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CHAPTER I

INTRODUCTION

More than one-fourth of the energy consumed in the United Sates is

used for residential and commercial space heating, cooling, and water

heating (1)*. About 83% of the energy used for these services is sup-

plied by oil and natural gas. Because of the foreseeable increases in

energy demands, and because of the widely publicized energy shortage,

more efficient heating/cooling equipment and alternative energy sources

are needed as means for energy conservation.

The heat pump presents an enérgy—conscious concept in the HVAC

field. This is due to, first, its ability to deliver more energy (in

the form of heat)
tractive feature
ing with the same
people to install

that over one and

than it takes to operate it and, second, to its at-

of performing the dual functions of heating and cool-
equipment. Awareness of such advantages led many

the heat pump in their homes. A 1977 survey indicated

a half million unitary heat pumps were in operation

in the United States (2). Some researchers project over one quarter

million units to be sold annually (3).

The most widely- used heat pump today is the air-source heat pump.

This is mainly because most of the experience on the heat pump design

*Numbers in parantheses refer to cited references except for

equation numbers.



and testing.has been with this type, and because air is universally
available as a heat source/sink. However, because the efficiency of
this heat pump type is dependent on the ambient temperatures, some
type of backup heat (usually electric resistance) is usually required
to assist or carry the heating load during periods of low ambient
temperatures. The heat pump coefficient of performance decreases as
the outdoor ambient temperautres increases. The use of electric heat
backup and inefficient heat pump operations present winter and/or summer
load peaking problems for the utility companies. As a result, the
utility companies are interested in mofe efficient heat pump systems
that will help in "shaving'" off the peak load demands (see for example
reference 4).

Water is a very satisfactory heat source/sink for the heat pump
provided there is a sufficient quantity available. When water is the
heat source/sink it usually comes from wells, city mains, or nearby
bodies of water (lakes or rivers). Water temperatures from such sources
are usually within the temperature range for efficient year-round heat
pump operation. However, obtaining water from these sources (when pos-
sible) is always associated with some concerns besides those of high
cosi. When using well water, some measures must often be provided to
prevent scaling or corrosion in the ﬁeat'exchangér. Also, some means
of returning the water to the grpund (usually by ﬁeans of a return well
adjacent to the supply well) méy be needed to prevent the depletion of
this source. If water from city mains is the source/sink, then some
means must be provided to return the cooled or heated water to the
mains. This is becuase water is becoming an increasingly expensive

commodity in most societies; therefore, its once-through use will surely



be objected to by‘many localities. The possibility of any trace of
contamination to the returned water is anothér concern., Such diffi-
culties with water sources tend to impair the energy conservation poten-—
tial of the water source heat pump. However, many studies (5, 6, and 7)
indicate that such a potential can be better realized through the con-
cept of Heat Pump Centered Integrated Community Energy Systems (HP-ICES).
This concept calls for interconnecting buildings within a HP-ICES com-
munity by a common hydronic loop that would exchange heat with the
individual heat pump units in each building. A central plant maintains
the water temperature in the loop within the desired range. Waste heat
(when available) from any nearby industrial plant can be utilized in
the loop. An interesting feature of the HP-ICES is that when simultan-
eous heating and cooling demands exist within the community, wasted heat
from buildings requiring cooling can be transferred to those requiring
heating via the hydronic loop.

One heat source/sink that has not been given adequate attention in
the past is the earth itself. At a sufficient depth, the ground retains

JUN

a relatively uniform temperature throughoﬁt the year. Collins (8)
stated that at depths from 30 to 60 feet the seasonal variation in
ground temperature is not more than 1°F; and, for the major part of
the continental United States the ground temperature, at these depths,
will be in excess of 60°F. These figures were later supported by data

compiled and analyzed by Kusuda et al. (9). The uniform temperature

———————

and the ease of accessibility make the ground an ideal heat source/sink
for the heat pump and shows promise in reducing, if not eliminating, the
electric resistance heat backup associated with the use of air-source

heat pumps. This would, in turn, help in alleviating the load-peaking



problems the utilities are experiencing and/or anticipating.

There are many methods that can be used for the heat exchange
between the heat pump and the ground. Kemler (10) presented schematics
of several earth heat recovery systems for the heat pump and pointed out
the advantages and disadvantages of each. The configuration that Kemler
recommended as best, and recently gave successful experimental results
reported by Bose et al. (11) is essentially identical to that shown in
Figure 1. This configufation is coupled with two of the heat pump )
systems considered in this study.

Solar energy can be used effectively to further upgrade the per-
formance of ground source heat pumps (11, 12). First, the system can
be improved by adding back to the ground heat that was absorbed.

Second, solar collectors coupled with ground source systems would
operate at higher efficiencies because of reduced operating temper-
atures. And, third, the heat pump will operate more éfficiently because
of relatively high temperatures through the earth heat exchanger.

The above review of different heat pump types indicates that there
still exists room for doubt as to which heat pump type would be superior
from technical and economical points of view. Therefore, some work is
needed to compare the economics of different heat pump systems and es-
tablish the impact of their performaﬁceS'on utility systems. This is
the objective of a project supported by both the bklahoma Gas and
Electric Company (OG&E) and the Electric Power Research Institute (EPRI),
of which this study is a part. The project involves comparing the per-
formance of three different heat pump systems presently installed in
three nearly identical houses in Perkins, Oklahoma. The three heat

pump systems are a conventional air-source, a ground-source/sink, and a
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solar assisted gréund—source/sink. The performance of the three systems
is to be measured in terms of:

1.  Overall life-cycle cost,

2. Peak demand on the electric system,

3. Reliability and maintenance, and

4; Kilowatt-hour consumption by customer.

The main objective of this study was the construction and appli-
cation of a computer program to simulate the dynamic performance of air-
source/sink, ground-source/sink, and solar assisted-ground source/sink
heat pump systems.

The simulation procedures and performances analyses are explained
in detail in later chapters. It should be noted that the performance
analyses in this study were based on energy perspectives only. No

attempt was made to include economic analyses of the systems.



CHAPTER II
OBJECTIVE

The objective of this study was to construct and apply a computer
program to simulate the dynamic performance of three different heat
pump systems, and to perform comparative analyses of the performance of
these systems in terms of electrical power consumption and system
efficiency.

The heat pump systems are currently installed in three nearly
identical houses located on adjacent lots in Perkins, Oklahoma. The
three houses are facing north. The west house has been occupied by the
owner since July, 1980, and the other two have been occupied since
November, 1980. The east house is equipped with the air—to-air heat
éump, the middle with the solar assisted ground-source/sink heat pump,
and the west with the groﬁnd—source/sink heat pump. All the houses have
been inétrumented for direct measurement of heat pump performance data
(see Chapter V for details) and a weather station has been located in
one of the back yards. Table I shows the design data and loads for
these houses. Table II shows number of occupants and appliances within

each house.
- System Simulation

A dynamic simulation model of the three heat pump systems was con-—

structed and is described in detail in Chapter IV. The simulation model



TABLE I

DESIGN DATA AND LOADS FOR THE PERKINS HOUSES

Location

Latitude

Longitude

House Area (ftz)
3

Volume (ft~)

Ratio, window area
to total area (%)

Number of Occupants (East)
Number of Occupants (Middle)
Number of Occupants (West)
Total number of degree days

Design temperatures:
Heating ( F)

Cooling (°F)
Heat Loss (Btu/hr)
Heat Gain (Btu/hr)
Insulation:

Walls
Roof

Perkins, Oklahoma

36° 1' N
97° 5t

1200

9600

3725

0 Outdoors
76 Indoors
100 Qutdoors
74 Indoors
18,860

14,870

R-19
R-34




TABLE II

SUMMARY OF RESIDENTS CONSUMPTION HABITS

East Middle West
Number of Occupants
During the Day 1 2 1
In the Evening 4 4 2
On the Weekend 4 4 2
Thermostat Setting*
Day 72 72 68
Night 68 70 68
_Appliances washing machine washing machine washing machine
: dryer dryer dryer
dishwater dishwater dishwater
refrigerator refrigerator refrigerator
TV (2) TV (2) TV (2)
oven oven oven
range range range
freezer stereo - freezer
stereo small heater stereo
Loads of Laundry/Week 15 4 4
Water Temperature warm warm warm, hot

Windows

Lights Commonly Used

double paned
curtains

(1) 250w
(2) 200w

double paned
curtains

(1) 250w
(10) 60W

double paned
curtains

(3) 1loow
(1). Pluorescent



TABLE II (continued)

East

Middle

West

Lights Commonly Used

(8) 60W
(1) fluorescent

*Heating season settings

0T
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was intended to predict the dynamic performance of each of the three
systems as a function of the occupied space load and weather (air-to-
air heat pump), the ground contribution (ground-source/sink heat pump),
or the solar—groﬁnd contribution (solar assisted ground source/sink
pump) .

The simulation model was intended to be general enough to accept a
wide range of parameters and, of course, be able to predict heat pump
performance in both the heating and cooling modes. An essential part of
the objective was that the simulation model be able to predict the cyclic
(on/off) behavior of the heat pump since it resembles that realistic

heat pump performance under conditions of house heating or cooling loads

below that of the heat pump capacity. Simplicity was a major concern in
. S—— T e s buastrs.

et i R

building the model. It was desirable that the program user not be bur-

S O AL AT A

dened with a great deal of input. Rather, the particular house and the
simulation period should suffice as input. On the other hand, it was
borne in mind that generality should be reserved as a mark of the pro-

gram. Therefore, all constants, in the model, are presented by variable

names and made flexible for the user to change as desired.
System Performance Analysis

The second part of the objective involves the investigation and

comparative analysis of the performance of the three heat pump systems

in response to varying.environmental parameters. The comparative analy-
o by A uppr sy e b amaituiaied m”ﬁ”“w“"""fkrmm S Y A TR

sis of the performance of these systems was to be based on the follow-

ing:

1. Number of compressor cycles,

2. Compressor on time,
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3. Electrical power consumption, and
4. Coefficient of performance of the heat pump system.

In particular, the analyses were to shed a light on the advantages

of the ground-source/sink heat pump over the air—to-air heat pump.

Furthermore, it was necessary to determine the merits (if any) of in-

cluding the solar loop in the ground heat pump system.



CHAPTER III
LITERATURE SURVEY

Inspection of the available literature indicates that a great
amount of research has been devoted to the simulation and analysis of
the performance of the air-to-—air heat pump. This is due to the fact
that the air source heat pump has beén manufactured in large quantities
and has been the most popular type for several years. Relatively little
work has been done on the water or ground source heat pumps, with most
work in this area classified as being in the initiation stages.

Hiller et al. (13) and Ellison et al. (14) used similar techniques
to simulate the air-to—air heat pump. Their approach consists of trac-
ing the refrigerant path in the heat pump cycle and hunting for the
state point temperatures at the various stages in the cycle. The com-—
pressor, expansion device, indoor and outdoor heat exchangers were
accounted for by a sophisticated and a rather lengthy procedure. Their
simulation programs can only predict the steady - state performance of
the heat pump. However, it is well known that under circumstances when
the space load is lower than thg heat pump capacify, the heat pump will
cycle to satisfy the low demand.

Relly. et al. (14) presented results of tests conducted on an air-
to—air heat pump in an effort to evaluate its cyclic performance and to
determine what effect this cycling would have on the seasonal perfor-

mance factor of the heat pump. The test consisted of measurements of

13
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the length of time the heat pump was on during a cycle period. The
measured data were then used to establish a pattern on the part—load
performance of the heat pump. The findings were then used to compute
the cyclic coefficient of performance (COP) and seasonal performance
factor (SPF). The conclusion presented therein indicated that the
cyclic, or part—load heat pump operation COP and SPF values were lower
than those obtained with steady state operation. The magnitude of the
difference was inversely proportional to the ratio of the cyclic to
steady state heét pump capacity.

Groff et al. (15) described a computer program, developed at the
Carrier Corporation Research Center, for predicting the dynamic perform-
ance of air-source heat pumps. The simulation procedure consists of
modeling the structure load, the heat pump steady state capacity, therm-
ostatic controls, and the actual capacity of the heat pump. The actual
heat pump capacity was modeled by a first-order differential equation

of the form:

where:
Q = actual capacity,
Q = steady state capacity,
t = time,
T = heat pump time constant.

The Carrier Computer program is very complex and requires a great
deal of detailed input including characteristics of the heat pump and
controls. The model was validated by use of data from a heat pump

installed within a controlled environment. The results indicated that



15

the model can predict the air—source heat pump performance with a very

reasonable accuracy.

Murphy et al. (16) and Goldschmidt et al (17) presented field-test
results and performance analysis of a 3 ton air conditioner and an air-
to-air heat pump, respectively. Their objective was to establish values
of the degradation coefficient for the units. In simple terms, the de-
gradation coefficient is a measure of the decrease in the steady state
heat pump capacity due to the transient effects of cycling. The re-
searchers performed detailed mathematical analysis on the experimental
results with the purpose of establishing general correlations by which
predictions of heat pump ''on'" time are made possible. The resultant
correlations indicate tﬁat the heat pump "on'" time is dependent on the
structure thermal capacity, thermostat dead band, and the steady-state
capacity of the heat pump.

The literature contains many other reports on experimental and
analytical results pf the cyclic behavior of air source heat pumps (see
for example references 18 to 21). To some extent, the experimental and
analytical procedures employed in these references for the determina-
tion of heat pump performance are similar to those described above.
Common to all these works is the conclusion that cycling can cause a
substantial reduction in the heat pump rated capacity and thus seasonal
performance. The recommendation-shared by some is that the rated ca-
pacity of heat pumps should be represented in terms of cyclic rather
than steady state performance.

In the area of water source/sink heat pump systems, Lawrence (22)

M
performed a parametric study on-different techniques for reducing the

operation costs of heat pumps in colder climates. The study included
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the use of solar energy and underground water. He used a very simplis-—
tic procedure to model a solar source heat pump with a closed loop that
contained unglazed collectors, and thermal storage on the evaporator
side. The heat pump model was obtained from a normalized empirical
curve fit of an analytical model which assumes a constant condensing
temperature. Lawrence concluded that solar energy can provide a heat
pump source of marginal economic feasibility but does not compare favor-
ably with deep well water (when available).

Freeman (23) prepared a generalized digital computer model for a
residential size heat pump. His modeling strategy is to 'design' or

"size" the four major components of the vapor compression cycle to yield

any desired condition performance. Once the system has been defined,

the program computes an off-design ”performance map' of heat added and

st
heat rejected at all p0531ble combinations of inlet flow—stream condl—

T e T

s AR et

tions. The model was then incorporated with the modular simulation pro-

P

gram, TRNSYS (24) to simulate the performance of an "in-line" and a

"parallel" solar-heat pump heating and cooling systems. Freeman com-

"in-line" system performed

oéred the two systems and concluded that the
with slightly better efficiency than the '"parallel" one, while econom-—
ically the latter was slightly less costly than the first system.
Search of the literature revealed that very little work has been
devoted to the simulation of solar;assisted ground source/sink heat

PRPSS

pumps. Andrews and Metz (12) have done a study on the utilization of

ground as a heat source/storage They prepared a computer simulation

[T S S——l

program of a groundcoupled heat pump connected, in series, to a solar

load. Their work concentrated on the modeling of the earth coil. The

——an

space load, equlpmentwand solar collectors were modeled through the use
/'—“'w )

RPN o

oo,

‘
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of TRNSYS (24).
Tank and pipe grid configurations were considered for the ground
coil model. The computer model solves the heat flow finite difference

SRS AT

equations over a system of 'blocks" of earth. Each block can have a

P et
distinct shape, size and thermal properties specified by the user. Two
types of blocks are used: '"Rigged Blocks'" that provide the necessary
boundary conditions and '"Free Blocks" for which the temperatures are

solved.

In modeling the pipe grid, the pipé plane was assumed as a thin

sheet of water flowing in the plane of the pipe field. The heat trans-
fer area of the water sheet is that of the pipe array reduced by a fac-
tor that is dependent on.the'pipe and block dimensions and the distance
between adjacent pipes.

Schlosser and Teisler (25) have written a compﬁter simulation model
to simulate the performance of solar-assisted heat pump systems using
the ground for energy storage. The earth collector consisted of a
buried pipe grid. The pipe grid was modeled in both the vertical and
horizontal directions. Heat exchanger effectiveness was used to model
the ground-heat pump heat exchanger, of which the effectiveness was
assumed to vary according to the flow rate of the heat transporting
fluid. The operation of the compressor was described with a polynomial

M
regression at the two temperature levels. The solar collectors were

modeled through the use of equations and empirical relations found in

Duffie and Beckman (26). As for the earth collector, the transient temper-
L el

ature field in the soil was found by a finite element solution of one-
e AT svaimissribh et

dimensional heat equation. The spatial elements of integration are

o

triangles with six nodes per element. In the simulation, 400 nodes were
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used and a time step of three days was found appropriate.
Bose et al. (11) studied the actual performance of a solar-assisted

heat pump using geothermal source/storage. The findings describe the
AR . . % AR

eothermal well as an excellent source/storage system for the heat pump.
geot : ge sy pump

i oo g,
R

Rl 5 B 0 4 0 o

A L e

The inclusion of the solar energy system in the ground coupled‘heat bump
showed some improvement in the heat pump performance;

Wise (34) addressed the problem of conduction heat transfer, caused
by step function heat input from the heat pump, in the vertical earth-
water heat exchanger system (VEWEX) shown in Figure 1. By using a
Fourier series representation of step function heat input and adapting
Bessel functions, Wise introduced an analytical solution to the temper-
ature distribution and heat transfer in the soil surrounding a VEWEX sys-
tem. However, his solution is only valid for ON-OFF step function heat
input of heat pump cycle times greater than 10 hours. In real situa-
tions, however, the cycle times of heat pump operdations are less than 30
minutes.

