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ABSTRACT

AN EVALUATION OF SESP AND F-CHART
METHODS OF SOLAR PERFORMANCE SIMULATION - «

Russell Edward Ohlin
Master of Science in Engineering

Youngstown State University, 1980

Two methods for simulation of load fractions
supplied by a liquid-type solar heating system for residen-
tial and/or industrial application are evaluated, SESP and
F-CHART. Test procedures designed to emphasize the versa-
tility, accuracy, and short comings of each method are
employed. The first test compares the methods at a chosen
standard location: Columbus, Ohio. The remaining three
tests vary the collector area, the slope of the collector

efficiency curve, and the location of the simulation to

test the performance of the methods under extreme conditions.

The results show SESP to be more versatile and that
it will perform under extreme conditions when F-CHART breaks
down. SESP is also found to offer increased accuracy due

to its method of modeling flux distribution.
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LIST OF SYMBOLS
SYMBOLS USED IN SESP SIMULATION (Chronological order)

COMMENTS OR
SYMBOL BPEFINITION UNITS REFERENCE
Cy Number of system runs to be none max.value =
made 10.
) Simulation starting month none Jan = 1.
Dec. =12.
Cs Simulation end month none Jan = 1l.
Dec = 12.
Cy Customer data print enable none 1. = print
0. = do not
C5 Plot option print enable none 1l. = print
0. = do not
DDy - Vectg: gi gonthly average de- Op il e albimonis
DDq > &r Y days
HBARy - Vector of monthly average BTg/ 12 elements
HBAR1 2 daily solar energy on a Ft
horizontal surface
TAMBy - Vector of monthly average am- ©OF 12 elements
TAMB1 2 bient temperatures
GAL, - 24 hour water usage model gal- 24 elements,
GALo), lons midnight to
’ la.m, =
1st hour
STO Storage thermal capacity BTU/ multiple
OF run values
A Collector active area Ft2 multiple
run values
CH Collector loop fluid flow rate gal/ multiple
hr. run values
cc Storage loop fluid flow rate gal/ multiple
hr. run values
TILT Zenith to normal angle of de- multiple
collector grees run values
VoL Storage volume gal- multiple

lons run values



SYMBOL
UA (S)

XM

AZ

DENH

DENC

SPHTH

SPHTC

T HOT

T COLD

RLOSS

RLAT

21
TLIM

$FAN

DEFINITION
Heat exchanger figure of merit

Slope of collector efficiency
curve

Intercept of collector effi-
ciency curve

Azimuth of collector array
Density of solar loop fluid
Density of storage loop fluid
Specific heat of solar loop

fluid

Specific heat of storage loop
fluid

Required hot water tempera-
ture

Cold water supply tempera-
ture

Installation insulation R-
Factor

Cost per delivered million
BTU's for space heat

Cost per delivered million
BTU's for water heat

Latitude of installation

Initial storage temperature

Lower 1limit on storage temper-
ature for space heat removal

Cost of operating solar pump

vi

COMMENTS OR
UNITS REFERENCE

Same as
FRrU7,

Same as
FR (T*)n

de- deviation
grees from south

1bm/
gal

1bm/
gal

BTU/
1bm®F

BTU/
1bm®F

o
ep
BTU/ UA in F-

OF-day CHART

$/mil-
lion BTU

$/mil-
lion BTU

de-
grees

OF
Op

$/hr.



SYMBOL
UATOP

UABOT

UASEG

ETA

GPH

ETA 2

GPH 2

DEFINITION

Storage unit top heat loss
factor

Storage unit bottom heat
loss factor

Storage unit side segment heat
loss factor

Water to air heat exchanger
effectiveness

Volume flow rate of water in
water to air heat exchanger

Water to water effectiveness
for domestic water heat
exchanger

Volume flow rate of storage-
side water in domestic ex-
changer

Vil

COMMENTS OR
UNITS REFERENCE

BTU/
h.I‘ l'oF

BTU/
h.ro'oF

BTU/ There are
Hr.%F 10 side

segments
none
gal/hr.
none

gal/hr.Not used
at this
point in
time



viii

SYMBOLS USED IN F-CHART SIMULATION (Chronological order)

COMMENTS OR
SYMBOL DEFINITION UNITS REFERENCE
¢ Latitude de- Table A.1l
grees
S Angle between the plane of de- Table A.l
the collector and the grees
horizontal
P Ground reflectance none Table A.l
H_and Daily and monthly average daily J/ Table A.1l
H total radiation on a horizon- mon-
tal surface per unit area th-m
Kp Ratio of monthly average none Table A.l
actual to extraterrestrial
solar radiation
Hgq_and Daily and monthly average Jf Table A.l
Hg daily diffuse radiation on mgnth
a horizontal surface per -m
unit area
Rp - Ratio of monthly average none Table A.l
daily beam radiation on a
tilted surface to that on
a horizontal surface
Wg The sunset hour angle on a de- Table A.l
horizontal surface grees’
Wg' The sunset hour angle on a de- Table A.l
tilted surface grees
) The solar declination de- Table A.l
grees
n The day of the year none Table A.l
R Ratio of monthly average none Table A.l
daily total radiation on a
tilted surface to that on a
horizontal surface
Hop Monthly average daily total J/ Table A.1l
radiation on a tilted sur- mgnth
face per unit area -m



(Tx)

DEFINITION

Average incidence angle for
beam radiation

Transmittance of the collec-
tor cover system

Normal incidence transmittance

Absorptance of the collector
plate surface

Normal incidence absorptance

Monthly average transmittance-
absorptance product

Transmittance-absorptance pro-
duct for radiation at normal
incidence

Building overall energy loss
coefficient area product

Monthly degree - days

Collector heat removal effi-
ciency factor

Collector energy loss coeffi-
cient.

Collector heat exchanger effi-
ciency factor

Monthly average ambient temper-

ature

Value used in calculating F
Value used in calculating F
Effectiveness of the load heat

exchanger

Minimum capacitance rate in a
heat exchanger

Fraction of monthly load sup-
plied by solar energy

UNITS

de-
grees

none

none

none

none

none

ix
COMMENTS OR
REFERENCE
Table A.2

Table A.2

Table A.2
Table A.2

Table A.2
Table A.2

none Table A.2

W/ oc

Table A.3

OC-DayTable A.3

none
W/ oc
none
oC

none
none
none
W/oc

none

Table A.4
Table A.4
Table A.4
Table A.4
Equation

(19)

Equation
(19)

Equation
(18)

Equation
(18)

Equation

(19)



SYMBOL

LIST OF SYMBOLS (GENERAL)

DEFINITION

Monthly average daily direct
radiation received on a
horizontal surface

Extraterrestrial daily inso-
lation received on a
horizontal surface

Intensity of direct radiation
incident upon a horizontal
surface

Intensity of direct radiation
at normal incidence

Intensity of diffuse radia-
tion on a horizontal
surface

Intensity of solar radiation
incident upon a horizontal
surface outside the atmos-
phere of the earth

Intensity of solar radiation
at normal incidence out-
side the atmosphere of the
earth

Intensity of total (direct
plus diffuse) radiation
incident upon a horizontal
surface

The ratio Hg/Ho and Hg/Ho

(H - H4 )/Ho
H/Ho and H/Hq

The Zenith angle

mission coefficient for
direct solar radiation

COMMENTS OR
UNITS REFERENCE

BTU/
day- Ft2

BTU/

Equation (3)
day-Ft<

BTU/
hr-Ft2

BTU/
hr-Ft2
BTU/
hr-Ft2

BTU/
hr-Ft2

BTU/
hr-Ft2

BTU/
hr-Ft2

none Equation (3)

none Equation (6)

none Equation (&)

de-
grees

none Equation (1)
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, COMMENTS OR
SYMBOL DEFINITION UNITS REFERENCE
Ta Idn/Ion = transmission coeffi- none Equation (1)
cient for diffuse radiation
on a horizontal surface
T Inn/Ion = transmission coeffi- none Equation (2)

cient for total radiation on
a horizontal surface
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CHAPTER I
INTRODUCTION

Solar energy systems must be accurately evaluated
by modeling well before actual construction takes place.
This is absolutely necessary to the consumer since it is
not wise to invest in such systems if they are not "finan-
cially feasible". A main step in this feasibility study
is the simulation of a solar energy system's performance.

A solar energy system's projected performance is
determined by evaluating detailed simulations over a period
of time (usually one year). In the area of solar energy
simulation, a number of methods exist, whereby, given the
location of a structure along with collector area and
other necessary input variables, an approximate projected
performance of said system can be given with relative
accuracy. The two methods considered in this paper are
SESP[11and F-CHART[2]. F-CHART is available in computer
program form([3}, and since 1977, it has been available in
workbook form. The workbook form of F-CHART employs a
Step-by-step procedure which is followed in order to per-
form a simulation. The work is done on worksheets which
Were developed in order to more clearly organize the
Various aspects of the simulation. F-CHART is perhaps

the most widely used simulation method.



SESP, on the other hand, has been developed just this year.
SESP boasts exclusive computer simulations to provide out-
put which is fast, economical, and reliable.

The second chapter gives the reader an insight into
Liu and Jordan's work on diffuse and direct flux distribu-
tion which plays a crucial part in each simulation method.
The third and fourth chapters contain a brief introduction
on how each method performs a sumulation, along with their
similarities.and differences. This is followed by Chapter
V which explains the tests and results designed to evaluate
both methods. There are four separate tests conducted.
In the first test, a comparison run is made for a standard
location in which the collector area is varied. This
serves as the initial comparison between the two systems
under conditions for which F-CHART is designed. After the
initial verification of SESP with F-CHART, three other tests
are conducted to test behavior of the systems under extreme
conditions. In the first of these, the same location is
kept and the performance of the systems with very small
collector areas is observed. Again comparison runs are
made for the same location. This time the collector area
remains constant (50m2), and the slope of the collector
efficiency curve is then varied making the collector less
and less efficient. Finally comparison runs are made for
different locations. There are two locations chosen, one
for its extremely warm climate (E1 Paso, Texas), and one

for itg extremely cold climate (Caribou, Maine).



