T8pAZ1/

7 IX!IHANDLER!rSXalT?PE'uSKt

ZIMIXED Arﬂlmaxv!tTONSJlqubalfBTUJlfTES;ltBTU)I;Tbscltﬂ?U)l:

¥ TRl (pES FITeT85v I(DEG F)1//)

WRITE(Geg15) (KNUHanNTHtHDJvHOURvTMA(HUUR,KNUM)'AGCCCHQUR¢KHUH!v
'?AGHFLfHUUR!KNUH}vAQHHDLfHDUR'KNUHJIADHHPfHUURERNUH)!
B 4 ‘HMINAHtHDUﬂ;KNUH)fHMAXAH(HDUR!KNUH)7HGUQ=Ioaﬂ)
415 FDRMATCIErﬂ2153-32vII'vIquB.lyﬂX-FB.avikaF9.ni
¥ SXeFb6.245%eFbh, 2}

WRITE(Bvpbb) } . _
WRITffévﬁEOJ{KNUMIHUNTH{HUJsHUUﬁ!THAfHUUR;KNUH)0‘9CC(H0UR+ZQOKNUH3
) ?ldOHEL(HOUR+Eﬂ9KNUHJlAQHEOLfHDUR+EﬂlKNUH)!AGHHFTHOUR+Eﬂ9KNUH)!
? HMINAH(HUUR‘EUlKNUMiOHHIKAH(HDUR+2alHNUHJ!HBUHﬂivaﬂ) i
420 FDR”IT(IE!UX11303X7'E';IulFﬂclrﬂXtFaoEliX!3F9-0l
.4' Syire.‘QEOSXPF‘&o?J . .
MRITE(61625) MINAH(KNUM)

WRITEC6:630) MAXAHCKNUM) _ : :
b8 Fﬂﬂ"&T(TEDtl* MOMTHL Y MIN SupPpLY AYR TEMP S'rFS.!J

630 FORMATITS05 19 MONTHLY MAX SuPP|y AIR TEMP =175, ()
700 CONTINUE

‘SUM COOLTNG LOADS FOR ﬁDHPRESSDRS AND COMPUTE THE MaY TEYHAGE

TP

DATE 062378 PAGE.
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B e el

ECF PROGRAM - . ) : o o R o . DATE 062378 PAGE 1%

510 €t~ PER GOMPRESSOR
571 .t o '
L3 7 RN : "
573 , DO B0U CNLUMZS4CLIMIT :
o570 DO TS0 INDEXEieKLIMIT. '
ST - KNUMZCOPRES(CNUMs TNDEX) -
ST6 . IF{XNUM,EQ,0) GO TO 80O
577 " DO-TS0 HpBR=14UB ' e " Sl : - :
578 .. jcncccuaun.cnuwascmcccHoun'cuunn@Aacc:nnun;xuun) ' - I 3 ;
579 ~ UTE(HOUR LED, § »AMD, MO .ER@, 13 MAXTCP(CNUM)=AGCC(HOUR.ENUM) Lo : R ;
580 - MAXTCPU{CNUM)TMAX{MAXTCPLCNUMY:CRCL{HOURyENUMY) :
581 C CAHHP (HODR s CHUM) 2 CAHHP (HOUR y CNUMY 4 ARHHP (HOUR ¢ KNUM
882 750 EOMTINUE '
543 B0OO CONTINUE
Ba4 E €
. 585 . c EAMPUTE DAILY TOTAL TGNNAGEv HOURS OF NHICH THE COHFRESSDR
SHE c IS OFF AND YEARLY CUMMULATED TOTAL TONNAGE
357 c
R 1.1 DO 90N ENUMELCLIMIT
OBA9C . WRITE(byg32) .
590  DATYPERY
591 . -DO 900 Ir1eie48
593 CIF(TI.EQ, 1 OR 11,ED,25) WRITEChr66b)
593 HOUR=IT
594 _ TF{IT.LE.24) GO 10 9540
595 f_HounaII-au =
506 U DATYPFs2. 3
1-N 950 IFCCOCCETToENUM) 4LT o0, OOIJCDUNTCRCOUNTG+1
598 © DERCA=DCREC+CACC(TToBNUMY
559 ' . WRTTE(&¢433) CNUMvMGNTH(MOJ!DATYPE-HDURvCGCC(111CNUMJ
s00 - . IF{IT NE 20,AND, TI.NE,48) GO TO 900
T a0t © WRITE(6ya34)DLACCYCOUNTE -
602 . . FLIP2O
£03 - CTF{IT.EQ,4R)FLIPS ' ‘
084 YCACC (CNUMY=YCACEY ECNUMY4NCRACEHFLOAT (1mFLTP)
605 YCACC2(CNUN)=YCACC2(ENUM) +DCOCC*FLOAT(FLIP)
0E peacc=o, - _
&n7. - " COUNTC®D . _
&08 ) qoo CONTINUE : ' ' .
609 632 FORMATC(IHM1+T3s1COM=t o T s ! HONTH 67183 iDAY= HOUR TONAGE!+/
610 v JR;FPRESSDR!'TIB,iTYPE!J - : .
611 - 633 FORMAT{IS16X1A3e2161F9,2)
12 634 FORMATEIH+sT479 1% DATLY TOTAL :1.55.2.f TONSIT7Re10 0,
613 TTAS¢ICOMPRESSNR OFF 3 1yI2¢! HR'///)}
Lot [
615 ¢ €ALL COP AUSROUTINE TO COMPUTE COOLING LDADS IN K B&SED :
&1é t ON THE REFRIGERATION COP- ; S ¢
647 ¢ : _ : o .
613 . _EALL CnPtrGCCtCDHHPoTOAgCLIHIToSI?EvHDJ _
61 ¢ : -
820 192  SUMMLI®0,0
821 ' SUMHP1=0 0
“ 822 SUMCCi=Z0,0
623 ' SUMBL 1200
624 .. BUMHL2=0,0
625 SUMHP220,0

626 - BUMCL220,0 . . : : '

e el s e s T




627
LEL:]
429
6340
431
632
433
_ 634
e £35S
636
£37
448
%9
&40
Ut
dlg
&43
Gud
649
bk
&u7
sUE
&49
%0
651
652
653
854
655
696
457
658
459
N : ab0
T 681
o b6
1 663
i 1Y
.7.3-3
111
! &a7
j - b68
; 669
1 . &70
i 671
672
673
874
. - 875
j 676
! 677
678
679
680
LY. B
682
683

ECP PROGRAM

IO

200

205
210

o

11z

33316
1335

3319

31337
6000

cx

¥

2

SUMBL.220,0 ‘ _
UM AZC EBUIPHENY LOADS IN KW FOR DAYTYPE 1 & 2

DO 210 KNUMES yKLIMIT

bo 200 Ixi1.24 -
SUMHLLSSUMHLL + AQHEL (T KNUMY /3813,
8UHHP1=SUHHP1+AGHHP(IsKNUMJ
SUMCCI=SUMTCI+ARECE T KNUM)
SUHBL1=5UHBL1+ARHBDLlI!KNUMJ/(BOLEFF*3ﬂ13.)

D0 205 225,48 _
SUMHL2=SUMHL 2+ ARHEL (T o KNUM) /3813 ¢

SUMHP 2= SUMHP2+ ARHAD (T s KNUM)
SUMCC2ESUMEC2+ARCE (T +KNUM) '
SUMBL2SSUMBL2+AQHROL (T4 KNUM) /CRAOLEFFX3413,)

CONTINUE

FILL OUY MONTM ENERGY CONSUMFTEDNSIAND ENERGY COST

FINMON(HOy 3 )=  tTPR{1}420,94LITPR(2)%9,5

FINMONCHOs2)=EQPWR (11420, 9+4EQPWR(2)%9,5

FINMDN(MD+3)STTLACI®20, 94 TTLACP#9,5

FINHON(HDp )3 5UMECI%20,9+5UMCC2¥9,5

FINMON(Mne5)2BUMHL 1 ¥20,9+45UMH.2%9,5

FINMONCMO 9 8)aSUMBLI¥20,9+SUMAL2#9,5

FINMONCMOw6)aSUMHP 1%20,94SUMHP %9, 5 _

FINMONCMOCT)RFINHON (MO 1) +F INHON (MO 2) $F INMONCMO ¢ 3) +F INMON MO ¢ 43
+FINMON(MOY SI+FINMONE MOy 5) '

FINHON(MD29)ZF INMON (MO TI*DKWHE+F TNMONC MO ¢ 8) ¥DKWHT

COMPUTE THE KWH FOR THE BUILDING

DO 3337 K=1.24

LAXZHO%Za] -

KeTi=0

KwT2=0

CH1=0

CH2=0

LZa2%xZLIMIT

DO 3335 NmIeLZ '

TF(MODINyR) +E@, 1) 6D TO 333 : .
waEIKWTE+KTLGHTCKlN1+KFLGHTCK!N3+KEGUPEfK!N3+KEOUPHCK|N)
GO TO 3335 '
walﬂKWTl+KILBHT(K0N1+KFLGHT!KtN)+KEBUPEtL1NJiKEGUPH(K!H)
CONTINUE - . . . ‘
DO 3339 WHUMD]eXKLIMIT '
cﬂ1scH1+ADHELtK.KNUM)/!Q!3-+AGHHP(chNUH)+AQCC(KoKNUH]
CHE=CH2+AQHELCK+EHvKNUM}!3“13.+AGHHPtK+2ﬂvKNUH)+ABCCtK+EH|KNUH3
CONTIHUE

KwaktLﬂ!)=KHT1+ACEﬂVl/Eﬂ.+CHI

LAYSLAM+Y -

KWH{KeLAXIBKWT2+ACERY2/D4 4CHE

CONTINUE -

CONTTINUE

LI R S T e L R T T S A,

N Ty

. DATE 062378 PAGE
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EC?® PROGRAM

ALl

DATE 062372

bad :

bR% c CEND MONTH BY MONTH EVALUATIONE

&8s [

&RY c _

&R8 o RRINT KWH TAALE

&R4 £ :

&990 HRTITELG1TTT) (MeMmiall)

491 297 FORMATCIEV e /27 10X 1 HAUALY EONSUMRTION IN XWlp//

h92 - $ TE¢IDAYT ZIMe1MONTH TYRE bydlg2%eI2v141)

5073 LMz2aMixuD

914 po andgd  LRXx1sLH I

£9% tEiHNDLLAX Y WER, 1) GO YO TV9

a96 { =t Ax/2

697 M22

4B G0 TN 8¢

&89 779 LRIALANY

700 LES

721 BO! WRITECBITTRY LeMel KWMIKeLAX)r Kmie2d )

702 TTE FORMAT(/ 2¥eT21S¥aT1e20e2Ul1X014))

703 4nanG CONTINUE

Ton t = 5 x * x t # B X ¥ L ® # ® L ¥ X g ¥
705
" 704 WRITE(&,490)

707 690 FORMRT(IH1e11501%1)/1H0¢ LIOKE BIN 1 HR HAX | HR1,
708 TTUTHIDESION s THT e IPRFSENT Lo Y72 4 THAXTHUKE/ '
70% FT11eVHEAY GATHIBX e /HEAT GAINU;TRU ICEMITSQe ICFH L T2 I TONNAGE L
T10 /7100 tCanNLE YEAR) Vo 3% § (WHOLE YE&HJIIT!};IrETUJliTﬁﬁnI{BTUIIF/]
711 [ :

712 € cOMRITE RESIGH CFM FOP ZOHFS AND PRINT SUMMARIES FOR ZOME
713 C ATRHAKDLER AND COMPRFSSOR RELATED INFORMATIONS

734 iq '

715 po AUl IpNExXT4ZLIXTIT

Tia PEZCFMEMAN{NARG (TONE) 7CET FHLT) ¢ ABS{MHINGIIONEY ZC153HLTY))
717 ARITELE 6951 ZONE Y MTND(ZONE) s MARGCZONEY e DEZCFH ZCFMIZONE 11
718 +  MAXTZIMN{ZDNE)

1% &40 CONTINUE

720  MWRITE(baSH)

721 €

7248 WRITECbvAT6)

723 WATTE (L1 a97T) CHNUH HINCEM(NUMY g HTALF A CKHUHY  YMINAH{KNUHY y
724 QVHzKAH(HNUHI#“AX?AH{KNU");KNuﬂlltﬁLlﬁIT)

725 ¢ '

726 95 EORMATLIUIFLIS,0¢F1S 0B eFA 00X IFB D 2X¢FEa1/)

127 506 FOAMATCIHDsTHe 2% DFSIGN CANDITIONS?#/,

728 A TXelATRISTIUII0IYELRLYVaBX) /oy

729 4 (R VHANDLERI g 1X e IRTN CFRty

730 FIReIMIN SLFAT T3¢ IHIN TEMR MAX TEWPIyTSTs 1HAXI /T3,

T3 7 I5UPP ATR 5IER AIR14755 I TONKAGE! /)

7312 - &07 FORMATL/TSeF124005%0F5, 302X 3F 141D

733 wHITEL b1 4S5}

T34 59 FORMAT(IHO0«11S(1x1))

735 [

736 wWRITEL&thADY

137 BBO FARMAT(/Z/Z1IGCIEIIZ MO THe 1RO TS IYEARLY Y TREy I YEARLYH/
738 ?ixl'FﬂsssnR|tTngtTc?Ale729¢1HAXIIT!3t1(T0NHRS}’;TZT;'TGNNAGEI'/)
739 N0 AG0 GHUME]ICLIMTT

740 YOACC L LaRIMI=YCARER I {CHIURY # 20 R+ Y CACLRITENUMI 49,5 * ’
T A e o

PAGE
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EpP PROGRAM pATE 062178 PALGE 14

761 HRITEI&'béiicﬂuﬂsYFDCCl(CHUH)'HAXTCPECHUF)
Tu2 ?TGCﬂ=Y?nCC*VCQCCi(C”UH)
76% hAS wgnuavtxs-sxyrtu.l:sx.ra.lfl
TLu A LONTINUE
TLS wATTE(by g TTIVYYRCE
Tuh 517 FG’”&V(lfSr'7ﬁ?lL'|F13.1I1H?¢115(|*'))
Tu? ¢
Ty #RTTFIE1220)
Ta% 220 FGEHAT('\'c115(|$'l/IH'tTlSu'LIﬁHTitTaBu'EGPT‘vTﬂﬂl'AUK'!
T3 x 75”s'CﬁppisTbBt'ELiF'lTBltIHELTt|19H9'ELEC‘¢?107||G£5'|Ii!o|HnHYH
154 a-.?ts-'anen*-rza:'nousnl.1u1,spowewl;rss;lcquLsnleTa7.
752 x VHFATENI TR
153 slpuunl|Tq3.!ugtsn'nTlebv‘BO!LEH|17118'15N&QG? ensTIZineT!3
754 % 'fK#Hlatﬁﬁl"T?bu'f*wHIBLOGJ'nTul'S(i(HHHJ'aFY)sTinba'tKhHT)'i
159 . * THI9InOLLARSY))
756 [
757 ¢ BARINT KONTH BY MONTW EHERGY CONSUPPTIONSs YEARLY TRTAL ENERGY
754 c . EONSHMPTEONS: AND YEARLY EWERGY LOST FCR THE BUTLRING
7%9 [ad
760 n 249 Hax{MAXMR
761 2460 uﬁITEtbaEHSIMGNTutﬂﬁautrfﬂ“ﬂﬁtﬂﬁelitlxliﬂi
T&2 248 FOQ“QTt'nl115013,?\3;@&510.“!32})
7863 pr 260 Tale®
764 nn 250 Jrlelld
745 2549 '"Ftﬂ”ﬁ”!i!tl!!FIN“ﬂN(lllI}+F!M”OH(J!I! —
Tad 261 cONTINUE o
Te? ”RTTECbl?701EFI%FONtiiuljullluﬂj =
Ted 270 Bnﬂ“lftlnlaTS|'TGT&L3eTlltq(Elﬂ.ﬂsSXI!'U‘lllﬂl"'))
789 STOR
770 END
7 [
772 cac-a:ssvssttaatttatvaatstseta-t:aqngut:ttwatyattsastess:cc;ttztattmsmattt-:
773 g .
774 c END PREGRAM
"y [
776 cl-:sqcztttltts-tsa-taanstnussteatnaznataaanauan;taa:aaswtca:;auusaaum:;vva- - O o
77 e 5 é?
#PR1,S  YIC.EEHDaY & Q
o
g
8w
o
= &0
:3 los]
&