Kanchanalai (35) analyzed the same problem of Wise (34) using
numerical solutions. Finite difference solutions were used to solve the
one-dimensional heat conduction equation for the temperature distribu-
tion and heat transfer in the soil surrounding a ground well. Kanchan-
alai compared results from these solutions with those from the exact
solutions of Carslaw and Jaeger (36) and obtained excellent agreement.

The numerical solutions used Kanchanalai (35) proved to be valid
for long and short heat pump cycles. After some modifications (see
Chapter VI for details) these solutions are used in this study to solve
for the heat transfer rates and temperature.profiles in the VEWEX heat

exchanger of the ground source/sink and the solar assisted ground-source
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/sink heat pump systems.

The determination of the transient heating and coQ&l@gMQEMQﬁgﬁmgimu

vt b e PR S
e smenar ¢

buildings is an essential part of predicting the behavior of heat pump

systems. CHLSYM (30) is a computer simulation program developed in the
school of Mechanical and Aerospace Engineering Department at Oklahoma
State University to predict the transient heating and cooling demands of
residential and commercial buildings. The program uses the transfer
function method outlined in the 1972 ASHRAE Handbook of Fundamentals
(31) to éompute the transient heat transfer through the building exter-
ior structure and the heating and cooling demands. Solar input and
internal heat generation'due to people, lights, and appliances are
accounted for in the load calculations. The program is equipped with
a routine for the computation of the indoor air temperature and heat
extraction or addition rates as a function of equipment capacity and
schedule of operation.

After slight modifications, to suit the requirements of the heat
pump simulation program (see Chapter VI for details), CHLSYM has been
uéed in this study to predict the heating and cooling loads and interior

temperatures in the Perkins Houses.



CHAPTER IV

DESCRIPTION OF THE HEAT

PUMP SYSTEMS

The systems described in this chapter are the air-to-air, the
ground-source/sink, and the solar assisted ground-source/sink heat pump
systems, briefly mentioned in Chapter II. Most of the information per-
taining to the heat pump units were obtained from manufacturer's_

catalogs (27, 28).
The Air-to-Air Heat Pump System

The heat pump is a Carrier Model 38CQ015/40A018 of the split system
type, with a rated cooling capacity of 15,500 Btu/hr and a heating capa-
city of 16,500 Btu/hr. The outdoor section contains the compressor, fan
coil, and defrost mechanism. The defrost cycle is activated when the
outdoor temperature is below 45°F and the coil saturated suction temper-
ature indicates freezing. The maximum defrost time is 10 minutes within
each 90—minute'period. The indoor séction contains a direct expansion
fan coil unit supplied with a 3-kw electric heatef for‘emergency heat
(common to the three- heat pumps). Physical &ata, dimensions, and per-
formance data for the heat pump systems are presented in Appendix A.

The indoor thermostat (common to the three heat pump systems) is
a Carrier model that uses mercury in glass for electrical switching (27).

The thermostat provides two-stage heating and one-stage cooling controls.

20
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The set point for energizing the second stage heat is set manually.
Changeover of the heat pump mode of operation from heating to cooling,
or vice versa, can be accomplished ménually by setting a desired tem-
perature differential. The thermostat is provided with two levers
that can be parted to set this differential. The minimum value for
the changeover temperature differential is 3°F. Information regarding
the thermostat dead band temperature range and anticipator character-

istics were not available.
The Ground Source/Sink Heat Pump System

This is a water-to-air heat pump model SWP-150 manufactured by
Command—-Aire Corporation. The unit is a single-package such that the
compressor, coils, and blower are all housed in a single cabinet. The
rated cooling capacity is 19,5004Btu/hr and the rated heating capacity
is 28,000 Btu/hr. The water-refrigerant heat exchanger is connected
to the VEWEX exchanger (as shown in Figure 2) for heat extraction or
rejecpion.

Unprepared earth was drilled to contain the VEWEX system shown in
Figure 1. A 5-inch Polyvinyl Chloride (PVC) casing was fitted in the
250-foot deep hole. The casing is capped, at both the top and bottom,

and contains water as the heat transporting fluid. Two 1-1/4" PVC

o st

pipes are used to circulate the exchange fluid through the water-
refrigerant heat exchanger. This type of earth heat exchange system
ﬁas two major advantages over other types (10). First, it reduces to a
minimum, if not eliminates, scale deﬁosit in the heat exchanger. Scale
deposit can be very detrimental to the heat exchanger from effectiveness

and corrosion points.of view. Second, pumping power required to circu-
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a

. .
late the water is reduced to that necessary only to overcome friction in

the system.

The Solar-Assisted Ground Source/Sink

Heat Pump System

Figure 3 shows a schematic of this heat pump system arrangement.
The heat pump unit and earth-water heat exchanger are the same as those
described for the previous system. The additional item in this system
is the solar energy loop which is used to assist the heat pump during
both the heating and cooling seasons;

The solar loop consists of the solar panels, the heat exchanger,
the circulation pump, and the accumulator. The collection area consists
of five bare steel plates (4' x 7') with 1/2" copper tubing spaced 4
inches center-to-center. The panels have ﬁonselective black coating.
The solar system is of the closed loop type and uses a 507 ethylene-
glycol solution as the heét transfer fluid. Heat is exchanged with

the VEWEX-heat pump system through the glycol-water heat exchanger. The

exchanger is a TACO model B4414W 4-pass shell and tube with a total heat
transfer area of 16.4 ftz.
During the heating seasons, the collected solar heat will be trans-
\"‘NW
ferred to VEWEX exchanger in order to assist in the energy supply to the
"bwnm ——— .
heat pump. However, during the cooling season, the heat pump rejects
heat to the VEWEX exchanger. Under suitable weather condition, the solar
system will dissipate some of this heat to the ambient. This,

in turn, will mean lower return fluid temperatures to the heat pump and

thus more efficient heat pump operation.
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Both convection and radiation heat transfer to the air are greatly
enhanced through the use of bare collectors. Furthermore, to maximize
the performance of the collectors, they are vertically lécated on the
south wall of the house. This will enable the collection of winter
energy (low sun rays) and better heat rejection during summer (since
the collectors would be partly shaded because of high sun rays and the
house overhang). The solar loop can make great use of the lower night
temperatures for heat rejection.

For the above two heat pump systems, the VEWEX circulating pump

operates whenever the heat pump is_on,, The present control strategy

for turning the solar loop pump requires a temperature differential
of 20°F or greater to exist between the solar panels and the water in
the VEWEX exchanger. The pump ceases operation when this differential

falls below 5°F.



CHAPTER V
DATA ACQUISITION

On-site data measurement is very necessary for more accurate com—
‘parisons of the performance of the heat pump systems. Also, the mea-
sured data can be usefully utilized in validating .the computer simula-
tion model. Presented in this chapter is a brief description of the
data acquisition process. Most of the information on this topic was
obtained from Frierson 629) which covers data acquisition and storage
procedure in great detail.

The parameters needed to compare the three heat pump systems were
determined from energy balances performed on various parts of the
occupied space-heat pump systems. Figure 4 shows points in the system
where power consumption, heat transfer, and environmental parameters
were to be measured for the solar-assisted ground source/sink heat pump
system. A list of all the measured parameters, for the three houses,
is shown in Table III.

The data acquisition system is composed of three parts: the trans-—
ducers, the data logger, and the déta storage and transmission devices.
Figure 5 shows the data collection system and identifies the devices
involved. The "brain" of the collection system is a Campell Scientific
CRS data logger which receives analog or pulse signals from various
sensors, conditions the signals and outputs the data, in meaningful

units, to recording devices. The pulse signals from the various sensors

26
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TABLE III

MEASURED PARAMETERS

East House

Middle House

West House

Environmental Measurements

Heat Transfer Measurements

Power Consumption
Measurements

Dry Bulb Temperature
Humidity

Hot Water Usage
Hot Water Btu

Total

Resistance Heat

Hot Water

Hot Shot

Compressor and
Crankcase Heater

Inside Blower

Outside Blower

Dry Bulb Temperature
Humidity

Water Temp from Well
Water Temp to Well

EGS Temp from Collector

Hot Water Usage

Hot Water Btu Rate
Well Water Flow Rate
Well Water Btu Rate
Solar Loop Flow Rate
Solar Loop Btu Rate

Total
Resistance Heat
Hot Water

Hot Shot
Compressor
Inside Blower
Well Pump

Solar Loop Pump

Dry Bulb Temperature
Humidity

Water Temp from Well
Water Temp to Well

Hot Water Usage

Hot Water Btu

Well Water Flow Rate
Well Water Btu Rate

Total
Resistance Heat
Hot Water

Hot Shot
Compressor
Inside Blower
Well Pump

Weather data are:

Solar Insolation

Dry Bulb Temperature

Humidity

Wind Speed and Direction

8¢
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are input through 60 channels (five channels were recently added for
measurement of additional data). Data from the channels are scanned
every 15 minutes and output to a TEAC audio tape recorder. The recorder
has the capabiligy of storing 7 - 10 days worth of data unattended.

The process currently used to convert data from the audio tape
recording to a useable form is charted in Figure 6. Data recorded on
the audio tapes are transmitted to the Interdata mini-computer, in the
School of Mechanical and Aerospace Engineering at Oklahoma State Univer-
sity (0SU), and are retained in disk storage. This data file is then
copied onto a magnetic tape for backup and is transmitted by phone to
the OSU IBM 370 computer. The data in the IBM 370 file are then edited
for missing and inaccurate data, formated and copied on another magnetic
tape for permanent storage. From the permanent storage tapes, TSO data
set file can be created for any desired period of time for use by the
computer simulation model (details are given in the next chapter).
Figure 7 shows a sample of the data, from the 60 channels, after edit-
ing. Description of the content of each channel is presented in Table

Iv.
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TABLE IV

ORDER OF EDITED DATA ON TAPE

33

Permanent Original

Storage Channel Description Conversion Units
Order Number factor

1 0 Day

2 1 Hour

3 2 Minute

4 3 Outdoor Temp. 0.1 °C

5 4 East Air Temp. 0.1 °C

6 6 Middle Air Temp. 0.1 °C

7 9 West Air Temp. 0.1 °c

8 13 Outdoor Humidity 0.1 pA

9 14 East Humidity 0.1 A
10 16 Middle Humidity 0.1 A
11 15 West Humidity 0.1 %
12 25 Wind Direction 1

13 26 Wind Speed 1 MPH
14 27 Mean Wind Run 1 9
15 18 Horizontal Insolation 1/886 KW/M2
16 17 Vertical Insolation 1/688 KW/M
17 11 Middle to Well Temp. 0.1 c
18 10 Middle from Well Temp. 0.1 c
19 12 Solar Collector Outlet 0.1 c

Temp.

20 Open

21 49 Middle Well Flow 1/15 gal/l5 min
22 50 Middle Well Btu 1000. btu
23 - Open
24 51 Middle Solar Flow 1/15 gal/15 min
25 52 Middle Solar Btu 1000. btu
26 Open '

27 Open

28 Open

29 8 West to Well Temp. 0.1 c
30 7 West from Well Temp. 0.1 c
31 39 West Well Flow. 1/15 gal/15 min
32 40 West Well Btu 1000. btu
33 Open

34 21 East Total Wh Usage 24 Wh
35 29 East Hot Water Usage 1 gal/1l5 min
36 28 East Hot Water Btu 1000 btu
37 31 East Hot Water Wh 0.9 Wh
38 34 East Compressor and 0.72 Wh

: Crankage Heat Wh
39 30 East Resistance Heat 0.72 Wh
and Controller Wh

40 32 East Hot Shot Wh 0.24 Wh
41 35 East Indoor Fan Wh 0.24 Wh



TABLE IV (continued)

34

Permanent Original

Storage Channel Description Conversion Units
Order Number factor
42 36 East Outdorr Fan Wh 0.24 Wh
43 22 West Total Wh Usage 24, Wh
44 37 West Hot Water Usage :
45 38 West Hot Water Btu 1000. btu
46 42 West Hot Water Wh 0.9 Wh
47 44 West Compressor Wh 0.72 Wh
48 41 West Resistance Heat Wh 0.72 Wh
49 43 West Hot Shot Wh 0.24 Wh
50 45 West Indoor Fan and 0.24 Wh
Controller Wh
51 46 West Well Pump Wh 0.24 Wh
52 23 Middle Total Wh Usage 24, Wh
53 48 Middle Hot Water Usage 1/15 gal/15 min
54 47 Middle Hot Water Btu 1000. btu
55 54 Middle Hot Water Wh 0.9 Wh
56 56 Middle Compressor and 0.72 Wh
Controller Wh
57 53 Middle Resistance Heat Wh 0.72 Wh
58 ‘55 Middle Hot Shot Wh 0.24 Wh
59 57 Middle Indoor Fan Wh 0.24 Wh
60 58 Middle Well Pump Wh 0.24 Wh
61 59 Middle Solar Pump and 0.24
Solar Loop Controller Wh
62 5 Shed Temp. 0.1 °c
63 Open
64 Open
65 Open




CHAPTER VI

SIMULATION PROCEDURE

"sub-systems'" that represent the heat

— A

The total systém consists of

Effgmffiﬁﬁ’ the solar loop, and the VEWEX system. Each of these sub-=

® daniee Y

systems is modeled by a separate subroutine. The space heatingmgggucool;

ing demands are simulated by a separate computer program. The procedure
e ————_—
for interconnecting these subroutines to interact with each other is

. explained in the discussion on the total system. Program listings,

flow charts, and input/output instructions are presented in Appendix B.
The Space Heating/Cooling Loads

In order to determine performance characteristics of the heat pump,
it is necessary to establish the heating and cooling demands of the build-
ing. CHLSYM (30) the trangient heating/cooling load simulation program
(described in Chapter III) is used té predict the heating/cooling demands
in the Perkins houses. The input to the program include hourly weather
data, structure geometry, and internal load generation. Some modifica-
tions were applied to CHLSYM (not conflicting with the calculation
procedure) in order to make it adaptable to the form of measured data.
The modifications to CHLYSM are:

1. The program inputs 1l5-minute data, from the weather

tapes, averages them for hourly dafa input. Appropriate

conversion factors are applied to each of the input data

35
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to agree'with the units used in the program.
2. The outside surface film coefficient is made to vary
with wind speed by using the following empirical
correlation (32), |
h =22+ WV[0.32 + 0.001 (WV)]
3. Sensible internal loads from lights and appliances are
made hourly inputs.
4., Outdoor énd indoor relative humidities are made hourly
inputs.
5. Equations used to calculate the declination and equa-
tion of time were replaced by more accurate correla-
tions found in reference (33).
6. The procedure for calculating the air humidity ratio
has been replaced by a subroutine (13) that computes
the psychrometric properties of air for a wet bulb
temperature range of -32 < Twb i_lOOoF.
The modified version of CHLSYM is called LDSIM. The user's input
to the program consists of an index identifying the house, the month of
simulation, the first and last days of simulation, and the desired type

of output.
The Heat Pump Units

The steady-state performance of the heat pump units is described

b g

s

T AN sy YIRS

by polynomials obtained from least-square curve=zfit of the manufac-

o e aeen
turer's performance data. For the Carrier air-to-air heat pump unit,

—

the polynomials are:



Heating capacity (Btu/hr)

B i

e 5 3 4
QHS = CFC TFC(aO+ a;- TO + a,- TO™ + ag* TO™ + a," TO
5 6 ‘
+a s T07 + ag+ TO) (1)
Power input, heating, (KW)
./—"""“"““‘"'/
= . . . 102 . To3 . 104
PHS = CKW-TKW(B( + by * TO + b, T0" + by« T0~ + b,* T0") (2)
Cooling capacity (Btu/hr)
QCs = €+ C v TO + G- T0? + ¢_- TWB + c, TWBS + Cg Cr
o gm— 3 O
+ Cg+ CAN” + C_(TO + TWB . CEM) (3)
P i d
Power input, cooling,. (KW)
PCS=d +d,- TO + d,° T02 +d.- TWB + d, - TWB2 + d_° CFM
o 1 — 2 3 - 4 5 pesemes
+d- crM + d,(TO + TWB - CFM) ‘7 (4)
k !

where:

TO = outdoor dry-bulb temperature., (°F)
TWB. = indoor air wet-bulb temperature. (°F)
CFM = air volume rate. (ft3/min)

CFC,CKW = heating capacity and power input correction factors,
respectively, when the air volume # 575 CFM.