Runs are made at 5Om2 for both locations and again at 25m2
for E1 Paso (due to its extremely high fraction at 50m2).
All of these comparison runs serve to point out similari-
ties and differences in each method when input parameters

are varied. All runs are made for a liquid-type collecting

system as opposed to an air-type collecting system.



CHAPTER II

SIMULATING DIRECT AND DIFFUSE RADIATION USING
LIU AND JORDAN'S TECHNIQUE

For several decades, meteorological data have been
recorded at locations all over the United States and the
world. For those people working in the field of solar energy
these data have proven to be invaluable. The fact that the
data have been gathered over a considerable number of years
allows an average value to be éalculated. These values
are figured on a per month basis, assuming that the values
would be relatively constant over a month's span. Of the
several data types used in a solar energy analysis (Discussed
in Chapter III) one of the most necessary is H. H is defined
as the monthly average daily total radiation incident on a
horizontal surface. Unfortunately, in many areas of solar
energy engineering,particularly thoée of simulation and
design, it becomes necessary to know the diffuse and direct
components of H. Since H is nothing more than the sum of
the direct and diffuse radiation, only one of these values
need to be known in order for the other to be found. This
Problem was resolved in a very satisfactory way by Liu and
Jordan [4] in 1960. Their paper; "The Interrelationship
and Characteristic Distribution of Direct, Diffuse, and

Total solar Radiation”, in part consisted of a relatively



simple method to determine the diffuse component of H.

In approaching the problem, they decided to forego
any attempt to theoretically compute the diffuse radiation
and instead to use the limited data at their disposal to
find a relationship between diffuse and total radiation
for use in areas where only the total radiation is known.

As a first step, the relationship between the intensities
of direct and diffuse radiation on clear days was studied.
The transmission coefficients Tp and «4 are functions of
solar altitude, atmospheric water vapor content, dust con-
tent, ozone content, and armyother radiation deflecting
factors. Of these factors the most influential is water
vapor content. Thus, as the water vapor content varies, a
relationship between.7D and Tg is generated. Through experi-
mental results at three North American locations, a straight
line approximation of the experimental data was calculated.
T4 = 0.2710 - 0.2939 Wp (1)
Equation (1) provides a means for estimating the intensity
of diffuse radiation on a horizontal surface under a cloud-
less atmosphere when the intensity of direct radiation at
normal incidence is known. Since the intensity of total
radiation on a horizontal surface is the sum of the inten-
Sities of direct and diffuse radiation on a horizontal sur-
face, the following equation between T4 and Tp was derived

from Equation (1)

Tq = 0.3840 - 0.4160 T (2)



These equations were found to hold true in general as long
as the dust content of the sky and the reflectivity of

the ground were relatively close to those of the test
locations.

' These relationships were then expanded to include
daily diffuse and daily total radiation on cloudy days. The
variation in cloud cover then became the primary factor and
water vapor, dust, and ozone became secondary factors. Due
to the extreme variation in cloud cover over a day, average
values were used to arrive at a relationship between the
daily total and daily diffuse radiation of each month. It
was found that the ratio of diffuse to extraterrestrial and
total to extraterrestrial was relatively constant for a

location and could be expressed as

Ry Hd/H (3)6
(o]

and

Kp = H
/Ho (4)

It was further found that there existed a relationship
between Kg and Kp that varied only slightly as the month
varied. From this relationship another expression relating
%é.to Kp was found. An empirical curve fit to the experi-
mental results yielded the following equation

Hy = 1.0045 + 2.6313 Kp3 - 3.5227 Kp? + 0.04349 Kr  (5)

This equation is valid for values of Kp between 0.4 and 0.75.

Any values out of this range try to curve fit experimental




data that is so widely scattered that the values have little
meaning.

In further relating the ratios to one another it
was found that Kp, which is expressed as

Kp = (H - H3) = Kp - Kq, (6)
HO

is related to Kg in the following way

Kqg = 0.2710 - 0.2939 Kp (7)
This linear relationship is only good for clear days. The
corresponding relationship for cloudy days was found to give
a greater value of Kq for the same values of Kp when Kp
was greater than 0.1l. When Kp became smaller (Kp « 0.1)
the value of Kg rapidly tended toward zero.

They then decided to conduct several tests for a
possible correlation between the various statistical distri-
bution curves of different localities. Statistical distri-
bution curves of daily total radiation for widely separated
localities were constructed and compared. These curves
used data from monthly daily radiation figures. This meant
that monthly average values were now being used such as Kﬁ
and Kg. A relationship was indeed found and was expressed
in several different forms. The most significant of these

was the relationship between Hy and Kr. This is shown in
o
Figure 1. The corresponding curve fit equation is

Hg = 1.39 - 4.03 Kp + 5.53 Kp2 - 3.11 Kp3 (8)

i
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This relationship is good for values of Kr between 0.3 and
0.7 although values slightly above or below these limits do
not present any significant error. Another interesting
point was that while the value of Kp would vary anywhere
from 0.3 to 0.75 the corresponding value of E& would only
vary between 0.125 and 0.188.

The curve in Figure 1 is used by F-CHART in its
determination of ﬁﬁ from H and thus plays an important part
in the calculation of incident energy on the collector face.
Figure 1 is also used in SESP for its calculation of direct

and diffuse compenents of H.
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CHAPTER III

THE F-CHART METHOD

In the F-CHART method of solar heating design, the

approach is

and evaluate

to take separable groups of the overall system

cach one over monthly intervals. These

separate evaluations can be broken down into several steps:

1)

2)

3)
4)

The meteorol

a particular

fa ]|

=)
!

The effect of collector orientation as applied
to the average daily radiation on tilted sur-
faces.

The effect of collector orientation on the
monthly average transmittance-absorptance
product.
The heating loads of the structure.

The fraction of heating loads supplied by the
system.

ogical data needed to perform a simulation for
location are:

The monthly average daily total radiation on a
horizontal surface.

The ratio of actual daily radiation to the
daily extraterrestrial radiation.

The monthly average ambient temperature.

The number of degree-days in a month (The

sum of the daily temperature differences
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between the ambient temperature and a build-
ing maintained at 22°C - values less than zero
are not included).
These data are available for 171 locations in the United
States and Canada.

The purpose of the first step in the simulation is
to convert the values of H to corresponding values of ﬁT'
This is done in order to correct for the tilted surface of
the collectors and normally results in higher values. The
input variables are latitude, tilt, and ground reflection.
These variables are combined with H and Kr for that location
in order to calculate Hp. It is at this point that Kp is
used to find the diffuse component of H through the rela-
tionship developed by Liu and Jordan (Figure 1).

The second step takes into account the fact that the
actual amount of energy absorbed by a collector depends
upon how much is transmitted through the cover and absorbed
by the collector absorber plate. This transmittance and
absorptance varies as the angle between the collector
normal and the incident energy changes. Although this
angle is constantly changing, it is possible to arrive at
a4 monthly average value that can be utilized in the simula-
tion. The resulting monthly value is (T«)/(Y), which is
the ratio of the monthly average transmittance-absorptance
Product to the transmittance-absorptance product at normal
incidence. The value of (T)/(T= )y is dependant on the

latitude and tilt of the collector as well as the transmit-
tance
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and absorptance properties of the collectors as a

function of incident angle. The monthly results of step
two are then multiplied by ﬁ& (step one) and the result is
a true value of monthly average radiation that can be
utilized by the collector.

In the third step the heating loads of the struc-
ture are calculated. The variables are: The heat loss co-
efficient for the structure, the domestic hot water heat-
ing requirements, and the value of degree-days (DD). The
heat loss co-efficient is based primarily on the construc-
tion of the structure and is very difficult to accurately
predict. With these variables a monthly total as well as
yearly total heating load is calculated for the given loca-
tion and structure.

The fourth step involves the calculation of the
fraction of each month's heating load supplied by the solar
heating system. It begins with the calculation of two
unitless variables X and Y which are related to the fraction
of heating load supplied for each month. X can be associated
with the ratio of a reference collector energy loss to the
heating load and is expressed in per unit area terms by

FRUL, x (FR'/F ) x (100 - T, ) x #seconds per month

= ? (9)

=<

monthly total heating load
Y can be associated with the ratio of absorbed solar energy

to the heating load and is expressed in per unit area terms
by
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y=Fr( Inx (FR'/FR) x ( )/( )p x # days per month (10)
monthly total heating load

X/A values are calculated for each month using the slope

of the collector efficiency curve, FRUp, along with Ta

and the results of step three. Y/A values are calculated

for each month using the results of steps one, two, and

three and the maximum performance of the collector effi-
ciency curve, FRCTx)n. Collector array sizes are then
chosen and the corresponding values of X and Y are used in
an empirically curve-fitted equation to arrive at the value
of F for each month. It should be noted that all simulations

with the F-CHART method are done with monthly average data.
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CHAPTER IV
THE SESP METHOD AND SOLAR FLUX MODEL

As with F-CHART, SESP also requires meteorological
data for a given location. These variables are the same for
each method with the exception of K@ which is internally
generated in the SESP program. Since the use of dynamic
difference equations is involved in SESP's system modeling,
meteorological data along with data on water usage, heating
load, storage temperatures and collector performance must be
expressed as hourly valves.

In breaking up H into values of direct and diffuse
energy, an extension of Liu and Jordan's results is wused
£5]. In order to arrive at hourly valves ofedirect and
diffuse flux, Meinels developments of Lau's observations
C6] are also used. This method first involves the calcula-
tion of ﬁa from H using Figure 1. Once Hq is known it is
only necessary to subtract this value from H in order to
obtain the value of direct flux or Hp.

As can be seen from Lau's curves (Figure 2) the
intensity of the incident flux varies as a function of the
Zenith angle, Z. There are curves representing several
eonditions under which incident flux strikes the earth.

Each curve ig representative of the diffuse, direct, or

total eénergy striking the earth in urban, desert, or stan-
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dard locations. The standard direct curve is a result of
Haurwitz's 1948 study (7] for standard application.