e kA A SAiRAd . AmA L . . .....A
I
L



ECF PROBGRAM ’ DATE 062378 PAGE 1%
135928VIC(1) . ECHOmY
1 e BIRGUTILE ECHMO WILL FCHD THE INPuT DATA AND PRINT QUT IN PROPER
2 g EORMAT
1 SUARmTILE FcuﬂghﬂFpKILGM?tHFLGH?sKEGuﬂesKEGUPMleTOECﬂNr
i ¢ THELK W ANJeSETRYS)
- BIMENG IO Nﬂ°t?ﬁv!hleRZth7(?u|IhJ!RFLGHTt?ﬂvIE)oHEQuPEt?ﬂrlbj
& RNIMENST. t’?“F”§PU|SHI'EGDH!IO}ﬁAH{hliﬂlISFTFTS(?riﬁ)rSIZE(Zvlﬂ)
7 DIVENSION  WEATLIC10) yHFARALRY ¢Z0FMER 1 [ VAL ER) s TSUM(R) e THINLB)
é DIMENSTION HntﬁzuuuzP}-CCHRESt1n-101~atr:r}9).fcc1n).chtua)
q ) DIMEHST A?Jf@uﬂap:GE?OTtﬁﬂllﬂ)vkﬁiTP?fﬂﬂrlﬂ)cHﬂ(EHJ
10 THTERER - Er?htcnpikSvZL“Tt?LrHIT-AkrrLI"!TtHElTEﬂa?MCLKrua:lﬂl
11 INTERER af1) .
12 EOMMONSELELS AﬂA{£°|ﬁ)iIGLl$(9|53l?hE!T(&;BI!SHiDqutBJ .
13 COuMON AL/ UntuﬁraﬁlﬁFtP“!wtfﬂﬂnvﬂF.vaLuAESﬂ"T
i4 Lok y QSM"|?SAZtT”AqZCFHlCSETP7|HSE?PTOHEATF90XHcNFRPA
is COMHONZALL 2 RL“R-*L!“IT-ILIﬂI?nvﬁLlTSUHvTﬁiholﬂulLFinSIZEoCOPRESi
14 + CLIMIT
17 REAL NGP.KILGHT,RFLGHT.xEGuPE:KEGU#HrLAT:L&!i
18 DIRENSION GS"“(?:?R)uTSAz(ﬂnualsT"A(uarin)|PHTRFCGJ|PHIHL(5J
tn NIMENSION. VRFCRY ¢ VWL (R)rHEATLLN)Y
o DATA /PI 3.1U1509,
3 i
22 e .
- 2% LATIxL AT R0, /P] .
24 WRITE(Le 1OND) ALOGY ZLIMITe KLIMITy AHS LATY
25 1000 FPORMAT(IHLs1 s25 ENERRY CANSUHPTINN ESTI#ATINN FOR BUILDING Teplu/ =
26 ¢ I ER® NUMRER NE MACROZHNES B Ly15¢/ R
27 + 1 38 NUMHER OF KFRHANDLERS R tylS¢/y
25 + 1 Ra®  ARSNAPTIVITY OF wALLS &% « R OVeF5 2049
29 * b oRexr LATTTUDE ANGLF FOR THE L..aT18N ® 1yFSNe /)
310 WRITE(Be110N)
3t 1100 FORMATL/ SOCI%0)er  ZANE  INSUT DATA TeBE{tR13 47/
32 + 1 s%%  walL AREL TN 81, FTe luds
33 + ! BRIFMTA?IQMI:T!H'lsl-Taselsul-TJI:!wlcTﬁ?'lMN!oTuialsEisTHQc
34 € TEVTSG O INE  TE g NI g THE 1RDOF 144y ) ZOKE 1)
35 DO 1270 txfeZLIXTY
36 WRITELGe1150)  To CAWALEL...J» JEleR)
17 1150 FORMATT faefixe9Kh,0)
18 1200 CONTINUE
19 ’ CRITE(6e1210)
1) 1210 FORVLVC/ /1 ass walLl ADJACENT COND, NS TeT20y
4t + U & FOR NO %ALL OR PARTITIONSEy
a2 4 /JoTUQet 1 FOR AN INTERIQH CUYTNTING A& EONSTANT TEHP1, /)
a3 + TdNel 2 REQR AN INTERIND SANG A NRCONDITTIONED ZONEbe/:
ny + Tdned 3 FOR AW EXTERIrE SED TO ARBIENTIv/ /s
48 + ! nﬂIEuTLTInN'|71901ﬂ“uTuva~bu'oT1143H|!7373lNﬂ'qTﬂSl‘SE'vTﬂ?;
46 ¢ JEVr TSR INE v TR g INI TR IRDAE 4 /g ) ZONER)
47 DO 1230 1=[¢2LTMIT
a3 . WRITECE1220) T4 (ABILJT) e du149)
49 1220 FORMAT(Tar82e9L1500X)) .
50 C 1230 CONTINUE
‘51 o
52 ISET=0D
53 BN 1250 Matyy
54 DO 1250 nx118
55 1250 TFECARTEMGNY LEG, 1) I18ET=] :
56 . IFCISET LEQe 01 GO 70 $P%0 - : »
B . : o L

L T



Y

;; 91

ECP PRDGAAM

57
1]
59
&0
Al
&2
b3
bi
&%
4h
&7
Y-}
&9
70
71
72
73
74
73
76
7
78
kA
&0
3
a2
63
au
a5
&5
a7
88
89
g0

92

93 .

a4
9%

26

97

98

99
100
101
102
103
104
10%
106
107
108
109
110
111
112
113

DATE 062378

WRITECH124D)
1260 FORMATL /1 s%x ADJACENT TEHRERATURE 1920
+ | ORIEHTATIGNluqul|8|lTZEo'$HFQT3lc‘H'!YT7I*N%'lTuﬁv’SE|0Tﬂ9l
# TELeTES INEV g TR0 1NV TaSy IRNAF g /¢! ZONF 1)
DO 1250 rafeZLIMTY
HHITELlhe1270) THCTNEXT (I edm1e8)
1270 FORMATIIOeBX1BFE, 1Y
1280 CONTINUF
1290 WRITF(s¢1292)
1292 FORMATL//) 24e¢ FRACTION OF UNSHADED AREA OF ®ALLT4/9
+ | ORIFnTATInN||TiQi'S‘!TEE:'SH'oTllg'ﬂ'|T3Tu'NNltTQSU'SE'ifﬂ?r
% 'E'tTﬁSl'NF'oTbll'N'i765!|9009||!l' TONE)Y
N0 129 =i ZLTHIT
WRITF(br1235) 1s ESHADECTIT) vdnT 09y
1245 FORMAT (T4 BX19Fh,1)
1298 CONTINUE
WRITF{aei1300)
130« FORMATL ,7y ) zse GLASS AHEA IN 80, FTo te/s
+ DHiENTITIGNIITIQI|$107350'3“'!T310'H'|T37|'HH|:TH3O|SEl|TH9|
* 'E‘F7551'NE'OTEI|*N'1765u'R00F'010' 20NEt)Y
NO 1350 TRY¢ZLIMTY
WRITE(641150) To CAGLESEISeD) s Jrie9)
1350 CONTIAUF
WHITELGy1U00)
{400 FORMATCL 2/72TS1 ¢ IBCHEDULE 10 /26t B4 GCCUPANEY 1LOADY/)
WRTITE(be15R1)
1500 FORMAT( TTeIDAYIg/! ZONE TYPE‘.TIU!'!'17191|2’0T2u9'3'!?29!'&*!
* TS“!'5'1T39r'b'fTuﬂv'7'!Tﬂ9!'altTSUI‘q'lTsﬂi‘lD'lTbio'l!'!Tbﬁr
LS liE'lT?Su'lS‘nT?Bv'!ﬂ'v?ﬂSt'iSliTﬂaoilb'nT?Ey'!?'thBtliB||T1030
+ '19'tT!ﬂﬂl‘Eﬂ'oTIle‘?l'!Titﬁl'2?'!7!23"?3'!7128"?ﬂ*li
TCOUNTED
ZLHTR2+7 INIT
DO 1600 $mipZ2LHT
TZa{T+1) /2
TCOUNTEZTrOUNTSY
WRITE(La1550) T2¢ TCOUNT (NOB(Je2)r Sklep4)
1550 FoGMATE Tae2X e 1301 Re24F8, 1)
TFL TCOUNT LER, 2} ICOUNTZO
1600 £ONTINUE
WATTE(631700)
1700 PORMATL/t %% FLUDRESCENT LIGHT TH Ku ier)
WRTTF{Lr1500%
DO 1800 Tx{s2LMT
1Z=2{T+15 2 ‘
ICOUNTXIROUNTS S
WATTE(B¢1550) 12+ TEOUNT, ¢ HFLGHY(Je2}e Jutie243
IFt TCOUNT «ER, 23 ICDUNTHN
1800 CONTIYUE
wkITELbe1900)
1900 FORMATL/1 =% INCANDESCENT LIGHYT IN Kw e/}
®AITE(611500)
DO 200 TE e ZLHT
123(T+)ys2

ICOUNTSIFOUNT
WRITFILA1550) T2 TCOUNT: ¢ KILGHT(Jellegmiy20)
TFL ICOULT EQ, 2] ICOUNT=D ) .

2000 RONTINUE

PAGE i
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ECP RROGRAM

114

115

114

117

118

114

; i28
i 121
? 122
123

124

12%

~ 128

127

128

f 129
! 130
f 151
: 132
133

134

135

116

137

138

119

140

141

1e2

142

: j4¢g
j 14%
: i46
147

tug

1u9

150

151

152

153

154

15%

' 154
: 157
r 158
: 159
! 160
[ 11
[ 162
163

164
: 165
. 18%
147

168

145

170

c
¢

DATE 062373

WRITEC(Ge2100)
2100 FORMATIZY &% ELECTRICAL EQUIPHENT LOAD IN KWEy/)
ARTITECGe3500)
DO 2200 T=1sZLMY
TZa(141) 2
TICOUNTETC0UNT L
HRITE(O«1550) TZ+ ICOUNTy (KEDUPECJsTjed=irng)
IFCIZOUNT JEf. 2) ICOLNTRS
22006 COMTIMLE
HRITELO1 2300}
2300 FNRMaT(/t 2% HECHANITAL EOQUIPHENT LDAD IN Kulye2)
WATTECRY 1GN0)
GO 2800 15ie2LMT
12={1+]1)/2
TCAUNTSTCOUNT 41
WATTE(Br 15503 T2y IROUNT+ CKEQURHEJrT)sJxip20)
TFL TCOUNT LER, 2) ICOUNT=O
2400 CONTINUE
WRITE(&ey2500)
2500 FORMATO/Y  MACANZONE o THOe T 1P TS 'Ry THDp 3 4 TT00 14ty TTA 151,
v TRArtAIyTOHITIRTINP 1817/ -
WRITECH02600) (VOLITYeImleZLIMITH
WRITECG22700)  ETSUM{T) e TRivZLTINTYS
WRITELG12A00)  (TWINCTYeT2le2lIH1T)
KRITELSe2900) (URCIIeTei9ZLIMIT)
WRITE[S¢3000) (UW{T) 1Tl eZLIMIT:
ggno FQHMA;{ I VOLUKE OF Z0F IN CY, FT, tyAFE,1)
00 FORMATL 3 SUMMER INSINE DESIGN COMDITION (DER F)1eBF8,.2
ZAN0 FNRMAT( 1 WINTER INSTDFE DESIGN CONBITION (DEG PJI|8F5:E§
1
!

2900 FOARMATI HEAT TRANSFFR CDEFF FOA walLS 1¢8FB,2})
anon FORMAT( HEAT TRANSFFR COEFF FOR ROOFS VeEFR.2)
®RITE(br3100)

3100 FORMATI//SO01E 3¢l ATR HANDLER DATA 1,50(1%51) ¢/
K% ATH WEHDLER TYPE 1/)
WRTITECH» 32003
3200 F?g?&;g: 1I?HAN2LEg'Nﬂa|v7211|I'lTE?||E|UT37||3‘t7ﬂ515ﬂ'!T53i
* ] 2184V 4 TED pTTTa T8 TAS IO o792 1101 f 1
PO 1300 tetidicett B2V100 e/ TH 1ZONED)
MRITECOeT250) T (ARCZIed) e JE12KLIMITY
I250 FOAMATL TR+7X+10(16499%))
3300 CONTINUE
WRITEILeS310)
3310 FORMAT(,/Y 5% AR HANDLER SCHEDULE HITH TIME CLOCK v
HRITE{Re3320)
3%20 FUR”47[ TTetDAY T o/l AH TYPEV T A0 133 eT190 12 9T 2001304291001,
+ T3ﬂ1'5'gTSQg'b'eTﬂﬂ'1?'iTﬂ91'ﬂ'|7EQ=‘9'nTE“Q'SG'uTbsq'!l‘lTva
#1120 73 13 TT8 11U o TAY IS 0TBBet1h1 T34 11714 THB411A1,4T10T,
L 3 '19'1Tlnﬂv'?0'nT113|'?1|lTIlBO'?E'071?3|'E3I|T1350'2ﬂ|/}
N ITH0 TRYNKLIMIY
N 33un gof 048
CLECSI=) QN
TFLTHCLREJVT) LER, §3 CLKEIYaspFst
3240 CONTINUE
dJ=d
WRITE{be3345) TrJdeCOLNIKRI K T192Y) .

I T T - L
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ECP ARDGRAK

178
172
173
174
175
174
177
178
179
180
181
142
1a3
144
185
185
187
125
189
190
191
152
193
194
185
1494
157
192
199
goo
201
an2
203
204
205
2064
207
208
20%
210
211
212
213
z14
215
216
217
218
214
220
g21

BFRT,8

4
t
(

3365 FORMATOIR 2%e1r 1% 20ty
oyl P N 2UL25423))
WHITE (b
3350 cour:nu233g5? TedJe CCLRIUN) sk DSy 48)
ARTTE(Lr3ang)
3800 FIR#AT(/0 25 ptH
R IR QUANTITY CISTRIBUTION 1IN CFH 1)
wR1iedaedaehit 1M
v 1i} ‘.‘ o,
1u5g an”AT(.%alsilstéffiﬂc"J‘“ Jﬂi?KLIHIT}
3500 conToNyg
N0 3690 1xy4KLTH
Ect11=1v55!' LRI
¥§érctszustec1
ECUNIT) oNEy §) ECCI)xtngs
IFC REATER 1
3600 cn~11~u£E (1) WEQw 1) HEATETImiGAS!
ARITE(Ly3760; ESETETE 14y
‘ . JadmigKLIH
zvaoyr?gragégz; ?IRMALDLEﬂ na.'.re@.lx%rfggzlprytﬂs 1314183y 1410
3 e bl T e T TREL IR Ta2, 191 100, 1101, 5, oot ArTeLy
L LD nECx setepint telNRR, 2% v
nI Fl{br1bnny ¢ SE?BTS{EleerlrﬂLIHIT)
:§I;Ef6!39903 { ALFACTY s Jafex( IHIT)
Hairstb.uann) IR LINTIN (032!
2800 Funﬂf%t-g:nnl { HEATIJY e JR14KLIHTTY
3300 PaRw [ F 0T DECX SETROINY 1o1GF8,2)
ATC 1 PEREENT VENT Afm Le10Eg.5)

- 8060 FORMATE OUTSTDE aIR ECONNHIZER e dXe {0CAT40%))

G100 FORMLTL 1+ TYPE OF MEATING In N Pe3Xs 10N HY))

HATC 780018y ,1 COMPRESEOR T
+ ! ** EQuPHESENS DATA 1ro0(ist)ps,
WRITEC Telecingg A OLER DISTAIBUTIONI /)
HRITEUGs430D) T4 (CnepEyey
4360 FORMAT(!  81R HinplE toieJaleld)
KEOD CONTINUE IR HAMNDLER WO COMNECTED YO 1a13pe COMPRESSORI: 1 015)
WRITE(6rySoQy SIZEL e d) e dmiegLIMET)

459 By
0 FORMATL//1 SI2F BF COUNENSERS aAND MELT PUMP Iy /1 COMPRESSOR ND 1y
)

AR L Y I TS T TN RS
N A TR AN S Y RRT I ;
“gg¥§;2:;zgg;Izog;;étzinsr ccnusnsea'Tgnﬂzg:f.?é§§?§§'7"785"a"
2 Jiv J= - ?
4600 FORULT( 1 24D EONDFHSER TaugaéécLi?}g;a 2
4L 4

4805 :FITF(blﬁRﬂnJ
ORMATE 1360181
RETunn DCCI81I400)
Enl

VIC.S0LARmY

[y o a
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EcP PROGRLM

DATE 062378

135922VIC{1)30LARNY

DD ® O DM e

-
-

s e e el gk gl p g
L~y Ay

wwwuumuwmmmmmmmmmmm
MQQ‘MENMHQ&W‘-‘Q‘W&NNHI‘S

-l
Ll = ]

az

N
LR - ¥ -
O~ e

W iy
e

]
w

b3
Ui Je
Uy &=

56

DOMGANMO

[z Nz Xe]

anon

o000

[N NxEz N4

.

100

1600

SOLAR BUPROUTINE LOMBYUTES THE S0LAR INTENSITY AND YTHE SOLAR ENERGY
[RFLOw TLTD THE SIALF THRU THE BLASH. ACCORDTING YO THE SUN POSITION,
THE SUBFAZE ORIENTATION AND THERMAL PROPERTIES OF THE GLASS SURFACE,
ThE SURRNYUTEINE WTiY BEREORM Tup COMPUTATINN FPR 24 HOUN PERIDD AND
THE PESHLT wiLL RE TH THE ARRAYS SI(WHeQRAN) AuD BSYKLHR)

ASHELE WROFL [F 1972 1§ BEING UREN 14 THE SURPDUTINE TO COMPUTE

THE SNLAR INTENSTTY

SuaRsUTILe SUL#Rtfﬁneccr:TOAoslsGSU"nzﬂ)
EOMMONIGEL, PaDFCsa:ReL M0

COMMON/AREA) 2WALLGAY,y AGLASL9:5)

REAL InN

INTEGFR PN

RELL LAT

PATA  /Pr/73,1415%97

DIMENSTON TOACIZ2r24)y STL2ULG) QIUR(ZaIsgertLdy
CORMONZLONST2/LAT TANGRAEFL s UGLASS

SET INITTAL VALUFS TD ZERD

BD 106 Imle2y
Q5UMET)=zn,0
DO 120 Jx1+9
SICIedian,n
COMTINUE

COMPUTE "THE wauR #ANGLE FNR SUNRTSEE TO SUNSET TD DETEMMINE THE DAYLENGTH
AND COMRLRE WITH THE HOUR AMGLE TD 3EE WHETHER THE SUN 18 PRESENT

HALHTnaanS(-TAMtL&T)*TANEDECJJ
DO 500 fmi1e24

SALT=Y,

innzan,

HAz{12=11%15,2P1 /180,

DTRTHA(MD TYwTHA

IFLABS(HL) G6T.HALKTY GO T0 1000

EOMPUTE SUN RELATED VARIARLES SALTsIDNvBAZK

SAerssxutccszL&7:tcustoinatcostﬂas+szucLA73tazntDEC)J
IFT SALT LLT. o02) Gn TO 1900

IONZA/ERBIRSINESALTY)
SAZHaASIN(605tn£c1‘srucH&:ICGS!S#LT)!

COMPUYE THE INCINENT SOLAR INTENSITY ACCORDING T0 THE WALL ORYSHTATION
THE SOLAR ENERGY THRU TME GLASS AND THE TOTaL SOLAR ENERGY INTO THE
SPACFE

CONTINUE

F5UM{II=n.0

DO 500 J=1+9

TF( 485CAWALIJaZNIY LT, 401 } GO 1D 500

HT:FI/E.