CFC = 0.82022 + 2.25E - 05(CFM)
CKW = 0.91011 + 1.12E - 04(CFM)
TFC,TKW = heating capacity and power input correction factors,
respectively, when the inlet air dry-bulb temperature
# 80 °F.
TFC = 1.28 - 0.004 (TDB)
TKW = 0.86 + 0.002 (TDB)

TDB = entering air dry-bulb temperature. ( °F)
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a's, b's, c's, d's = resultant curve-fit coefficients.
For the Command-Aire water—-to—air heat pump unit, the polynomials are;

Heating capacity (Btu/hr)

QHS = CFHC(eO ; el- EWT + ez- EWT2+ e3- TDB + e4- TDB2
+egr GPM + e GPMZ+ e (EWI * TDB * GPM)) (5)
Heat extraction rate (Btu/hr)
QHES = CFHE(fO+ fl' EWT + fz-vEWT2+ f3' TDB + f4- TDB2
+ £g0 GPM + £ GPM2+'f7(EWT . TDB - GPM)) (6)

Power input, heating, (KW)

PHS = CFKW(gO+ gl'EWT + 8y° EWT2 + 8y TDB + g," TDB2

2

+ g GPM + 8" GPM” + g7(EWT - TDB - GPM)) (7
Cooling capacity (BTU/hr)
CS = CFCHR(h + h"EWT + h.* EWI® + h.- TWB + h, - TWB>
Q o By 2 3° 4
+ hg+ GPM + hy + ePM> + h, (EWT - TWB - GPM)) (8)

Heat rejection rate (Btu/hr)

QHRS = CFCHR(jO+ jl' EWT + j2- EWT2 + j3' TWB + jh' TWB2

+ 3gr GRM + ¢ cpM? + j7(EWT * TWB - GPM)) (9)
Power input, cooling, (KW)

PCS = CFKW(k + k.« EWT + k- EWT2 + k. TWB + k, - TWB2
o) 1 2 3 4

+ kg GPM + k- GPMZ + k7(EWT * TWB - GPM)) (10)

where:

EWT = entering water temperature. (°F)"
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GPM = water volume flow rate. (gal/min)

CFHC, CFHE, CFKW = correction factors for heating capacity,
heat extraction rate, and power input, respectively,
when the air volume # 600 CFM.

CFCHR = correction factor for cooling capacity and heat
rejection rate when the air volume # 600 CFM.
The correction factors for the Command-Aire unit
are represented by fourth-order polynomials in the
air volume rate.

During cyclic operations, the heat pump capacity rises slowly until
it approaches its steady-state value. Figure 8a shows typical response
curves for the heat pump capacity. This transient behavior is due to the
refrigerant dynamics and in part to the thermal mass of the heat exchanger
(17). Experimental studies (16, 19) showed that the transient performance

of the heat pump can be satisfactorily represented by a first order re-

sponse of the form:

ley Lt (11)

where:

Q heat pump cycle capacity.

Q

sSs

cy

heat pump steady-state capacity.

t time

T heat pump time constant.
The cyclic heating/cooling output for a heat pump on-time period, to’

can be determined by integrating Equation 11 over that time period. The

integration yields.

QCy = st[to - (1 - e—tO/T)] (12)

Equation 12 is used in this study to compute the heat pump cyclic output.

Solving this equation, however, involves two unknown variables. The first

is the heat pump on-time which is dependent on the type of thermostat
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used, thermal capacity of the structure, and the steady-state capacity
of the heat pump. The second variable is the heat pump time constant,
T, which is usually experimentally determined.

The procedurc used to solve Equation 12 begins with assigning a
value for the heat pump cycle time. For this simulation model, a cycle
time of 15 minutes has been assigned. The 15-minute value is somehow
arbitrary, however, inspection of the measuared data, for several months,
indicated that the cycle times for each of the heat pump units averagé to
about this wvalue. The next step is cpmputing the cyclic output involves
determining how long, during a cycle, would the heat pump be operating.
According to Murphy et al. and Bullock et al. (16, 19) the heat pump on-
time can be closely approximated by the ratio of the building heating

or cooling demand to the steady-state heat pump capacity.

That is:
o) c Q .
ss
where:
to = heat pump on~time in hours.
tC = heat pump cycle time in hours.

Since no information could be obtained from either of the heat pump
manufacturers, some approximations were made to compute the heat pump
time constant using Equation 11. It was assumed fhat at the end of a
heat pump on-time period, the actual capacity (Qcy) will be 99.5% of the
steady-state value. Therefore, the ratio Qcy/st in Equation 11 is fixed
at 0.995 when the time is equal to to. Substituting this ratio into
Equation 11 and solving for T; the following expression was obtained for

the time constant,



t
o

T = m ' (14)

Equation 14 was used to compute the time constant for the heat pump
units. It was found that the time constant varied from 48 seconds for a
heat pump on~time of 3 minutes to 2.8 minutes for a heat pump on-time of
15-minutes. Figure 8b shows a cyéle for the earth source heat pump
operating for 7 minutes when the outdoor temperature was 13°F. For this
case, the cyclic output of this heat pump was about 207 less than the
steady state capacity.

In summary, the steps for computing the heat pump actual capacity

o P 1 T b e gt g 1T T S g i -

RIS TN

1. Compute the space heating or cooling demand, QLOAD,
2., Use the curve-fit equations to compute the steady-state

capacity of the heat pump, st’

3. Use Equation (13) to determine ts

4, Use Equation (14) to determine T,

5. Substitute the results from steps 2-4 into Equation (12) to

obtain the cyclic capacity, Qcy'.

The power input to the heat pump unit (compressor and fan)is cal-
culated using the curve-fit relations of the manufacturers' steady-state
data. Experimental data (15, 19) indicate that during each on-time per-
iod, the power consumption is characterized by a sharp spike as the mo-
tors develop speed, followed by a flat curve. Since this start-up
transient occurs very fast (generally within a few seconds), its effect
on the total energy consumption is practically negligible.  Therefore,

steady-state values would be sufficiently accurate for heat pump power

consumption,

42
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The Solar Energy System

Figure 9 shows a schematic of the solar energy system. The solar
panels were modeled using the correlations and procedure outlined by
Duffie and Beckman (26). The following assumptions were incorporated

in the simulation model:

1. Dust and dirt on the panels have negligible effects.

2. Properties of the working fluid in the solar loop are indepen-

dent of temperature.

3. No heat loss in the piping connecting the solar panels to the

heat exchanger, so that the outlet and inlet temperatures of
the collectors aré the same as the exchanger's inlet and out-
let temperatures, respectively.

The equations describing the solar collection system involve the
overall heat loss coefficient (UO) and the useful energy gain (Qu). The
overall loss coefficient consists of the front or top losses (Ut) and
the back losses (Ub). The top loss coefficient is composed of convection
and radiation terms. The convection heat transfer coefficient is described

by the following relation (33).

h = 0.8 +0.23 (WV) (15)
where:
hw = convection heat transfer coefficient (Btu/hr—ftz— )
WV = wind velocity (mile/hr)

Wind direction is accounted for by inserting a simple control logic in the
simulation model. The control logic checks the direction of the prevail-
ing wind and adjusts the value of measured wind velocity accordingly. If

the wind is prevailing from east, north, west, or anywhere in between, the
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measured wind velécity is substituted in Eqn. (15). 1If, on the other
hand, the wind is prevailing from any other direction and the measured
velocity exceeds 5 mph, then a value of 5 mph is used in Eqn. (15).
This strategy was adopted because if the wind is prevailing from the
north, or due north, the solar panels will not experience the full ex-
tent‘of the wind velocity since they will be on the leeward side.

The radiation coefficients between the collector plate and the
ambient and the collector plate and the ground are given by the follow-

ing two expressions:

h = o0e F(T? + T2)(T - T ) (16)
T P P s ) s
p-s .
h. = oe (1-F)(T2+ T) (T - T.) | (16a)
r P P a’ " ’p a
"7
where:
hr = radiation heat transfer coefficient (Btu/hr—ft2—°R)
p-s
o = Stefan-Boltzman constant
= 0.1712 x 10™° Btu/hr-fe?-°r"
Ep = collector plate emittance
F = configuration factor between'panels and sky
Tp = collector plate temperature (°R)
Ta = ambient temperature (°R)
TS = sky temperature = 1.8 * 00,0552 % (Ta+ 273)1'5(°R)

The top loss coefficient is then the sum of the convection and radiation
terms,

U =h +h + h (17)
t w r r
P-s P—g

The solar panels are mounted vertically on the south wall of the middle

house with a 3-inch gap separating the panels from the wall.—~The back
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e

heat loss coefficient is composed of xadisarion and natural convection
\—-—-————‘——_

LeImSmmThe. Ladicbieom=romtTICient 18 Chvenrby:

2
(Tp + T ) (Tp + T )

N W W (18)
P € €
P W
where:
hr = radiation heat transfer coefficient between the panels and
P-w
wall (Btu/hr—ftz— R)
TW = wall surface temperature ( R)
ew = emittance of the wall
The natural convection term is given by (37),
h - %—(0.021)(PrGr)2/5 (19)
where:
hc = natural convection coefficient (Btu/hr—ft2—°F)
k = air conductivity (Btu/hr-ft-°F)
L = vertical length of collector (ft)
Pr = Prandtl number for air
Gr = Grashof number
The back loss coefficient is then given by,
Ub = hr + hC A (20)
p-w

The overall heat transfer coefficient for the solar collector is the sum
of Eqn's 19 and 20.
Uo = Ut + Ub

The total useful energy gain- of the collector is represented by the

seene

follsafﬁgﬂgaaation:

J —
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Qu = ACFR[Ita - Uo(Tf,i— Ta)] . (21)
where:
AC = collector area of the solar panels (ftz)
It = total radiation incident or the collector surface
(Btu/hr—ftz)
o = absorptance of the collector plate

T. ; = collector inlet temperature (°F)

ambient temperature (°F)

3
Il

The collector heat removal factor (FR) is given by,

Ge UOF'
Fp = 5 [1 - exp(gz)] (22)
o P

where G is the mass flow rate per unit of collector area (lb/hr—ftz), and
cP is the specific heat of the working fluid (Btu/1b-°F). The collector

efficiency factor (F') is given by,

1 1 1 -1
Vo 2
F= O VG 5rwmyr T ¢, Y on, 0! (23)
o b if,i
where:

W = tube spacing (ft);

D = tube nominal diameter (ft);

Cb = bond conductance; Cb = Kbb/8 (Btu/hr-ft- F);

bond thermal conductivity (Btu/hr-ft-°F);

Ca

b = bond length (ft);
Y = boﬁd average thickness (ft);
Di = tube inside diameter (ft);

tube-fluid film coefficient (Btu/hr—ft%—°F);

j=n
1]



fin efficiency; F = tanh m(W-D)/2 / m(W-D)/2 ;

F =
~L
m= U/KS§ *
o P
Kp = plate thermal conductivity (Btu/hr-ft- °F); and
§ = plate thickness (ft).
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The mean fluid temperature in the tubes of the collector is given by

7. =1, + g - FRy (24)

'
ACUOFR 'F

and the mean plate temperature is described by the relationship

Tom = Te ™ Qu(Rp_f) | (25)
where:
Rp—f = heat transfer resistance between the plate and fluid;
= 1/(hf,iﬂDinLt)
.n = number of tubes; and

]

Le

length of tubes (ft).
Once the useful heat gain has been computed, the collector exit temper-

ature (Tf 0) can be determined from,
b

Tf,o = Tf,i + Qu/mcp (26)

where m is the fluid mass flow rate in the collector (1b/hr).

The computation of the top loss coefficient, and consequently the
overall loss coefficient, requires kno&ledge of thé plate temperature,
However, computation of the absorber plate temperature demands knowledge
of the value of the overall loss coefficient. Therefore, an iterative

~solution—is employed in which an assumed value of the plate temperature

is used to solve for_Uo. This UO value is then used to calculate approx-

imate values of F', FR, Qu, T » and finally a new plate temperature.

f,m

The newly calculated plate temperature is used to compute a new value of
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UO and the process is repeated until convergence is established between
fwo successive Uo values.

The solar energy subroutine (SOLAR) is provided with an option so
that either horizontal surface or tilted surface radiation can be input.
If radiation incident on a horizontal surface is the input, then it will
be converted to that incident on a tilted surféce. Correlations found in

reference 35 were utilized to perform the conversion process.
The Vertical Earth-Water Heat Exchanger

Numerical solutions proved to be responsive to short heat pump cycles

_(see Chapter III). Therefore, they were employed to compute the transient

heat transfer and temperature distribution in the soil surrounding the

vertical earth-water heat exchanger (VEWEX). 1In partibular, the finite
difference implicit method is used to avoid the time increment restriction
impoééd by the explicit method.

The VEWEX subroutine is based on a program provided in refe?ence
35. Some modifications were made to generalize the program and have it

take into effect the fluid temperature variation along the well depth.

TaRTDRE

The following assumptions were used in the VEWEX model:
1. There is no heat transfer by radiation in the system.
2. There is no heat transfer by conduction in the vertical

direction of the fluid stream or earth.

oy

3. The mass flow rate of fluid in the well is constant.
4. No horizontal temperature gradient exists in the fluid stream.

L

5. Constant earth thermal diffusivity.

. e i e
e e

6. Perfect contact between the coil pipe and earth.
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7. The well is sufficiently long so that end effect; can be

neglected.

8. At large radial distance from the wall (r>30 ft), each earth

slice (sce Figure 10) will remain at its far-field temperature.

9. 1Initially both the exchange fluid and earth are at the far-

field temperatufes.

To solve for the fluid temperature along the well depth, the well
is divided into a finite number of incrementé (AZ)* as shown in Figure
10. Each increment is characterized with a constant far-field temper-
ature (Tg) in the surrounding soil. For each increment, the heat ex-
change between the fluid and soil is computed and fluid temperature at

the end of an increment is determined. This temperature acts as inlet

temperature for the next increment. The process is continued until

"

the fluid temperature at the well exit is established.

oo R s e
- ARSI

Solving for the fluid temperatures in dimensional steps, by incre-
menting thé well depth, yields a more accurate picture of the vertical
temperature profile. This was demonstrated by the line-source solutions
used by Moss (38) to compute temperature ﬁrofiles in water injection
wells.

In solving‘for the fluid temperature at the end of each increment,

the solutions, outlined by Shenck and Dusinberre (39, 40) for buried
M

~—

pipes, were applied in this study. Figure 10 shows fluid increments
]

AZ long. Three heat transfer terms must be considered when solving for

the fluid temperatures. These are the heat transfer by convection be-

*See nomenclature section for designations.
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tween the fluid and the well inner surface, the heat flow involving the
enthalpy‘change in the fluid passing through the region and carried out
of it, and the heat stored in the fluid increment due to the transient
rise in the fluid temperature over a time step.

Following the notation in Figure 10, the heat flow by convection

is given by,

Qconv - hAn(T;vgn - Twn) 27
where:
h = convection heat coefficient (Btu/hr—ft2-°F)
An = gsurface area of a AZn increment (ftz)
Tw = well surface temperature for the nth increment (°F)
T;vg: = mean average of inlet and ocutlet temperatures;
= (Tf + Tf )/2 (°F)
n n+l

The convection heat transfer coefficient, h, is computed using the
Dittus-Boelter corrglations (41).

The heat flow due to enthalpy change in the fluid passing through
an inérement, AZ, is given by,

Q = r'ncp(Tf -T, ) (28)

enth n n+l
where:

mcp = fluid capacity rate (Btu/hr-°F)

The storage term in the fluid increment over a time step is
represented by,

Mc_ (T - T )
p avg ~avg,
Q.. = A (29)

st A8

where:



M = mass of the fluid increment (lbm)

T;vg = mean average temperature in the fluid increment
n

a time step later (°F)
A9 = time step (hr)
Energy balance on a fluid increment can then be written as,

Q.. =Q (30)

st enth Qconv
Substituting the terms from Equations 27, 28 and 29 into equation 30
and rearranging, the temperature of the fluid at the end of an incre-

ment can be written as:

1 . .
T = =2T_ Y+ YY.T - ZZ.T_ ] (3D
fn+l XX T avg W fn
where: v y
_ 2m . hAp N
XK = 1+ (g + 50008
ZY
_ 2hAp
YY = Mo A6

p K//
2

4 ] A
=7 - (£B{, Ao
77 1 i G;M: YAB

The temperature distribution in the soil is governed by the one-

dimensional heat conduction equation:

a2
9T 13T 10T : | (32)
r 6 :

r

3t

Q|+

with the initial condition:

T(r,8) = Ti for all r>x

and boundary conditions:

T(a, 0) = T, for all 6 >0
i o
_oT =9
or =t TDAZk for all 6> 90

(o}
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Finite difference techniques are employed to solve for the

radial temperatures in the ground.

with nonuniform grids, as described in reference 42, is used to solve

the problem of cyclic heat input at the well surface.

Specifically, the implicit method

54

The computational strategy applied in the VEWEX model is summarized

by the following steps:

1.

Use the heat extracted or rejected by the heat pump (plus

the solar loop contribution in the case of the solar-ground

heat pump) as a first estimate of the heat conducted to, or

from the ground (Q ).

cond
Use this estimated heat conduction value to solve Equation

32 for the wall temperature, TW, (the implicit method).

Compute the fluid temperature at the end of the nth in-

crement, Tf , using Equation 31 and TW computed in
n+l

step 2.

Calculate QConv using Equation 27.

Compare Qconv (step 4) with the estimated conduction heat

transfer (step 1). If the difference (Q Q ) is

conv cond

within a specified tolerance limit, then begin computation
for a new fluid increment. If not, then increment or
decrement the QCond value and repeat steps 2 to 5 until
convergence is established.

Use QCond from step 5 as a first estimate for the next
fluid increment.

Steps 2 through 6 are repeated for each fluid increment.

It should be noted that the larger the number.of AZ



increments the better the accuracy of results. However,
computer run cost increases with the number of increments.
In this study, 50 - ft depth increments were found optimum.
The far-field temperatures for the soil increments, T , were
n
assigned according to Collins' recommendation (8). For Oklahoma,
the Collins map gives an annual average ground temperature of 62 F

for depths from 30 to 60 ft. For greater depths, Collins recommended

a 1°F increase for every 64 ft increase in depth.