The direct flux curves give accurate data only when
there is no cloud cover. The scattered curve is correct for
clear days, but would become greater on bright overcast
days. If there were never any cloud cover, the curves of
Figure 2 would alone be sufficient to obtain hourly values
for Ed and Hp. In order to arrive at realistic values of
Hq and Hp it becomes necessary to introduce cloud cover for
part of the day. As shown in Figure 3, the curves of Figure
2 have been modified somewhat in order to accomplish this.
Over a period of one day cloud cover is expected to be
present from sunrise until a time t1 and again from solar
noon or t, until sunset. From time t; to t, there is no
cloud cover present and the curves DIR(t) and DIF(t) would
be represented by corresponding direct and diffuse curves
on Figuré 2. Since the total value of ﬁb is known from
Figure 1, time tq for a simulation is moved toward sunrise
until the area D is equal to ﬁb. This concentrates all of
the direct flux into a few hours and leaves the rest of
the day to diffuse flux. Since the total value of Hy is
also known, areas A and B are made larger by increasing
their intensity until the sum of areas A, B, and C equal ﬁa.
Thus Presented, the model of Figure 3 can give accurate
hourly values or Hy and Hp for use in the simulation.

The other hourly data is generated in the program

With the exception of GAL 1 - GAL 24 which are the domestic
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hot water requirements and are given as part of the input
information. This hourly information and all of the hourly
information generated in SESP is used to develop a 24 hour
per day simulation of the energy supplied and used in the
system. The calculations are started at the beginning of
each month and carried out until the tenth day after which
all transients present in the system from the previous
month have died out. This tenth day simulation is then used
to represent the performance of the syétem for the remainder
of the month as the system has now reached "steady state".
In the liquid storage mode, the storage is divided into
ten segments of equal volume, each of which is assumed to
be constant in temperature. This again tends to closely

approximate actual conditions.
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CHAPTER V
COMPARISON, EVALUATION, AND TEST RESULTS
Introduction

This chapter is divided into the four different
types of tests that are performed. The first portion
covers the initial test runs in which & standard of compari-
son is achieved for use in the other tests. The second
portion presents the results of a test based on small collec-
tor areas. As an extension of the first test, this test
compares the behavior of the simulators when the area is
reduced to extremely small values. Continuing in this vein
of testing, the performance of the simulators is compared
under extreme collector performance characteristics for the
third test. And finally in order to test the simulator's
adaptability to different climates, the fourth test conducted

is that of climate extremes. It is felt that extreme

variation tests of this type will best display any impro-
Per tendencies of each simulation method.

Before the initial comparison runs are made, extreme
€are is taken to make sure the input variables for each
method are identical. 1In equalizing these input para-
eters; units, flow rates, storage capacities, efficiencies,
* 1oss factors have to be made identical. Some variables

the SEsp input are either assumed to be constants or °
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are dependent on collector area in F-CHART. In evaluating
the heat exchanger performance, several variables in SESP
have to be matched to only one particular variable in F-CHART.

A difference in each method's approach is the inclu-
sion of the effect of ground reflectance and collector reflec-
tance variations for angles of incidence of solar radiation
different than 90 degrees. The F-CHART method includes
both of these effects while the SESP method
does not. It should be noted that the incidence of diffuse
energy on the collector varies as a function of incidence
angle and is taken into account in F-CHART while it remains
constant in SESP. However, if the value of reflectance
used in F-CHART is 0.3 (an average value), the resulting
diffuse plus reflected component, as a function of incidence
angle, remains constant. This effectively is what happens
in SESP by keeping the diffuse component constant and not
including reflectance. Reflectance on the collector surface
also varies as a function of the angle of incidence. F-CHART
accounts for this by varying the transmittance - absorptance
product (T«),

In order to test the effect on performance of vary-
ing reflectance and the transmittance - absorptance product
&, some preliminary simulations are run with F-CHART only.
AS can be seen in Figure 4, with varying collector areas,
the smallest fractions come from the simulation in which the
8ffect of varying Y& 1is included and the reflectance is

kept at 0.0. The second curve in which the effect of
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varying W« is included and the reflectance kept at 0.3 is
the performance most acceptable to represent actual condi-
tions. However, since SESP does not varyTe, the top curve
in which the reflectance is 0.3 and the T« effect is ignored
is used as a base for all comparisons with SESP.

The results of varying W& and not varying T« can
easily be seen. There is approximately an 8% difference
in two of the curves when a reflectance of 0.3 is assumed
and approximately a 7% difference in the other two curves
when a reflectance of 0.0 is assumed. This difference
between allowing variations inT« and not allowing them is
significant enough to say SESP should incorporate this
effect. In other words, SESP should take into account
the effect of the angle of incidence of the solar radiation
on the reflectance of the collector surfaces.

All related worksheets for the simulations perform-

ed in Chapter V can be found in Appendix B.
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Initial Test Runs

In this test the location chosen is Columbus, Ohio.
This 1is done in order to have a logcation that is not too
different in climate from the location chosen for many of
F-CHART's first simulations;Madison, Wisconsin. The collec-
tor area 1is varied from 25 p? to 50m2 to 100m2- The slope
of the collector efficiency curve 1is chosen to be =-3.75
W/p2 - 9 (see Figure 14, curve 1) and its maximum efficiency
is chosen to be .68. All other inputs are kept identical
and are given values suggested by the F-CHART book Solar
Heating Design. The results of the simulation can be seen
in Table 1 and Figures 5 and 6.

In Table 1 the annual fractions predicted by F-CHART
and SESP are given. In the course of development of this
thesis, a major change was made in the SESP program. This
involved changing the method of heat removal from storage
in the 24 hour simulation subroutine of the main program.
The program before the change was renamed SESP (old) and the
Program after the change was named SESP (new) thereafter
referred to only as SESP. As can be seen in the table,
the annual fractions between the methods differ, but not
- Significantly., The difference in the annual fractions
Predicted by SESP and F-CHART become progressively greater
48 the area is increased. Figure 5 shows this more easily.

* 25m2 the results are essentially the same while at



TABLE 1

ANNUAL FRACTIONS PREDICTED BY F-CHART,
SESP (NEW), AND SESP (OLD) FOR THE INITIAL TEST RUNS

ANNUAL FRACTION
COLL. AREA SESP SESP
LOCATION M2 F-CHART (NEW) (OLD)
COLUMBUS, OHIO 25.10 0.33 0.3307 0.3347
COLUMBUS, OHIO 50.0 0.488 0.5012 0.5046
COLUMBUS, OHIO 100.0 0.685 0.7181 0.7259
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Fig. 6. Month Versus Fraction for Different
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50m2 and lOOm2 the percentage difference 1is 2.7% and 4.8%
respectively. There is no extreme difference in predicted
performance, but it appears that the percentage difference
between the two methods will become greater as the collec-
tor area 1s increased even further.

In Figure 6 the comparison is made on a month
by month basis for the different collector areas. An inter-
esting observation is that for the two smaller collector
areas, the performance of the two methods is almost iden-
tical during the summer and winter months, with SESP having
a slight edge over F-CHART. An exception which cannot be
readily explained is March at 25m2. However, during the
spring and fall, the SESP performance gains a clear edge
over F-CHART. This is also apparent at lOOmz, but because
of the larger areas,the differences are shifted towa{g the
winter months. This gain in predicted fraction can be
traced to the direct and diffuse flux distribution model.

By doing hourly simulations, the collector in the SESP

simulator has an opportunity to "turn on" and collect

relatively high intensity radiation for a few hours each
day. This would not be possible if SESP performed simula-
tions on a monthly basis. The results of this test primarily

Verify SESP as an accurate simulation program (relative to

the F-CHART approach).
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Small Collector Areas

In this test, the same location and collector slope
are kept. This time the collector areas are varied
between 1.0m? and l0.0mz. This is done in order to test
the behavior of the methods given unnatural conditions,
put conditions under which the simulations should be valid.
The primary results are given in Table 2 and Figure 7.
The results again are very close and could be considered
an extension of the results of the first test with the
exception of the very small areas l.Om2 and 2.Om2. As the
areas become smaller, the two curves are predicting smaller
and smaller fractions with the SESP Fraction consistently
larger. When the area becomes 4.Om2, the fractions become
identical. For the areas l.Om2 and 2.Om2 the SESP fraction

is less than the F-CHART fraction. This is due to the

fact that F-CHART assumes a linear relationship between the
variables X and Y and the collector area being used. Thus
Some fraction, no matter how small will always be shown by
F-CHART under these conditions. SESP on the other hand,
Will show zero and even negative values of fraction if the
‘6011ector area is too small. This comes about because the
SESP simulation is performed exclusively with computer
'TOgrams. When the collector area drops, the flow rates and
forage capacities of the working fluids also drop. These

flow rates ang storage capacities result in inaccurate



TABLE 2

ANNUAL FRACTIONS PREDICTED BY F-CHART
AND SESP FOR VERY SMALL COLLECTOR AREAS

ANNUAL  FRACTION

LOCATION COLLMZAREA F-CHART SESP
COLUMBUS, OHIO 1.0 0.0195 0.0027
COLUMBUS, OHIO 2.0 0.0384 0.0262
COLUMBUS, OHIO 4.0 0.0742 0.0757
COLUMBUS, OHIO 60 0.1075 0.1190
COLUMBUS, OHIO 8.0 0.1386 0.1501
COLUMBUS, OHIO 10.0 0.1674 0.1793
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calculations in SESP and are caused by error introduced
by the computer itself. This error is due to the compu-
ter's limited accuracy in significant figures.

Again the monthly comparisons are carried out and
their results can be seen in Figures 8, 9, 10, 11, 12, and
13. In Figure 8, the collector area is l.Om2 and the SESP
fraction for all months is less than the F-CHART fraction
with the greatest difference being in the summer months.
During the winter months, the SESP fraction actually becomes
negative, agreeing with the reasons set forth in the pre-
vious paragraph. Figure 9 now has all SESP fractions greater
than zero, but still less than the F-CHART fractions.
Figures 10, 11, 12, and 13 all show the SESP fraction
essentially greater than or equal to the F-CHART fraction
with the greatest difference being during the summer months.
The reason for this difference is the same as that presented
in the previous section. The greatest difference is during

the summer months instead of the fall and spring months

because the fractions during the summer have yet to reach

1.0 and no energy is being wasted during those months.