IFC 3 o6E, 9) WTE0,0

VS32{1awE05(WTI /2,

WAaZMz2{Jay)¥PTr4, '

FAGE

"™ I R AP

ig

991

I T S L



ELP PROGRAS .

57 IFCABStHR) LT, G.0nl)

58 IFL J 467, &) HAZHRw U I li ) SRT 101

5 usazuasxzu+ruxzu:wa;sasrua::

&0 ngsrwxcustsAL?)*csstNSAZM!*S!Ntw?J+8!N
51 IFL CO8TH L7, OG0 LOSTHEN D

52 srt!cJJaan#(ccs?Httct{t.-VSG3)+t6PWEF
&3 QS:SI‘I|JJt?autsnLaﬁrJuZM)tcCFfuo:ausL
&4 NSU"(IJ=,SUH{IJ+GS

45 500 CONTTHLE

b& 600 SONTINLE

&7 RETURN

a5 ENG

PPRTeS YIC.TRANSay

3 [ P PR
h ey R e & L gl s i ik Ak R i AT

T

(BALTY*CASINT)

LQVSG¢IC$SINISiLTJ)J?
ABSRAGLASIJ1ZN) 9D?

DATE 062378 PAGE 20
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EEr PAOGHAM

UATE 062374

891

13592*VIU!113TRAH3~V
£ TRANG S 'QuTINE EOYPUYES THE TRANSKISSION LOADS THRU WiLLS
c AND. ROpE:
3 c
4 c
g ¢ &1 SOLAR INYENSTTY (BTU/HANETRRD)
& ¢ TE SOLARalIR TEMRERATURE
7 £ TE7 IDFALISFD Foru pF TE
A t AYARAuN TRALSHYSS DY LAADN PER yNIT AKHERA
9 c BTRANS  TnATa TRANSHISSTINN LOAD
10 ¢ UROCE OVERALL wEpT TRANSFER LOFEE, D& RnnrtnruzunwFT-npsr)
i1 c UwallL CVEPLLL wmEAY TRAMNSFER COFFF, oF WALL!aTU/HRnF?-DEGF)
12 c v Faptod 1N Tup AHPLTITURBE aF OTAANS puE To THERM L
11 c DIFFusIvITY pF WaLL
14 c BHI PHRASE ANGLF IN THE ARGUKENT aF oTRaNS pug TO THERMAL
15 c NIFFUSIVITY nF wALL
16 ¢ B0 HEAT TRANSFER COEFF, OF nUTSIDE HALL[HTU/HR-FT**EubfﬁF)
17 c
18 SuRROUTINE TPAHSCTPAtTDAfEIfQTRAN51ADJIZUNFI
19 REAL M4y
20 INTEGRR ARJ(948)20NE
2! DIMENSIoN TOAQIEtEu}e SI(EH.?)rGTRdN&CE#J!SHJEE!QrB)
g2 RIMENSIDN GTHAUNCEHcQ)vTEteHJuTUAICEHJrHDteﬁi
23 NIMENSION uRﬂoFtal;uuAthaJ-PHIRFtaJsFHIwaRJrvNFtaJnva(aJ
24 COHMON WAL Ly URDDFuuwALLoPHtHFcPHIHL4H01VRFvVHL;ALPH&
29 COMMON/apEay BHALL(?:B)-AGLASIQr&JfTNEXTIBcEJnSHAnE
2b CousaN/PRE, PyDFEvAr8ypeHn
p; DATA /PT/3.10159,
2 £
a9 (4 THE 2419 ELEMENTS 1N THE ARRayS ARE FOR THE 24 HouRs or THE Day
30 c AND THF ¢ 0?IEMT&TION$ OF THE WAL
3t ¢
3§ ¢ STRIF Tug pRpPEK OUT3IDE TEMp FoR CALCULATIONS
3 c -
34 c ADS = 0 MEANS THERE 15 N HALL DR onLy PLRTITION THERE
35 e ADJ ® ) HMEANS THERE IS AN INTERIOR wal[ ADJOINING & 2ONSTANT
34 ¢ TEMPFRATURE 70NE
37 [ ADJ = 2 upang THERE 15 AN INSIDE WALL THERK
38 o4 ADJ = X MEANS THERF I8 AN QuTsIDE WALL THERE
19 e _
80 2
41 DO 5 Ini,z4
4z ATRANS(1yuq
43 DO 5 J=xi,q
44 QTRAUNE T s =D
45 5 coNTINUE
4 e
47 [
us € %) [*] (%) 4] {*) 43 i*) = ({3} 147 %)
49 [ .
59 &
-1 DO 40 Jxis9
52 TEM=g,
53 Mx0,
5y NaQ,
55 TNOEXZADI (T 0 ZONEY ¢4
Eh GO Tn taoesoyzoeioqaxnn?x : b
I T T S

b e L.
e
el a

~ e

i i s



: EEP FROGRAM

57 t IF THERS 1% NO wWALL THERE JUMP DNE 3TEP
58 c )
56 : gntt*#s#:t##tttttﬁ#*#sst*ttt##ttmttﬁxt*#*##tattvisttk¢#$$t$#$¢$t$#**#$¥¥#
A0 t WE DO THE MEST 2 LOOPS IF THE wALL IS AN EXTERIOR WALL :
41 c : :
he : T30 Dy {3 Tmig24 @
T &3 TOAL LY 2TNA(MANTD) _ ¥
sl TE(IQZTG&!(I)+AL§HA*51tIpJ)#SHEDE!J!ZONE]lHD!I) ¥
85 TEMRYEMETECT) 720, *
b& Rial ’ i
&7 HMaMeTE{TI$COS{PIaRT /12,3 /12y
P . BB NENCTE[TISSIN(PI®RTI/IZL) /12 :
, &9 12 CONTIMUE ¥
70 C
71 c + * # ¥ 7
72 C :
i 73 yaysalL {70NE]
Lo XS vavwey (ZONE)
! -1 PHTISPHIWL(ZOME}
: 74 1FL J «EQe %) UTURDOFLTZONE)
T? IFL J «Ef, ) vaVRFTINNE)
78 TFL J oFGa ) PHIXPHIRF(ZONEY
19 ¢
A0 £ ¥ ¥ T4 & y
51 L
82 a0 (5 Izt 24
: 2% Rl
: 84 SANGLEZATANCABS{RAY)) :
A3 TFIN (LT, P, odHD, ¥ LGT, Dot BANGLERZ ¥PInBANGLE
. 86 IFCN JLT, Mo oANDe M oLTa 04)SANGLESPISSANGLE
87 IFIN +BT, % oANDa ¥ LLT. 0 )SANGLERRIw3ANGLE
B8 GTR#UN(IiJ)2U*t?EH-TRA}#VQSGHT€M¢H+N$NJ#COBtPI*RI/iE,usansLE
! : a9y & nBPHIY 4
; 40 15 LONTINUE #
g2 c$$#t$¢tttt#aaiwt*tttts%#Hﬁa&#*:t*#*acttt##m#tt&at#t#tt#####ttatt!ttttﬁwt
-4 GO TO 40
a4 e _ :
8% E#sﬂﬂiiﬂﬂtﬁﬂi#nﬂ##lﬁﬁ&ﬁﬂu#ﬂﬁ##ﬂlﬁﬁrﬂnﬁﬁ#ﬁﬂlﬂ¥ﬂ#ﬂﬂiﬁnli#!ﬁ!ﬂﬂﬂﬂ#y#ﬁl!ﬁﬂ#ﬁ
nE e _ : _
47 ¢ WE GET 76 THE KEYT B0 LODP IF Wall I3 AN INTERIOR ONE
95
99 20 DO 25 1=1eBE ]
‘ 100 IFCTOAI (1] LL¥, 780 TRALLIIAZO0, .
! igt _'ﬂTRLuﬁ{IsJ)ﬂUHﬁLL(ZBHFi*thiltI}a?Rk!
ine 2% BONTINUE _
193 ¢
tgu Cﬂnaysmmkwaauaausaaﬁsnussﬂﬂﬂﬂbxﬂnanuuuann##unanﬂ#ﬁﬂuﬂxynv-#nuunldnutxﬂ#ﬂﬂ
10% £ .
: 1064 60 YO uO
; 107 ¢ : o :
i 108 cllxrt!:It!i!liSizrlliLEE?il!l!lll!:!!lillilI:ll!ltllll!ll!i!l!!llII!!Il!
. 10% 2 . ) .
\ 1t0 ¢ FHi3 LOOP 15 FOR HAaLL WITH CON3TANT YEMRPERATURE
: 11t ' '
' 312 36 ho 35 Is1e24
113 a?nauNtYeJizt?nizftanqu)»TRAi¥UwaLL(1ﬁNE3
rﬁmwk*k-..u,u..jx:._—..,a,‘-'..x.;A -MAM-\L_*-;\“I”("‘_-M’A' L o .

L (TP PR

at e kenin
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' EBP WaSndsN DATE pb2378 PAGE 23
' 114 35 CONTINUE

? L £ ‘
i 116 R el R R R R A R R RN R R R R R R R R RN N R R R R AR R R R N AR R AN RN RR RN AN Y

! 117 .00 EONTINUE -

118 c ‘

! 119 c MULTIPLY AREAX OF WALL TO MATRAUN TO GET TOTAL MEAT TRANSHISSTION LOAD
! 120 ¢ '

[ jat e en I=ge24

| 22 00 50 Jxfaeg

i 123 BTRANS{TY=QTRANS(IISGTRAUNCT o) #ANALL { JyZONES

i 124 e EONTINUE

| : 12% &0 LOMTINUE

L. tas RETURN
P 127 £HD

; $RRTIE  YICKEDl=VA

;5

;

i

L

: Y .

1
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CSCPE PROGRAM

135928YIL(1) JKEQL=VA :

R Y
QRN e OO0~ 0 U e

LV TR VIR LS T ]
ol G-

Nt N by
<0 &0~ o

Mo . oo

T

TERMINAL REMEAT)

KNUHETHE KNUatTH ATReHANDLER IN THE BUILDING
GMEL =2 HEATING LOAD TELECTRICALY IN BTU
BHHE = HEATING |.040 IVYKERMAL) IN BTU

acc = COPLTIMG LGAD (ELECTRICALY) IN BTU
NZONE = THE NZONEITH ZONE IN THE RUILDING

CGOOOOOaoaoOo0

 SUBROUTINE KEDY{KNUM; TENTRL 4 TCOMFTyNZONEQHEL OCC ¢ GHBOL » TROODK)
DIKENSION QSUMNUCZe24)Y .
IMTEGER JP(8)
COMMON/CNT/ TPIRSUKNUYTRAR

COHMON/K Yy DSUM, TOAZy THAGZCFHCSETPY ¢ HEETPTHEATERIREHEAT 1 HFBRA

DIMENSTON REUML2924)vTSAZ(B4B) yTHACUB L0 «ZCFMIBYET) s
JRHEL{4Bs10) % OMRDLCURyI0)2QCE(UBY10) 1 TROOM{UB)
. DIMERSTON CRETPT(UEs 1) sHSETPT(UB 10y TCOMFT (8 HY)
INTEGER MEATER(ID)¢REHEATIB) ¢ ICNTRL(B10)
REAL MLT )
EORMOR/CONST/MLY

[
¢ STARYT COMPUTATION OF GHEL+REC AND GHBOL

B0 10 ER1eHE
CSETLO=CSETPT{IsKNUK]
J=i
Kl
IF tIuGTnan' JSE
IF (1.6GT,24) K=24
HEWHRS Iwi
TFENEWHR JEQ. L)HRITE(Hs20)
TSAZH=TSAZ (MZONEWT)
TFLIPINIONEY LNE. 1} GO TO 2009
TSAIZNSCSETRTIT o HHUMY
TELICNTHL(NZONE 1XNUMY oNEa 1) TEAINGTRAA=C(GRUMNUC Iy ImK) /
A [MLT¥ZCFM{NZONEWKNUMY])
2000 TF(THMACTOKNUBY LT+ BSETPTCIe#2UXIY GO TG 200
GO TN 3Gu :
200 SETLO2THALYIsKNUKHY
WRITE (B9 RSO)Y T NEWHR o NTZONE
250 FORMAT(1¥y TTH: LESS THAN LOWER SET POINTy COOLIKG EOIL DFF el
*lDaYnTYﬂfligtaeSX:IHOUH!'t!EvSX;‘ZUNEll-IE-S!;IIKEQI)II
300 FFOTSAZN LLT. BETLOY 6O TO 400
GO Y0 10n
400 TSAIN=SETLO
an . FOREAT(fnt)
wRITEC(Syu50) JeNEWHRINZONE
450 EORMAT X tYBA? LESS THAN LOWER SET PDINTs REHEAT COIL QFF XYy
*TDAY-TYP§I*|I?|3X||HnUPtitIZIBXp|ZDNE!itIEiSX!'{KEQijlj
100 AHELETsRRUKIZHUTHFZEFH(NZONE fKNUH) 2 (THAZN=SETLO)
t .
TEDUH(IJzTSAZN+GSHH(JaI-K}/fHLT$ZCFMtNZONEaKNUHJJ
TFEICNTRLENZDNE o KNUIMY LER, 2)

e -

HEATING/EOQLING LDAD £ALEULATION FOR TYPE 1 ATRaHANOLER {SINGLE DUCT PLU3

BATE 062378 PAGE 24
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ECP PROGRAM

57
58
59
80
61
62
&3
b4
b5
66
87

68

69
70
71
72
73
T4

75

16
7
78

#PRTYS

o T T T L - . ! . .
o N - . o T . I

#TROOMETIRTSATZNHASUMNU (Je YaR) A {RLTHZCFHINEONE + KNUKY ]
IF{ICNTRL (NZONEoKNUKY LEG. 1) TROOMIII®TRAA

t
c THESE. 2 IF STATEMENTS ARE PUT IN FOR THE CONVERSION BEYWEEN A 24X%2 MATRIX
i AND A 4B ELEMENT VECTOR
¢ .
IF (REHEATC(NZONE) . NE, D ANDRFHEAT{NIONE] JNEL1) GO TO 98
I1F (REHEAT{NZONEY.FR.1) GHEOL(T+KNUMISQHEL (T vKNUN)
17 (REMEATINZONE) EQ,1) GHEL (TeKNUM)Q
c
c THESE TF STATEHENTS SERVE TD SORT THE HEATING LOAD INTO THE CORRECT
¢ £ATAGORY ApCORDING TO THE MEATER TYPE (ELECTRICAL OR GASeFIRED)
c .
OCE (IgKNUMISMLTIZCFM(NZONE s KNUMIKCTHALT e KNUKY=SETLO)
GO TO 10 '
98 WRITE(6189)INIONE
99 FOSHAT(! FRAOR 1IN HEATER=TYPEsCHELK INPUT!e3Xe'ZDMET I 1I293Xe ! {KEGY
1)
RETURN
14 CONTINLE
RETURN
END
VIC,KER2=YA

DAYE 062378 FAGE 23
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ECP PROGRAM

{3592%VIC(1] KERSmVA _

gk ke R b peb 3l
DRI Ut D D B~ DU B S

2 ng
Ll ]

e
(SR T .t

e A
-

g
«

LE BT BT
L R~

L
Y A

a

[T ATERT 7
(=3 - s I ]

[~
-

Lo -
=

SN -
o~ o

Ve
-0

Ul Ui
el NS

50
5%
5&

0CONOWw

c
£ WITH MIXING ROXES s0R SINGLE=DUCY WITH HMIXING YN THE AIR~MANDLER}
c
c _
c KNUM % THE KNUMITH AJRe«HANDLER IN THE BUILDING
£ GHEL = HEATING LOAD (ELELTRICAL) IN BTU
€ OHMHP = HEATING LOAD (THEAMALY IN 8TU
(oS T R COOLING LOAD (FLECTRICAL) IN ATU
¢ NZONE = THE NZONEITH Z20NE IN THE BUILDING
[
¢
;
SURRQUTINE XKER2(KNUM, ICNTRLy TCOMFT)NZONE ¢ RHEL yDCC s GHBOL o TRODH)
COMMON/K,  BSUM+TSAZe THAsZLFHyCOETPT o HSETRPT¢HEATERYREHEAT+HFBRA
DIMENSION BDSUHNUCZ2e28)
COMMONZCNT /TRy GEUMNLEIY TRAA
INTERER JR(A) '
NIMENSION RSUM{Pe2UYoTSAZ(BsURY e THACUR Y10} vZCFMLBLLY
F RHELTAB 10 9 BHROL{EBW10) ’
/ QCCCURI0) o TROOMCUBY 2 XHCUB)
DIMENSION CSETPTLUB«10) vHSETPY(URvI0) e TCOMET (B LIRY
INTEGER  HFATER(IN)cREHEAT{B)+ICNTRL(5s10}
REAL MLT
COMHNON/EONST/ZHLY
c .
c START COMPUTATION OF QHEL<QCC AND QHHOL
e
. DO 10 I=qeddd
J=1
KaQ
IF (1.GT.24) Juz,
IF (TaGT,.24) K=gd
NEWHRZ Y=y
TF{NEwWHR uEQo lIWRTTEfﬁ|5)
FORMATLIN]
THESE 2 IF STATEMENT ARE PUT IN FDR THE CONVERSION RETVWEEN A 24XR MATRIX
AND A 48=DTHENSTONAL VECTOR
SETLRZCSETPTC T KNUMY
SETHIZHSETPTL{ I e KNUNY
TSAZNZTSAZ(NZONESI).
IF{IP(NZOMF) . NF, {} GO YO 2000
TSAZNSCSETPTCTeKNUM)

TFCICNTRLONZONE ¢ KNUHY GNE, 1) TSAZNSTRAA={OSUMNUCIeIuK)/
A IRLTLZCFMINZOHF o XNLUMY Y
2000 TR(TMACTKNUMY GE, CSETPTCIvKNUMIIGO TO 30
SETLN=THAL T KNUN)
. WRITE(H120)5FTLOe JeMEWHR ¢ N2 ONE
ar FORMAT(IR e 1COOLING COTL NOT ®ORKINGe LOWER SETPOINTETMAmts
FFaa2a Ixe IDAYTYPEL v T2 03Ny VHOURS 9124 3X ¢ VZONET I IR o3 Xy ! (KEQ2Y YY)
10 IFITHAL Lo KNUMY LLE. ‘HSETPTLI+XNUMYIGO TO 50
T BETHI=THA{T ¢ KNLEM)
. hRITE(bvuO)SETHI;J'NEWHR;NZUNE
40 FORMAT/{yg THEATING COTL MOT WORKING. UPPER SEY POINTRTMA®D¢F6,2