Flow of Information in the Dynamic Simulation

This section explains the flow of information among.the various
subroutines ;nd the control logic. Figure 11 shows a schematic of the
flow of logic for the dynamic simulation procedure.

The protedure begins with running LDSIM program to compute the
heating/cooling deémands and indoor temperatures. User's input to the
program consists of indices identifying the house, days and month of
simulation, thermostat throttling range, thermostat settings and
their times, and the equipment maximum and minimum capacities. Other
inputs to the programs are stored in data sets for each house which
are input automatically through the house index. LDSIM will output
the loads and indoor temperétures into a data set file that is linked
with the heat pump simulation program (HPSIM). HPSIM is then executed
to simulate the performance of a particular heat pump’system. User's
input to HPSIM includes specifying the house and period of simulation.
HPSIM reads the heating/cooling loads and indoor temperatures from the

link file; then, linearly interpolates between the hourly points for
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the 15-minute values. The mode of heat pump operation (heating or
cooling) is determined by a check on the house load and the outdoor
temperature. The heat pump will not be operating if the indoor tempera-
ture is within the thermostat throttling range.

The type of heat pump system to be simulated is decided by the
house index specified by the user. 1If, for instance, the middle house
were -specified, then éubroutine HPUMP. . or HPUMPC would be called de-
pending on whether the mode of operation is heating or cooling. The

heat pump actual capacity, heat extraction or rejection rate to the

well water, operation time, power usage, and the heat pump coefficient

of performance are computed in the respective subroutine. Temperature

of the water exiting the water-refrigerant heat exchanger is then
computed using the heat extraction or rejection rate and the water
capacity rate. ©Next, a check is made to determine whether or not the
solar loop pump is circulating fluid. If the pump is on then subrou-
tine SOLAR is called to determine the collector exit temperature.

The control logic for turning on the solar loop pump requires a
temperature differential of 20 F between the collector plate temper-
ature and the water temperature at the middle of the well. The
pump is turned off when this differeptial falls below 5 F. 1In this
simulation program the temperature diffefential.fpr the solar pump
control is determined using the -sol-air temperature. This is because
the sensor for the collector plate temperature is located at the center
of the solar panels and is exposed more to the outdoor environment than
to the plate temperature, which is influenced by the qutdoor environment

and the water in the tubing. Simulation runs of some November days
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showed excellent agreement between predicted and measured times of the
solar loop pump operation.

The heat transfer rate between the well circulating water to the
solar loop (via the glycol-water heat exchanger, shown in Figure 3) is
computed from:

QSol = E:(ﬁlcp)w(TCo— Tth) (33)

where:
€ = heat exchanger effectiveness (considered constant at 63%);

(ﬁcp)= heat capacity rate of water (Btu/hr- F);
w

TC
o

n

collector outlet temperature (°F);

]

water exit temperature from the refrigerant-water
heat exchanger (°F).

Tth

QSol is then used to compute the temperature of the water entering the
well.

The last step in the siﬁulation is calling subroutine VEWEX (Ver-
tical Earth-Water Heat Exchanger) to calculate the water temperature
e?iting the well, which is influenced by the heat transfer between the
water and the earth. The value of time step is set according to the heat
pump operation time. VEWEX is called twice during a 15-minute cycle
time. The first time step is set equal to the heat pump on-time during
the 15-minute cycle, and the second time step is that of the cycle time
minus the heat pump on-time. If the heat pump were operating or not
operating the full 15 minutes, then the time step is set equal to one-
half the cycle time. This strategy was adopted in order to account for
the solar contribution when the heat pump is off, or the heat transfer

_ . -
occuring between the water and earth when the well circulating pump is

/_, et s anin s " w"m"w"“-w:wm Ay
off.

et i
’
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The same logic is used in simulating the ground- source heat pump
(west house), except that subroutine SOLAR is bypassed. As for the
air-to-air heat pump (east house), the cyclic performance is determined
by subroutine APUMPH or APUMPC depending on whether the mode of operation

is heating or cooling, respectively.
Model Validation

On-site measured data proved very helpful in the verification of

the simulation model. Actual data a for few days in both the heating and
s v s ANt e

e e e,

s b A R S M

cooling seasons were chosen for comparison with predictions of the

———— a—

simulation model. These comparisons were used to refine the values
of some constants and factors related to the strﬁctures, the equip-
ment and controls, the solar loop, and the vertical earth-water heat
exchanger. Some of these factors included infiltration and internal
heat generation rates, thermostat throttling range, effective solar
absorptance and emittance for the solar panels, thermal diffusivity
of the ground, etc.

Figures 12 and 13 show comparisons of actual and simulated re-
sults of hourly average indoor temperatures for the west and east
house for selected days in the heatipg and cooling seasons for which
complete data were available. Tables V fhrough‘VII show comparisons
of actual and simulated heat pump performance in the respective houses
for the selected dayé. Reasonably good agreement exists between the
predicted and actual data considering unpredictability of the habits of
“the people occupying the houses. For instance, observation of the avail-
'ablenmasureddataforsome December days for the east house indicated that

the residents turn off the heat pﬁmp for a few hours after midnight and
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TABLE V

SIMULATED VS. MEASURED PERFORMANCE OF
THE GROUND-AIR HEAT PUMP SYSTEM
(WEST HOUSE - DEC. 21, 1980)

Measured Simulated
Total heat pump operating
time (hr) 6.0 6.4
Compressor and fan total
energy usage (KWH) 16.3 17.1
Total electric resistance
heat (KWh) 0.0 0.0
TABLE VI
SIMULATED VS. MEASURED PERFORMANCE
‘OF THE AIR-AIR HEAT PUMP SYSTEM
(EAST HOUSE - DEC. 19, 1980)
Measured Simulated
Total heat pump operating
time (hr) — 16.9
Compressor and fans total
energy usage (KWH) ‘ 26.4 28.9
Total electric resistance
heat (XWh) 1.4 1.5
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TABLE VII

SIMULATED VS. MEASURED PERFORMANCE OF
THE GROUND-AIR HEAT PUMP SYSTEM
(WEST HOUSE - AUG. 6, 1980)

Measured Simulated
Total heat pump operating
time (hr) 9.7 10.6
Compressor and fan total
energy usage (Kwh) 25.9 24.8

change their thermostat setting twice during the day. The observation
also indicated high intermittent internal heat generation throughout the
day which was probably caused by frequent cooking or operation of home
appliances. This high internal heat generation caused higher indoor
temperature fluctuations than otherwise would be attained by the thermo-
static control.

Comparison between measured and simulated data on the performance
of the solar-earth heat pump system in the middle house was not possible,
This is because this heat pump system has been malfunctioning since its
installation. The malfunction was detected very recently and has been
attended to. 1In regard to the solar loop-earth heat exchanger perform-
ance, however, some comparisons with the actual data were possible.
Visual inspection of the measured data for the month of November indi-
cated that there were two days during which the heat pump was turned off
for the entire day, while the solar loop was adding heat to the well

water. Forcing the heat pump to be off during those November days, the
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simulation model Qas used to predict the rise in both the solar collector
and well outlet temperatures as a result of solar heat addition. Figures
14 and 15 show the simulated and measured collector and well outlet temp-
eratures respectively. Good agreement exists between the measured and
simulated data during the solar colleétion period (when the solar and
well pﬁmps are activated). The difference can be attributed to the as-
sumed constant physical properties of soil and solar loop fluid. During

the period of no solar heat collection, the collector outlet temperature

(measured) is approximately that of the house attic since that is
where the temperature sensor is located. The well temperature is
virtually that of the house since the sensor is located in the
utility closet in the living room.

It was desired that simulation results be compared with measured
data for more days in both the heating and cooling seasons. However,
very few data (in useable format) were available for the simulation
tests. All the compiled measured data are '"raw data". They are stored
in a form such that they cannot be used.directly in a computer program.
The storage tapes contain missing data fof hours and sometimes days.
This has been caused by the frequent breakdown of the data recording
equipment. Presently, however, the measured data are being checked and
corrected for missing scans and unrecognized characters. Data for
several months will be stored on a single tape. This will improve both
the method and the speed of inputing the data into the simulation pro-
gram and will allow for long simulation period.

Finally, due to the difference in the daily habits of the residents
of the Perkins houses, the difference in their preference for indoor

temperature setting, and the malfunction of the middle house heat pump,
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it is very difficult to makea decision (using measured indoor data) re-
garding the merits of one heat pump system over the others. Therefore,
it was decided to.assume unified values for the internal heat generation
and temperature séttings for the three houses, and use these values with
the measured weather data to simulate the performances of the three heat
pump systems. The results of these simulations are discussed in the next

chapter.



CHAPTER VII

DISCUSSION OF SIMULATION RESULTS

otk

In order to compare the performances of the three heat pump
systems, simulation runs were made for three winter and three
summer days for each of the houses (results are presented in Tables
IX and X). In these simulation runs, internal loads, infiltration
and ventilation rates, and thermostat settings were assumed to be
the same for each of the three houses. These assumed values are
tabulated in Table VIII.

Inspection of the winter simulation results (Table IX) clearly
indicates the superior performance of the earth and solar-earth heat
pumps over that of the air-to-air heat pump. During the simulation
period, the electrical energy consumption by the air-to-air heat was
éﬁproximately 437 higher than that used by either of the other two
heat pump system. Its heating coefficient of performance, COP*,
was about 477% lower than that of the other two. The reason for the
less efficient performance of the air source heat pump is the cold

RN

hose December days. The averages

temperature it experienced during t

o e B e PN T AR Rt M S i it SRR SRR AN

of measured outdoor temperatures for those days were 285 185 and

24°F. 1In contrast, the earth and solar—earth heat pumps operated at

*For the air-to-air heat pump, COP is based on energy usage by
indoor-outdoor fans and resistance heat; for the other two heat pumps
it is based on resistance heat, indoor fan and the well pump energy
usage.
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TABLE VIII

ASSUMED VALUES FOR INETERNAL GENERATION,
INFILTRATION RATES AND TEMPERATURE
SETTING FOR THE AUG. AND DEC.
SIMULATION RUNS

Daytime Nightime
(8.0-17 hrs) (0~8.0 and 18-24 hrs)

Number of people in house 1 4

Infiltration rate (air

changes / hr) 1/2 3/4
Thermostat setting ( F) 76 (summer) 76 (summer)
70 (winter) 70 (winter)
Lighting (KW ) 0.5 1.0

Sensible heat loads

from appliances, etec.
(Btu/hr) 300 500

Latent heat loads )
from appliances, etc. 100 300

Relative humidity ' 50% 50%




TABLE IX

WINTER SIMULATION RESULTS FOR THE
THREE HEAT PUMP SYSTEMS
(DECEMBER 19-21, 1980)

Day ' Air Earth  Solar-Earth
Heat Pump Heat Pump Heat Pump

19 Heat pump operating time (hr) 16.38 7.12 7.12
19 Energy consumed by compressor

and fan(s) (KWh) 27.8 19.28 19.28
19 Resistance heat (KWh) 1.73 0.00 0.00
19 Avearage COP%* 1.54 2.15 2.15
20 Heat pump operating time (hr) 20.87  9.72  9.72
20 Energy consumed by compressor

and fan(s) (Kwh) 34.59 25.95 25.95
20 Resistance heat (KwWh) 16.76 0.00 0.00
20  Average COP 1.36 2.14 2.14
21  Heat pump operating time (hr) 16.87 7.71 7.67
21 Energy consumed by compressor

and fan(s) (KWh) 28.48 20.60 20.57
21 Resistance heat (KWh) 5.51 0.00 0.00
21 Average COP 1.52 2.14 2.14

Totals and Averages

Total heat pump operating time (hr) 54.12 24 .54 24 .51
Total energy consumed by compressor

and fan(s) (KWh) 40.86 65.83 65.80
Total resistance heat (KWh) 24.00 0.00 0.00

Average COP 1.46 2.14 2.14
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higher efficiency because of the higher heat source temperatures
__w
(water from the earth heat exchanger) that averaged 60, 58, and

58 F for the respective simulation days. The coefficient of per-
formance of the heat pumps versus the outdoor and well exit temper-
atures are ﬁlotted in Figure 16.

A somehow unexpected result is that of the performance of the
solar-earth heat pump. The simulation results indicate that the
solar panels were unable to collect enough heat to transfer it to
the well water, which in turn would result in increase in the heat
pump efficiency. This is despite the fact that both December 19
and 21 were sunny days (the 20th day of December was a very cloudy
day with very low levels of insolation recorded). The solar loop
pump operated intermittently about midday of December 21st for a col-
lector time of 1.5 hours. However, the contributed solar heat
hardly affected the peffo;mance of the heat pump. The middle house
recorded data for the 19th and 21st days of December show that the
solar loop pump was in operation for approximately 4 and 5 hours,
respectively. However, the recorded well temperatures were in the
high 40's-low 50's range when the solar loop pump began operation.
This is a good indication that during cold sunny days, the solar loop
will assist in maintaining the well Qater tempefature at a convenient
level for efficient heat pump operation (50-90°F).

The simulation-results of the three summer days of August, shown
in Table X, show a different trend for the performance of the three
heat pumps than that of the winter days. The results indicate that
the three heat pump systems operated with nearly the éame efficiency.

The cooling coefficient of performance of the air source heat pump
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TABLE X

SUMMER SIMULATION RESULTS FOR
THE THREE HEAT PUMP SYSTEMS
(AUGUST 4-6, 1980)

Day Air Earth  Solar-Earth
Heat Pump Heat Pump Heat Pump

4 Heat pump operating time (hr) 18.56 14.64 14.64
4 Energy consumed by compressor
and fan(s) (KWwh) 38.93 36.16 36.16
4  Average COP 1.70 1.80 1.80
5 Heat pump operating time (hr) 18.94 15.26 15.26
5 Energy consumed by compressor )
and fan(s) (KWh) 39.84 38.56 38.56
5  Average COP 1.70 1.72 1.72
6 Heat pump operating time (hr) 19.45 15.84 15.84
6 Energy consumed by compressor
and fan(s) (Kwh) 41.00 40.47 40.47
6 Average COP 1.71 1.70 1.70

Totals and Averages
Total heat pump operating time (hr) 56.95 45.74 45.74

Total energy consumed by compressor
and fan(s) (KWh) 119.77 115.18 115.18

Average COP : 1.70 1.74 1.74




lagged that of either of the other two heat pump systems by only 47.
The close proximity among the cooling efficiencies of the three heat
pump systems can be explained by reviewing Figure 17. The air source

heat pump makes use of the low night temperatures operating at higher

efficiency which drops fast as the ambient temperatures climb up to
b BT —
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the 100's. The earth and solar-earth heat pump systems, however, operat-

ed at a relatively constant efficiency droping off slightly late in
the day as the well temperature keeps building up. A very probable
reason for the high well temperatures is that the heat is rejected
continuously to the well, due to non-cycling of the heat pump.
Theoretiéally, the solar loop in the solar—earth heat pump system
should be able to assist in maintaining the-well temperatures at a
lower level during the evening and early morning hours by dissipating
some of the heat in the well to the cooler surroundings. However, the
3-day August simulation rgsults did not support this theory. Unfor-
tunately, there are no recorded data of the actual performance of the
solar—-earth heat pump system during the cooling season of 1980 to val-

idate the simulation results.
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CHAPTER VIII

CONCLUSIONS AND RECOMMENDATIONS

my

A heat pump simulation model was constructed to simulate the
performances of an air-to-air, an earth-source/sink, and a solar-
assisted earth-source/sink heat pump systems. With the aid of the
building cooling/heating load simulation program CHLSYM (30), the
model is capable of predicting the heat pump cyclic performance as
influenced by the building external and internal loads. The model
was validated using the few days of available useable computer
data and was found to be in reasonable agreement with the recorded
data.

The model was used to compare the performances of the three
heat pump systems during both summer and winter operations when
subjected to similar external and internal loads. The outcome of
these comparisons favors both the earth and solar—-earth heat pump
systems. The simulation results indicate that the earth-source/

sink heat pumps operate at a relatively constant coefficient of per-

e RS ST

formance and consume less electrical energy to perform the same duties

required from an air-to—air heat pump. This is especially true for
winter operations as demonstrated by the results of Table IX. It

3 .'A_._—‘W\“

should be noticed that throughout the winter simulation period,

neither of the earth coupled heat pump systems required resistance

heat although the outdoor temperatures were in the low teens for long

76



durations. Becauée of the relatively constant coefficient of per-
formances, lower energy consumption, and the possibility of very low
backup resistance heat requirement, it can be concluded that earth
source heat pumps would prove to be very helpful in reducing the load
peaking problems of the electric utility companies.

Neither the summer or the winter simulation results showed the
anticipated advantages of the solar loop in the solar—earth heat pump
system. However, the available recorded winter data for the middle
house indicate that the solar loop can be of a great help in maintain-
ing the well water temperatures at a level much above freezing during
very cold sunny days. No definite conclusion can be made regarding
the summer performance of the solar loop.

It should be noted that all the conclusions made regarding the
efficiency and power consumption of the heat pump units do not take
into consideration the difference in the rated capacities and designs

of the heat pump equipments.
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Some suggestions regarding further work on this project are listed

in the following:

1. Currently, the well inlet and outlet temperatures are measured

across the heat pump. This arrangement does not allow the ef-

fect of the solar loop heat exchange on the water entering the

well to be seen. The suggestion is to measure the well inlet

temperature downstream of the solar loop.