Therefore, the difference in energy gathered between the
ﬂtWO methods is the same as the difference in the energy
 used in the two methods and thus will be greatest during

those months in which the emergy gathered is greatest, but
8till less than 100%.
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Varying the Slope of the Collector Efficiency Curve

In this test, the location remains the same as in
the previous tests. The collector area 1is kept constant
at 50p2 and the slope of the collector efficiency curve
is varied from -3.75 to -34.1 W/y2-°C or -.66 to -6.0
BTU/(Hr - Ft2 - OF). The collector performance curves for
the different slopes are shown in Figure 14 curves.l through
8. As the slope becomes more negative, the intensity of
the incident energy has to be greater to allow the collector
to gather the same amount of energy. This particular test
of the SESP program further demonstrates the qapabilities

to show peak energy being gathered during part of

the day. In this test the data 1is evaluated for each
month instead of for the entire year and evaluations of the
summer months, May, June, July.‘August, and September, are
eliminated. This is done because the winter months more
clearly show the effect of slope variation. Also, during
- the summer months the F-CHART Simulation will cause
Problems with the X and Y variables exceeding their limits
(°<X<18andO<Y<3) The results are shown in Figures 15 through
21,

Figure 15 shows the January fraction as a function
Collector slope. Both methods start out identical in
ieir Predictions, but as the slope is made more negative,

® F-CHART fraction drops excessively and becomes extremely
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negative. The SESP fraction drops more slowly and never
predicts a negative value. This is the most significant
difference predicted by the two methods during any test

and careful evaluation shows that the major reason for this
difference is the peaking model used in SESP to simulate
flux distribution. The few hours of direct sunlight

each day are sufficient to allow the collector to gather
enough energy to keep the Fraction for that day from being
negative. F-CHART's empirical approach does not allow for
this condition, and a look at Equation (19) (Appendix A)
shows that certain values of X and Y can cause the fraction
to become negative without exceeding the limits imposed on
the variables. These negative values have nothing to do
with a computer limited-accuracy problem (as in the pre-
vious section with SESP), but are rather the result of a
break down in F-CHART's method.

Figure 16 shows the February fraction under the

same conditions and the results show the negative values
pPredicted by F-CHART are not as large as those predicted in
January. During the first part of the curve, -.66 to -3.0,
the curves are fairly close,with SESP predicting the higher
- fraction. 1In Figure 17 this pattern is closely repeated
‘With the two fractions being even closer between -.66 and
-3.0.

The SESP fraction during April and October (see
fg“res 18 and 19) is substantially greater than the F-CHART

€tion from -.66 to -3.0 for the same reasons put forth
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for spring and fall months in the first test. The sections
of the F-CHART curve that are dotted toward the end of the
curve are those data points for which the values of X and Y
are greater than the allowable limits. These points are
included to show the effects of exceeding these limits.

The November fractions, Figure 20, shows the F-CHART
curve becoming negative again and closely parallels the
February fraction. The December fraction, Figure 21, shows
extremely negative fractions for F-CHART and closely par-
allels the January fraction.

The differences that these tests predict are due
primarily to the fact that SESP does hourly simulations and
shows peaking effects wtih its flux distribution model.
Thus, no matter how cold it is or how inefficient the col-
lector is, there may be enough direct energy during some
point in the day to cause the collector to turn on and
| collect energy. The results predicted by F-CHART are
somewhat expected since it uses the averaging approach to

flux distribution.
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Varying the Location (Climate Extremes)

In this, the last test, the location of the simula-
tion 1is moved to an extremely warm climate (El Paso, Texas)
and then to an extremely cold climate (Caribou, Maine).

This 1is done in order to test the adaptability of each
‘method to aclimate different than that of the area in which
the methods were developed. The slope of the collector
efficiency curve 1is again returned to -.66 (see Figure 14
curve 1) and the collector area 1is set at 50m2 for Caribou,
Maine and 2532 and 50p2 for El Paso, Texas.

The results of the cold climate test are given in
Table 3 and Figure 22. Table 3 shows the annual fraction
vpredicted by F-CHART to be greater than that predicted by

SESP. Although there is a difference, it is not substantial
enough to draw any conclusions from and it can therefore be
assumed that the two fractions are essentially the same.

A look at the monthly analysis Figure 22, shows that SESP
Still predicts larger fractions than F-CHART in the spring
and fall, but this difference is offset by the larger frac-
tions that F-CHART predicts in the winter months. It can be
S€en that even though F-CHART and SESP predict the same frac-
tions in this case, their methods of simulation are clearly
/,ffexl"ent A

The results of the hot climate test are given in

ble 3 ang Figure 24, There developed, however, a problem,
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TABLE 3

ANNUAL FRACTIONS PREDICTED BY F-CHART AND
SESP FOR EXTREME CLIMATE LOCATIONS.

ANNUAL FRACTION

LOCATION s F~CHART SESP
"EL PASO, TEXAS 25.0 0.719 0.809
EL PASO, TEXAS 50.0 0.9227 0.9949
CARIBOU, MAINE 50.0 0.432 0.4204
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at this point in the tests. The SESP simulations for 25m2
and 5Om2 were predicting very low fractions for E1 Paso,
and the program output explained that there was an error.
The value of ED for E1 Paso was too large to be contained
under the area D presented in Figure 3. Even if tj were
extended all the way to sunrise time the area would not be
large enough. A close look at the program revealed a pro-
blem in the HD equation. The Hp equation in the SESP
program is supposed to curve fit the direct curves presented
in Figure 2 and is used as the top boundary for the direct
curve in Figure 3. As can be seen in Figure 23 Curve A,
the problem stems from the extremely poor curve fit to the
direct flux curve. The equation used to obtain this curve

Nt is

Hn = (-.31 (_1L_).75)

Hp = 1.320 e 5557 cosz0 (11)
which is supposed to fit the Desert D curve of Figure 2.
A much better curve fit equation was developed and is shown

in Figure 23 Curve B. The corresponding equation is

Hp = 1.249 el7255 ([1-).835) (12)
and fits the Desert D curve almost perfectly. This error due
to a poor curve fit is not apparent in locations with lesser
Values of'ﬁb. and will therefore lead to no significant
Changes in previous data. The new ﬁb equation was inserted
:Nto the program and the tests were completed.

| Tablé 3 shows that SESP predicts a higher fraction
F-CHART. For areas of 25p2 and 50pm?, the error is

*32% and 7.82% respectively. These fractions are
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substantially higher percentage wise than those from the
verification run (first test) although everything except
location is kept the same. A look at Figure 24 shows the
February and November fractions have the most difference
for the 25m2 test and the January and December fractions
have the greatest difference for the 50p? test. This
agrees completely with the ideas already set forth.
Because of these results it can be assumed that F-CHART
is not as adaptable as SESP to changes toward warmer

climates.
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CHAPTER VI
SUMMARY

SESP has been found to be an accurate simulation
program. The increases in annual fraction of SESP over
F-CHART can be traced primarily to the spring and fall
months. It is during this period of the year that collec-
tors will tend to make use of most of the energy that falls
on them and show more output for the peaking model than
for the averaging model. Although SESP is accurate with
respect to F-CHART under comparative conditions, it is

still lacking in some of its considerations. The most

important of these is not including the effect of the angle
of incidence on the transmittance and absorptance of the
collector. The error experienced with very small collector
areas is also a problem. This could be eliminated by
converting to double precision.

» There are certain limitations present in the F-CHART
method. In the curve fit equation for F, the values of X

Ve to lie between 0 and 18 and the values of Y have to lie
€tween 0 and 3 for accurate results. The results of not
%ing this were shown in Figures 18 and 19. Even if these
lles are adhered to, it is possible to arrive at large

tive fractions as shown most readily in Figures 15, 16,

21, which are definitely in error. Through the course
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of evaluating the individual steps of F-CHART another limit
was found. In the step where transmittance and absorptance
are calculated, there is an equation to calculate §5. i %
the latitude lies above 67 degrees, the equation becomes
unworkable. This can be seen graphically in Figure 25.
Although the limit for é does vary from 67° to 90° as a
function of the month, the lower limit is 67° and therefore
becomes the maximum allowable value for the year.

Since F-CHART was empirically fitted to existing
test results, its accuracy within that range is very high.
In areas beyond F-CHART's working range SESP has the capa-
bility to perform accurately. This is most apparent in the

| modeling of industrial hot-water systems and industrial

heating systems (especially those using concentrating

collectors). F-CHART's availability in workbook form
allows it to be easily used by a wide range of engineers.
SESP, as a dynamic simulator, cannot be put into a workbook
form. However, the use of hourly calculations and peak
values of direct solar radiation allows for more accurate

results to be ultimately given.
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Explanations for Worksheets and Input and Output Data Blocks

F-CHART (Tables A.l through A.5)

Collector Orientation Worksheet 1
Average daily Radiation on Tilted Surface
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Product
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Heating loads
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F-CHART Worksheet 3
Solar heating load fraction
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COLLECTOR ORIENTATION WORKSHEET 1
AVERAGE DAILY RADIATION ON TILTED SURFACES

With this worksheet as with all the other F-CHART
worksheets,all calculations are carried out on a monthly
basis. As the title suggests, worksheet 1 is concerned
with calculating the monthly average daily radiation on
a tilted surface, Hp.

The values used for location and ¢ on the work-
sheet are self-explanatory. In choosing S, the guideline
given by the F-CHART book is ¢ ¥15°. This affords the

greatest collection of energy for space heat in most

locations. The variable P is dependant upon the composi-
tion of the surrounding area. In this case, an average
value of 0.3 is used. The values for H and 'IET are both
obtained from meteorological data for that particular
location. Hg/H is calculated from Kt with the following

curve fit equation.

H
‘This equation closely fits the curve of Figure 1 which is
one of the results of Liu and Jordan's work (Chapter II).

'b is approximated by the equation

COs ¢ cos§sin Wg *+ 1180 Wg sin ¢ sin §

60

Hy = 1.39 - 4.03 Kp + 5.53 Kp2 - 3.11 K2 (13)

B - cos (6-S) cos8sin Wg' + %WS sin(¢ -3) sinS(lu)
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where
Wg = arcos (-tan¢x tan§) - (15)
Wg' = MIN [Wg, arcos (-Tan (9-8) x tani)] (16)
§ = 23.45 sin[ 360 x (284 +n) (17)
[ 260 x (gggen

R is the total of F., G7. and G8. and from that ratio and

the values of H the values for EI‘ can easily be found.