Yl

HEATING/COOGLING LOAD CALCULATION FQR TYFE 2 AfRwHANDLER (nULL=DUCTMULTIZONE

DATE 052378 PAGE

26
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ECP PROGRAM

857
z8
59
60
6!
62
&3
64
65
66
67
&8
&9
70
71
72
73
74

) 75
O\ F
R

~-

19

P, 80
T, B

a3
a4
]
Ré&
87
48
a9

SPRT+ 3

*p!ﬂo’DAV-T?PE!'IE!BX!!HOURI'oIEtSKv'ZUNEI‘vIEvSX!ItKEGEJ'3
50 YHOIY2{TQAZN=SETLO) /(SETHTISETLO)

IFEXR(I) .6%. 1,760 TO 900

TFIXH{I) LTa 0,060 TO 990

IF IHEATERIKNUMJ.NE.G.AND-HElTERIKNUHJ.NEnllcn T0 ©8

103 QCC [(TeKNUM) = MLTAZCFM(NZONE 2 ¥NUM)* £ {mXHET) IR (TMAL Lo KNUM) o

/SETLO)

OHEL C(loxkNUM)= HLTHZCFM{NZONE s KNUMIEXH(T)®{SETHT=THALT
FeNUMY)

TROOHM{I) mTSAZN+USUM{ T 1K) / (MLTHZCFM{NIONE s KNUM) )

IFCICNTRL (NZONESKNIMY JEG. 1) TROOM(TIZTRa2

TFCIENTRL (NZONECKNUY) LER, 2) TROOM{I)=TSiZN4GOSUMNLU(CT, TaK) /
A (MLY#2CFHENZONE s KNUH))
1 TF (HEATER(CKNUM3 EQ,Y) GHANL (s KNUM)=QHEL (T ) KNIJH)

IF (HEATER{HNUM) ,ER,1) GHELCTrKNUM)ZQ

THESF {F STATEMENTS SERVE TO SORT THE HEATING LOAD INTD THE CORRECT
CATAGORY ApLORDING TO THE MEATER TYPE (ELECTRICAL OR GAS=FIRED) ,

ROIO0

GD TO 10 '
98 WRITE (6499) HEATERCKNUM) yNZONE
9% FORMAT{ 1 ERROR IN HEATER TYPE»CHECK INPUT Y +3X e PHEATERX 1 3 124 3% 120
FNEL ! T293% g 1 (KEQ2)T)
G0N TO 500
{3 CONTINUE -
%00 RETURN
900 TSAZN=SETHI
XH(II=],
GO 70 0%
390 TSAZN=SETLD
¥H({I)=ag,
GO TO 10%
END

YIC.KEQZwYA

i 1L

Ny
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ECP PROGRAN

1359a*v1c(15 KERSZ=VA

S

B
O R~ U A0S

N
Ll =]

LY
~1 Ot &P

e g
= D0 ox

a::::tz:uuiuutm
Sl O 0@~ oW

Ty rs
3 DB~ O~

VR A
iV e

[V, 2V, }
aut

- 2306 O U G Y e
Nz ¥z 33020802 z0z82 3z 1)

[F T ]
S

100

£
-1

OO0

KE®3 3UBROUTINE CO“PUTES THE cOMPREBSOR COOLING LOADYBOILER HEATING
LOAD AND ELECTRIC HWEATER LOAD FOR A TYPE 3 AIR HANDLER.!YHIS SURROUTINE
WILL PERFOWM THE COMPUTAYION FOR 24 HOURS OF DAYTYPE ONE AND DAYTYPE
THWO, THE RESULT 18 RETURNED TO THE MAIN PROGRAM IN THREF ARRAYS:
QCLOHOUR y xNLM) ¢ RHEOL (HOUR ¢ KNUHY ¢ BHEL (HOUR s KNUM)

QHEL=ELERTRIC HEATER LOADCATU)

ACC=CONPRESSCR CONLING LOADCRTU)

AHANL=HOTLER HEATING LOADCRTU)

AF=BYPASS FACTOR

SUBRNUTINE KEQZ(AHBOL¢NCEeAHEL KNUHvICNTRLuTCUMFT!ZUNEgTRUDH!
PIMENSION QSUMNU(2:24)

INTERER TP(8)

COMMON/CNT/ IPyQSUMNUTRAA
coMHONJK/GSUH.TSAI.THA.ZGFH,CSETPT,HSETPT HEATERsREHEAT ¢ HFBRA
INTERER ZONE+DYTPIHEATERCIO} +REHEATIB) +FLAGrICNTRL (81 0)

. DIMENSION GHEL CABy10)+0CCC4B110) yOHBOL(ABy10) ¢ TEOHFT(ByUB)

NIHMENSION ZCFMIHOII)rTSAZCBe“BJfTHACHBllOJlOSUHCEeEﬂ)l
TROGH(uB)

NIMENSION CSETPY{UBI0) ¢HEETPT(UB10)

REAL HLT :

COHMON/CONST /HLT

IMITTALYIZE . VALUES T0 ZERD
DYTP=D

pa 100 Jeleda
GHEL(JeRNUMIZO0, 0
GecelJeRNPMI0 0

AHBOL (JrKNUM)Z0,0
CONTINUE

WRITE(H1400)
DYTP=2DYTP+1

bo 6%0 Jxts.24

IFCJ «EQ, TIWRITEL{S:%)

CFORMAT(1p1)

IsJ
FLAG=20D
IF {DYTP.EQ.2)1mN424

TEST TO DETERMINE.TF COOLING OR HEATING IS NEEDED,

TSAZN=TSAZ{ZDNE91)

IFCIFCZONE) «NE, 17 6O T0 zaoo

TSAZNZCIETPT (I KNUM)

IFCICNTRL{ZONEsKNUM) NE, 15 TaazNuTRAA-tGSUMNU(DYTPqJ)/
(HLTHZCFHCZONE WXNUIMYYTY

2000 IF (TSAZNLLT.THMALI XKNUMYY GO TO 200

oo

[x ¥z Fel

cbuPuTE gLECTRIC HEATER LOAD
ﬂHELtI9KNUM3=ZCFH(ZHNE|KNUH)*MLT*(TSAZN-TMA(IkaUH!)
AF=z1

TF (HEATER(KNUM) EQ, n)GD T0 650

COMPYTE ROILER LOAD

o o A I Ty ) PPy SR LT T P = T - " . P

DATE 06Z3ITH
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EcP PROGRAM DATE
¥4 OHBOL {1 ¢ NUMIZQHEL { Iy KNURK)
L1} DHEL (I vKNUMI®O L O
59 GO TN 250
&0 [
&1 [in DETERMINE IF COOLING BETPOINT I8 SUITABLE AND COMPUTE COMPRESSOR
&2 e LONLTNG LOAD
&3 I i
&4 200 IFC(THA(TKNUM) (LE, CRETRPT(Y.KNUMY) GO TO 1000
65 BF-tTSAzN-csETPT(IvKNUH))/tTaA(ivKNUM)-csETPTtIrKNUHJJ
.19 TF{TSAZN,LT LSETPTEIaKNUK)IFLAGSE
a7 TE(FLAG E@a3 }RF®y (0
&8 IECFLAG . EG, 1) TSAZNxCSETPT({ItKNUM)
6% TF(FLAG.ER.1IWRITECH+600IDYTP ¢ J1ZONE
70 0 T0 1iq0
71 1000 RFsl
72 TS5ALNETHACT I RNUM)
71 WRITECH+1050IDY TP« J9Z0NE
74 1050 FORMAT(iYeITMR LESS THAN. LOWER SET POINTs COOLING COIL OFF193Xe
75 -*IDAY-TYPF;l:r?aSXt'HOUP:chEnSXs'ZDNE:'aIBvSK"tkEﬂSii}
7h 1100 ﬂcc(IcKNUM?IZCFH(ZONEvKNuME*HLTtti,wﬂFi*tTHA(IvKNUM)-
17 + CSETPT{IeKNIH)Y
78 250 TROOMLTIZTEAZN + GSUMIDYTPoJ)/(MLT*ZEFMIZONEsHNUHS)
79 IFCIENTRL(ZNMESRNUK) LER, 1) TROOM{II=TRAA
a0 CIFLICNTRL (ZONEAKNUM) LEDs 2) TROOMCIIZTSAZNFQBUMNUCOYTR )/
81 A (HMLTSZCFH{ZONE+KHUMY]
a2 600 FORMATCIXe 'SETPOINTS ARE UNSUITABLE FOR RNOM DESIGN CNNDITIONST 33X
a3 %rlDLY-TYFEI|'12|3Xt|HUUR:I|IB13XeizouglleBuSXqI¢KEu3]|)
“al 650 CONTINUE
RS IF (DYTP,EQ.1) 5O TO {50
&6 . RETURN
57 END
APRT8 YIE HEQUwYA .
- I

e e maatdts o L

062378
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ek PROGGRAM

13992 ¢ TE (1] (KEQUL=VA T - | .
~ KEGU SUBROUTINE COMPUTES THE GOMPRESSOR COOLING LOAD»AND HEATING

i ¢
2 c LOAD FOR MEAT PUMP OR DOUBLE CODIL H/C SYSTEH WITH AYwPASS CONTROL.
3 ¢ THIS SUARDUTINE WILL PFRFORM THE COMPUTATION FOR 24 YOURS OF DAYTYPE ONE
4 o AND DAYTYPE Tw0, THE RESULT T8 RETURNED T THE MAIN PROBRAH 'IN THE
5 c ARRAYST ACCCHOUR ¢XMURY ¢ QHHP (HOUR eKMUHM}
b c BCCxCOMPRESSNR CNNLING LOADIBYU} '
7 ¢ GHHPZHEAT PUMP HEATIMG LO&R{BTU) N _
- SURROUTINE KERL(ACCAHEL Y BHHP ) QHBOL ZUNE +XNUMy ICNTRL TCORF Ty TROOH)
9 DIMENSION OSUMNU(2s20) '
10 INTEGER TP{8)} : . ;
11 COMMDNZENT/ TRyQSUMNU,TRAM _
12 EOMMEN/K ZNBUMY TSAZ s THAYZCFH i CSETPT o HSETPToHEATERyREHEAT o HFBRA
13 DIHENSIGN TSAZ(A:4R) cZCFHCA+11Y o THALUB10) vQBUM{Z,24)
14 DIMENSION CSETPT(UB:10)+MSETPT(UR1D)
15 DIMENSION DCC(UBy103+OHHR(UB 103y TCOMFT(ByUB)
16 DIMENSION TROOM(UEYsQHFLTUB10) yAHAROL(4R2Q)
17 TNTEGER zUNEqDYTPgHEATER{IG)yREHEAT(B];STRR!EVEtICNTRLtaviGJ
18 REAL MLT o
19 COMHON/CONET/MLY
20 e o
21 ‘C INITIALTZE VALUES TO ZERO
22 ¢ - g
23 DYTPa0 |
24 N0 PYTPaDYTPI
25 250 - DO Y00 Jxi.2d
26 1ECS LED, JIWRITEL6:S)
27 5 FORMAT(VG!3 ‘
28 tud '
29 - 3TARZO
: EYEZD :
- 1F (DYTP.ER.2) InJe24
c
[ TEST TO pDETERMINE IF COOLING . OR HEATING 13 NEEDED
e ' . .
' TSAINZTSAZ(ZONEY L)
S1F{IP(ZONEY LNE, 1) GO YO 2000
TAATNRESETRPT (T e KNUM)Y

TFCICHNTRLLZONE s KNUM) GNE. 1) VSAZNETRAAS(QSUMNULDYTPe )/
4 LMLI*TEEN{ZONEVKNUKY)Y) I _
2000 IF (TSAZN.GT.THACLT1KNUHIIGOD TO 300

c
c SY3TEM {5 IN CDOLING HODE _
c : _ o
IF(THA (T KNUM) oLEs CSETPT{TyKNUMI) BO TO 260
3F=t?SAzﬂncﬁsTPTtInkNUHi)/tTMA(IvKNUHJ-CSETPTtIvKNUM))
TF{BF.GY 1 YEYER] : : .
: IF(E*EIEUn!)SF=1

- IF(BF.LT,0,)5TAR=]

1F (5TAR sER. 13JAF=0, '

TF(STAR ER. ) TSAZNRCSETRT (T XNUM)

IF (STAR,EQ,{ JWRITE(696503DYTP s J e Z0NE

iBh Yo 2Rp '

260 AFa)

TEAZNATMATT rRNUM)
MRITE(BoZ7T0)DYTP«JsZNNE

VIO AR UL E e B B B 5 R A B G Gl Ul Lk ot
R N ORI AT MU~ Cd B GU EWHM—O

1) 270

FORMAT (ixy ) TH& LESS THAN LOWER 8ET FOINTe CODLING £OTL OFF)y3X0
T %\. -A.z.s.n—;.“:-z_;ji‘ g sbion - sl e St ek -A\\

DATE 062378 Ry
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ECE PROGRAM

57
55
59
&0
L3}
LT
63
a4
&5
bk
&7
b3
5%
T¢
71
72
73
74
75
76
77
78
7%
30
a1
Ag
B3
ai
85
86
ay
a8
&9
g0
91
92
93
94
93
94
97
98
99

#PRTS

4

280

s Neg Nyl

300

350

370
380

381

¥IDAY~TYPEL!e12¢ 3% THOURT 19129 3Xs 1ZONEYT ¢ T243X ¢ 1 IKERE) 1)
QCCCT 1 KNUM) HZCFHEZONE 1 KNUN) % L1 (aBFY AMLTS (THACT o KNUK)
+ =CSETPT(IPKNUH))

GO TO 400
'SYSTEM IS IN WEATING HODE

TF(THALT(KNUM) (GE. HSETPT(IyHNUM)) GO TO 350
BF3(TSAZN-HSETPT(IVKNUHJ3/CTHA(I!KNUH)HHSETPT(I!KNUHJJ
IF (BF ]LT.OI’ STAR={

I¥ (5TAR L ER. 1)BF20.
TF { STAR WER. 1} WRITE(bLy6S0IDYTP+JeZONE
IF(STAR-EG-1)TSAZN=HSETPT€1!KNUH)
GO TQ 380 .
BFxt -
TESAINSTHALT 1KNUM)
WRITECSH+IT0)0YTR e ZONE )
FORMAT{1y¢ ! THA GREATER THAN UPPER BEY POYNTy HEATING COIL 18 OFFo
t}x;1nAY-TYPElT!IEI3!1‘HDUR!'t!2f3xr'ZﬁNEi|vIEv3¥u'(KEGﬂ)')
HLﬂiﬂ’ZEFH(ZUNEQKNUH)#HLT*(I.nBFJ#(HSETPT(IlKNUH)
7=THALI 1 HNUKY) .

TFCHEATER(XNUM) =) I81¢382+3063

RHEL LI vKNURI2HLOAD

C GHAOL (T e¥NUM)=D

382

183

qao

550

700

VIC.KEQSeVA

GHHP (T e KNUM) =D

GO TD 400 :

QHEL{T1KNUMI=O
"AHROL( TeKNUM)aHLOAD
NAHHP {14 KNUMI =D

GO TH 40N

QHEL(TrkuUMYIED

AHAOL (T s KNUM)} =0

AHHP { T e KNUHIHLBAD

THDOH{I)aTsazn+nsUH(vaP'J)/:HLT*zCFsznNE;kNUH)J
“IFCIENTRLUZNNE +XNUBY LEQ, 1) TROOMCIIRTRAA
IF{IONTRLCZONE sKNUHY (EG, 2) TROOMCIIxTSAZN+USUMNUEDY TP ¢ J3/
A [MULTH¥ZCFM{ZONE«XNUMY)

FORMAT({%s1SET POINTS ARE UNSUTITARLE FOR RODM DESIGN CONDITIONS!e
#339'DAY-YYPE1’sIEv3X1'HOUR!'!IE!SK!'ZUNEIflev!Xa'(KEG“)‘)
 COMTINUE

IF {BYTIP,E0.Y) GO TO 200
" RETURN

END

DATE 062378
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NI

am
0K
Gc

HF

TH

%
¥

STING/CONLING LOAD anCULATInN FOR TYPE & AIRaHANDLER

UM @ THE KNUMITH AIReHANNLER IN THE BUTLDING

ONE = THF NZONETTH ZONE IN THE BUILDING

EL % ELECTRICAL HEATING LOAD TN BTU

ROL ® BOTLER HEATING LOAD IN BTU

¢ % ELFCTRICAL COOLING LDAD IN RTU
® FRACTINN OF THE TOTAL CFH OF THE ZONE WHICH COMES ¥ROM TERHINAL
. REMEAT

6T = TEMPEPATURE OF THE AIR LEAVING THE TERMINAL HEATER

SURHDUTINE %EQRSCKMMe TCNTRL o NZONENHEL»QCCRHADL ¢ TROOH)

DIHENSTION OSUMNICA v 2U)

INTEGER TP(B)+[CNTRLIAYED)

COMMON/EHT/ TRIOSUMNUGTRAL

DIMEMSION RSUME2e2U) 1 TSAZCBUBY 2 THATUB V10T wZCFHCBY11)
GHEL(UBe 0}y QHADL (4B 10) sACE(HASID) e TRDOM(HUB) ¢
HFARALAY

nIHENSIGN CSETET(UR 1 0)yHEETPT(UB+10) :

CORMON/K GSUHvTSA?uTMAsZCFMwCSETFTuHSETPTvHELTFR;REHEATuHFBRA

INTEGER HEATERCI0) e HEHEAT(R)Y :

REAL MLT

COHHDN/CANST/AMLT

START COMPUTATION

IF{HFRRA(NZONFY LJEQ, 0)}GO YO 110

IFC(REHEAT (NZONE) uNEo 04 AND, HEHEAT(NZDNE} NE.1} 8O TO 98
RO 10-Inyelds

Jei

‘Kao

A

: .