2. More study of the summer data of the middle house is needed in

order to determine the extent of summer solar assist.

3. Multiple-well arrangement should be studied and compared to the

solar loop in the earth coupled heat pump system.
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Economic study should be performed in order to determine
the economic feasibility of the inclusion of the solar
loop in the earth coupled heat pump system.

If possible, the telephone link with data logger should be
connected to the computer for short period (few days) data
file creation. This might prove helpful in monitoring
andvpresention of the measured data graphically.

It is strongly suggested that more frequent communications
be made with the Perkins houses occupants regarding daily
indoor activities. This will be very helpful in future

simulations.
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APPENDIX A

PHYSICAL DATA, DIMENSIONS, AND
PERFORMANCE DATA FOR THE

HEAT PUMP UNITS



Carrier 38C[015 Air-to-Air Heat

85

Pump Physical Data and Dimensions

- UNW e . 3g8cQ S
o0 PT018 0200 1 027 | 033 | 03% | 044 | 048 .
OPER WT (ib) ; 145 160 166 180 210 212 ¢+ 222
REFRIGERANT" 22
Refrig Control AccuRater™
COMPRESSOR Hermetic
b - Cylinders 2
Rpm (60-Hz) 3500
FAN Propeiler-Type, Direct Drive
Air Discharge Verticai
Air Qty (cfm) 2000 1 2000 | 2600 ! 2800 ' 2800 2600 ! 3400
Motor Hp /8 | 1/8 1/ | /4 1 /4 1/4 ¢ 1/2
Motor Rpm 1075 ;, 1075 1075 | 107§ 1075 | 1075 1075
Outdoor COIL {Type) Plate Fin ,
. Number 1 P17
Section Fins/in. 19 119/15.6
Face Area (sq ft)| 7 7 ! 7 ¢ 10.5 10.5 10.5 13.1
Rows i 1.8 15 ¢+ 15 | 13 1.7 1.9 1.7
DIM. (ft-in.)
Length A | 2-10-1/4
Width B | 1-10
Height [ 21-4—-1/8}1-4—1/8!1-4-1/8&2-0-1/8!2-0-‘/8(2-0-1/8¥2-6-1/8
CONN. (in.) ? Compatible Fitting (Suction) & Flare ({Liquid)
Vapor Linet 1 5/8 : 3/4
Liquid Linet ! 3/8
*The 38CQ contains correct operating charge for complete system when connected o

40FS/28HQ,VQ: 40AQ or 40DQ indoor units with 25 ft or less of tubing of recommended
diameter. Charge adjustment may be required for mix-matches. Ses instailation, Start-
Up and Service Instructions for details.

MODEL 40AS,AQ 018 024 030 036
OPERATING WT (Ib)
Standard Unit 69 83 100 114
— Bare Box AQ 59 78 96 110
REFRIGERANT 22
Refrig Control . Bypass AccuRater™
FAN Centrifugal — Direct Drive
Rpm, 60-Hz 950/850/750
Air Discharge Upflow, Horizontal* or Downflow
Range Cfm 450-600 | 600-1000 | 750-1250 | 900-1500
PSC Motor Hp 1/8 1/4 1/3 1/3
COIL (Rows...Fins/in.) 3..13
Indoor Face Area (sq ft) 1.64 2.02 2.52 3.16
Section DIMENSIONS (ft-in.)
Length A11-0-3/16 1 1-2-3/8 |1-5-1/4 1-9
Width B 1-9-1/2
Height Cl2-9-1/4 3-2-3/8 |3-4-11/16 3-6
DUCT INLET (ft-in.)
D10-9-7/8 1-0-1/8 1-2-11/164{ 1-6-3/8
E 1-6-3/4
DUCT OUTLET {ft-in.)
F {0-9-13/161 1-0-1/16 11-2-15/16! 1-6-5/8
G 0-9-11/16
CONNECTIONS (in.)
Suction ODF+t H 5/8 5/8 3/4 374
Liquid ODFt J 3/8
Condensate, FPT 3/4
FILTERZ (1) Permanent, 1-in. thick




Carrier 38CQ015/40AQ018 Air-to-Air Heat Pump Heating and Cooling Performance

INTEGRATED HEATING CAPACITIES™

TEMPERATURE OF AIR ENTERING OUTDOOR UNIT (Edb)

OUTDOOR| INDOOR ]

-10

UNIT

UNIT

0 [ 10 7 a7 | 20 T 30 1 40 | 47 | 50 | 60 1 70

Cap.in {Cap.lKw Cap.| Kw:Cc:p_:

—_Kw'Ca_pin :CapTKw |Cup Kw Cap.]Kw Cap./Kw: Cap. Kw|Cap.:Kw

38CQ015 10AGOIS _

+ 38CQ015/40AQ018

1 4513[55016

701.c 85

17 9C 1701617135

1.3:16.52.0i17.512.1i20.5 2.2 124.012.2

HEATING CAPACITY CORRECTION FACTORS

} CFM/TON®* | CORRECTION | TEMP AIR | CORRECTION

; ENTINDOOR |  FACTORS ENT INDOOR FACTORS

L. con Cap. | Power COIL {F) Cap. | Power
400 98 99 65 1.02 .99
450 1.0 1.0 70 1.0 1.0
500 1.02 1.01 75 .98 1.01

*Determine cfm/ton from Combination Rating 1ables.

Air Ent indoor Unit — Cfm/BF
Air Ent 516/.10 [.. 575/11 ] 645/.12
Outdoor Indoor Unit Ent Air Temp — Ewb (F)
Unit o T 67 T62 (72 167162 72 | 67 | 62
— 1C |165'1566.14.7|1641156[14.9]165[16.7115.2
85(SHC| 84/11.1:13.7| 84{11.5{14.3| 87/11.9/14.8
IKW |2.08,2.03:1.98|2.10|2.06{2.02{2.1412.10|2.07
TC 1164 153 141[16.4(155]14.4|16.6,15.6114.7
95 IiSHC| 84 114 136} 8.6111.9{14.2| 8911241146
‘KW |2.23.2.17.2.10|2.25{2.20!2.14{2.30/2.24|2.19
TC |16.2: 150 13.8[16.3]151114.1]164115.3[14.4
100 ,SHC| 85 11.2:13.4| 87111.8/13.9] 9.01123:144
‘KW |2.30°2.23 2.15[2.33{2.2612.19] 2.38 | 2.31|2.25
TC | 16.1114.77134[16.2{14.8113.7{16.3 15.01 14.1
1051SHC| 85 11.1 13.1}.88[11.6!13.6] 9.1:12.3!14.1
IKW |2.38:2.28 2.2012.4112.32,2.25]2.461!2.37{2.31
TC 1687 14.0 12.8]15.9[141]131116.1!14.3,13.4
1156 'SHC| 85/10.8-12.7( 8.9{11.4{131| 93{12.1|135
KW | 2.53;2.40 2.30,2582442.36! 2.61{2.49,242

Cap. — Capacity (1000 Btuh), includes tan motor heat sndg deduction
for thermal line losses ot 151t of piping exposed 10 outdoor
conditions.

Kw - Power input includes compressor Inotor power input, indoor and
outdoor fan motor input.

“Integrated Heating Capacities — Values shown reflect a capacity reduc-

tion at those vutdoor air temperatures at which frost fonns on outdoor
coil.

COMBINATION RATING NOTES

1. Direct interpolation is permissible. Do not extrapolate.

2. SHC is based on 80 F db temperature of air entering indcor unit.

Below 80 F db, subtract {corr factor x cfm) from SHC.
[Above B0 F db,.2dd (corr factor x cfm) 19 SHC;

ENTERING AIR DRY.BULB TEMP (F)
BYPASS [ 79 ] 78 77 76 75 under 76
FACTOR | 81| '82 83 | 84| 85 |  over86
Correction Factor
70 98 | 196 | 204 ] 3631 491 .
.20 87 | 174 | 262 | 349 | 436 | Vseformula
30 76 | 153 | 229 | 3.05 | 3.82 | Shownbelow.

Interpolation is permissible.
Correction Factor = 1.09 x (1 - BF) x (db - 80)

98



Command-Aire SWP-150 Water-to-Air Heat Pump Physical Data and Dimensions

MODEL: SWP 150 -
Capacities at ARI COOLING | 19,500
Standard Conditions EER 8.6

HEATING (SWP-only) | 28,000
: cop 3.3
BLOWER: Centrifugal Dia. & Width 9x7
Direct Drive CFM Range | 450-750
MOTOR: HP 1/8
RPM 1075
COIL: Plate Fin Fins per Inch 13
Rows 3

Face Area Ft.? 1.56

FILTER: Throw Away

(1" thick) SIZE | 147X

OPERATING WEIGHT 200
SHIPPING WEIGHT 210

HEAT EXCHANGER: ' Tube and shell, 3/4"' Finned Copper Tube, Hydrostatic pressure-tested to 2250 Ibs.
BLOWER PERFORMANGE WATER PRESSURE DROP
MODEL: | Actual CFM / External Static Pressure GPM/ AP, PSI

800/.15  600/.49  400/.67

700/.35 500/ 59 50/1.7 40/1.2 3.0/.75

150

L8



’ Command-Aire SWP-150 Water-to-Air Heat,Pump Heating and Cooling Performance

Cooling Performance 150

ENTERING AIR WET BULB TEMP.
637 67° 71° 63° 67° me 63° 67° 71°
TOTAL / SENSIBLE MBH 120/ 149 [ 180/ 127 19.2/104f 182/154 |195/13.2 |20.8/108 [19.0/156 |20.4/136 [21.8/11.3
80° COMPRESSOR 1NPUT KW 231 2.44 2.56 213 .223 233 204 2.1 2.19
HEAT REJECTED MBH 256 , 270 286 .1 778 29.4 266 783 30.0
TOTAL / SENSISLE MBH 1597144 170/123 179799 17.V/149 118.4./128 | 187/106 }180/1521194/13.21 20.7 /109
90" COMPRESSOR INPUT KW 2.46 2.58 C 270 227 2.38 2.48 2.16 227 2.35
HEAT REJECTED MBH 250 265 278 W5 27.2 288 26.1 278 29.4
TOTAL / SENSIBLE MBH 149/140]158/118 166/93 16.1 /145 §17.2/123 {184/10.1 | 16.9/14.8 | 182/ 12.7] 195/ 10.5
1007 COMPRESSOR INPUT KW 262 2.74 286 243 255 2.65 2.32 2.42 2.52
HEAT RESECTED MBH 245 258 270 25.1 2886 28.14 25.5 27.1 28.8
Air Volume Factor - Cooling Air Volume Factor - Heating
CFM 200 500 600 700 goo_ | [cFm 400 500 500 700 800
TOT COOL & HTREJ M8H | 092 0.97 1.00 103 105 | [TotaL _neating maa | o7 0.98 1.00 1.0l .02
SENSIBLE COOLING MBH | 0.83 0.92 1.00 Lot 114 | [HEAT EXTRACTED MaH 0.91 0.95 .00 1,03 1.06
COMPRESSOR INPUT KW | 0.97 0.93 100 1.01 102§ ICOMPRESSOR INPUT W | 120 109 100 | o093 5.90
Sensible Cooling Facior for Gther Dry Bulb Temps.
: - : £y ENTERING AIK DAY BULS TEMP
- SN - SWP wae. | me 6o 790 a0° 82° 83° 86° .
m} :) O Yy A §3° 1082 083 0.98 1.00 L0
- ) AH - SWWEH 679 033 XY .00 .07 114 122
71 .00 o7 L5 125
.
Heating Performance 150
ENTERING AIR DRY BULB TEMP,
gwy |00 €FH 3 oPn ¢ opM _ 5 GPH
6069 70° 80° sc° 702 80° §0° 709 80°
TOTAL HEATING MBH 26 210 205 236 Py 22.5 248 4] 236"
0% |[HEATEXTRACTED M8H 1.3 58 | 3.7 17.0 6.0 152 75 16.5 i5.5
COMPRESSOR INPUT. KW 87 .93 2.02 1.96 2,55 215 X 225 2.33
TOTAL HEATING MBH 239 232 30 262 e 25,1 274 26.7 262
70° [HEAT EXTRACTEC MBH 7.2 6 2 155 1.0 18.0 17.0 195 8.4 17.4
COMPRESSOR INFUT AW 1.3 207 zaz 2.3 225 239 3 248 2.59
TOTAL HEATING MBH 26.1 253 256 28. 28.4 277 30,1 255 288
800 [HEAT EXTRACTED MEH 19.0 18.2 74 2t | 200 1.8 208 204 19.3
COMPRESSOR INPUT KW 2.0 228 242 203 z2.37 2.3 2354 267 2.80
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INPUT LIST AND FORMAT

N—— i RO amR X

User's input to LDSIM simulation program is in the NAMELIST
format. The input variables are:
/INPT/

IHOUSE - Index identifying the house to be simulated

=1 (East House)
= 2 (Middle House)
=3 (West House)
MONTHS - The month in which simulation is to be performed
MDAY1 - The first day of simulation
MDAY2 - The last day of simulation
NPRT - Type of output described

(a) NPRT = 0... Total load for each day

(b) NPRT = 1... a above, plus hour by hour load for
each day

(c) NPRT = 2... b above, plus atmospheric dry bulb,
wet bulb, humidity differences, sensible,
latent and total loads.

(d) NPRT = 3... ¢ above plus individual contributions

(e) NPRT = 4... d above, plus sol-air temp., heat gain

through each surface

Note: When NPRT>2 the output will be very large for periods
greater than one day.

INWRIT - Index for writing input data

= 0 (input data will not be written)



PRNT

/NAM4 /
NPN
NPD
CFMN
CFMD
OFST
OFCT

/NAM5 /
QOTSN
QOTSD
QOTLN

QOTLD

QFLD -

/NAM6 /

QFLN -
QTN -
QTLD -
TROOM -

NHTX -

IHTG

91

L]

1 (input data will be written)

Index for writing loads into the link file

0 (loads will not be output to link file)

1 (loads will be output to link file)

Nﬁmber of people in the house during nighttime

Number of people in the house during daytime
(Infiltration and ventilation) in CFM During nighttime
(Infiltration and ventilation) in CFM during daytime

Daytime starting hour (e.g. OFST = 8.0)

- Nighttime starting hour (e.g. OFCT = 17.0)

Sensible heat loads (e.g., appliances) during nighttime,
(Btu/hr)

Sensible heat loads (e.g., appliances) during daytime,
(Btu/hr)

Latent heat loads (e.g., appliances) during nighttime,
(Btu/hr)

Latent heat loads (e.g., appliances) during daytime,
(Btu/hr)

Flourescent lights during daytime, KW

Flourescent lights during nighttime, KW
Tungsten lights during nighttime, KW
Tungsten lights during daytime, KW
Room design tempegature, F

Index for calling HEATX subroutine

(a) NHTX = 0... No call

(b) NHTX

]

1... Call HEATX

Index for input sensible heat generation
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(a) IHTG = 0... sensible heat loads are read from
measured data. Values in NAM5 and NAM6
will not be used in the program

(b) IHTG = 1... the user must input values of vari-

ables in NAM5 and NAM6
/NAM7 /

ERMAX - Maximum capacity of heating/cooling equipment, Btu/hr
(negative for heating and positive for cooling)

ERMIN - Minimum capacity of heating/cooling equipment, Btu/hr
(negative for heating and positive for cooling)

FLAREA- Total floor area of the building, ft2
THRANG- Thermostat range - the dead band, F
- /NAM8/

THSETD

Thermostat set temperature during daytime, F
THSETIN - Thermostat set temperature during nighttime, F

THTIMD

Thermostat set time in the daytime (THTIMD = OFST-1)

THTIMN - Thermostat set time in the nighttime (THTIMN = OFCT)

Note: Other ihput values concerning building geometry,
transfer function coefficients, latitude, longitude,

etc. are stored in three files, one for each house.
The files are called

'OSU.ACT11451.FF.DATA(EHOUSE) '
'0SU.ACT11451.FF.DATA (MHOUSE) '
'0SU.ACT11451.FF.DATA(WHOUSE) '

These data will be automatically read from the respective files

according to the house index specified in the input list.