COLLECTOR ORIENTATION WORKSHEET |
AVERAGE DAILY RADIATION ON TILTED SURFACES

A. LOCATION B. LATITUDE ¢=__ C. INCLINATWON S=__

D. (I1+C0S S)/2 E. GROUND REFLECTANCE P=__ F.P(I-Cos S)/2-=

G, G2, G 3. G 4. G 5. G 6, G T. G 8. G S. G 1O.
"0 5 3 He

il B tE Ry He/H |[I-Ha/H| Re BEAM |DIFFUSE| R |J/DAY-M?

H| 7/ DAY-M (1-64) (G5.xG6.) [(D.xG4) [(GT+68.+F)|(G9.xG2.)

JAN «10° «10°
FEB «10° <10°
MAR «10° <10®
APR x10° i
MAY 10" x10°
TUN x10° h0*
JuL «10° «10°
AUG i «10°
SEP <{0" <10°
ocT 10" x10°
NOV sl x10°
DEC 10" <10°

TABLE A. 1

<9
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COLLECTOR ORIENTATION WORKSHEET 2

MONTHLY AVERAGE TRANSMITTANCE - ABSORPTANCE PRODUCT

In this worksheet, the effect that the angle of
incidence has on the transmittance and absorptance of the
collector is considered. These values, which vary con-
stantly in actual situations are reduced to monthly values
through various approximations. The procedures given in
the F-CHART book are valid for collector slopes up to % 15°
from the latitude of the location. For this worksheet, let

it suffice to say that values for H2., H3., H4., and H7.,

are obtained from figures presented in the F-CHART book

that represent a standard two-cover collector. These values
are factors only of $ - S and therefore, will remain constant
- for any application as long as the difference between ¢and

S remains constant. From these values and previously
calculated values, beam, diffuse, and reflected compon-

ent are calculated for each month. These values are then
added in order to arrive at the final ratio H10. It may

ﬁe noted here that this effect was ignored in most calcula-
1ons due to the fact that SESP does not consider it in

S simulation procedure.



H3.

Ha4.

Hb5.

H6.

H (.

H 8.

H9.

H 10,

x /X, @O

Ro / R

G6./G 9.

BEAM
(G5.xH3.x
H4.x H5.)

T/T, @60

DIFFUSE

(D.xG 4./6G9.

x .92 xHT.)

REFLECTED
(F./G9.x.92
xHT.)

(T /T),
(H7.+H8+H9)

Lablus Ae2

19



F-CHART WORKSHEET 1
HEATING LOADS

At the start of this worksheet, two things must
be known about the residence of the solar installation.
The value of UA and the amount of domestic hot water
usage for one day. It may be noticed that the value of UA
in F-CHART does not represent the same variable as another
value UA used in SESP. This difference has been shown
in the symbols table and, pending a change in the SESP
input parameter name, should not present a problem here.

[vThe actual value of UA (F) depends upon several factors

2
-

 characteristic of the residence. The domestic hot water

usage is taken as an average of 400 liters per day for a
family of four. The value for C2., or in other words DD,
1is available from meteorological data for that location.
sing these values, monthly space heating and domestic

vater loads are calculated, which are then added to give

€ total monthly heating load.

65



DESIGN SPACE HEATING LOAD [W]

HESATING LOADS

F-CHART WO RKSHEET |

(W /°c]

A. UA= 5FcIGN TEMPERATURE DIF FERENCE [°C]
B. WATER USAGE = [LITERS/DAY] x 4190 x( Ty, -Tp) [J/LITER]: [3/0AY]
g 2. G 3 C4. C 5.

Mo DAYS |HEATING DEGREE |SPACE HEATING DOMESTIC WATER | TOTAL LOAD
N_| PER |DAYS [°C-DAY] LOAD [J/MONTH] | LOAD [J/MONTH] [3/ MONTH]
HHMONTH (86400)(A.xC2.) (B.x C1.) (C3.+C4.)
JAN 31
FEB| 28
MAR| 3|
APR| 30
MAY 31
JUN| 30
JuL| 31
AUG| 31
SEP| 20
ocT| 2
Nov| 30
DEC| 31
TOT| 365

TARLE A.3

Q9
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F-CHART WORKSHEET 2
ITEMS MAKING UP X AND Y

In this worksheet, the characteristics of the
collector used in the installation are taken into account.
The product FRrU, is equivalent to the negative of the slope
of the collector efficiency curve (Figure 14) and the pro-
duct FR(T& ), is equivalent to the intercept. By multiply-

ing by FR', the effect of the heat exchanger is considered

Fr
and results in an effective value for use in the subsequent

calculations. In calculating C7., Té is also available

through meteorological data for the area. These values
along with previously calculated values are used in obtain-

ing monthly values for X and Y which are used in the last
A A
worksheet. The equation forms of X and ¥ are given in
A A
Chapter Three, Equations (9) and (10).



F-CHART WORKSHEET 2
ITEMS MAKING UP X AND Y

C. FRUL(FR/FR)= [w/M?-°c]
D. Fr(T=), (FR/FR)= [UNITLESS]
C6. CT. C8, C 9. C 10. Cll.
M SECONDS X/A [1/M2]|(FX)/(T*)n [DAILY RADIATION [ Y/A [I/M?]
N PER (100-T 4) [°c] | (c)x(7.)x(ce.) , ON COLLECTOR|(D)x(C9.)x(C10)x(Cl)
W MoNTH (€5) = H 0. [T/M:DAY] = GlO. (€5.)
JAN 2.68 x|0° x10°
FEB 2.42 x10° x10®
MAR 2.68 x10° x10®
APR 2.59 x10° x10°
MAY 2.68 x10° x10°
JUN 2.59 x10° x10°
JuL 2.68x10° x 10
AUG 2.68 x10° x10°
SEP 2.59 x10° x 10°
OCT| 2.68«xl0* % 10
Nov| 2.59xl0® x 10°
DEC 2.68x10° x 10

TABLE A.4

89
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F-CHART WORKSHEET 3
SOLAR HEATING LOAD FRACTION

For this, the last worksheet, it becomes necessary
to know the collector area along with two correction factors,
X/Xo and Y/YO. % takes into account any variation in the
ratio of storage gize to collector area, which is assumed
to be 75 liters of storage per square meter of collector
for all of the standard simulations. Y takes into account

Yo
variations in the ratio

£L§Zin (18)

which 1is set equal to a value of two for all the standard

simulations. A value of 1 1is used for X and ¥ in all
Xo Yo

simulations performed in this thesis.
In the preceeding worksheet, the values for X and Y
are calculated in terms of per unit area. The next step

is multiplying the corrected values of X and ¥ by the value
A A

' Of A being used. F is calculated next from X and Y using
‘the following empirical equation.

F =1.029 Y - 0,065 X - 0.245 Y2 + 0.0018 X% + 0.0215 3
for 0<Y¥<3 and 0<¢X<18 (19)
?9 heating load supplied by solar is then calculated for
ach month and finally an annual fraction by solar can be

!
o

ermined.



F- {ART WORKSHEET 3
_ ~ SOLAR HEATING LQAD FRACTI\ON
E. AREA=____ [M?]
F. STORAGE SIZE CORRECTION FACTOR (X/Xp) =
G. LOAD HEAT EXCHANGER CORRECTION FACTOR (Y/Yo)=

Cl2. L Ta. (4. C 15, Cle. C I\

M CORRECTED | CORRECTED HEATING LOAD

NT X/A Y/A X Y F SUPPLIED
H| (c8.)x(F.) (€)% (G.) (c12.)x(E) (c13)x(E) [3/MONTH] (CI8)(C5)

NOV
DEC
ANNUAL FRACTION BY SOLAR (TOTAL,CIT)/(TOTAL,C5.)= TOTAL

04

TABLE A5



SESP INPUT DATA

Due to the fact that SESP is in program form,all
that is necessary to make a run is to supply the program
with the correct input data. The input data has been
broken down into convenient blocks whose components are
generally of the same nature. The C block contains elements
C1 - Cg and specifies the most basic or general parameters
of the system, such as the number of runs, the beginning
month of the simulation and the ending month of the simula-
tion. Element C4 has the option of allowing four lines to
be printed at the top of the output data which contain
any important information for that particular run or set of
runs. Element Cg5 enables the customer to receive a plg}
as well as printed output. The plot shows the temperatures
of the liquid storage segments over a span of 1 year.

' The next three blocks contain the same meteorologi-

cal data used in F-CHART for each month with the exception
of KT. There are twelve values for each block, the first
Value being that of the month which was chosen as the start-
ing month of the simulation and the last value being that of
the ending month of the simulation. For simulations that
take Place over fewer than twelve months, the number of
Values in these blocks will correspond to the number of
lonths in the simulation.

The next data block contains a breakdown of the hot
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water usage over a twenty-four hour period. In order to
keep both simulations as identical as possible, the values
used are taken directly from a graph in the F-CHART book
which represents typical water usage for a family of four
over a twenty-four hour cycle.

There are six elements in the next data block. These
are for the most part variables that vary with changes in
collector area with the exception of tilt. The number of
sets of data for this block is equal to C;. Since the
variable that is changed most frequently is collector area,
these variables are grouped in one block and the program
is given a multiple run capability.

The last data block contains all of the numerous

initial conditions, loss factors, efficiencies, costs, etc.

that are variables in the simulation. For the most part
these remain constant for all of the simulation runs.

A more complete explanation of all of the input elements is
given on the symbols page. It may be noted here that the
input variable GPHy, 1is not given a value in the input
funs. This is due to the fact that it has not been made

Variable in the program yet.