&
2

TELI.6T.24) J=2 .

TF(I:GT»?“) Xugy

NEWHRETmK B

IF(NFAHR B0, 1IWRITEfay])

FOR®ATCIG1)

THAZNRTSAZINZONE«TY -

TFLTR{NZNNFY (NE, 1) B0 TO 2000

TSAZHN=CSETPT (T KNUMY

TFCTENTRL (NZOME e ¥NUKNY 4NE. 1) TSAZN-TRAA-tasunnutJaqu)f
{HLT*7CFMENZONE s KNLIMYY)

2000 SETLOEHIMN{THA(T2KNUMI2CSETPT(TIvKNUN))

Tuornlrsnzw-srTLn*(1..HFBRA(N:ONE):)/HFHRA(NZUNEJ
TF{THOTLT.SETLOYGO TO 95
OHFLtIuKhU“)ﬂMLT¢?CFHtNZONEvKNUH)*HFHRA(HZONF!#{THUT-&ETLU}
QECTTIKNUHY =HLY*ZCFHINZONE e KNUM) X {THA(T rKNUM) =BETLD)

TROOH(T}= (HFRPA{NZDNE)*THHT]#(l.-HFHFA{NIONE)34557L0+DSUH(J!I=K!/
(HLTAZCEMINZONE ¢KNUMY)

IFCIP{NZNNEY LER, 1)
TnonntI)atHFHnacuanE)tTHDTJ+:l.-HFERA{NZDNE3)*SETLO+n3UHNU(JvI-K)
JIMLTHZCFMINIONF o KNUMY)

IF THE HEATFR 1§ THE GASFIRED TYPEe STORE THE MEATING LDAD IN GHBOL

TF{REMEAT(NZONF) sEQs1) OHROL(IsKNUMISOKEL (T9KNUM)
TF(REHEAT(NZONFILERL1) AHELCT¢XNUMIRD,

o Ehs . o u el s e don L o s A, e pe e gl s

DAYE 062378 . pAGE
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ECP PROGRAM DATE 04237H PAGE 33

[

57 10 CONTINUE |
58 RETURN j
L1 - 95 WRITE(b1963 e NEWHReNZONE |
&0 9% FORHAT(IXeﬂREHEAT cOIL IS 0FF|¢3X!‘DAV'TYPEI|l12!3X!'HUUﬂ!|vIEUSX¢
&1 *'ZUNEl‘lrEmSKelfﬂqGSJlJ
62 THOT=SETL(
53 60 To S
LY 98 WRITE(b {U)J'NEWHR!NZONE!KNUH
&5 in0 FORMAT(LX«'ERROR 1M HEATER TYPE. CHECK INPUT, 1 y3XpIDAY=TYFEL N,
b6 ¥12e3Xs P HOURI 1 e 123X 12ZONEI Ly T2 SN e VKNUME I o TR03% ¢ 1 [KEQS) 1)
&7 RETURN
Y] 110 WRTTE(&!iEPJKNUH-NZUNE
! : L) 120 FORMAT(1yxy!'ERRDR IN HFRRA FOR THIS 3IR-HANDLER'|3X"KNUHI'!
. 70 *IEVSX'IZONEV'VIE!3Xw’CHECK INPUTHIX s I (KEQSI )
- 71 RE TUSN
72 END

PPRT«8  VIC.KEQ&=YA

051




R

ECP. PROGRAM -

135928VECl1) JHERSYA

1 £ HEATUG/COOLING LOAD CALCULATION FOR TYFE & ATR=HANDLER
2 £ : “ '
3 v ' C _ :
: 4 £ - KHUM = THE KNUMITH ATR=HANDLER IN THE BUILDING
; 5 £ NIONE = TWE MIONEITH ZOME IN THE BUILDING
1, & € OMEL = = ELECTRICAL HEATING LOAD IN BTU
| 7 E  GHADL = BOILEH HEATING LOAD IN 8TU _
; 8 e Gee % ELECTRICAL COOLING LOAD IN BTU : _ '
5. N 2 FRAGTINN OF THE TOTAL FM OF THE Z0NE THAY COMES FROM TERMINAL
10 c REHFAT o L ‘
11 £ THOT - = TEMPERATURE OF THE AIR LEAVING THE TERMINAL HEAYER IN DEG F
b 12 e CPF x CAOLING COIL PASS FACTOR
; 13 e . _
. ; 14 C. : -
' : 15 : SUBRDUTINE KE@&(KNUMICNTRL s NZONE«OHEL +RGC s RHBOL ¢ TROOM)
| 16 DIMENSTON ASUMNUCRe24) : :
| 17 INTEGER 1P(8)2ICNTRL(8910)
B 18 COMMONZCNT/ TP eQSUMNUYTRAA '
i 19 DIHENSION QSUMI2¢24) s TSAZ(BIUBY s THACLEL0) 1 ZCFM{Ba11) s TRODMELBY »
& . &0 /- RHEL CuBe103 9OHBOLCAB¢I0)2RCCCHB10) '
i Y 21 x yHFBRA(B) . :
! ! -t . DIMENSION CSETPT(48+103 9 HSETPT(UE,10) ,
P 123 INTEGER HEATER(10) +REREAT(8) : = :
Voo 4 : COMMON/K/ QEUMyTEAZ s HAe ZCFMeCBETPTSHSETPT«HEATER)REHEAT ¢HFBRA
i ; Ll REAL MLY ' ' .
b i - R COMMON/CONST/ZMLT .
-. b 27 € _ o
$ y »8 c BTART COMPUTATION : _
i " zg TF(REHEAT (NZONF) (NE4 02 ANDLREHEAT(NZONEY (NEL1) 6O TO 97
: 50 Iy c - : : . .
; 3 . Bﬁj 6 HEATER HAS TO BE EITHER | (GASeFIRED BOYLER TYPE) OR 0 (ELECTRIC HEATER)
P 3 S o B
S 34 . 1F(HFBRA{NZONEJ 4E@, 9)GD 7O 100
C 15 DO 10 [=fe4d
I y kY] Ja§
} 37 : K30 : - _ .
38 TF(I,6T,24) Ju2 .
o 39 - IF{1.GT,.24) K24 ‘ '
b uo NEWHRE J=K
} 41 IF{NEWHR @, 1}WRITE(693)
b 42 3 FORMAT(!n!)
! 43 AHADLET o XNUMIZO0, : .
1 44 : RHEL (LvKNUMYmD, '
' .48 . TSAIN®TSAZ{NZONEy1}
v Cus = TFEIP(NZONEY (NE, 1) GO TO E000
g 41 . . - .TSAZN=CSETPT(I+KNUM) _ _
% ua 7 IFCICNTRL (NZONE s KNUKY (NE. 1} TSAZNSTRAA=C(QSUMNUCJyI=K)/
g 49 : A {HMLTRZCFMINZONESKNUM)YY - . '
50 . 2000 SETLOTMINITMACTIKNUM) ¢CSETRT(TIKRNUMYY .
; 51 2 THNTRCTSAZNWSETLO* (1, »HFARA(NZONEY) ) /HFBRA{NZONE)
. 52 : CPFR(TMA{TIKNUM) = THOT) /(THA (T KNUM) = SETLO}
: 53 = . CIFETHOTLT.5ETLOY GO TO 95
) 54 IFLTHOT BT (THACTAKNUMY) GO TD 105
‘ 5% _ TFCTMACT(KNUMY LEQ. SETLO) CPFu0, ,
: 56 6010 & - :
|
i
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' ECP PHOGRAM o ' DATE 062378
57 10% CPF:o. '
53 RHELCI KNUM)2HLTKZEFN (NZONE s KHUM) & CTHDTTHA C T+ KNUM) RHFBRA (NZONE) )
59 G0 TH B
60 95 CPFel,
61 T THOTRSETLO
82 6 QEECTVMNUH)SMLT¥ZCFM(NZONE 1 KNUH)I ¥ (1 owHFBRA(HZONE) ¥ (14=CPF))
63 f $CTHALTyRNUHY = 8ETLO)
B
85 E 1r THE HEATER I8 THE GAS=FIRED TYPE+STORE THE HEATING LOAD IN THE MATRIX
b6 - ¢ luHaoL'
67 £
&8 IFIREHE.\T(NZONH EG.1Y OHBOL(I«KNUMIZQHEL LT ¢ KNUM)
&9 ‘ . TF(REHFAT(NZONEYER.1Y QHEL (YeKNUMIRD,
70 9 . TROOH(IJasITHOT‘HFHRA(NZONEJ)+SETLO*(I -HFBR#(NZDNE))'!'GSUHCJ!I'KJ
71 R/ (MUTRZCFMCNZNNE 1 KNUMY )
12 CTFCIPINZONE) LEGQ. 1) TROAM(II®CTHOT*HFBRAINZONF})+SETLO¥
73 L (I.-HFRRA(NZOMEJ)+GSUHNU£J|IuHJI(HLT#ZCFM(NZONEaKNUM))
74 10 CONTINUE
15 © BETURN
14 37 WAITE(6yqB) RZONETKNUM
77 98 FORMATLIXy !ERRDOR IN HEATER TYPEs PLEASE CHECK INPUT,. !¢
78 *3K"|ZU_NE1f[:.?d?})(!‘KNUMI'!IB!EX!'(KEQ&)T}
79 -~ RETURN
B0 100 . __WRITF..(b_ti'IOJKNUMuNZONE :
At $10 FORMAT(i¥y'ERROR IN HFARA FOR THIS AIRoHANDLER,!¢3Xs {KNUME!y
B2 T EI2¢3X9 1ZONET oI2e3% ! (KERBY ' ¢3%y 1CHECK INPUT!)
8% RETURN
a4 ~ END
#PRT+S  VIC KEAT=VA
. e ek
L e . L, e . " L .
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ECP PROGRAM

13592+4VICL1) KERTaYA ) o :
N SURRAUT INE KERT(KHUMe TENTRL+ ZONE e QCCy GHBOL v RHEL s THOOM)
a NIMENSION Q@SUMNU{2424)
3 INTEGER TP(B)vICNTRL(R+10j
4 . CORMON/CNT/ TPoRSUMNUSTRARA
5 [ STMGLE CnLi DUCT aND STINGLE HOT DULT &IR HANDLER WHERE THE HOT AND LOLD
6 - G DECKS ARE HMIXED IN THE RDOM .
7 DIMENSION ﬂCC(“Ble)oﬂﬂﬂﬂL(HBfIOJvﬂﬂEL(aﬂq1D)v
8 ¥ i THACUBY 10) o YSAZ(BetB)Y e ZCFH(By11) s TROOMCYBY
9 DIMENSIDN CSETPT{UBytU) s HSETPT( 0B, 10}
10 DIMENGION  GSUM{2420) s HFBRACH)
11 INTEGER HEATER(10)eREHEATtE)-ZDNE-HOUR;D&TYPE
12 COHHnN/K/USUMqTSAlvTHA-ZCFHrCSETPTvHSETPTtHEATERrREHEATéHFBRA
13 LOGICAL WRIIY i .
14 REAL MLT '
15 - ) COMMON/CANST/MLT
16 £ .
17 . CFM2aHFBRALZONE) S ZCFM{TONE y KNUMY
15 . CFMIZTCFH{ZONEsKNUM)mOFH2
1¢ - IFLCFH? _LE, 0)GD TO 300
20 DO 2P0 DATYPE®142
2y DO 100 Houkrai,2d :
ez IF(HOUR _EQ, 13HRITE(6:3)
23 3. FORMAT(V'p13
24 IF(DATYPE .¥0s 1)GO0 TO 5
25 NFwHRZHOUR+ 24
25 5O TR 10
27 5 NEWHR=HOUR
28 10 WRITTH . FALSE. .
29 c . ' . -
30 v CHECK THF PROPER HOT AND £OLD DECK SETPOINTS AND LOWPUTE THE TEMP
3t € OF COMFORT AIR . .
32 o .
33 TSAZHETSAZ (HNUMyNEWHR)
14 IF(IP{ZONE) .MNE..§3) 6O TO 2000
L1 TSAINSCSETPT{NEWHR ¢ KNUMY .
1.3 IFCTCNTRLCZONE rKNUMY LNE. 1) TEAZNETRAASQSUMNULDATYPE + HOUR) /
37 A (HLTHZCFMLZONE e KNUM) Y
LL 2000 SETLNaCSEFTPTC(NEWHR s KNUM) )
39 SETﬂr=HSFTPT(~FWH31KNUMJ : '
40 IF(TUA{NEWHRENUMY ,GE, CEETPTINEWHRIKNUMYY GO TO 4
13} SETLO = TMACNEWHRqKN(IMY . .
42 HRITE{bet2)5ETL09DATYFE¢H0UR¢ZQHE )
43 12 FoRHMATCIxeteonLING ePTL NOT WORKINGs 1 0WER SETPOINTETMARm?,
ay . #Fb.?ySXv‘DAY-TYPE!'vIEv!Xa'HDUR!‘ulavﬂxviZONEI'uIE!ﬁHu'fKEGT)f)
45 14 TFITMALNS WHR s KNUN) (LB, HIETPT(NEWHRsRNUMIIGD TO 18
g - SETYHT .= THA(NEWHB g KNUM)
47 NRITE(Br16)SETHTWDATYPE YHOUR s ZONE
ua 1é FORMATCiXy 'HEATING CATL NOT WORKIMG. UPPER SETPOINT=THAR | yFh .24 %Y
49 . #.!DAY-Tvatl'r?'zx.IHUUR:loIEw!Xy'ZUNEtI-IEo3x|'(KEG7)PJ
.50 18 THNTE ({TSAZN¥ZCFH{ZONESKNUM) 1= (CFMTI*SETLOY Y,
s1 REFME : . : ' ;
52 - TF{THOT L.GE. SETLOY GO TO 20
53 CPF=1.0
SH THOTRSETLD :
5§ - WRTIT= ,TRUE, . ,
LT GO -Tq to

Lik_....‘..._w..h.—__.shj.n.ﬂm—u&»..._ B R T SRR | DTy - ourut oo SPLINTE. o)

DATE 042378
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ECP PROGRAM

57
L)
59
40
61
&2
63
&4
65
&b
&7
43
&9
70
71
T2
73
74
75
76
7
78
79
a9
8i
a2
83
ay

PPRT Y

20

P AT Neke Nyl
[ =]

50

55
100
200

o0
310

CPFEQ.0 .

IF(THOT LE. SETHI)G0 70 30
THOT=SETH]

WRIIT=,TRUE,

GO TO 40

- COMPUTE THE A/C EQUIPMENT LOADS AND THE PROPERVHOOH TEMP

CPF(SETHI=THOTY/(SETHI=SETLO)Y
HLn=f1.U-EPFJ*CFHE*tSETHr-TﬂAtNENHRvKNUNJ)*HLT
Gcc(NEanqKNUMchCFM1+thFmCFMaJJ*MLTm(TMA(NENHR,KNUM).seTLﬂJ
TROOMtNEwHRJS{THnT¥HFHR&fZDNEJ)+(SETLﬁ*ﬂ1-'HFBRACZUNEJ)J*
FOSUMEDATYPE ¢ HOUR) / (ML THZCFH{ ZONE yXNUMY Y

IFCIPCZOMEY oER. 1) TEOON(NEWHR)= (THOTV*HFRRACZONE) )+ (BETLO*
A rl.FHFRRA(ZONE))J+OSUHMU(DATVPEuHDUR)/(HLT&ZCFH(ZONE!KNUM))
IF{HEATER(KNUMY LEQ. 1160 TO 50

QHEL (NEWHR s KNUM) = HLD

G0 Yo 55

GHAOL (NEWHRsXNUMIE HLD

CONTINUE

SCONTINUE. -

CONTINUE

RETURK _

wRITEfchID)CFHEvHFBRAtZONEJvKNUH

FORMAT{ 1%y 1ERROR IN HFRRA FOR THIS AIR=HANDLER. CHECK INBUTH,
#3:;rcFMzrt'Fa,3:3x.tHraRAI!vFa.avBXvFKNUMv'vIEvSHo'tKEn?:l)
RETURN . : T

END

YIC KEREmVA

L anmmmhug\ o

DATE 062378
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ECR PROGRAR DATE 0&2378

135924VICI1) JKERBmYA

DO~ E R -

@PRTeS

SUBRQUTINE KEQAL{KNUM«ICHNTRL ¢ ZONEsGQCCeRHBOL v QHEL+ TROOMy TRAD
DIMENSION DSUNMNULZ28)

INTEGER IPLBYICNTRL(Be1D)

COMMON/CNT/ IP«QSUMNUTRAA

c FIXED BYPASS OF RETURN AIR TO BE MIXED WITH cOLD DUET AND TERHINAL
c REHEAT
DIMENSION OQCCIUR«I0)OHROL(UBo10)+QHELCUB.10)
% THACUOST0Y o TSAZ(BdBY1ZCFH(Bat 1)

DIMENSION CSETPTCUR 10 ¢HSETPT (48410}
DIMENSTOM QBSUMC2+24% ¢ TROOH(UB) ¢HFBRA(N)Y
INTEGER HEATER(10}yREHEAT (B s HOURyZONEsDATYPE
COMHON/K, RSP TSAZrTHAZLFMoCEETP T HEETPTIHEATER ¢REHEAT ¢ HFBRA
REAL MLT :
COMMON/EONSTZMLT
- N0 200 DATYPE=Y+2
00 100 HpDUR=1+2U
IFIHOUR FO, 1)WRITE(Hy5)

5 FORMATL 1!
IF{DATYPF ER. 1)GO TO {0
NEWHRESHOUR+2U
GO 10 20

10 NEWHRE=HOIR

20 TSAZNETSAZUZONE ¢ NEWHR)

IF(IF(ZONE) JNE. 1)} GO TD 260¢

TEAZNSCSETPTINEWHR s KNUMY

IFCICNTRLOZONEoKNUM) NE, 1) TSAINmTRAA=QSUMNUIDATYPE+HOUR) #
A (MLTEZEEMIZONESKNUM))

3000 SETLOZMIMINSETRPTINEWHR s KNUMY o THA (NEWHR s XNUNRY)

THRS(HFBRACZONE)®TRAI (Ll .»HFARA(ZONE) ) %3ETLD)

IF(TSAIN ,GE. THMR) GO TO 4N

TSAZN2THR

WRITF{So 30 THR e DATYPEWHOUR S ZONE

30 FORMAT(1x+ IBYPASSED RETURN AIR RATIOD I3 NOT BUTIABLE FOR A/C1y

X e VTMR= 14 FE . 2e 3Ny TOAYTYPER o TR e3Xe THOURE 1 9 123X e 120NE Y
1I2e 3N ILKERBY )

<
- € COMPUTE a/C EQUIPHENT LOADS AND THE PRNOPER ROOM TEMP
C

40 HLD=ZCFH{ZONEoKNUMIXMLTH(TSAZNeTHR)
DCCINEWHROKNUM)IZ ZEPM(ZONEZKNUMIRMLTR(E ,0=HFBRACZONE))Y
A %{TMA{NEWHRaRNUMI=SETLD)
TROOMINEWHR)ISTSAZNEGSUMCNDATYPEvHOURY /ML TZZCFM{ZONE s KNUM)Y
TF(ICNTRLEZONE ¢KNUM) LEG, 1) TROOMINEWHRIZTRAA
YFUICNTRL (ZONE+KNUMY LFfl, 2) THOOMCNEWHRISTSAZN+OSUMNUCDATYPE ¢
AHOUR) 7ML THZCFH{ZONEyKNUMKY)
IFIREHEAT(20NF) ER, 1160 TO S0
QHEL(NEWHR «KNIIMYZ HLD
- GO T0 100
1y AHSGLENEWHR s KNUMYZ HILD
100 CNNTTNUE
300 CONTINUE
RETURN
END

VIC.HEQU~VA
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135924VIC(1

TURINSNETY MIND N 5 b A b ot et b 3 8 m
NN~ DO~ N oW OO UL RS-

)
@«

el U 4l e ol W T
HE WHN - OO0

(LAY U AT ]
0.0 -

no

=
==

43
44
45
06
a7

u9
50
" 51
52
53
L
-1
56

]

OOOoOODODOOMO0AON o0

DATE 0562378

+KERFaVA .