CARD
0001
3002
7003
[V 2
2305
000¢
J007
9008
J00S
0010
0011
20012
D313

no14 -’

0015
2016
2017
J018
0019
7020
3021
J022
Q023
JJ)24
n025
00206
027
0028
0025
30
9031
V232
(33
1034
2039
2I3€
0037
)¢38
Noi3s
0040
2041
308 2
1043
J¢44
¢oas
0046
0cs7
00asg
0049
2050
0051
0052
00E3
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LDSTM PROGRAM LISTING

000C2000011111111112222222222333333333344444444445555558555666666666677777777778
123456785012345578601234567600123455789012345678601234567390123455787012345678%0,

<

[ R Y R e e P e e T LI L L
C : *
C BUILDINGS TOOLING AND HEATING LOAD SIMILATICN PROGFAM *
C N *
Cak ko Kok KK KRR & ok ok A0k Kok ¥k KOk KOk ok ok a3k ok koK R ok k% o ok ok ok ok ok kKoK ok K ok 3k KoK K KR K KOk K

THIS 2I0GIAM CALCULATES THESRMAL LOUAD OF A BUJUILDING
USING TRANSFER FUNCT ICN TECHNIQUE AND

HOURLY wEATHER IAN LR¥MATICAN *

THIS PROGRAM SIMULATES THE WHOLE PERICD HOUR 8Y HOUR

I
Lhai

INTEGER FLUX
REAL¥3 ORIENT,ZORNT

ONOOONONO

COMMON/SOL1/ ATCE{248 )9S0LH(24 ), XID(24) s XIDHVI24) + XIT(24)
CUMMUN/SOL2 / XLATREPR PSIR DLUNGe IDAY 1

COMMON/SD_ 37 SH{ 240 4CH{24)01C2124) »CT (242 +CEWRTD

COMMON/BLOCKL AT IN,IOT 4MCoNPRT, INWRIT ¢ TRUGCU,OFSToOFCT s CHFMD ¢ XKT o XLF
[ INIT oI NIH X, MONTH s I DAYH

COMMUN/ ELOCK2/QTCTAL {24 )+ PRNT, IHOUSE

OIMENSION PHO(24),RHI(24),H0{24)swVv{24)ATRBI(24)

JIMENSTICN ATWB{24),DATR{24)4+,00{ 24 }1,ALPAJ{(3), TAUS{8)

DIMENSICN SHGF(24) yQEW(24) +TSW(24) sTSWR(LDO,48),8T(7),0T(7)
DIMENSION UEWR{10+43),0S5W(43)s255WR{48) +QED{24) ,QSWR({24)
DIMENSICN QFLS{43),2TLS5{24),3PPS{24),0PPL{24),Q0THS{ 24),Q0THLI24),
* QIVS(24),Q1VL(24)4Q030(24):G31(24),Q32(48),Q35(24)

DIMENSICN SGV{12}+sCWRVITI2)eHG_VI12)sHGERPRY{12) +RTIFW(12)
DIMENSION QSFW(a8)4s037(48)+sQ33{%8)+03¥(43),QTSHL(24)

OIMENSION CRATFG(12)sCRATFP{12) sNOYMI13) -
OIMENS ICN ZWRL{10)sZWRW(10),2AD{10)s ZAW{ 10)»ZEPR{ 10) 422 SIR(10),
1ZHO(10424) ¢« ZHI{10+28) +ZRCG{13) +ZALP(10 ) ZEFSWR(10)sZ5CG(101},
2ZUWRA{ 104 ZUWL 10 19ZUDLL10) s ZORNT (10} el TL 13470 9ZUNRT{10) s
3ZOT(1047)s ZAWR(10)+ZXNI110+24) 9 ZCNS{ 100 ZCNST{10)

NAMEL IST 7/ INPT/ IHOUSE +MONTHSyMDAY 1 ¢MDA Y2, NPRT,INURI T4 PRNT
NAMELIST /NAMI/NWARy MCy XLAT 3 ACLUNG»S TLONGy XLF
/HAMZ2/WRL sy ARW o AD s AR EFSILNGPSTI sl sRCGHALPHWRIEFSWR S CGeUnR A
sUweUDy ORIENT
/NAM3I/BT oD T LWRT
INAMA/NPNINPD yCFMN2CFMD 4+ G 5T 4 OFCT
/NAMS/QO0TSN, QCTSD e GOTL Ny QOTLDWAQFLD
INAMEZQF LN ¢ QTUNsQTLDs TROCM  NHT X [T G

CUP WN -

DATA SGV/0e2727s=0a3409 Jo 1105e=1Ue 0064 ¢0e2217+=043354,021843,
* -0e01289)0a2155,~0e3712+0a17304s=0e0l60/

DATA CWRV/70e66820=122C1710060179~0e115090371089=1e385600e963%
¥ ~06210B40670E5E59-1e5€€8y 161378y-0026687

DATA HGLV/063178 4003507 +0s20399=0s0328¢022605s=0e466210:2813



'CARD
0054
0055
005¢€
0057
0058
0¢5¢
00€0
0061
0062
Q0€3
Q064
006€
0066
Q067

ocee |

0069
9070
0071
Vo072
06?3
9074
007S
0076
0077
0078
007%
0080
Jcet
0082
2083
0C84
0085
J086
0087
ocss
Q0089
0090
0091
0092
0093
9094
0095
0096
Q097
0098
0099
0100
0101
o102
0103
0104
0105
o106
0107
0108

000C0000011111111112222222222333333333344644444445555555555666666666677777777778
12345678%01234567850123456789012345578901234567350123456739012345573501234567390

[sNaNal

¥ ~000579,002430+-00308540e3547 »y=0+08257/

DATA HGEPIV /0632519~ 00426790»15249=0e007€90925749~0644036,0e1830+
* =0e01834002503+~0e4445:0622559~0e0245/

ODATA RTFW/0e000+s~128260+180637 +=002005 +0+000+=2+1092,1+4606,

* ~0e33319000009=20290Es 1672529~ 024277/

DATA CRATFG/I-73'-3-50|2022.-0045'lo38.-4.22.3.08.-0.74-1039'

¥ —4055¢3e61 9~ 0055/

DATA CRATFPII.000--1.8260;1006971‘0.2005-1.000--201092'1046060
*¥ =093331+10000,=242908,17252,=0e4277/

COEFFICIENTS FOR REGULAR DS SHEET GLASS

DATA ALPAJ/00011S45¢776744~3294657 48657881 y~8e638135,3e01188,0e+907/
DATA TAUJ/ - 0.00885'2.712350-3¢620621-7007329|9075995"3089922’000'
* 0.0/

OATA NAT,NSCGe MONTHI sMONTH2/5: 09 Ls 1/
DATA NOYM/ 1+32,61+92+1220153918301214+245,275+306933623667

10 FORMAT(1X )
20 FORMAT( /)
3) FORMAT{ 1H1)
40 FORNAT{56Xs*LCAD CALCULATIONS®)
S0 FORMAT{48X,3S(%%"))
70 FORMAT{ 3{ 2X,B{5X »12 +2XsFSel ) +/))
€0 FORMAT( SX+*SCLAR INCIDENT ENERGY CN SURFACE®'¢2XsA3,2X: *IN B8TU/HR~
*FT*¥20)
S0 FORNMAT{ SX+'SCL=ALR TEMPERATJRE FOR SURFACE'12XsAB8s2Xs'IN F )
100 FORMAT{ SX,.'SOLAR HEAT GAIN FACTOR FOR WINDOW ON SJRFACE's2Xs A8y 2X
*,4IN BTU/HR-F T%#27)
110 FORMAT! S5X*SCL~AIR TEMQEEATJRE FOR WINDOW ON SURFACE 'y 2XsA 8y 2X»
*'IN F*)
120 FORMAT( S5X s 'FEAT GAIN THRGUGH SURFACE' +2X+A8,' IN 3TU/MR AREA=
* ' FSeO0elXs'SCeFTe')
130 FORMATIL 30 4XeB(2X 91292XsFBa0}) /)2 -
150 FCRMAT{ 5Xs '+EAT GAIN THROUGH W4 INDOW ON SUFrACE‘.EX.ABo' IN 3TU/HR
* AREA= ?3F6el s SCeFTo') .
160 FORMAT{ 5X, *HEAT GAIN THRCUGY ©DOOR ON SURFACE® 32X +A8s5SX ' AREA=",
¥FGel s 'FT*E2® ,2X, "IN BTU/HR')
180 FORMAT( S2Xe "INST SENSIBLE HZIAT GAIN (STU/HR)')
190 FORMAT{ ()X, *TIME®,) 33X 'ON~0OFF LIGHTS 44X, *CN LIGHTSs6Xy*PEGPLE" s
* OX 'EQUIPMENT?  EXe *INFLEVENT! ¢ 7X,® SURFACES®s 13Xy 'TOTAL®)
200 FORMAT( 13X 4I12e1Xe€E1E0%s E18o4)
210 FORMAT{ S2X,*LATENT FEAT LOADS (BTU/FR)*)
220 FORMAT{ 10X, ! TIME? 35X s*PEQPLE 149Xy *EQUIPMENT® s6Xo" INFLEVENT? 910X
* 'TOTAL®)
230 FORMAT( 10XeI341Xs3E15s4 E18s48)
240 FOFMAT{ 35X, *SENSIBLE COOLIN3 LOAD COMPONENTS DUE TO VARIOUS HEAT
*GAINS {(BTU/HR)')
250 FORMAT( 10X ¢'TINE' oEXs* INSTANT? 45X ,* LIGHTS ON CFF ' 45X, *SURFACES*
* ,5Xs "PECPLEEEQUIP Y, 5Xy "WINDIWS UNSH 47X, *TOTAL ")
260 FORMAT{ 10X ,14 ,SE134,E180e4)
270 FORMAT( 48X, 'TOTAL COCLING/HZATING LOAD (BTU/HR)')
280 FORMAT{ 1J0X ¢* TINME? 45X 0B TEMP ¢,3X+*WB TEMP?,3X, 'HUM DIF1410X,
S'SENSIBLE® ¢ 12X, "LATENT? ,1SXe* TOTAL?)
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CARD
0109
0110
o1l
o112
9113
o114
0115
0tr €
0117
0118

ot19-

0120
0121
0122
0123
0124
o12¢
0126
o127
0128
9129
0130
0131
Q132
0133
0134
0135
013¢€
0137
o138
01365
0140
0141
0142
0143
vilaa
014f
0146
0147
0148
0145
0150
0151
0182
0153
0154
0155
0156
0157
0i5¢&
0159
0160
olétl
0162
0163

000000000111111111122222222223333333333444444444455555555556566666566677777777778
123456789012345578901234567890123456789012345678601234567890123455783012345678%90

250 FORMAT( 10X9eI442F10s1eF130693E20e32
‘300 FORMAT{10X, '"THE TOTAL LOAD F33 THE WHOLE DAY*,[15,* OF MONTH? 1S,
$//7+ 10X s *COOLING=" 4E1 2e5+2Xe "HEATING=*3E1205+5X s *ROOM TEMP=*,FSel)

C

C

C HOUSE INDEX

C

C IHOUSE =1 (EAST HOUSE)

C IHOUSE =2 (NIDDLE HCUSE)
C IHDUSE=3 (WEST HOUSE)

C

C

READ{S, IN>T)
RTD=574 29578
MONTHI=MONTHS
MONTH=MCNTHS
ITIN=S
10T=6
INI T=0
MC =2
NWAR=6
IFLAGD =0
XLF=0s0
_XKT = 00
XLAY=36e0
STLONG=900
ACLCNG=9740
PB=1446%6
DLONG=( ST.ONG=ACLONG }/154 0
REAC{ IHGUSE s NAM1 )
IF{INWRIT.LEeO) GC TC 310
WRITEL(IOT.30)
WRITE{ICTsNAMNL)
310 MDAY=1
NCHECK=G6*{ 1+¢MDA Y2~-MDAY1)
1F (MDAY1 eEQel19) GU TGO 320 B
KDAY=MDAYI—1 .
D0 2131 1=1,18000
READ{ 4 )2)MDAY ¢MHFE ¢MI N
2 FORMAT{EXy [ 2+ 6Xs 12:36Xel24//7/77)
IF{MDAY ¢ GT « MEAY1 ) .GO TO 919
IF{MDAYeEQn KDAY « ANDs MHR2 EQe 230 ANDe MINeEQe45) GO TO 320
3131 CONTINUE
32¢ XLATR=XLAT/RTD
20 3830 NS=1,NAR
WRL=Je0
WRW=0e 0
AD=0a 0
AW=0e9d
P3I=0e0
EPSILN=90.0
HI=1446
ROG=0e2
ALPHWR=0e8
EPSWR=049%
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0000000001111 1111112222222222333333333344444444445E555E5555666666666677777777778
12345678901234567890123456789012345578901234567890123456789012345678901234567890

CARD

01€4 SCG=0e0

016€ UwWRA =040

0166 UW=0e0

o167 UD =0e 0

o1¢é¢ DO 342 I=1.7

9169 BT {I)=0e0

0170 DT(I)=0e0

0171 342 CONTINUE

0172 REAC{IHOQUSE ,NAM2)

0172 UWR T=UWRA

0174 READ{ IHOUSE yNAM3)

017¢ IF{INWRITeLEeO) GO TC 344
Q176 WRITE(IOT.20)

0177 WRITE{ IOTyNAM2)

o178 WRITE({IGT.20)

0176 WRITEC(IOT,NAN3)

0180 344 ZWRL{NS) = WRL

o181 ZWREW{NS) = WwRWw

o182 ZADINS) = AD

2183 ZAW{NS) = AW

o184 ZEPRINS) = EFSILN/RTD
0185 ZPSIR(NS) = PSI/RTD
o8¢ ZROG{(NS!) = KOG

o187 ZALP(NS) = ALFHWF

o188 ZEPSWR{NS) = EPSWR

0189 ZSCGI(NS) = SCG6

9190 ZUWRAINS) = ULWRA

0191 ZUW{NS) = UW

0192 ZUD{(NS) = UD

0193 ZORNT{NS) = ORIENT

0194 ZAWR{NS) = (WRL *WRW)}=AD-AW
019% XKT=XKT¢(ZARRINS)I*UNRAY+ {AD*JO) +( AwkuUw }
0196 UF = UWRA/Z/JWRT

0167 ZCNS{NS) =00

0168 DC 346 [=1.7

019% ZBT (NS, 1)=BT{ 1)%UR

0200 . ZDTINS»12=DT( D) .
Q0201 ZCKRSINS)I=ZCNSINS)+ZB TINS, 1)
1202 346 CONTINVE

0202 ZDTI(NS»1)=0s0

0z04 340 CONTINUE

0205 XKT=XKT/X.F

0206 FCi=1le 0={0e 01 Gk XKT)
0207 FC2=100-{0s Q1ExXKT)
o208 FC3=100-{0e022%XKT)
0209 FC4=1e0={0s 02E%XKT)
02190 I={4%MC)-3

o211 13=[+3

0z12 1J9=1

Q213 DO 399 J=I,123

0z14 SGV{I J)=SGV { J)*F (L

0215 CWRV{IJI=CWRVI{JI*FC2
0216 HGLV{TJ)I=HGLV {J ) *FC3
9z17 HGEPRV( I1J) =HGEPRV(J} *FC4

o218 RTFW(IJI=RTFWlI



0000000001111 111111222222222233333333334444344444455E55555555666666656677777777778
1234567890123455789012345676890123456789012345678501234567890123456786901234567850

CARD
0219 1d=1J+1

0220 350 CONTINUE

oza1 IF(MDAY1leLTe1) WNDAY1=1

0222 IF(MDAY2eLEe0) IFLAGC=1 .
0223 IF{V¥DAY1eEUQe1 eANCeMDAY2eEQel) MONTH23MONTF1
0z24 IF (MDAY2s_Tel) MDAY2=}

0225 IF {MDAY1oeNEeMLAY2) MCNTH2=MINTHI
V226 IF(IFLAGDs£Qs1) MDAY2=32

0227 IF(MONTH2eLToMONTH1) MONTH2=4ONTH1
oz2e DO 400 NONTH=MONTHL ¢ MCNT H2

0229 INIHX=0

J230 NPN=0

0231 NPD =0

0232 CFMN=040

0233 CFMD=040

0234 . WFLN=0e 0

0235 QFLD=040

0236 QTLN=0e0

0237 QT LD=0e 0

0238 OFST=840

0239 OFCT=1740

0z40 IENERG=0

0241 READ{SyNAv4)

0242 READ{ Sy NAMS }

0243 READ( 5¢NAMG)

0244 IF{INWRITeLEeO) €O TO 413

0248 WRITE(ICT,20)

0246 WRITE(IOT,NAMA)

0247 410 WRITE{IOT,30)

0z4€ WRITE(ICT,40)

0249 WP ITE( IOT+50)

0250 C 405 NS=1 4AWAR

0z51 ZCNSTINSI=ZCNSINSI*TRCCM

0252 405 COCNTINUE .