SESP INPUT DATA

LOCATION:

o c2 C3 cC4 cS
€

| 2 3 4 5 é T 8 9 10 It 12
DD

[ 2 3 4 5 [ 7 8 9 10 i 12
HBAR

| 2 3 4 S [ T 8 9 {10 I 2
TAMB

I 2 3 4 S 6 T 8 9 10 11 12
Gk 13 | & 1S (6 |7 | 8 19 20 2\ 22 23 24

STO A CH iy B YiLT VoL

VA XM B AZ DENH [DENC |SPHTH [SPHTC |THOT [TCOLD |RLOSS | 89S

B W | RLAT T TLIM |BFAN |UATOP |UABOT |[UASEG | ETA GPH ETA2 | GPH2

TABLE A.6
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SESP OUTPUT FORMAT

The output listing for the SESP program is arranged
in an easily readable form. The first twelve rows give the
following information for each month of the simulation.

The amount of conventional heat required for space and
water for each month is given first. This represents the
energy consumption by the residence if there were no solar
energy system in operation. The total for the year is also
given as it is for all of the data. The next two columns
give the corresponding energy consumption of the same
residence with the solar system in operation. Note that
the summer months are for the most part equal to zero which

means that all energy is being supplied by solar. The last

column lists the amount of time that the solar pump is on
or in other words, when the system is collecting energy.
These values are highest in fall and spring.

The next twelve rows are concerned with operating
and heating costs of the residence. These costs are depen-
dant upon cost factors specified in the input blocks of the
Program. All values that are used are realistic. This
time the first two columns show the cost of heating the
"€Sidence and supplying it with hot water. The next two
Olumns show this cost with the sblar system in operation.
in, the summer months show values of zero. The last

lumn then shows the cost of operating the solar pump.
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The last twelve rows present fractions and savings
figures. The first two columns show the fraction of the
total heating load that is supplied by solar for space heat-
ing and water heating. The third column gives the combined
fraction of these two. This is the column that is used in
comparing fractions with the F-CHART simulations. The next
two columns show the gross savings that have been realized
through the use of the solar system for both space and water
heating. Finally the last column shows the net savings.

The values presented there are the sum of the preceding
two columns minus the last column of the preceding twelve

LOWS .
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s#sSOLAR ENERGY ANALYSIS*#s#

HEAT W/0 SOLARIMEGABTU) HEAT W/SOLAR(MEGABTU) SOLAR PUMP ON=TIME(HRS)

MONTH _ SPACE WATER SPACE WATER

JAN 23,08 2.21 18,20 1,73 90,00

FEB 20,14 2.21 13,32 1.66 158,57

MAR 17.16 2,21 8,33 1.54 261,43

APR 9.06 2.21 0.09 1.00 309,43

MAY 3.63 2.21 0,00 0,04 161,57

JUN 0,57 2,21 0,00 0,00 151,14

JuL 0,00 2.21 0,00 0,00 150,00

AUG 0.11 2,21 0,00 0,00 150,00

SEP 1.80 2.21 0,00 0,00 150,00

oct Te.38 2.21 0,00 0,23 174,57

NOV 15,17 2.21 T7.51 1,59 191,43

DEC 22,05 2.21 16,21 1.70 120,00

T0TAL 120,16 26,48 63,65 9,49 2068,14

COST OF HEAT W/0 SOLAR(S) COST OF HEAT W/SOLAR(S ) OPERATING COST($)

MONTH  SPACE WATER SPACE WwATER

JaN 76,18 7.28 60,07 Sef1 2.70

FEB 6647 T.28 43.96 5.49 8.76

MAR 56.63 7.28 27.48 5,08 T.84

APR 29.89 7.28 0.28 3,30 9.28

MAY 11.98 7.28 0.00 0,13 4,85

JUN 1.89 7.28 0,00 0,00 4,53

JUL 0.00 7.28 0,00 0,00 4450

AUG 0.38 7.28 . 0,00 0,00 4450

SEP 5.93 7.28 0,00 0,00 4,50

ocT 24,34 7.28 0,00 0,75 Se24%

NOV S50.07 7.28 24,78 5,25 S.74

DEC 72.77 7.28 53,49 5.62 3,60

TOTAL 396,53 87.37 210,06 33,33 62.04

SOLAR FRACTION GROSS SAVINGS(S) NET SAVINGS(S)

MONTH  SPACE WATER COMBINED SPACE WATER

JAN eI, 1% — 21.6% 21,19 16.11 1.58 17,98

FEB 33,87 24,56 32,95 22,51 1.79 19,54

MAR S1.48 30,17 49,05 29.15 2.20 23,51
T APR 99,05 54,69 90,35 29.61 3,98 24,30

MAY 100,00 98,24 99,33 11,98 7.15 14,29

JUN 100,00 100,00 100,00 1.89 7.28 4,64

JUC 100,00 100,00 100,00 0.00 Te28 2¢78

AUG 100,00 100,00 100,00 0.36. 7.28 3,16

SEP 100,00 100,00 100,00 5.93 7.28 8,71

oCT 100,00 89,73 97.63 29, 3% 6,53 25,64

NOV 50.52 27.87 T 47,64 25.29 2.03 ,21.58

DEC 26,50 22,88 26,17 19.28 1.67 17,35

TOTAC 57,03 BT, IW 50,12 186,498 56, 0% 180.%7

FUEL RATES($/BTU DELIVERED) SPACE 0,00 WATER 0,00 FAN ON=TIME RATE(S$/HR) 0,03

TABLE A.7
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APPENDIX B

Worksheets and computer output pertinent to the test proce-

dures and results

Page
The initial comparison runs; varying collector area.
Tables B 1 - B 30 78
Small collector areas
L Tables B 31 - B 48 109
Varying collector efficiency curve slopes
Tables B 49 - B 80 128

Extreme climate variations

Tables B 81 - B 98 161



F-CHART
B.1l

B.3

B.4

B.5

B.6

B.7 - B.9
B.10

B.l1l1 - B.13
B.14

B.15 - B.1l7
B.18

= B.21

78

THE INITIAL COMPARISON RUNS

COLUMBUS, OHIO

Collector orientation with reflectance equal
to 0.0

Collector orientation with reflectance equal
to 0.3.

T« product with £ = 0.0.

I

e product with P = 0.3.

Heating loads

X/A and Y/A with T« and £ = 0.0.

Fractions at 25, 50, 1002 with W« and 2 = 0.0.

X/A and Y/A with T« and ° = 0.3.

Fractions at 25, 50, 100,° with T% and £ = 0.3.

X/A and Y/A without T® effect and £ = 0.0.

Fractions at 25, 50, lOOm2 without T« effect
and 2 = 0.0.

X/A and Y/A without Y& effect and /° = 0.3.

Fractions at 25, 50, 100,2 without Y« effect
and 2 = 0.3.

Inputs and corresponding outputs for collector
areas of 25, 50, 100,< using SESP (new).

Outputs for collector areas of 25, 50, lOOm2
using SESP (old).



AVERAGE DAILY RADIATION ON TILTED SURFACES

' COLLECTOR ORIENTATION WORKSHEET |

A. LOCATION COLUMBUS, OHIO B. LATITUDE = _40° C. INCLINATION S= _55°

D. (I+C0S S)/2 _ .7868 E. GROUND REFLECTANCE P=_0.0_ F.P(|-C0S S)/2=__ 0.0
GIl. GZ2. G 3. G 4. G 5. G 6. G 7. G 8. G 9. G 10.
M . D Hy

N_ Ho Kt Hq/H [I-Hq/H| Ry BEAM |DIFFUSE R J/DAY-M?

H| 7/ DAY-M (1-64) (G5.xG6.) [ (D.xG4) [(6T+684F)|(C9.xG2.)

JAN| 5.39 xI0°| .36 .5108 .4892 2.472 1.2093 .4019 1.6112 | 8.688 xIO°
FEB| 8.28 «xI10°| .41 .4529 .5471 1.879 1.028 .3563 1.3843 | 11.462 xI0°
MAR| 12.38 x10°| .46 .4036 .5964 1.357 .8093 .3176 1.1269 | 13.951 xi0®
APR| 16.43 x10°| .48 .3858 .6142 .956 .5872 .3035 .8907 14.634 x10°
MAY | 20.41 xI0°| .52 .3524 .6476 .729 .4721 .2773 .7494 15.295 x10°
JUN| 23.50 xI0°| .57 .3136 .6864 641 4401 .2467 .6868 16.140 x10®
JuL| 22.67 xI0°| .56 .3212 .6788 .679 .4609 .2527 .7136 16.177 xi0®
AUG | 19.95 x10°| .55 .3289 L6711 .851 5711 .2588 .8299 16.557 xI0®
SEP| 17.65 x10°| .59 .2986 .7014 1.180 .8733 .2349 1.1082 | 19.560 x10°
OCT| 11.96 xI0°| .54 .3366 .6634 1.689 1.1205 .2648 1.3853 | 16.568 xI0®
NOV| 7.44 xI0°| .46 .4036 .5964 2.298 1.3705 .3176 1.6881 12.559 x10°
DEC| 5.52 xI10°| .41 .4529 .5471 2.683 1.4678 .3563 1.8241 10.069 x10°

TABLE B.l

64



COLLECTOR ORIENTATION WORKSHEET |

AVERAGE DAILY RADIATION ON TILTED SURFACES

A. LOCATION COLUMBUS, OHIO B. LATITUDE é= 40° C. INCLINATION S= _55%

D. (I1+C0S S)/2 _ -7868 E. GROUND REFLECTANCE P=_0.3 F. P(I-COS S)/2= _-0640

GIl. G2, G 3. G 4. G 5. G 6, G 7. G 8. G 9. G (O.
"o G IR Hy

N_ Ho Kt Hg/H |I-Hg/H| Ry BEAM |DIFFUSE R '|7/DAY-M?

H| T/ DAY-M (1-G64) (G5.xG6.) | (D.xG4) |(GT.+68+F.)|(G9.xG2.)