DO OOaNcEe

00N

TACR CW LY o=

. R T X ST

MEATING/COOLING LOAD CALCULATION FOR TYPE § ATReHANDLER (CGNSTANT VOLUME
PLENUM AIR AND VARTABLE VOLUME COMFORT AIR AT FIXED TEMPERATURE

KNUH

& THE KNUM TH AIR HANDLER IN THE BUILDING
NZONE ® TeE NZONE TH ZONE IN THE BUILDING
QHTL ® E[ECTRICAL HEATING LOAD IN BTU -
GHROL = BOILER HFATING LOAD IN RATU
age ® ELECTRICAL CONLYNG LOAD IN 8TY
HFBRA a FRACYION OF THE TOTAL CFM OF YHE ZONE THAT COMES FROM TERMINAL
REMEAT
VEFM2 = VARYIABLE AIR VOLUME OF M OF HEATING

TPAM
TROOH

HAXTMUM PLENUM AIR TEMPERATURE
ROOM TEMPERATURE

SUBROUTTINE KERR{KNUM¢ICNTAL oNZONE9OHEL +yOCC+OHBOLeTOASECONMOy TPAM,
* ' TROOMyTRAY
DIMENSION QSUMNU(2+24)
INTEGER TP(AYWICNTRLLRe10)
LOMMON/CNTZIPeGSLUMNUYTRAS
DIMENSION OSUM(F+28)eTSAZ(BeUR) o THALABCI0)y2ZCFHIBe11) 9y TROOMIUBY
/ OHEL (489 10) yQHBOLCHBe10Y+BCECUB10)
/ " TOAC12¢20) vHFARACBY :8TORELZ2920)
DIMENSION CEETPT(UB10) sHBETPT(U8+10)
INTEGEK HEATER(T0)vREHEATCBYECONLLD)
EDNED:{¥I ASUMyTSAZ  THAGZCFM CSETPTeHIETPToHEATERYREHEAT yHFBRA
EA :
COMHON/CONST/MLT

START COMPUTATION
EHECK HEATERT
1F CHEATERCKNUM) WNE, 0 AND HEATERCKNUMY JNE,13 GO 70 7

‘HEA?ER HAS 7D BE EITHER { (GAS FIRED BOILER TYRE) OR 0 (ELECTRIC HEATER)

CFM2XHFBRACNZONE) #ZCEMENZONE ¢ KNUM)
EFMIZZoEMINZONE e XNUMJ wtF MR

CFHL IS THE PORTION OF ZCFM FOR COOLING¢CFM2 I8 THE PORTION FOR HEATING

00 5 I=t.48

Jai

K=(

IF({l.GY.24) J=2

IF{I.6T.24) XxZd
IF{I.EQ.1.0R,I.EBe25) WRITECE210)
FAQRMAT (101)

THE Tun IF STATEMENTS TAKE CARE OF THE CONVERSION RETWEEN 2424 AND %12
MATRICES

TSAZ1ZTRAQSUM(J o IwKY # (MLT*CFM1)
IFCLIPINZONE) LEQc 1) TSAZI2TRA=QSUMNU{JyI=K)}/(MLTRCFHYT)

‘PAGE
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ECP PROGRAM

57
58
59
&0
61
&2
63
b
&5
&b
&7
&8
LS
70
M1
72
73
74
75
78
77
7R
1%
A
at
&2
LR S
(X1
as
RA
ar
]}
a9
990
g1
92
93
ag
95
Q&
97
98
9%
1aa
14}
1532
103
104
105 -
108
107
108
109
110
i1t
112
113

1

T
8

IF(T8AZL LT, 5043 TSAzZIwSG,

IFCTBAZL 6T TPAM) GO TO 3

IFCECON(KNUMY oFB, 0)B0 TO I}

IF(TOA{MD TuK) LT, TRAY GO 7O 11 '
IF(TOA(MNIToK) LLE, TRA AND, TOR(HDsgmK) GE, YSAZ1) GO TO 9

THA{T+HKNUMIRTBAZ]
GO Tn iy
G THALTIKMUMYZTOAL{H]y Tuk)
1 TSAZYSMINCTHACT o KNUMY 1 TSAZT)
IF(TRAZL LLT. THA(ToKNUMY)Y GD TO 3
QCCOTrRNUMITLFNISHMLTE(THACT 1 KNUM) = T5471)
AHEL CL e KNUNY =0
AHAOL (T exnNIIMYI=0
TQGDM(I):TSAZT+RSUH(J|I~K)/fCF”1*”LTi
IF(IP(NZONE) JEQ, 1) TRODHIIIRTSAZIHOSUBNUC I o Tuk) /CCEMIRMLT)
STORF({JyTeK)ing,
GO To S _
IFCECUNCXNUHY EQ, OGN TO 4
IFLTNA(MOeI=K) (GT. TRA) 6O TO 4
TFLTOA{MBeT=K)} LE, TRA LAND, TOA(MDIT=K) ,GE, TRAM ) @O TO &

THACTeRNDMY=TPAM
G0 TO 4
& THA{TIRMUMIZTOA(H Tuk)
SETLOSMTNITHACTsKNUMY ¢ TPAH)
sETH7=HAx{THAtIqKNUH)|HSETPT(IoHNUH)5
VEFM22 CRRIFITRAmTRAH) Z(SETHI=TRAYwASUM( Iy I=K) /HLT/
JUSETHI=TRA)
VYOFMP=PAX(VYCF»2en,)
VCFP2RMINIOFMZy VOFH2)
RHFL LIy KNUMISVEFHR XML TR (BETHInTHA LT 1 KNUMY)
TF(HEATER{KNIM) JFRQ. 1) OHROLCTvKNUH)ROHEL LT ¢ KNUM)
TF{REATERCKNUM)LFR, 1) BHEL (T+¢KNUMYZD
RCCCTrRNUMIZML TECFMER(THAC Ty KNIIM) = SETLO)
TROOM([ )2 (VCFY25FTHIHCFMIFSETLO4DSUR{S s ImK) /HLT ) /
F{CFMI+YCEH2)
IFLIPINZOMEY oFDs 1) TROOMCT)=(VCFMRESETHIVOFRIESETLOS
k ASUMNUC Ty TeK) /MLTY Z(LFMI4VCFHD)
TFOTPINZONE) WER. 1) TPOOM(I)=(VCFM2¥SETHISCFMIRSETLG
A RSUMNUCIe 1w} JHLT) /(CFHIS$VCFHN2)
STORE(JyTuX}RAVEFH2 :
5 CONTINUE _
WRTTE(be16) ;
16 FORMAT{IH] 13X 'KERQ 9T 6o %% VARTABLE VOLUME OF HEATEDI
ST AIR ARNSIX P ALIMEY//TI9 UHHOURY T2 T 0 1DAYTYPE 115939,
TIDAY=TYPE 21/T295H(CFHI 14 TUNY )\ (EFHI /)

WRITECE126) (ToSTORE(195)+SYORFL2eT) v x1024)
26 FORMAT(T2141Xe2F12,0)
WATTE(be%a) KNUMHeNZONF
36 FDP"&T(//lHﬂrTlEriHVoT180lHVfT13!lHVlT171iHV/Tlu!JHVVV!
CTALITISNIRRIN/TIZaIY  H VI/ZTI201VY H YVIE/TIZeSHYTTTYY
FT1sTHVYY T2 | ATR=HANDLER NO!912+! FEEDING ZONET¢I2/T15v1HY)
RETURN
" wBTITE(beA) KNUM¢NTOME
FORMAT(1xs TFRROR IN HEATER TYPE, CHECK INPUT I3y IKNUMII 12,

DATE
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ECP PROGRAM

£35924VIC(1),C0P=Y

o T o~ U

10

12
13
14
15
14
17
18
148
20
21
28
23
24
25
26
27
pé
29
30
3
12
33
34
35
38
37
38
39
49
41
ag
43
44
45

L

a7
48
ug
50
51
52
53
54
55

56

c
¢
4

[z Xz Ny

YO YO

o0 OO0

oMo

SUBROUYTINE £OP COHPUTES THE COOLING LOADS IN KW HASED ON THE

© LOADING FACTOR AND THE COP OF THE REFRIGERATION SEHEHE

o=

SURRNUTINE COPICOCCyCOHMP ¢ TOAPLLIBIToGTIZE+HD)

COMMDN % /Q8UMy TSAZ s THAYZEFKIESETPT o HSETPTyHEATER s REHEAT (8]
NIHENSION RSUME2:20) 9754780 UB) +THALUBYI0) s ZCFHIBYILT]y
¥CQOC{U8110)1COHHPLURL10) e TOALY2vBU)ISTZEL{Z010)

DIHERSION CSETPTIURIN) (HSETPT(HR10)

TNTERER HEATER(LN) sAEHEAT +HOURSCLINIT CNUM

THIS PORTION OF THE PROGRAM IS FOR ALL cCLDs

DO 5 CHUM=IsLLTIHIT

DO 4 HOUREf 48 :
IF(CRCC(HOURYCNIUMY) LEQ. ##) GD TO &
JJx0 .

IF(HOUR T, 28) JJ=24

NEWHRTHOUR=JJ)

COMPUTE pOOLING LOAD IN TONNAGEs POWER FER TON OF REFRIGERATIONY
TEST HOw HANY COVPREZSORS ARE NEEDED

CaCUCC(HDURYCNUK] /12000,
PPYI=T1B*(TOA(MOIHENHR) S, ) /B05,

IF(C «GT, SIZE(1+CNUKI+SIZE(2eCNUH}] GO TO 500
IF{E +GT. SIZE(1.CHUMY) GO TO
COSTIZI=CASIZE(IrCNUM)

FFCizhbAx1(D.UsCDSIZL)

FFC2=0,

IF(HRUR (EQ, 1 +OR, HOUR EG, 2S5)WRITE(4¢10)
FORMAT(1g1) -

GO 1o 3

SECOND COMPRESSOR 15 OMp TEST FOR £UT OFF POINT AT 0.4 br CAPACITY

ca= (C-SIZE!!aCNUH)]/SIZECE!CNUF)

.FFCI’II

FFC234HAXI(0,82C2)

TF{HDUR Q. 1 ,0P, HOUR ,EQ, 25)WRITE(&H4110)
CHCCCHDUR!CNUFJIPPT#(FFC1¥SIZ?(laCNUHJ+FFCE*5!ZECZVCNUM))
LONTINUE

COMTINUE

THIS PORTION DF THE PROBRAM IS FDR HEAY PUMPS ONLY

DO &0 CNUMxiyCLIHIT

DO 50 HOUH=1248

IF{CAHHP (HNUR s CHUMY EfR, 0)GD TO 50
NEWHREHOUR

IF{HOUR (LE, 24)G0 TO 15

. NEWHPZHOYR~2 ¢

 COMPUTE PPX AND FFH

35

PP (135,=TNA(MOINENHP])) /4 809/585,
FFHELOHHP (HQUR «CHNUMY ZISTIZELZ 1 CNUMY)

DATE 042378
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_ECP PROGAAM

57
. 58
59
&0
61
b2
6%
64
e
bb
67
Y.
A9
70
71

!RRT!S

GO TO %o
an COHHP {HOLIR Y tNUMJlU u#szzECB'cNUHJtPPk/SHIS o
20 CONTIMUE
&0 CONTINUE
‘ G0 TO 2232
. 809 uRITFtbeQQQINEHHR
%99 FORMAT(1 LOAD EXCEFDY GOMPRESSOR GAPACITY, GHECK COMPRESSOR B1ZE I

IF(FFH -LT. 0,460 To. 40

CQHHP(HUUQlCNU”Jﬂ!CDHHP(HdURvCNUHJ*PPKJ/3#13 0

ENPUT 43X THOURS T2 322 3K 1 {LOPY )
CRCC{HOURCNUMYRPPT¥C

1FCHOUH LEB. |
o To 4

2222 RETURN

END

YIC.ECP2/WEATHER

RLIIVAD ¥00d J0
- 81 OV TYNIDIEQ

\0R. HOUR »ER. 25IKRITE(6¢10)

DATE 062378
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BLANK FORMS OF INPUT DATA TABLES 3

T T ST A Tty S F




182
APPENDIYX B
BLANK FORMS GF INPUT DATA TABLES

Two different sets of input data tables are required. The first set, Tables

B-1 to B-41 are intended for use by personnel who have Tittle or no familiarity
H;;,;_._#4mtth—%he—ﬂomputer’program'fe?miho]ogy. The second set const

of the first set for use by the machine operator and is presented in the exampie.

given in Section 3.4.2., Only the first set is given next,

Ttutes the transiation

s

[
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TABLE B~1 OUTSIDE AIR DRY BULB TEMPERATURE (roA)

HOUR

18

19

20

2]

22 |23 |24

HONTH

1

11213 1als 6] 70w [ sl gz s (18]

L
I
l
-
!
|
|
|

R

2
3
4
5
:
,
g
g

10

£61

i1

12

T A e s s b e L e e el e e e . - . - - AN S o

| B Outside air dry bulb_temperature, in Deg. F. One representative day in each month
shall be selected, Twenty-four values of outside air dry bulp temperature cerrespond
to twenty-four hours of the selected day of each month. If day per day data are avai lable,

an average day in each month shall be used only. A1l data boxed shall be fi1led with no blanks.




]

TABLE B-2 CLOUD COVER FACTOR {CCF)

HMOHTH 1 2 3 4 5 & 7 & 9 10 11

CCF

"

Cloud cover factor is a number varying from 0.0 to 1.0. (Zere) means no solar energy available for
 the full month due to heavy clouds, rain etc. The value *unity" means that the total solar energy

. per unit area falling on earth's syrface {is jdentical with that predicted theoretically from ASHRAE
model on clear days. Cloud cover factor thus presents the ratio of actual accumulated dajly solar
energy incident on the location to that calculated using the theoretical model by ASHRAE {ASHRAE
Fundamentals Handbook 1972). IF no solar insolation data are available, the cloud cover factor shall
be approximated by an estimated guess of the percentage area of clear sky on the selected
average day of the month. Twelve cloud cover factors are required corresponding to 12 months, 1.8.,
one value presents each month weather on the average. A1l data boxes shall be filled with no blanks.

TABLE B-3 WIND VELOCITY (WMPH)

Hoow | 1203 tals e 718l aftof11l12laalia {15 [16]17 [18l19 |20 |21 | 22

Wi, e | * T

Wind sﬁeed in miles per hr. 24 values are'needed corres ou ' ive d

_ _ . ponding to 24 hours of

g;ft2$e¥§;§ﬂg 122 :;1?25j22i11 indicate ¥het¥er tge site is wigdy or not. If d§t§e§:§s§3§a§l§?1§§¥e
_ ing © , _ measurements ind o

blocks shall be filled with no blanks. omnmmymmmmwmwmmnmwm

¥61
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" |Ho. OF COMPRESS.

* TABLE B~ BUILDING NAME (BLDG)

BUILDING .| |

_An aiphabet1c and/or numeric name of the
‘buiiding under study. A maximum of six
_alphanumeric characters shall be used in

add1t10n to single quotation marks,
TOTAL NUMBER OF AIR HANDLERS

R TABLE B~6 (KLINIT)

NO.. 'OF AH 1 i ' "

The maximum number of active air handlers per

~building shali not exceed 10. If this number

exceeds 10, then the building shall be:divided into

'.§ections.each having‘a'm&ximum of 10 air handTers.

- ToTAL NUMBER OF ZONES -
TABLE B-8  (op MACROZONES) (ZLIMIT)

_NO. OF ZGNES

V’The maximum number of zones per building shal? not

exceed 8. If there are more than 8 zones, grouping

-of several zones into macrozones having only the same

air handler type (Tab1e B-15) shall be done.

TABLE B~10 - TOTAL HUMBER QF COHPRESSORS (CLIMIT)

:The maximum number of vapor-compression refrigeration
- compressors used is 10 per building. '

TABLEB.5 COST PER kNh, (DKWHE)

$/th

tUnit cost of e1ectr1c energy 1n u. s. do1]ars |

as purchased from a ut111ty company or -
generated in house. ‘

TABLE B.7  COST PER kih. (DKWHT)
ik, -

Unit cost of thermal energy used for heating

purposes. Natural gas, 1iquifféd 'petroleum
products or diesel oil are common er1s for
heating.