0253 NDOMM=NDYM{ MCNTH+1)=NDYM{MONTH)
0254 IF{MDAY2¢GT oNDMM ) MDAY2=NDOMU
0255 DO 420 IDAYM=MOAY1,MLAY2

Nzs5€ NKOLNT=0

0257 1DAY1=0

0258 IDAYY=NDYM{ NCATH J+IDAYM=~1

0259 00 430 NH=2%,48

0260 I=At=24

02€1 1 T08=0

0262 IRHO=0

0263 IRHI=)

Vzea FLUX=0

0265 IWV =0

0266 ITUSE=d

0267 ICRES=0

0268 IWHTR=0

0269 IHSF=0

0z70 DO 431 1J1=1.4

0271 NKOUNT=NKIUNT +1

0272 READ{4+1) MDAY,KTOUT s KRHC ¢4KRHE s KRHWs KRHM s KFLUXKETI T4 KWTO T KMTOT,

0273 EXKWV JKERES ¢y KEWHT g KEHSH)KECCMIKEFANSKEOF A g KWRES s KWWHT s KWHSHsKWCOM



000C000001111111112122222222223333333333444444484804555555555566666606666777777277778
12345678901234567850123456789012345578901234567390123456789012345578901234567850

CARD
0274 EKWFAN JKMRES ¢ KEWHT s KMHSHy KMCCMy K MF AN

0275 L FORMAT(SXsI2,19XI5:4EXe/423Xs5(3XeI4} 97 s7Xs
3276 E3(8Xe1G)0020XeI4s/03Xs1842{4X014)98Xe 3 AXe14) o/7e7Xs5(8Xs148)07/,
0277 €23X45({4X414))

oz78 I1TOB= 1 TDB+K TALT

0279 INV=IWV +KaV

0280 IRHC=IRHC+K RHC

0281 IF{KFLUXe-E ol ) KFLUX=Q

02€2 FLUX=FLUX+K FL UX

0283 IF(MDAY «GTo IDAYMeAND s NKCUNTLT296) GG TO 939
0284 IF (IHOUSEe GTe 1) GO TO 301

0285 IRHI=IRHI+KFFE

0286 ITUSE =1 TUSE +KETGQT

0287 ICRES=ICRES +KERES+KE CCM

0288 IWHTR=] WHTR+KEWHT

0289 IHSF= [HSF+K EHSH+KEFA N+KE OFA

0290 801 IF{IHOUSEsNEes2) GO TO 802

0z61 IRHI=IRHI +KRH M

nz92 ITUSE= ITUSE 4KMTOT

0253 ICRES=ICRES #KNMRES +KMCCM

0294 IWHTR =I WHTR ¢ KMWH T

0295 IHSF=IHSF+KMHSH+KMFAN

0296 802 IF(IHCUSEsLTa3) GO TO 431

02s7 IRHISIRhI+KRH»

0298 ITUSE=ITUSE+KWTOT

0z99 ICRES=ICRES¢KRRE S+KWCCM

0200 IWHTR= IWHTR +K WWHT

0301 IHSF=IHSF+KWHSH

0202 421 CONTINUE

0303 IF{IHTGeEQa 1) GO TO €37

0304 QOUTHS {1 )=3441215%(24 4 0% I TUSE=0 ¢ 72 % [CRES=0¢9* IWHT R—0 ¢ 24% I[HSF)
030€ €37 WV(I)=Inwv/ae )

0306 HO{1)1=2e2+wV{T)#%{0e3240+s0012WV{1))

0367 ATOB(1)={ITOB/440)%0a18+32,0

0208 QHOL 11= IRHD /4 004 0

0306 EF{RHC{1)aGTole0) RHRO{I)=IRHO/ 400040

0210 IF(RHO(I)sGTale0) RAC(I) =140

0311 RHI{1)=IRHI/40040

0312 IF{RHI{1)eGTele0) RHI{I)=IRHIZ/ 400040

0213 IF(RAI{I1sGTal1a0) RHI(I}=140

0314 SOLH{I)=0e2E*FLUX/ 2475458

0218 DATR{I) =ATDE({ )= TRCOM

0316 CALL XMOIST{ATDE(I)sATWI{ 1) eR4ULI) 924PBrHAIRIWSAT ¢WAIPC, TWALL?
0317 CALL AMOIST(TROOM ATWEI(L)},RHIL 1) s2, P3 sHAIR, WSAT oWA IR I+ TWALL )
0z18 DW(I)=WAIRO=%AI RI

0z19 QSSWR{NEI=) 0

0320 QSSW{NH)=040

0321 430 CONTINUE

0322 DO 440 NS=1¢NWAR

0323 EPR=ZEPR{NS)

0324 PSIR=ZPSIR(NS)

0325 CALL SOLARIICAYY)

0326 DC 450 IH=25,48

0327 1=1H-24

0328 QEW{I)=0ed
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CARD

0329 ZHO{NS, I)=HO( 1)

2330 ’ ZHIINS 1) =H1

0331 ZXNIONS +I) =HI/(HI#HO (1))

0332 IF{ZAW{NS)elEade0) GO TO 452

0333 ALPAD=ALPAJ (1)

0233 TAUD=TAUJ( 1)

0335 DUM=1e0

022¢ DO 454 J=2.NAT

0337 DUM=DUM*CT{ 1)

0338 ALPAD=ALPAD+ (ALPAJ{J)*DUM)

0239 TAUD=TAUD+( TAUJ( J)%DUW)

0340 454 CONTINUE

0341 SALPA J=0e2

0ZzZ42 STAUJ=0.0

0343 00 456 J=1. NAT

0344 XJ=1le 0/{ J+1)

0345 SALPAJ=SALPAJ+{ALPAI( J)IxXI)

034¢ STAUJ= STAUJH{TAUJLJI)IXJ)

0347 45¢ CONTINUE

0348 SHGTC=(XID{ 1}3*TAUD I+ {XIDHV{I) *2¢ 0% STAUD)
Q249 SHGAC={XID{ 1) *¥ALFAD) +{XIDH {[) %24 0%¥SA_PAJ)
0350 ALPAW=0.0

0351 IF{SHGACaLEeD a0 sOReX IT{ 1)elLEeDded) GO TO acte
0352 ALPAW=SHGAC/XIT(1)

0283 456 EMEW=ALPAW

0354 SHGF({I) = SHGTYC#ZXNI(AS, I)*SHGAC

0355 QEW(I) = ZAW(AS)*(ZUW(NS)*DATR(I)+ZSCG{NS)I*SHGF{I )}
0356 C

0357 C SOL—~AIR TEMFEFRATULRE CALCULATIONS

0258 C

2359 TSWLI)=ATOB LI+ {ALPAW X IT (I )/ ZHO{NSs I} )= (EMEW®204 O%CE/ZHUINS. 1))
0360 452 TSWRINS o IH) =ATOB{L I+ { 2ALP(NSI*X IT(LI/ZHOINS, [} )= (ZEPSWR(NS)*20.0%
0361 SCE/ZHO (NS 1))

03&2 450 CONTINUE

02€3 IF(INIT«GTe 0) GC TO 430

0364 NG 4990 I=1,24

0365 IH=1+24 .

0Z26¢€ QEWR(NSs1)} = ZUWRPAINSI*{ TSWR{NS+IH)~TRCCM)
I367 TSWRINSs I} = TSWRINS,IH) ’

0368 490 CONTINUE
0369 480 D0 £00 K=25.48

0370 QEWRT=ZET{NS, 1) *¥TSWR {NSsK)

0371 DG 502 J=2,7

0372 JJ = Kel=d

0373 QEWRT = (ZBT(NS+JI*TSWRINS»JJI) ) ~(ZOT {NSs J) *QEWRINSs JJ ) ) +QEWIT
0374 S02 CONTINUE

0375 QEWR{NS+K) = CEWFT=ZCNST{NS)

0376 500 CONTINUE

0377 00 S10 [=1,24%

0378 IH=1+24

0276 QEWRINSsI) = ZAWE{NS)*QEWRINS,IH)

0330 QEC(II=ZAD{ NS JEZUDINSI*{ TSWR{NS s I H) =T COM)
0ozs1 QSWR{IV=CEWR{NS » 1)¢QEC{ I} +QEN( 1)

vze2 QSSWR(IH) = CSSWR{IH)I+QSwR(I)

02383 TSWRINSs [I=TSBWR{ ASsTH)
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S10

530
£20

$35

$38

545

550

CONTINUE :
IF{ZAN{NS)eLE2000e0e2SCG{NS)eL Tede9) GO 10 S20
NSCG=1

00 €30 I=1,24

IH=1+24

QAQSSK(IH) = GSSwW(IH)I+CEW(I)

CONTINUVE

IF{NPRTeLTe4) GC TO €45

WRITE(IQOT,20)

IF (ZALP{NS ) oLEe040) GO TO 5335
WRITE(ICT.80) ZCRNT(NS)

WOITE(IOT970) L{I+XIT{IDsI=Ns2443)sN=1,23)
WRITE(IOT.10)

WRITE(IQGT,90) ZCRNT(NS)

wRITE(IOT,70) ({IsTSWRINSsI)s I=N»26¢3)9yN=1,3)
IF(ZAW{NS) e LEeOWO) GC TG S33

WR ITE({ 10T, 20)

WRITE(ICTs100) ZGRNT (NS)

WRITE(IGT.70) (I sSHCGF (1) s1=Ne24+3) ¢N=1,3)
WRITE(1QT,20)

WRITE{ICT+110) ZCRNT (AS)

WRITE(IOT,70) (CIaTSWII)sI=Ns289339N=1,3)
WRITE(ICT,20)

WRITE{IOT»120) 2CRNTINS) » ZAWRINS )
WRITE{IOTs1230) ({IsQEWRINSsI)oI=Ne2493)eN=143)
IF{ZAW(NS)eLEeDe0O) GC TD 540

WRITE(ICTY,20)

WRITE(IOTs150) ZORNTI{NS),ZAW(NS)
WRITE{IOT,130) (LI +CEWIT) s I=Ns2493)sN=1,3)
IF(ZAD{NS)eLEQe Q) GC TO £43

WRITE{10T,20)

WRITE{IOT,160) - ZCRNTINS) »ZADINS)
WEFITE(IOT,130) ((I1+sQEDI{I)eI=N244¢3) sN=1,3)
U0 S350 I=1.24

IH=1+24

QEWRINS, I)=QEW{NSsIH)

CONTINUE

CONTINUE

CALCULATION OF HEAT GAIN DUE TG PEOPLE, LIGHTS, OTHER EQUIPMENT,

VENTILATION AN INILTRATICN

DO 600 I=1,24
IH=I+24

X1=1

CIVL=4840s0%DW{ 1)

CFNzCF MN

XNP=NPN

QOTS=QOTSN

QOTL=QOTLN

QFLE=QFLN

QTLE=QGTLN

IF(IHTGEQe 1) GC TO 647
IF(XI1eGTeIFST eANCe XI o LE«OFCT) GD TO €47
QOTHS{1)=0e 95%QCTHS( I)
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QOTHL{1)=0e 10%Q0OIHS( 1)
€47 IF(X1eLEeIFSTe OReXI eGTe OFCT) GO TO 610
C
C OFFI1CE HQURS
C
CFM=CFMD
XNP =NPD
QFLE=QFLOD
QTLE=QTLO
Q0¥S=Q0TSD
QOTL=QOTLD
IF{IHTGeEQe 1) GC TYC 610
QOTHS{(1 )=0e S*QOTHS( )
QOTHL{1)=0e10%Q0THS({ I}

CFF OFFICE HOURS

onon

10 QFLS{IH)=4055.6%CFLE
QTLS( 1)=3413«0%QTLE
GPPS{1)=250e0#XNF
QPPLII1)=200e O%XNF
IF{IHTGeNEe 1) GO TO €74
QOTHS(1)=Q0TS
QOTHL( I)=30 7L
674 QIVS{I)=CFM*] 08 *DATR(I)
QI VLII) =CFM*xCIVL
Q30(11=QIVLITI+QPPL( 1)+QQTHL(I)
G31{I1)=QTLS(I)+QIVS{I)+{0a5%QPPS{1})+QOTHKS{1)
Q3A(IH) =0 5*GFPS (1)
Q@35{1) = Q31 {N)+CFLS(IH)+CSSHR{IH)+Q34{IH)
600 CONTINUE
[
C SENSIBLE CCOLING LCAD DUE TO UNSHADEDL w INDOWS
¢ .
IF{INIT«GT40) GC TO €29
00 €30 I=1.24
IH=1+24
QFLS{1)=QFLS{IH)
QSSWRIII=QSSuRIIM)
QSSW( 1)=05SW( IH)
Q34 {1)=Q3¢{IK)
QSFW( 1) =2SSu(1H)
Q37 L{I1)=QAFLS{ Ik}
Q38({1)=CSSWRI{IH)
Q39 1)=Q24L IK)
QSFW(IH)=)e0
€30 CONTINUE
620 IF{ NSCGeNEsl) GO TO 5490
00 650 1=25,.,48
QSSWR{I ) =QSSWR(I)=~QSSW(I)
€50 CCATINUVE
D0 660 K=25,48
QSFWT = SGV{131*QSSw{K)
0D 655 JU=24,4
JJd = Kel=y
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€55

660
C
C
C
649

680

€70

700

710

C

QSFUT = QSFRT+SGVIJ)*CSSW(JJI=RTFWI(J)I®CSFW (L)
CONTINUE

QSFWIK) = QSFWT

CONTINLE

SENSIBLE COULING LOAD DUE TG L IGHTSsSURFACES.AND FADSFRACe OF PEOPLE

DO 670 K=25,48

GFWRT=CWRV {1 )*QSSWR{K)

QFFLT=HGLV( 1) *QFLS(K)

QF34T=HGEPRV { 1} #G34(K )

D0 680 J=244

JI=KE 1=

QFFLT = GFFLT4HGLV (J )#AFLS{JJI=RTFW{ J) #Q37{JJ)
QF WRT =QF WRT+CWRV(J)* CSSWR(JJ)-RTFw(JI*Q38(JJ)
QF 34T=0F 34 T+HGEPRV({ J 1 20 34{ JUI-RTFW{J )% Q35 JJ}
CONTINUE

Q37(K) = QFFLY

038(K) = 2FWRT

039{K) = QF347¥

CONTINUE

DO 730 I=1, 24

IH=1+24

QSSH(I)=aSSW(IH)

QSSWR{I )=QSSWR{IH)

Q37{1)=Q37{1r)

Q38(1)=038{ [H)

Q39(E1=G39( 1F)

QSFW(1)=QSF wlIH)

QFLS{ 1)=QFL St IH)

Q34 ({11=033¢ IF)

CONTINUE

GTOTFC=0e2

ATOTFH=0e0

DO 710 I=1,28

QTSHL LI }=QSFW(I)+Q37 (11+G38{ ) +Q39{1)¢Q3L( 1)
QTOTAL( I)=QTSHLOI)+Q30(1)
IF{QTOTAL{ 1 )eGV e 0a0) QTOTFC=QTOTFC+QTOTALII)
IF{QTOTAL{I )eLTe0e0) ATOTFH=QTOTFH+¢QTOTALL L}
CONTINUE

QTOTFH==GTOTFp

IF{NPRTeLEe 1) GO TO E0O

IF(NPRT4LEe2) GC TO 810

WR ITE INSTANTANEOUS SENSIBLE HEAT GAINS

WRITE(ICT,30)

WRITE(6,180)

WRITE{6.+50)

WRITE(6+190)

WRITE{(6+20)

DO 820 1I=1 .24

WRITE(6+2)0) I+QFLS{ 1) QTLSII}+GPPS{1) sQOTHS{ 1) ¢QIVSII) sQSSWRIID
*Q35(1)

WRITE(6,10)°
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820 CONT INVE
c
C WRITE LATENT HEAT GAINS
C
WRITE{6430)
WRITE{ 65210
WR1TE{6450)
WRITE(69220)
WRITE(6420)
0O 830 I=1,24
WRITE(6+230) 1,QPPLL{T1¢QOTHLLI ) oGIVL{E)»Q30(1)
WRITE{6+10)
830 CONTI NUE
C
C WRITE SENSIBLE CCOLING LGAD DUE TO VARICUS FEAT GAINS
c :
WRITE{6+30)
‘WRITE(64240)
WRITE{(6+50)
WRITE(IGT ,250)
WRITE(6,20)
DO 840 I=1,24
WRITE{€+250) 1,031CL)+Q37(1)»G33Ci)eQ39(1),QSFW(I)eQTSHL(I)
WRITE(6,10)
840 CONTINUE
8610  CONTINUE
WF ITE(69300
WRITEL6 4270 )
WRITE(6 +50)
WO ITE(64230)
WRITE(6,20)
DO 850 I=1.,24
WRITE{6+250) I, ATOB{I)s ATWB{I)+OwW{ I)QTSHL{I),Q30{I) ,CTOTAL(I)
WRITE(6,10)
850 CONTINUE
WRITE(6420)
WRITE(6,300) IDAYMyMCATHS ,GTOTFC,QTOTFHe TRCCM
WRITE(IOT, 30)
800  CUNTINUE
IF(NHTXeEQe 1) CALL HEATX
INIT=1
INIHX =1
WRITE(64+30)
IF(FRNT ¢EQe0) GO TO 420
WRITE{8+900) (QTCTAL{I) 121 42%)
900 FOPMAT({4{E20e5))
420 CONTINUE
400  CONTINUE
GO TO 959
19 WRITE(64929) :
929 FORMAT( /77779 2C10Xs72( %) /)41 0XeS{* % ) 362 Xs5{ "% %),/ 10Xe5(* %),
£ES5Xe 'OATA FOR THE SPECIFIED SIMULATION PERICD ARE MISSING! ¢+S5Xe5('%*
€1) 979 10XeS{TXT) 462X sS{ %) 3/ 420 10X s72( " %' )1/))
GO TO $5%
$36 MISS=97=NKOUNT
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$4s

$5S

*
*
*
*

aEaNeNaNaNaNals!