JAN| 5.39 xI0°| .36 .5108 .4892 2.472 1.2093 .4019 1.6752 9.029 xIO°
FEB| 8.28 xI0°| .M .4529 .5471 1.879 1.028 .3563 1.4483 11.992 xi0°
MAR| 12.38 xI0°| .46 .4036 .5964 1.357 .8093 .3176 1.1909 14.743 xi0°
APR| 16.43 x10°| .48 .3858 .6142 .956 .5872 .3035 .9547 15.689 x|0°
MAY | 20.41 x10°] .52 .3524 .6476 .729 4721 .2773 .8134 16.601 x10°
JUN| 23.50 xI0°| .57 .3136 .6864 .641 .4401 . 2467 .7508 17.644 x10°
JuL| 22.67 x10°] .56 .3212 .6788 .679 .4609 .2527 7776 17.628 xi0®
AUG| 19.95 xI0°| .55 .3289 L6711 .851 .5711 .2588 .8939 17.833 xI0°
SEP| 17.65 xI0°| .59 .2986 .7014 1.180 .8733 .2349 1.1722 20.689 x10°
OCT| 11.96 xI10°| .54 . 3366 .6634 1.689 1.1205 .2648 1.4493 17.334 xI0°
NOV| 7.44 ,‘lo" .46 .4036 .5964 2.298 1.3705 3176 1:7521 13.036 x|06
DEC| 5.52 xIO°| .41 .4529 .5471 2.683 1.4678 .3563 1.8881 10.422 xi0°

08



. COLLECTOR ORIENTATION WORKSHEET2

MONHLY AVERAGE TRANSMIT TANCE - ABSORPTANCE PRODUCT

Ml HZ, b3 H4. H 5. HG6. H . H 8. H9S. H 0.
W B [rmenlamealn s [ B Trm eed e R T e ),
TH htnbatic; H4.x H5.) x.92xHT)| xHT) LSS
JAN| 36 .98 .99 1.5343 .7282 .87 .1997 0.0 .9279
FEB| 36 .98 .99 1.3574 .7205 .87 .2060 0.0 .9265
[MAR| 39 .98 .99 1.2042 .6968 .87 .2255 0.0 .9223
APR | 45 .97 .98 1.0733 .6267 .87 .2728 0.0 .8995
bMAY 50 .97 .98 .9728 .5989 .87 .2961 0.0 .8950
JUN| 53 .97 .98 .9333 .6090 .87 .2876 0.0 .8966
JUL| 51 .97 .98 .9515 .6140 .87 .2835 0.0 .8975
AUG | 46 .97 .98 1.0254 .6542 .87 .2496 0.0 .9038
SEP| & .98 .98 1.0648 7173 .87 .1690 0.0 .8870
OCT| 37 .98 .99 1.2192 .7847 .87 .1530 0.0 .9377
NOV | 36 .98 .99 1.3613 .7877 .87 .1506 0.0 .9383
DEC| 36 .98 .99 1.4709 .7807 .87 .1564 0.0 .9372

TABLE B.3

18



COLLECTOR ORIENTATION WORKSHEET 2
MONHLY AVERAGE TRANSMIT TANCE - ABSORPTANCE PRODUCT

. HZ, H3. H4. HS. HG. H 7. H 8. H9S. H 10,
MON 5, T/ T, 04| </, ©6u| Ry / R BEAM /7. @ 60 DIFFUSE REFLECTED(ﬁ/T“)n
T C6./C 9. I(G5.xH3.x (D.xG4./69.|(F./G9.x.92 (HT+HE+HI
H H4.x H5.) x.92xHT)| xHT.)
JAN| 36 .98 .99 1.476 .7005 .87 .1920 .0306 .9231
FEB 36 .98 .99 1.297 .6884 .87 .1969 .0354 .9207
MAR| 39 .98 .99 1.139 .6591 .87 .2134 .0430 .9155
_; Pfkw 45 .97 .98 1.001 .6101 .87 . 2545 .0537 .9183
MAY 50 .97 .98 .8962 .5517 .87 .2728 .0630 .8875
JUN 53 .97 .98 .8537 .557 .87 .2876 .0746 .9192
JUL 51 .97 .98 .8732 .5634 .87 .2601 .0659 .8894
AUG | 46 .97 .98 .9520 .6073 .87 .2317 .0573 .8963
SEP| & .98 .98 1.007 .6783 .87 .1604 .0437 .8824
OCT| 37 .98 .99 1.1654 .7501 .87 .1463 .0353 .9317
NOV 36 .98 .99 1.3116 .7589 .87 .1451 .0292 .9332
DEC| 36 .98 .99 1.421 .7543 .87 1511 .0271 .9325

TABLE B.4
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DESIGN SPACE HEATING LOAD [W]

F-CHART WO RKSHEET |

HEATING LOADS

467.0

A. UA= "5FC1GN TEMPERATURE DIF FERENGE [°C) [w /o]
B. WATER USAGE = _400.0 [LITERS/DAY] x4190x(T,, -Tp) [J/LITER]= _82.1 x10° [3/0AY]
e C 2. & 3, C 4. L5,
Mo DAYS |HEATING DEGREE |SPACE HEATING DOMESTIC WATER | TOTAL LOAD
N_| PER |DAYS [°*C-DAY] |LOAD [J/MONTH] | LOAD [J/MONTH] [3/MONTMH]
HHMONTH (86400)(A.xC2.) (B.x CI.) (C3.+C4.)
JAN| 31 604 24.371  x10° 2.55  x10° 26.921  x10°
FEB| 28 527 21.264  x10° 2.30  x10° 23.564  x10°
MAR| 31 449 18.117  x10° 2.55  x10° 20.667  x10°
APR| 30 237 9.563  x10° 2.06  x10° 12.023  x10°
MAY| 31 95 3.833  x10° 2.55  x10° 20.667  x10°
JUN 30 15 .605 x10° 2.46 x10° 12.023 x109
JuL| 31 0.0 0.0 2.55  x10° 2.55 x10°
AUG| 31 3 121 x10° 2.55  x10° 2.671 x107
SEP| 730 47 1.896 x10° 2.46 x10° 4.356 x10°
oCcT a) 193 7.787 x10° 2.55 x10° 10.337 x10°
Nov| 30 397 16.018  x10> 2.46  x10° 18.478  x10°
DEC| 31 577 23.281  x10° 2.55  x10° 28.831  x10
TOT| 365 3144 126.86  x10° 30.00  x10° 156.86  x10°

MATYT 1™ ™ ”

€8



F-CHART WORKSHEET 2
ITEMS MAKING UP X ANDY

C. FRUL (FR/Fg)=—3-% [w/mM?-°c]
D. Fr(7«), (F’R/FR)Z 3L [UNITLESS]
C o. oy C 8. C 9. A CLE,
M SECONDS X/A [1/M2]|(T=)/(Tt) |DAILY RADIATION [ Y/A [1/M?]
N PER (100-T 4) [°c] | (c)x(7.)x(c6) ON COLLE CTOR|(D)x(C9)x(C 10)x(Cl)
T MONTH (€5) = H 0. [T/M:DAY] = GlO. C5)
JAN| 2.e8 xio® 101 .0366 .9279 8.684  x10°|  .00612
FEB 2,42 x10° 100 .0374 .9265 11.462  x10° .00833
MAR| 2.68xl0° 9% 0453 .9223 13.951  xI0% o127
APR|  2.59 xI0° 88 .0690 .8995 14.634  xI0°|  .0217
MAY 2.68 x10¢ 82 .1253 .8950 15.295  x10° .0439
JUN 2.59 x{0° 77 .2368 .8966 16.140  xl0® .0935
JuL| 2.68xl0° 75 2869 .8975 16.177  x10*|  .1165
AUG 2.68 x10° 76 .2776 .9038 16.557 x10° 1146
SEP| 2.59xI0° 80 1731 .8870 19.560 x10°| 0789
ocT 2.68 x10° 86 .0812 .9377 16.568 x 10° .0308
NoOV 2.59x10° 94 .0480 .9383 12.559  x |0 .0126
DEC 2.68x10° 100 .0338 .9372 10.069 x10° .00670

TABLE B.6
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E. AREA= _ 2.0  [M?]

F. STORAGE SIZE CORRECTION FACTOR (X/Xp) =

F-CHART WORKSHEET 3

SOLAR HEATING LOAD FRACTION

1.0

G. LOAD HEAT EXCHANGER CORRECTION FACTOR (Y/Yo)= _1.0
Cl2, (13, C 14. C 5. Cl6. C\1.
MO CORRECTED | CORRECTED HEATING LOAD
N_ X /A Y/A X Y F SUPPLIED

H| (C8.)x(F.) (CiL)x(G.) (C12.)x(E) (c13)x(E)) [3/MONTH] (CI6)(c5)
JAN .0366 .00612 .915 .153 .094 2.531 x10°
FEB .0374 .00833 .935 .2083 .145 3.417 x10°
MAR .0453 .0127 1.1325 3175 ¢ .231 4.774 x10°
APR .0690 .0217 1.725 .5425 .383 4.605 x10°
MAY .1253 .0439 3.1325 1.0975 .677 4.321 x10
JUN .2368 .0935 5.92 2.3375 1.0 3.065  x10°
JuL .2869 .1165 7.1725 2.9125 1.0 2.55 x10°
AUG .2776 .1146 6.94 2.865 1.0 2.671 x10°
SEP 1731 .0789 4.3275 1.9725 .994 4.330 x10
ocT .0812 .0308 2.03 77 .532 5.499  x10°
NOV . 0480 .0126 152 .315 .225 4.158 x10% " |
DEC .0338 .00670 .845 , .1675 112 3.229 x10°
ANNUAL FRACTION BY SOLAR (TOTAL,CIT)/(TOTAL,CS.)= .288 TOTAL| 45.15 x107

TABLE B.7
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E. AREA=__50.0  [M?]

F-CHART WORKSHEET 3
SOLAR HEATING LOAD FRACTION

F. STORAGE SIZE CORRECTION FACTOR (X/Xp) = 1.0
G. LOAD HEAT EXCHANGER CORRECTION FACTOR (Y/Yo)= 1.0
Cl2. CI3. C 14. C 15. Cl6. C\T.