-

TABLE B9 LATITUDE (LAT)
LATITUDE . __RAD,

Loca1 1atitude shaT] be converted to radians by
miltiplying the Tatitude in degrees times 0.0175.

TABLEB=11 __PRESSURE
PRESSURE " in. G |

Local pressure in inches of mercury

shall be used. The pressura 1s 29. 92 in. Hg at
sea level. _

-
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TABLE B-12  ZONE VOLUME, (voL)
ZONE 1 2 |3 J4 [5 |6 718
VOLUME ft3

" The zone volume in 2 shall be calculated as the sum of volumes of rooms that constitute the zone even
- if the rooms are physically located far from each other. The room boundaries used in calculating the

- volume are the "Tiving" boundaries not including attics {unless they are occupied) or return air ceiling
" plenums etc. Non-applicable boxes shall be Jeft blank.

TABLE B-13 ZONE DESIGN TEMPERATURE IN SUMMER, = (TsuM)

zove | 1 1l 213 [a I 6§ | 7 |8
SUMMER OF - .

61

- The zone temperature in summer (fn Deg F) can be the summer design value, the summer thermostat setting, or the @
. act$a1 ro?m air temperature measured and averaged over the summer season. Non-applicable boxes shall
be Teft blank. . ' ' . -

jTﬂBLE B-14 - ZONE DESIGN TEMPERATURE IN WINTER, (TWIN)

| ZONE 1 2 {3 | a | 5 6 | 7 8
WINTER, OF

~'The zone temperature jn winter (in Deg F) can be the winter design value, the winter thermostat setting, or the
act*al ro?m zir temperature measured and averaged over the winter seasen. Non-applicable boxes shall
° be left blank. ' ' : .
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Thélaih'handler type is an integer number varying from 1 to 9. The air handler type identifies the
. mechanism by which the atr temperature Jeaving a specific air handler is modulated to maich zone needs.,
“The nine types of air handler are as follows. Only one of the fellowing 9 numbers shall be selected.

.~ Single cold duct with terminal reheat at the zone

Lo~ OUT W
. . .

TABLE B-15  ~ AIR HANDLER TYPE ~ (AH)’

] £
1R ZDR
HANDLER
' 18t
2nd

12 3|4 6 | 7] 8

W 00 It o (O

10

L61

Dual duct, multizone with mixing boxes or single duct,'multizone with mixing hot/cold air at the

“air handler section

Single cold duct with bypaSs'cdntrbl around the cooling coil and terminal reheat at the zome

Heat pump with bypass control, or single duct with alternately operating canling and heating coils

with bypass control _ o : , .
Two-level room (plenhum and. main room) with cold plenum air and comfort air modulated with terminal réheat.

“fwo-level room with cold plenun air and comfort air modulated by a mixture of cold air with bypassed -
‘mixed air with terminal reheat : T S -

Two. Tevel room with cold plenum air and comfort air modulated by mixing cold and hot decks

." Single cold deck with fixed bypassed return air with terminal reheat

Two level room with constant volume cold plenum air and variable volume comfort air at fixed hot

deck temperatures. .

- “There can be as much as 10 air handlers per building and as much as 8 zones fed by a single air handler.
+-.. Non applicable boxes shall be left blank. If the 3rd. zone is fed by the fifth a%r handler through a _
' single cold duct with terminal veheat of the zone, then air handler type (1) shall fi11 in the Fifth row

-~ and 3rd. column as shown. - : - ﬁ : :

) ;
PR T




TABLE 8-16  COLD/HOT DECKS SETPOINT TEMPERATURE  (SETPTS)

AﬁgﬂnLER CoLD HOT
1 (first)l '
2 {second)
—

W o~ oy [O7 |

10

Cold/hot deck set points (°F) are the air temperatures set for air leaving the cooling coil

(in the cold deck} and/or that for air 1eaving heating coils (in the hot deck). There can be

as much as 10 air handlers per building. Cold set point is usually adjusted around 85°F, and

hot set point is usually adjusted around 809F. These values are only used as guidelines and shall
be substituted for actual field data only is set poinis are not known.

© TABLE B-17  MAXIMUM ALLOWABLE PLENUK AIR TEMPERATURE {TPAM)

MAXIMUM PLENUM TEMPERATURE O

“This 1is only app1icab1e:for two-Tevel room conditioned by two streams of air; plenum alr for

cooling electronic racks, etc. and comfort air. If no yalue is given, the program will assume 62°F,

A e 4
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TABLE B-18 - TYPE OF HEATING FOR TERMINAL REHEAT COILS (REHEAT)

ZONE 1 2 | 3 4 ts5 | 6 | 7 8
REHEAT '

o

This-tabTe aﬁpiies only to Zones that are associated with a1r'hand]er type 1, 3, 5; G‘and 8
{as in table B-15) which have teritinal.reheat coils. A maximum of 8 zones per building shall
be used. Type of reheat in the heating colls shall be 0, 1, 2 or N/A as follows:

0 For electric reheat

1  For gas-fired reheat

2 - For heat pumps (in heating mode)
~ N/A. For a non-applicable case

: R o TABLE B-19  AIR FLOW RATIO FOR SPECIAL ZONES (HFBRA)
A v ' - ——
o . | Z0NE 1 2 13 | a4t 5 l6 |7 |8

A | - AIR RATIO | '

F "~ This table applies only to zones associated with air handler types 5, 6, 7, 8 or 9 (see table B-15).
S - For zones fed by an air handler type 5, 6, 7 or 9 {i.e., two level zones) the ratio of comfort air
E - discharge {cfm) to total air discharge {(cfm) supplied to the zone shall be used. The total air

discharge to these zones is the sum of plenum and comfort ajy flows. For zones fed by an air
;o B ~~ handler type 8 {see table 15), the ratio of bypassed return air {cfm) to total air discharge (cfm)
SR . ~ supplied to the zone shall be used. (N/A) shall be used for & non applicable case. Measurements
. of air flow in cfm in the various ducts shail be made or may be substituted by design vajues
- shown in as-built drawings. S . E

- K
o f
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~ be 0, 1, 2 0or N/A as follows:

TABLE B-20  TYPE OF HEATING IN AIR HANDLER HEATING COILS  (HEATER) -
JRHANLER| 1 | 2 [ 3 | 4 [ 5 1 &
HEATER

7 8 ] 10

i Table B-20 allows (10) air héndTers per bui]ding.”_The type of heating in each aip handler shali

for. electric heaters

for gas~fired bailers

for heat pump (in heating mode)
/A for a non-applicable case

 TﬂBLE B-21 OUTSIDE AIR TO TOTAL AIR RATIO (ALFA)

baoier T1 ] 2 T 4 |5 6 1718 g T
uultgg‘ﬂréf-—._ _

Table' B-21 allows (10) air handlers per building. The outside air ratio
outside aip discharge (cfm) to tota] air discharge (mixed air) handled by
ratio will be a number varying from 0.0 to 1.0, Zero va ’ )
side air and 100% recycled return air.. The value of (1) means that 1009 of the ai

air handier is outside air with no return air recycled, Non-applicable b

no
j=} 1
is the vatio of fresh :
the air handier, The
va&lues means no ventilation by fresh out-
L r leaving the
_ oxes shall be left blank.
fm is required. :
5 e ”
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TABLE B-22  TYPE OF OUTSIDE AIR ECONOMIZER CONTROLS.  (ECON)

hrpanoer (1 [ 2 13 [ 4 05 Je [7 18 |9 |1
“|[ECONC. TYPE ' ' NI '

Table 8-22 allows for 10 air handlers per building. The outside air economizer cycle controls
shall be 0, 1 or 2 as follows: Dther cases shall be jdentified and Tisted in alphabetic form according

o manufacturer's name. . HOWE%Fra the value (2) can be used as a starting point.

ne econamizer _
1 for Honeywell-type economizer control.
2 for Barber-Colemen (DIGI-DAP) type control

CTABLEB-23  AIR DISCHARGE/DISTRIBUTION (ZCFM)
“AIR~ZONE
 |HANDLER 1 2 3 4 5 & 7 8
1{first)
2{second) .
4
5
6
7
8 )
-8
10
Tabla B-23 shows how the air discharge (in fts/min) is divided between zones.
A meximum of 10 air handlers per building and a maximum of 8 zones fed by a single air
handler are allowed. Buiidings with more than 8 zones per air handler shall be grouped into
Macrozones. Zohes that see the type of air handler identical (from table }5) can be grouped
into one macrozone with one total cfm.” A zone (or-masrozeone) can be fed .by more than one air
handier. HNon-applicable boxes shall be considered zero. Measurements of air flow in cfm in the
gggz?géstCts and zones shall be made or may be substituted by design valuas shown in as-built
- L - PP il e e



s amim e

TABLE B-24

REFRIGERATION/HEAT PUMP - COMPRESSOR CAPACITY (SIZF)
SIZE FIRST STAGE BECOND STAGE| HEAT PUMP
RE&SOR COMPRESSOR | COMPRESSOR [HEATI OE )
RESSO (TONS) (ToNs) | (BTU/HR)
1(first)
, 2{second)
3
4
5
6
7
8
9
10

Table B-24 gives information about the air conditioning e uipme ize,.

10 compressors per building. ? 1%%”% 'med w'lli:'hert% fan be ET ieh as
giving the full compressor tonnage when on. Compressors having more than two stages shall be
approximated by dividing the full load tonnage by 2 and entering the result in each of the 2
columns., The third columh is reserved for compressors that can switch cooling/heating operation
The data o be entered in the third columh are the heat pump capacity in Btu/hr
when operating in heating mode. "Blank" or “"zero" walues shall be used otherwise.

(heat pump).

Two stages (two columns) aré o iste e seGohd stage

A
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TABLE B-25 AIR HANDLER - COMPRESSOR ARRAWGEMENT  (COPRES)

AT Handler
No.

Compressor
No, -~

oy
>
-~
-

W o~ |y |tni M wlho

ik
-

Table B-25 gives information about which compressor i i ific ai
v _ 0r is feeding a specific air
handler and vice versa. A maximum of 10 air handlers can be fed bE a sing1;
compressor, and a maximum of 10 compressors per building are allowed. For
example, the first compressor is feeding air handlers number 1, 5 and 6.

- £04
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TABLE B-26 THO-LEVEL ROOM INDEX (ICNTRL)

ZONE

IR :
HANDLER 1 2 3 4 5 6 7 8

Ist
2nd
3

wieltiomig |

10

Table B-26 applies primarily to two-Tevel zones {or rooms) such as contvrol vooms. The index differentiates
between the variocus air handlers in supplying a two-level zone and supplying a single-level zone. The index
can be an integer 0, 1 or 2, according to the following. The index shall be taken {zero) §f the zone is a
single~level (simpie) zone fed by one or more ajr handlers supplying each the same air temperature {not
necessarily with equal air discharge). The index shall be taken {zero) also if the zone is a two-level zone
fed by two afr streams (cold plenum air and comfort air) of different temperatures coming from a single air
handler., (The air handler/zone type in this case can be 5, 6, 7 or 9 as in Table B-15.) For two-level zones
fed by two or more air streams (single comfort ajr stream and multiple cold plenum streams) the following
indexes apply: Index equals {1} shall be given to each air handler participating in supplying the plenum air,
Index' equals (2) shall be given to the air handier which is feeding the comfort air only (see bottom sketches).
Non-appTicable cases shall be Teft blank. If "index" equals 1 or 2, the air handler type {see Table B-15} can.

. only be 1, 2,3, 4, or 8.

o _ Index=Q Index=0 -
Indexs2 | ; | N G o
N r Al i P L M Bl
- Index=1  Index=l  Index =0 © Index - g

-
==
¥
4

1
o
=
m -
>
it
o
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TABLE B-27  NET WAL AREA (RWAL)

N(8) | ROOF

T

ZONE 5(1) sH(2) W(3) | Mi(4) | SE(5) | E(6) | NE(7
1 R |

o]~ | b 0N

" The net wall area in square feet (excluding g1ass areas) of each zone shall be grouped according o orientation
S-South, SW South-west, W West, MW North-west, SE South-east, E East, NE North-east and N North. In a zone of
stantly apart, similar orientation walls shall be grouped and

irregular geometric shape combining rooms that are di
summed. Only zone wall areas and orientations that are either next to a non-air-conditioned area (such as outside
nt temperature room are included. Floors are assumed insulated
[

air, mechanical rooms, etc.) or next to a consta

- and not Tosing or gaining heat from sub Tevels, therefore not needed. Non=applicable boxes shall be left blank. &
Contour measurements of walls, roof dimensions are needed. For zones having two (or more) walls having the same o4
orientation put adjacent to different neighbouring zones, use can be made of one (or more) of the S orientations

in the table that is otherwise zero. The program will not differentiate wall orientations unless the wall is

an exterior (see Table 8-30).

TABLE B-28 OUTSIDE WALL SURFACE ABSORPTIVITY _ {ABSORT)

SOLAR ABSORPTIVITY

The solar absorptivity of outside walls facing the sun (a dimensioniess value) depends on the paint color.
The value shall either be estimated from any heat radiation textbook or by measuring the wall reflectivity

and-subgtituting in [absorptivity = 1 - refiectivityl. A black painted wall, for example, has 0.95
absorptivity. - o .
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CTABLE B-29 GLASS AREA (AGLAS)
5 ZONE s(1) | sw2)| w(3) Iwia) |se(s) [Ete) { Ne(z) | n{8) | RooF

2
3
4
P
6
7
8

The g]ass area in square feet in each zone shall be grouped accordmg to omentatwn .G'Iass- areas

~include wmdows, glass doors, etc. Same comments as of Tab'le B-27 apply. o Lo
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TABLE B-30 - ADJACENT CONDITION OF WALL (ADJ].

ZONE S{1}_Lsu(z) iwW{3) | m(4) § SE(5) El) | NE(7) {n{8) | ROGE .
. . o

2

3

4

5

6

7

8

" This table identifies the nature of neighboring zones and whether these are air-conditioned or not and
_how. The adjacent condition shall be an integer 0, 1, 2 or 3 according to the following cases:

0 means no wail exists or there is a thin partition batween two air-conditioned zones having

| always the same temperatuve. : . -

1 case of an interior wall/partition next to a room with a constant all year around temperature
. (see table 32 also) |

2 case of an interior wall/partition adjacent to a non-conditioned voom (typically a mechanical

room housing boilers, pumps etc.). The non-conditioned neighbour room is exposed to the
ambient ajr temperature fluctuations -

3 case of an exterior wall exposed to ambient air temperature fluctuations in addition to
: solar radiation ' .

;ragjs_g;mi?, B-29, B-30, B~31, and B-32 shall be completed simultaneously. Non-applicable boxes shall be
e ank. . ! . : .

£0e
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TABLE B-31 . FRACTION OF UNSHADED PORTION OF WALL' (SHADE)
ZONE s(1) |sW(z) | W(3) | Mi(4)) SE(S) | E(6) INE(7) |N/B) | RQOF
2
3
4
5.
-
-

Table B-31 gives information about the percentages of shading and unshading exterior walls by overhangs.
Since the shaded/unshaded areas vary throughout the day and with the season 4n a:complex manner, the data

: supp]1ed to this table shall be considered as an:-approximate observation for the year. Each wall or roof [

~in a particular zone shall be associated with a shade number. The shadé number to be used in Table B-31
shall be the ratio of unshaded area of a wall to its total wall area. - This ratio varies from zero for .

- completely shaded walls to-1.0 for unshaded wal]s. Non-applicable hoxes_sha1]'be,1eft b!ank;"Unshaded-
fractions are taken as year1y average o T S TP T

g0z




R  TABLE B-32  TEMPERATURE OF CONSTANT TEMPERATURE NEIGHBOUR (TNEXT)

ZonE | s) | su(z) | u(3) | ma(a) Yse(s) | E(s) [NE(7) | N(8)
3 1 . 4 | - | o
% 12
3
|l 1 a
5
~
T
| —

:i i . Temperatures of neighbouring zones {(in deg. F) shall.only be ]1stéd whenever the adjacent tahle (Table B-30)
'  chows ADJACENT = 1. This means that the nejghbouring zone is at a constant temperature all year round.
- Table B-32 does not apply to any other cases and shall be Teft blank if ADJACENT = T condition is not met.

602
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- TABLE B-33 NUMBER OF PERSONS IN ZONE . (op)

14

23

zone | oavryeE® |1 [2 1 3l-als |6 7 s 1o 10 111

13

0

21022

124t

-t
D

SR Il N T LS g ORI £ T S TN (i |

Two daytypes are Tisted; 1) a weekday (Monday through Friday)

2) a week-end and holidays are considered of daytype (2). The

vary according to the work load. Twenty-four values are 11
. - number of persons occupying the conditioned zone shall be e
.+ - representative days, one for each daytype. Non-applicable boxes shall be Taft blank. -

ire'cons1dérédf¢f day type (1). :
type of activities in each daytype ma
sted corresponding to 24 h»s of day. The

stimated (on an hourly basis) for only two

ARl S

i
i -
| .
i .
3
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TABLE B-34

~ INCANDESCENT LIGHT POWER A

 (KILGHT)

ND SCHEDULE'IN KILOWATT . —
'[Ebﬂa Tomyryeh|1(213]41516 PPN TY TR ETIFEIRLI U7l 1al1al 2021122 91{24;
.'-—-7‘ 1 . . . 4-_-.
1 o .
N ;
) | l
—1 EEEN
3 . —T T T
Y4 , , \ :
. ;2 —— \ ]
4 ) | 4
B 1 ‘ -~
s T T
R
& 1 2 |
T T
- 2 RS -
1 RN _ | _%
N 2 T NS

" The magnitude and schedule of 1ight power in each zone shall be gi
iwo representative days per year.
weekend (or 2 holiday
all the bulbs inside th
but rather be included in

Daytype 1 b
type. The electric kilowatt for

Table. B~38. - Non-app

resents a regular wee

ven hourly (for 24 hours) for only

_ kday type and daytype 2 presents a

incandescent 1ight bulbs shall be summed over

e conditiohed zone.- External 1ight bulbs shall not be considered in this table, .
icable blocks shall be Teft | o

blank.
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TABLE B-35 FLUORESCENT LIGHT POMER AND SCHEDULE IN KILOWATT (KFLGHT)

201 - | DAYTYPEUR ll. 21314 |5 |6 |7]8] 9|10 11]12 13]24]15] 16]17] 18]10 zo[zllzz(aa 24
— o | — T - | R
1 | g _ i

1

2

R

w

D ol AT B ST PRI £ CY SR PO 'S SR S MO I

TabTe B-35 has the same comment/de'scsﬂiption as Table B-34 except that data related to fluorescent™
Tight power are 1isted instead of the incandescent ones. Tables B-34 and B-35 are necessary in
calcuTating the electric energy consumed in Tighting and their effect on air conditioning.

i 4 o
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 TABLE B-36  ELECTRICAL EQUIPMENT POWER AND SCHEDULE IN KILOWATT (KEQUPE)

zone | oavrveE® 11 213 j4 15 J6 7 18 e 1sojat 112 13 14 15 |16 [17 18 1o oo b b2 3 ba |
1 . . ; .