20
10

WRITE{6+9849 ) MISSs IDAYM,MONTH

FORMAT(//777 4201 0Xs70( %) /) 913X s3(" *% ) 960X sS(?%? )y /74 1IX9S('%%),y35
€Xy 'OF THE S IMULATION PERIOD S2ECIFIEDe *920XsS{?%*),/310XsS5{*%) ,5
EXoI542X s {15=MINUTE) CATA INTERVALS® 322X ,S{ %% )e/¢10X,S('%) 45X,
EARE MISSING FCR DAY® yI542Xs?0OF MONTH' g IS o1 EXsS5{ %) /910X ¢5{ %),
EOOXsS{ %)y /9 10XyS{"%?),EX, 'CHOOSE .ANJD THER SIMULATION PERIOD' +22X
EaS(' 1) 4/510X 350" ) 460X s5( %% ) o/ e2{10Xe70(*%x")/))

STOP

END

ERRRRTLAERRRER R KRG KR AR RR R R KRR KR R EER KR PR E R R Rk Rk kR Kk kR k Rk

*
SUBROUTINSE SCLAR CCNVERTS RADIATIUN FALLING CN HCRZONTAL *
SURFACE T) THAT ON AN INCLINZI) SURFACEe *
*

ER I I S RIS R R R R I R E R R R R R RS2 RS R RS R R RS R R L LR L L L

SUBROUTINE SCLAR (ICAY)

COMMON/SOUL1/ ATDE(24) 4SCLH(28) »XID(24) oX IDFV {24 )4XIT(2¢)
CCMMCN/SOL 2/ XLATR, EPRyPSIRsD.ONG, IDAY 1
CCMMON/SGL3/ SH{24), CH(24)4CZ{24) +CT (28)4+CE,RTD
DIMENSION SID{ 24),SIDHV(24)

5C=42942

IF(IDAY+EQs IDAY1) GC TC 10

ODAY=IDAY
IF(DAYeLTa100e)ECTIME==50~9¢%5 IN( {2¢ ¥DAY=14)/RTD)
IF(DAYeGEe 1 00es ANDeDAYe LEe2842+ JEQTIME=~14+5¢*SIN((DAY=100e)/ .
£{e3S5*%RTD))

IF(DAYe GTe 2424 )ECTIME=-205+13e6%5 IN( (DAY =242 )/(s685%RTD))
STC={EQTIME /600 0 ) +DLONG
D={23¢45/RTCI#SIN({{ ICAY=80e)/ 3706 )% 360e /RTD )
SD=SIN(D)

CD=COS(D)

SL=SIN{XLATR)

CL=CGS{XLATR)

CZT=SD*SL

coL=CD*CL

00 20 I=1,24

STLTIM=STC+I

H=3e1416~(0s26184STLTIM)

SH{I)=S IN{H)

CH(I)=CCS{H)

CZ(I)=CZT+(COL*CH(E)) -

IF{CZ(I)eLT ¢0405) CZ{I)=0a05

XKX=SOLH(I) /{SC*CZL1))

IF (XK XeGTe 0e7E) XKX=0e75
PATIO=0e5%{1e0+CCS{XKX*3o14153))
SIDHV( 1 )=RA TI CESCLHI{I)

SID(I)1=SOLH{ 1 )=SIDHV{ 1)

CONTINUE

SE =SIN{EPR)

CE=COS(EPR)

SP=SIN{FSIR)

CP=COS(PSIR)

CTT=SD*(SL*CE=CL*SE*CF)
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0€60
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0L68
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0€72
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0674
0€75
067¢€
0€77
0€7E
0679
' 0€80
[X3:3
9682
0€83
0€84
9685
0686
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0€BS
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0€91
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0€S4 |

0€SS
0696
0657
0698
0699
0700
0701
9702
0703
0704
0705
070¢
0707
0708
0709
0710
0711
0712
0713
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DO 30 I=1. 24

CY{11=0e0

XIT(I1)=0e0

XID(I)=0:,0

XIDHV{ 1)=0e0

IF (SOLH{I) e LEeD 0} ¢C TO 30
CT(II=CTT#{CH(I)*CD) *((CL*CE)+(SL®SE*CP} ) +{CI*SE*SP*xSH{ I}
IF{CT(TI1elT 00eQ) CT{I)=060
RB=CT{II/C2Z2(1)

IF{RBeGTe54 0) R8=1e0
XIDHVITII=SIOFVI{I)#0e5S#{10+CE)
XID(I)=SID{ I)%*RB
XIT{I)=XID{ 1) +XIDHV{ 1)

30 CONTINUE
IDA YL =IDAY
RETURN
END

c

[4

c

CREIFRXEXFRRREEITE IR BRI ERRREFRRSRERES R TR A RE KRS AR SR FRR R SR K R AR R F R kR E R KKK

Corak #ok ek ok ok ik K R ok o ok ok koK Kok kK Ok K K kR FOK N R K ok oKk Rk dokoOk kb ok ok kR X Rk kR K

¢ .
SUBROUTINE XMGIST(TDEsTWBsRHs INDICPATMyHAIR ¢WSAT sWATIRe TWALL)

PURPOSE
TO DETERMINE THE- ENTHALDY, SATUWRATION MOISTURE CONTENT,
AND ACTUAL MOISTURE CONTENT CF MOIST AIR, AND ALSO, THE
NECESSARY WwALL TEMPERATURE TO INDUCE MCISTURE REMOV AL,
GIVEN CRY BULB TEMPERATJRE AND EITHER WET BU.B TEIMPERATURE
OR RELATIVE HUMIDITY,
(NOTE : THIS PRCGRAM ESSENTIALLY REPRODUCES PSYCHROGMETRIC
CHART CATA) ‘

DESCRI?T ION OF PARAMETEFS

INPUT
708 - DORY BLLB TEMPERATURE (F)
Twe - WET BLLB TEM2ERATURE (F)
RH - FRELATIVE HUMIDITY

INDIC = INPUT INDICATOR
=1s INPUTS ARE TUBs AND TwB
=24 INPLTS ARE TDBs AND Rk
PATM - ATMOSPHERIC PRESSURE (PSIA)

ouTPUT

HAIR - ENTHALPY OF MOIST AIR {(BTU/LBM DRY AIR)

WSAT - SATURATICN HUMIDITY {LBM WATER/LBM DRY AIR)
CORRESFONDIANG TO THE EXISTING WET BULB TEMP.

WAIR = ACTUAL HUMIOITY {LBM WATER/LBM DRY AIR)
CORRESPONDING TO THE GIVEN DRY BULB TEMPes
PRESes AND RELe HUMIDITY OR WET BULB TEMPe

TWALL = SATURATION OR DEw POINT TEMPERATURE (F)
CORRESPCNDING TO THE GIVEN TCBe PATM, AND TwB, OR

AN ANANOCOADDNANONDAND
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noon

s X aXNaXal

[a ¥ aNaNs]

1

45

(3]

€S

70
80

1=1
IFUINDICeNZ 01 )6C TG 30
T=Tw8

DETERMINING SATURATICN PARTIAL PRESSURE *PS!' (PSIA)
OF WATER VAPQR AT TFHE GIVEN TEMPERA TURE
T1=273e 16/{{{T=3260)/1e8)42730156)
Al==B8426692*({16C/T1)=1e0)
A2=4476555% (1 0~T1)
A3=10e76586%(1¢0=T1) +5,02808%ALUG10(T1 )+1+50873E=03%(1e0-1Ja%%A1)
C+0e428T73E~03%{( 10s0%*A2)=140)~2¢2156
PS={10e0%*%A3) #14,696
W=12004%18¢01%PE/{(234567% (PATM=PS))
IF{KeNEsQ) GO TC S0
IF(INDICeEQe2) GC YO 40
IF(I«NEs1) GO TO 20
I=2
wSAT=w
WAIR=wSAT-0e000236%{ TDB=T)
HAIR=0e24%( TWEB=32+0) +WSAT#{1000e9+0e 434*TWB)
P=PATM/(16004¥18+01/7(28+967%WALIRI}I*+1e0)
T=71T08
GC TO 10

- FINDING THE CCRRESPONDING RELATIVE HUMIDITYY, GIVIN
THE WET 8LLB TEMPERATURE

RH=P/PS

GO 70 90

T=TD8

GO TO 10

P=RH*PS

WA IR=RH¥w*{ PATM~FS)/ (PATM=P)

FINDINS THE CCRRESFCNOING WET BULE TEMPERATURE, GIVEN
THE RE.ATIVE HUMIDITY

DT=~1040

T=T+07

K=K+1

IF(KeGT«30)G0O TO 70

GO TO 19

WS =W—0e 00023E¥{T10B~T)

[F{ABS{ wS~WAIR1eLEe0+00005) 32 TO 80
IF{WS=WwAIR) 60,80,65

T=T-DT

OT=DT/240

CONTINUE

GO T0 A4S

WRITE(64100)

TwB=T

WSAT=w
HAIR=0924%TDB +WA IR¥{ 10600 39+0s 444%TDB)

DETERMINING THE SATURATICN OR OEw PCINT TEMPe 'TWALL®



CARD
0765
0770
07714
0772
Q773
0774
Q775
0776
0277
0778
0779
Q9780
9781
0782
0783
0784
078¢€
0766
0787
ovee
0789
0790
0791
0792
0793
0754
9795
0796
07$7
0798
078s
0800
0801
Q€02
0803
0£04

0805

0806
0€07
0808
0809
og1o0
0811
0El2
o813
0814
0El1sS
0El€e
0817
[ X-D -}
0819
0€E20
0821
0822
0E23

Q0000000011111111112222222222333333333344444434445558555555656666656677777777778
12345678901234567B901234567E9012345678901234567850123456789012345578901234567890

C CORRESPONDING TO THE GIVEN PRESSUREs CRY BULB TEMPERATURE,
C AND RELATIVE HUMIDITY OR WY 8uULtB TEMP,
C

SO0 IF(PelLE«0sQ1EE) THALL=2(P=-0.,0185)/70+00077
IF{PeGTele018E) TWALL={P~0s 0185)/0,00124
IF(PeGTe0s0309) TWALL={P=0,01131/00019%0
IF(PaGTa0s050%) TWALL=(P#0,0129)/0.00317
IF{PeGT eDa0EBES) TWALL=(P#000441)/0004145
[F{PeGTa021217) TWALL=(P#0410394)/04005641
IF{PaGTe0s17E11) TRALL={P+0s21284) /04007816
IF (PeGTe0e2563) TWALL={P+043345)/70,01068"
IF{PsGYe0+3EEL) TWALL=(P+0+6435)/70,01438
IF{PeGT e0e5069) TWALL={P41,0235)/0.01913
IF{PeaGTe0s6982) TWALL={P+1+5208)/040251
100 FORMAT( ' *%%*%¥ [ TERATION IN XMOIST DCES NOT CCNVEFGE')
RETURN
END
C
< .
CHRExrbxdkbkkdkx SUBROUTINE FEATX COMPUTES THE FEAT EXTRACT ION RATES
c .
C
SUBROUTINE HEATX
C
COMMON/BLOCKLI/ZIINSJIOTsMCoNPRT s INWRIT 4y TROOMyOFST,O0FC T4 CFMD o XK Ty XLF
& INIT oINHXs NONTH , IDAYM
COMMON/BLICKZ/QTCTAL{ 24) o PRNTy IHOUSE
DIMENSICN G{a)sP a),y2G{12)s2P(12)
DIMENSICN XI(24),QTOT(A3) 4ER(88),+7T(48)
NAMELIST/NAMZ/ERNMAX, ERMINJFLAREA, THRANG
& /NAMB/THEETOD s THSETNoTHT IMD T HT INN
. DATA ZGII-73D-3¢-02022,‘0.45.1:88;‘4.22-3.030‘0-74.1089|-4.53|3061
& 9~0 e85/
DATA ZP/1e00+=1 08260 4100697 +=0e2005+1e0001=2e1092+1 24606.,~0,3331,
& 160009~ 222508y le 7252+-0e 4277/
10 FORMAT{IX )
20 FGRMAT( /)
30 FORMAT{ S1X+21{%%%),/7)
35S FORMAT (52X s "HEAT EXTRACTION RATES {(BTU/HR) ')
36 FURMAT{S52Xs "HEAT ADDITION RATES (BTWHR)*)
40 FORMAT ({ 3{ 2X,8{SXs 12 +2XsF3el )s/)}
S0 FORMAT(SX,* RCCM AIR TEMPERATURES 1-24 HRS!' ,SXs*THERMOSTAT SETTING?
EoFSelsI1Xe?F ¥y 1Xp AT 3FQ00e'HIS® 93XeF Se Lol Xs?'F? el Xe' AT 4 F4e045"HRS®)
€0 FORMAT(SX+? FEAT EXTRACTICMN RATES 1-24 HRS'95Xy 'ERMIN= '3, G13a 692X

& TERMAX =% yFGs 02X +"8TU/HOUR? )
€1 FORMAT{S5Xs ' REAT ADDITION RATES 1-24 HRS® +SXs'ERMIN=',G13¢ 692X
& TERMAX =" ¢y FOe 02X, 'BTU/HOQUR!)

70 FORMAT(3(4X4E{2Xs[2s 1XsFGe0)s/))
80 FORMAT{5X.*TOTAL CODLING LOAY PROVIJDED DURING THE 24 HRS =',E1l4e6

€ 1Xe®*BYIL/DAY?)

€1 FORMAT{EX, *TOTAL HEATING LOAD PRUVIDED DURING THE 24 HRS =t ,E1446
& 1Xs* BTU/DAY )

S0 FORMAT(SX,* TCTAL CCOLING LOAD FROM BEGINING (CF MONTH) TO TODAY ¢,
& t=0,E14e€r1Xy 'BTUY)

S1 FORMAT{SX.® TCTAL HEATING LOAD FROM BEGINING (OF MONTH) TO YODAY ¢,
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13

=P JE14e 601X ETUY)

100 FORMAT{SX, *MONTH=z ?,12,5Xs'DAY = ‘41 3s/)

210

218
205

220

IF(INIHXeGTo0) GC TO 200
IFLAGH=0

ERTOPC=0e0

ERTOPH=060

ERMIN=0+0

ERMAX=0 ¢J

FLAERA=0s0

THRANG= 2.0

IF(INITGT40) GG YO 205
1=4%MC-3

IP3=1+3

1J=1

DO z10 J=I,IF3

G{ 14)=2GLJ)

P{IJ)=ZF(J)

1J=1J+1

CONT INUE
SUMB=P{1)+P{2)+P{3)+F(4)
DO 21€ I=1,24
QTOT{1)=QTOTAL({ )
ER(I)=QTCTALC(I)

CONTINUE

CONTINVE

THSETD=TROONM

THSETN=TRIOM

THTIMN=0FCT
THTIMD=CFST~140
PEAD{ I INyNAMT )
READ(IIN,NANB )

ITIMD=THTI MD

ITIMN=T KT IMN

IFUINWRITe GEel) WRITE{IOT NAM7)
IF(INWRITsGEel) WRITE(IOYT(NAMS3)
IF{ERMAXeLTe0e0) IFLAGH=1
ID=THTI MD .
INSTHTIMN .
GC1)=(G(1)&FLARE A)+( ((XKT*XLF) +(CFMD*1 s08) )*SUMP)
G(21=G{ 2)*FLAREA
G{(31=G{3)¢FLAREA
G(41=G(4)%FLAREA
SUMG=G{1)1+G{2)+G(3)+C(4)
DO 220 I=1,24

T{I)=THSETN

IF{I1eGEeIDe ANDololTe IN) T(I)=THSETO
TOI424)=T( 1)

CONTINUE

ED=ERMAX—ERMIN

S=ED/THRANG

5=ABS{S)

WN=(ED/2e0) ~S*THSETN
WD=(ED/2e¢0 )=~ SH#THSETD
DUM=140/{S+G(1))

GT 1=G{ 11%OUM '

108



CARD
0879
o880
0€EB81
0882
0883
0EEQ
088s
0EEE
0E87
osss
oes9
0890
0891
08s2
0893
0894
0ESS
0896
08s7?7
0898
0899
0$00
0901
0502
0903
0904
0505
0%06
0s07
0908
0509
os1io
0os11
0s12
0613
0s14
06185
ostiée€
0917
osie
0s19
0520
0921
0s622
0523
0624
0925
0s26
0627
0928
082$
0$30
0931
0622
0933

000C000001111111111222222222233333333334444444444555555555566666666667777777777¢€
123456789012345678901224567E9012345678901234567850123456789012345678901234567890

200

300

320

325

215
310

3¢5

ST1=S#DUM

CONT INVE

DO 300 I=1+24%
QTOT{1+24)=QTOTAL( )

CONTINUE

KOUNT=1

11=25

IL=1D~1 +2%

wT=wN

DO 310 K=ileIL

XIT=0e0

DT 320 J=2,4%

JI=K+l=-J
XIT=XIT=G{JI*TCJIII+P{J)*CTCT(IJ )I=P(J I*¥ER{JIJ)
CONTINUE

KJ=K=24

XI(KJI)=XIT+ TRCOM#SUMG+P(1)*QTOT(K)
ER{KI={GTI*WT )+ (ST1¥XI{KJ))
IF(IFLAGHsE Ge1)GC TO 325
IF(ER(K)e.T oERMIN}) ER(K)I=EFRMIN
IF(ER(K)eGTeEFMAX) ER(K)=ERMAX
GO T0 315

IF{ER{K1eGT eEFMIN) ER(K)=ERMIN
IF(ER{K)eLT o EFMAX) ER{K)=ERMAX
T(K)=(XI(KJI=-ER(KI}/G(1)
CONTINVE

KOUNT=KOUNT+1

IT1=1L+#1

IL=IN+24

wWT=wD

IF {KOUNToEQe2) CC TO 330

IL=48

IF(KDUNTeEQe3) GO T3 240
ERTOTC=04)

ERTOTH=0.0

DO 350 I=1, 24

IP24=1+2%

QTOT(1)=QTOT(IP24)
ER(II=ER(I324)

T{I)=7{1IP24)

CONTINUE

IF{NPRTeEQe0) GO TO 3€0
IF{IFLAGHeEGel) GO TO 370

DO 365 I=1,24
ERTOTC=ERTOTC+ER(I)

CONTINUE

ERTOPC=ERTIPC+ERTOTC
WRITE{ICY,20)

WRITE(IQT,3€)

WRITE(IOT,30)

WRITE{IOT«100) MCNTH,IDAYM
WFITE(IOTe50) THSETD s THTIMD o TASETN sTHTIMN

- WRITE{IOT,10)

WRITE(IOT,40) ((LeTC(I),oI=092443)eN=143)
IF(PRNT+EQe0) GO TO 3761
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