PH«NH_NI—'NH_NHNHNHN

The electrical/elactronics equipment wattage and schedule inside each zone shall be given hourly

(for 24 hours) for only two representative days per year, Daytype 1 is a regular weekday type and
. daytype 2 is a weekend {or a holiday) type. Electric wattage is additive for all equipment inside

the conditioned zone., External electronic/electrical equipment power shall not be considered in

 Table B~26 but rather be included in Table B-38. Non-applicable blocks shall be Teft blank. Data

~may be provided by name plate capacities assuming full load operation or else measured.
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- TABLE 3437 MECHANICAL EQUIPMENT POWER AND SCHEDULE IN_KILDWATT : CKEQUPM) 
ZONE | DAYTYPES {1 |2 13 Ja |5 |6 17 {8 |9 l10]11 j12 [13 14 115116 17 |18 19 20 21 2 23 124
T . ] _ ™ _ . 1
S B | o :
fﬁ 1 °
4 l1_
. 2 .
.“4 1
: . ’
._5 )

_ .

| 1

- 2

'é N

. 2 I_

--Tab]e B-37 has-the Samé'commenté/déscr{ption éé:TaB]e Bu36 but is concerned'wifh data related to
mechanical equipment instead. Data may be provided by manufacturers namelist capacity assuming
full Toad operation or else measured. “Non-applicable blocks shall be Teft blank. Only mechanical.
-equipment which contribute to room heat gain, excluding air conditioning equipment, shall

be entered. SR PR R : L
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Auxiliary equipment is here defined as that equip
which does not affect the heating/cooling load ca
Auxiliary equipment affects directly
for such equipment can be quite complex and an approximate daily energy consumption is sufficie’t.

Table B-38 identifies some of the auxiliary equipment such as ajr handlers fans,

 TABLE B-38  DAILY ENERGY

CONSUMPTION BY AUXILIARY EQUIPMENT  (ACCERY)

ACCESSORIES
(Kith) =

DAYTYPE 1

DAYTYPE 2

- |AIR HANDLER FANS

CONDENSER FANS

1BOILER PUMPS

EXTERNAL LIGHTS

{OTHER _

boiler pumps, external Tighting, etc.

kilowatt times the average num
if di{fferent, shali represent the accessories energy consump

applicable blocks shall be left blank.
be excluded fram this table,

the watt hour meter reading.

ber of working hours per day.

Refrigeration compressors,

Two days

ment outside the air conditioned zone space
1culations though necessary to run the system.
The Toad profile and schedule

Data can be found by multiplying the full load name plate

%daytype 1 and daytype 2),
tion for similar daytypes.
electric and gas heaters should

condenser fans,

§1¢
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TABLE B-33  TIME CLOCK SCHEDULE  {TMCLK)
KOUR |
anno: | oavtvee | 112 03 12 1s el 78l olo [1n]a2lwstie lislisinz [1el1s feo |21 22123 tee
1 ] N i | 1
L 2 . L | T ] T 1]
, ] j T R B
2 | S T
3 1 P | | 0 TR
) 2 | T | | |
s L1 | L [ | |1
2 | |
5 L ™
2 i
6 1 ;
) 2 '
7 1 |
| 2 | l
8 _1 ‘ ‘
.2
9 1
. 2
10 1.
1 2

Table B-39 gives the time clock schedule which controls the air -handler operation only. Other time

clocks which are connected to Tight bulbs or electronics equipment shall alter the power levels with

schedule and will appear indirectly in tables B-34,-8-35, B~36, and B-37, Two .representative days per year are
considered daytype {1) and daytype (2). Time clock indicator shall be either (0) or (1). Zero means

the time clock is OFF and the air handler/compressor equipment are stil1 on. The value (1) means that the
time clock is triggered and the air handler/compressor equipment is OFF. Non-applicable blocks shall be left

blank. :

-




ROOF CROSS -SECTION DESCRIPTION

THICKNESS  LAYER MATERIAL
- DESCRIPTION

TABLE B-40  WALL CROSS SECTIOH DESCRIPTION TABLE B-47
THICKNESS| LAYER MATERIAL
LAYER | INCH DESCRIPTION | LAYER | INCH
I Y 1
2 2
'3 3
. . 4

In Tables B-40 and B-41 only ONE wall and ONE roof shall he
examined for each building. Tayer thicknesses (in inches)

- and material description are required, An air space shall be con-

sidered as a layer. The entire roof description starting from the

ipside (19ving) space to the outside ambient air shall be described.

Sketches are recommended to clarify the construction. For each layer

material the values of specific heat, thermal conductivity and density

must be proyided.

SARE
111
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" presented by
- of the sub-program
- discussad in Section VII.

The {UVPHI) sub-prog

C.1 Variables List

" The variables used are listed alphabetically as follows: -~~~ 1

1Variab1e '
B
DENSE

- EDENSE.

ESHEAT
HI

HO
KSUBH
- NUSUBY

PHI,PHIW, PHIRF

RESIST |
RLAYER °
SIGMA
sL
SPHEAT
THICK
TRESIS .

TTHICK
U, UWL, URF

V, VWL, VRF

WIND
WLAYER
¥
YA

ram calculates the overall heat transfer*coéfficients:_mean;(U),
ampiitude (V), and phase Tlag (p) for walls and roofs. Multilayer wall or voof is

an average set of prope !
_(U? V. and §) will be used as input to the (TRANS) sub-routine

The analytical description is explained in reference (4),

 coefficient, dimensionless

-equivalent wall (or roof)density, Lb/ft3
- convective heat tranﬁger-cgefficient_fbr_the putside
-
- - equivalent thermalfdifoSTvity for wall {or roof),

‘number of layers. in roof (F10.0)

total thermal vesistance for a wall (or roof)}, | P

total thickness of a wall {or roof), Tt

wind speed, mph (F10.0) : ’

- coefficient, dimensionless . . : R - L

219

~ APPENDIX ©
UVPHT SUB-PROGRAM i

rties as if it were homogeneous. The final result

Descrigtion _

coetficient, dimensi§n1ess
layer density, Lb/ft® {F10.3)

equivalent wall (or roof) specific heat, Btu/Lb°F N
corivective heat transfer coefficient for the inside
surface, Btu/hr ft2

surface, Btu. hr ft
equivalent gherma1 conductivity For wall (or roof),
Btu ~ hr ft°F

ft«/hr - : o
phase angle for wall or roof, radian
layer thermai resistivity, Tt2hrOF/Btu

coefficient, ft-1

coefficient, dimensionless '
layer specific heat. Btu/1bOF(F10.3)
layer thickness, ft (F10.3) '

T T Wy v T T PO U L T T vt U ST T YR RPIRLT UL YT Ey =

TEhrOF/BTu

U-Tactor or overall Qeat=transf9r coefficient for wall
{(or roof). Btu/hr.ftc0F

V-factor, or amplitude of heat transfer coefficient
for wall {or roof), Btu/hr.ft20F o

P R LT

e i A L g g L L

number of layers in wall (F10.0}
coefficient, dimensionless '

L
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C.2 Input Data Cards -

C.3

The four data items: THIGK, DENSE, RESIST and SPHEAT should be punched
on one data card per layer using only 10 columns per data item. The cards
corresponding to the layers in the roof shall be first,followed by the cards

carresponding to the layers in the wall. A sample data deck is shown in Fig. C-1.

The data items WIND, RLAYER, and WLAYER should be put on one data card using
10 columns only, and all constitute the first card as shown in Fig. C-T.

The first card indicates 9 mph wind speed, 3 roof layers and 2 wall layers. The

three data cards following dat= ~ard 1 give the thickness, density, thermal
resistivity, and specific hea: ¢ each layer of the roof. Data cards 5 and
6 give the thickness, density. .nermal resistivity and specific heat of the
two Tayers of the wall. - : ' .

Computation Procedure

1. Calculate the total thickness, thermal resistance, the equivalent density
and specitic heat.

TTHICK = 2, THICK({) t
1 .. .y : 3
: - i)
1
TRESIS = ¥ RESIST({) hr. ££29F /Bty

i (including the two air boundary layers on the inside
and outside surfaces)

_ THICK{ Y*DENSE({ )SPHEAT (i) . Btu/LboF
ESHEAT = 2}- TTHTCKFEDENSE T
2. Calculate the overall U-factor for the wall {or roof).
ge 1 © Btu/hr.F62OF
or UL _ TRESIS
URF

3. Calculate the outer surface and inner surface heat transfer cdefficients,
assumed as Tollows:

HO = 1.0 + WIND/3 ' Btu/Hr. Ft2OF
HI = 1.0 (still air) Btu/hr. Ft20F

4. Calculate the equivalent thermal conductivity and diffusivity.

KSUBH = TTHICK o ' 0
TRESTS - (I/HIY - (1I/H0) Btu/hr,ft F
KSUBH o #2/hr

NUSUBN = emeSE)* (ESREATY

Oy
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BEGIN KEY PUNCH PRQCEDURE. - - ' o o _ R S
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C.4

7. Calculate A, B, Y and Z coefficients defined .as:

a3

5, Ca]cu]ate SIGMA and SL coeff1c1ents def1ned as:

B STGMA = TR (R4S UBH)
Sk = SIGHAMTTHICK

6. CaTcuTate the trigonometric and hypnrbo11c functions of SL needed to determine

_ angle (PHI)

G0
SI
HCO
HSI

'cos'(SL)

SIN(SL)
COSH{SL)
SINH{SL)

]|

i

A = (HI*HD)/2%{SIGMA*KSUBH)?

B = (HI + H0)/(SIGMA * KSUBH) .

z= [(as1)*sIiCO | - [(A 1)%c0ksT] + [B*SI*HSI]
Y= [(m)rcomsT] + | (A 1 *sx*nco] * [B*CO*HCO]

8. Calculate the V-factor from Y and 2
Vo= (HI*HO)/ | STGMA*RsusH f (Y2+22)
or (VWL). . l _ b l_
' (VKF) o
9. Determine (PHI)

PHI = TAN! | /¥ |

I

or (PHIWL
PHIRF)
I Z<0 and Y>>0 then PHI = 24 -PHI
If Z<0 and Y<O0 then PHI = 47 +PHI
CIf Z>0 and Y<O0 then PHI = 1T -PHI

The flow chart is sketched in. Fi . 6.2 for referenc
Example of U, V and PHI et Rlgs S referance.

Tables C.1 and C.2 Tists the data collected about one exterior wa]l and one *7

- roof respectively for the example building G-86 previously discussed in Section III

- LAYER  MATERIAL - THIGKNESS DENSISY THERMAL SPECIFIC - :

‘ {(FT) Lb/ft RESISTANCE HEATO B
o B R LA ft2hr°F/Btu'f'Btquh T
1 mov1ng air , - 007 - 025 - 0,24 _ :

2 concrete hlock 0. 667 ‘ 65 1.1 0,156 ;
-3 1nsp1ation _ 0.3 : 8 R * KRR ¢ PSR ‘
4 - acoustic tile 0.063 20 1.88 0.3

5 still air - 0,07 - 1.0 0.24

Table €.1 Construction details of one exterior wall
for the examp]e bu11d1ng G-86.
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Table C.2 CbnstrUctioh details of one zone roof
~ for the example building G-86

LAVER  MATERIAL ~  THICKNESS  DENSITY THERMAL ~ SPECIFIC

(in, Tt) Lb/ft REEISTANCE HEAT _ -
__ . FESRrCF/Btu__ Btu/1b°F
1 moving aiy - 0.07 0.25 - 0.24
2 built-up roof 0.03 192 0.33 0.2
3 insulation 0.167 11 5.56 0.2
4 insulation - = 0.208 & 4.2 0.2
5 metal deck g.012 489 . 0.0 0.12
6 air space 2.0 0.07 2 0.24
7 suspended 0.063 20 1.89 0.3
- ceiling S : _
-8 still air -— 0.07 1.00 0.24
‘The wind velocity WIND = 9 wmph
' RLAYER = 8 _
WLAYER = 5

Following the cdmputatioh procedure given in Section C.3. The values of
U, V and PHI were as follows:

UM = 0.075472  Btu/hr.TteOF
VU = 0.01807 Rtu/hr. Ft2OF
PHIWL = 2.9624 radian
UR = 0.06566 Btu/hr. Ft20F
VRF = 0.037787 Btu/hr. Ft20F
PHIRF = 1.7041 radian

%he-tomputer-program.that calculates the parameters U, V, and_PHI;is.1isted

next for use prior to the processing of the ECP program.




I L
! UYPHI PROGRAM emwh PREwPROCESSOR OF ECP PROGRAM DATE 72178 RAGE

L 135928VICC1),UVPHI | -
A PROGRANME FOR THE COMPUTATION OF UyV AND FHIsVALUES THAT ARE RELATED

T s e,

1 ¢
- ¢ TO THE THERMal, PROPERTIES OF 4 WALL
3 C _
g €  THICK = THTICKNFS3 AF A LAYER 1IN FY
% 5 L DENSE 3 DENSITY OF THAT LAYER IN LB/CU FT,
- & C RESTSY = THERHAL RESISTAMCF OF THAT LAYER IN G.FY,¥HDUR4DEG F PER RTU
4 "7 ¢ SPHEAT = SPPCIFIC HEAT OF THAT LAYER IN BTU PER LB PER DEG F
b 8 C U = HEAT TRANSFER COFFICIENT OF wALL IN BTU PER HReFT#(DEG F)
¢ 9 C v 3 FACTOR fDUE 10 THEHAML DIFFISIVITY OF WALL) IN THE AMPLITUDE OF
i 10 gH THE AMOUNT OF MEAT TRANSFEKRED '
. i 11 c PHY 2 PHARSE LAG IN TRANSHMTSSION
o4 12 c WIND 2 VELNCITY OF WIND IN MILES
A 13 C WLAYER = M0, OF LAYERS THME WALL HAS
LR 14 £  RLAYFR a NO, OF LAYFRS THE ROBF HAS
o 15 C
i .§ 16 ' TREAL KSuLawy NUSUBM .
P 11  READ(S59100) WIND+RLAYERIWLAYER
P 4B - HOZ1 +WINRLS,
oo 19 HI=]
R 20 - NIRLAYER
o2 c . :
! g2 'g I8 THE FOLLOWING DO#LOOPy.Jxi IS FOR THE ROOF AND J32 FOR THE wWaLLS
! -E3 ' - . .
! -l Do 20 J=1s2 '
25 TTHICK=0,
- 26 : THASS=20,
N 27 TEHELTRD,
g 28 | - TRESTSHN,
: ; 30 t
- f 31 .t
i 1 : - . _
L ©33 D to T=geN : _
b 30  READ (5r101) THICKyDENSEsRESISTeSPHEAT oS
P . 3% © . TTHICK =YTHICK#THICK _ 5B
S 8 YHASE  #THASS+THICKABENSE vd Q
R a7 : " TSHEAT STSHEAT+THICK¥DENSEXSPHEATY o ‘2
Co 38 TRES15 =TRESIS+RESIST O
s 39 10 CONTINUE - = E:
AT R Uzl /TRESIS O
: : #1 0 KSURWSTTHICK/(TRESIS~]4/HO=14/HT) e
H Caa e EDENSE=THASS/TTHICK o
’ Al ' FSHEATETGHF AT/ TTHICK/EDENSE Cow
uy : NUSURWTZKSHBW/ENENSE/ESHEAT - T
. L o SIGMA RSERTI2.14159/24,/NUSUBK) v W
o 46 S 3L XSTGHARTTHICK
L &7 Ca=Los(sL) -
oy 0B o STXSIM{SL)
el ue - e - HCOaCDSH(SL) *
o <. 8D : HSI=5INHESL) o
. - 51 ASHI#HD/ 2.,/ (SIGMAFKSURW) E%2
‘ CH- R © . BR(HI+HN)/STGMA/KEUBH :
- 53 CYE(A+L)EEOEHSTH (AL YRS THHED4BXCO¥HCD
’ - 54 _ Z=(A+1}5SI4HCN=(A=1 ) ¥COFHET+B¥SI¥HS]
: -1 V=HIAHO/S1GRA/KSUBR/SRRT(YHY+Z%T)
- . &6 PI=3,14159

£ée
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L bvehz PRo RAM omed PRE-PRDrESSGR 0F. ECP- pnnsnau

';_PnraatAncaach/vJJ
o IFCZG LT a0, ANDGY (BT 0, )PHI= 24P TuPH]

TFCZalTutia v AND WYl Y oW IBPHIRPT4PHT

IRl GTaDa o ANDLY LT W0 iPHIIPI-PHI
SIF(ILJER.2)60 TO o

2v

110,
101

102

103

fo04-
105

- CTP1,000
PRINTS

CWRITE(&y102)

GO0 To 2

HRITE{by103)
CWRITE (64105} -
HRITE (w4l04) UvV!PHI

SNz WLAYER

CONTINUE .
FORMAT(IF10n,.0)

FORMAT (uFt10,3).

FORMAT (//32Xe). ROOF L2/
FORMAT (2/7/7/7732%9 ) WALLESY
FORMAT(F16, 51F23 5+F24,.5)

FORMAT (1 u oyt

4 PRI )
_BTOP -
END

8UP5t.923
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