M, CORRECTED | CORRECTED HEATING LOAD
NT X /A Y/A X Y F SUPPLIED

Hl (€8.)x(F.) (Ci1L)x(G.) (c12.)x(E) (c13)x(E)) [3/MmONTH] (CI6)(C5)
JAN .0366 .00612 1.83 .306 .18 4.846  x10°
FEB .0374 .00833 1.87 .4165 272 6.409  x10°
MAR .0453 .0127 2.265 .635 422 8.721  x109
APR .0690 .0217 3.45 1.085 .653 7.851  x10°
MAY 1253 0439 6.265 2.195 969 6.185  x10°
JUN .2368 .0935 11.84 4.675 1.0 3.065  x10°
JUL 2869 1165 14.345 5.825 1.0 2.55  x10°
AUG .2776 1146 13.88 5.73 1.0 2.671  x10°
SEP 1731 .0789 8.655 3.945 1.0 4.356  x10°
ocT .0812 .0308 4.06 1.54 .848 8.766  x10°
NOV .0480 .0126 2.40 .63 .41 7.594  x10°
DEC .0338 .00670 1.69 .335 .213 6.141  x10°
ANNUAL FRACTION BY SOLAR (TOTAL,CIT)/(TOTAL,CS.)= 44 TOTAL] 69.115 x10°

TABLE B.8
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E. AREA= __100.0 [M?]

F. STORAGE SIZE CORRECTION FACTOR (X/Xp) =

F-CHART WORKSHEET 3

SOLAR HEATING LOAD FRACTION

1.0

G. LOAD HEAT EXCHANGER CORRECTION FACTOR (Y/Y,)= 1.0
Cl2, CI3. C 14. 541 Cl6. C\1.
MO CORRECTED | CORRECTED HEATING LOAD
N_ X /A Y/A X Y F SUPPLIED
H| (c8.)x(F.) (Ci1L)x(G.) (C12.)x(E.) (c13)x(E.) [3/MmoNTH] (CI6)(c5)
JAN .0366 .00612 3.66 612 .329 8.857  x10°
FEB .0374 .00833 3.74 .833 .482 11.358  x109
MAR .0453 .0127 4.53 1.27 .698 14426 x10°
APR .0690 .0217 6.90 2.17 .936 11.254  x10°
MAY .1253 0439 12.53 4.39 1.0 6.383  x10°
JUN .2368 .0935 23.68 9.35 1.0 3.065  x1 oug—T
JuL . 2869 .1165 28.69 11.65 1.0 2.55 x10°
AUG .2776 .1146 27.76 11.46 1.0 2.671 x10°
SEP 1731 .0789 17.31 7.89 1.0 4.356  x109
ocT .0812 .0308 8.12 3.08 1.0 10.337  x109
NOV 0480 L0126 4.8 1.26 .68 12.565  x10°
DEC .0338 .00670 3.38 .67 .387 11.158  x10°
ANNUAL FRACTION BY SOLAR (TOTAL,CIT)/(TOTAL,CS.)= .631 TOoTAL|98.98 x10°

TABLE B.9
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F-CHART WORKSHEET 2
ITEMS MAKING UP X ANDY

MO PRU (FR/FR) = 204 [w/M2-°C]
D. FR(T“)h (F/R/FR): =68 Y [UN\TLESS]
C 6. CT. C 8. C9. C 10. G 1Lk

" SECONDS X/A [1/M2]|(FX)/(Tx)n |DAILY RADIATION | Y/A [I/M?]

N PER (100-T 4) [°c] | (C)x(CT)x(c6) ON COLLE CTOR|(D.)x(C9.)x(C 10)x(Cl)

T\ MONTH (C5) = H 0. [T/M%DAY] = GlO, (€5)
TAN 2.68 xi0® 101 .0366 .9231 9.029  xl0° .00633
FEB 2.42 x10° 100 .0374 .9207 11.992 «xlo* .00866
MAR 2.68 x10° 96 .0453 .9155 14.743  x10® .0134
APR 2.59 x10° 88 .0690 .9183 15.689  x10° .0237
MAY 2.68 xt0® 82 .1253 .8875 16.601 x10* .0472
JUN 2.59 x(0° 77 .2368 .9192 17.664 x10® .1048
JuL 2.68x10° 75 .2869 .8894 17.628  x10° .1258
AUG 2.68 x10° 76 .2776 .8963 17.833 x10°® .1224
SEP| 2.59«xI0° 80 1731 .8824 20.689 x10° 0830
OCT 2.68 x10°¢ 86 .0812 .9317 17.334  x10° .0320
NOV 2.59« 0% 94 .0480 .9332 13.036 x 10° .0130
DEC 2.68x10° 100 0338 .9325 10.422 x10° .0069

TABLE B.10
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. "-é'HAli'r WORKSHEET 3
SOLAR HEATING LOAD FRACTION

E. AREA=__25.0 [M?]

—_—

1.0

F. STORAGE SIZE CORRECTION FACTOR (X/Xp) =

G. LOAD HEAT EXCHANGER CORRECTION FACTOR (Y/Yo)= 1.0
C12, C13. C 4. C 1|5, Cle. C \T.
MO CORRECTED | CORRECTED HEATING LOAD
N, X /A Y/A X Y F SUPPLIED
H| (C8.)x(F.) (i) x(G.) (c12)x(E) (c13)x(E)) [3/monTH] (cle)(c5)
JAN .0366 .00633 .915 .1583 .099 2.665  x10°
FEB .0374 .00866 .935 .2165 152 3.582  x10°
MAR .0453 .0134 1.1325 .335 .247 5.106  x10°
APR .0690 .0237 1.725 .5925 421 5.062  x10°
MAY .1253 .0472 3.1325 1.18 722 4.609  x10°
JUN .2368 .1048 5.92 2.62 1.0 3.0656  x10°
JuL .2869 .1258 7.1725 3.145 1.0 2.55 x10°
AVUG .2776 .1224 6.94 3.06 1.0 2.671 x10°
SEP L1731 .0830 4.3275 2.075 1.0 4.356  x10°
ocT .0812 .0320 2.03 .80 .553 5.716  x10°
NOV .0480 .0130 1.2 .325 .234 1320 x10° |
DEC .0338 .0069 .845 1725 117 3.373  x109
ANNUAL FRACTION BY SOLAR (TOTAL,CIT)/(TOTAL,C5.)= .30 TOoTAL|47.078 x10°

TABLE B.1ll
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F-CHART WORKSHEET 3
SOLAR HEATING LOAD FRACT\ON

E. AREA= __50.0  [M?]
F. STORAGE SIZE CORRECTION FACTOR (X/Xo)= _1:0

G. LOAD HEAT EXCHANGER CORRECTION FACTOR (Y/Yo)= "0
Cl2, iz 1.3, C 14. C 5. Cle. C\1.
MO CORRECTED |CORRECTED HEATING LOAD
NT X /A Y/A X Y F SUPPLIED
H| (C8.)x(F.) (Ci1)x(G.) (c12)x(E) (c13)x(E.) [3/monTH] (c16)(c5)
JAN .0366 .00633 1.83 .3165 .189 5.088  x10
FEB .0374 .00866 1.87 .433 .286 6.739  x10°
MAR .0453 .0134 2.265 .67 448 9.259  x10°
APR .0690 .0237 3.45 1.185 .708 8.512  x10°
MAY .1253 .0472 6.265 2.36 1.0 6.383  x10°
JUN .2368 .1048 11.84 5.24 1.0 3.065  x10°
JuL .2869 .1258 14.345 6.29 1.0 2.55  x10°
AUG .2776 1224 13.88 6.12 1.0 2.671  x10°
SEP 1731 .0830 8.655 4.15 1.0 4.356  x10°
ocT .0812 .0320 4.06 1.6 .873 9.024  x10°
NOV .0480 .0130 2.4 .65 .426 7.872  x10°
DEC .0338 .0069 1.69 345 222 6.40  x10°
ANNUAL FRACTION BY SOLAR (TOTAL,CIT)/(TOTAL,CS.)= .458 TOTAL| 71.919 x10°

06

TABLE B.1l2



E. AREA= _100.0 [M?]

F-CHART WORKSHEET 3
SOLAR HEATING LOAD FRACTION

F. STORAGE SIZE CORRECTION FACTOR (X/Xo)= __1.0
G. LOAD HEAT EXCHANGER CORRECTION FACTOR (Y/Yo)= 1.0
Cl2, Cl3. C 14. 10, Cl6. Y
MO CORRECTED | CORRECTED HEATING LOAD
NT X /A Y/A X Y F SUPPLIED

H| (c8.)x(F.) (€)% (G.) (C12.)x(E) (c13)x(E.) [3/monTH] (Ci6)(c5)
JAN .0366 .00633 3.66 .633 .345 9.288 x10°
EER .0374 .00866 3.74 .866 .503 11.853  x10°
MAR .0453 .0134 4.53 1.34 .733 15.149  x10°
APR .0690 .0237 6.9 2.37 .986 11.855  x10°
MAY .1253 .0472 12.53 4.72 1.0 6.383  x10°
JUN .2368 .1048 23.68 10.48 )l 1.0 3.065 x10°
JuL .2869 .1258 28.69 12.58 1.0 2.55 x107
AVUG .2776 1224 27.76 12.24 1.0 2.671 x107
SEP 1731 .0830 17.31 8.3 1.0 4.356  x10°
ocT .0812 .0320 8.12 3.2 1.0 10.337  x10°
NOV .0480 .0130 4.8 1.3 .70 12,935 x109 |
DEC .0338 .0069° 3.38 .69 .401 11.561  x10°
ANNUAL FRACTION BY SOLAR (TOTAL,CIT)/(TOTAL,CS5.)= .65 ToTAL| 102.003 x10°

TABLE B.13
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F-CHART WORKSHEET 2
ITEMS MAKING UP X AND Y

C. FRU, (Fp/Fgp)=_3-%4 [w/™M2-°c]
D. Fr(v«), (FR/FR)= -5 [UNITLESS]
C 6. Gl ) C 9. C 10. Cll.
M SECONDS X/A [\/M2][(FX)/(T*)n [DAILY RADIATION | Y/A [I/M?]
N PER (100-T o) [°c] | (c)x(T.)x(c6.) ON COLLE CTOR|(D)x(C9)x(C 10)x(Cl)
T MoONTH (C5.) = H 0. [7/M%DAY] = GO, (€5)
JAN 2.68 «x|i0° 101 .0366 1.00 8.684  xI0° .0066
FEB 2.42 x10° 100 .0374 1.00 1.462 xl0® .0090
MAR 2.68 x10° 9 .0453 1.00 13.951 xl0® .0138
APR 2.59 x 10 88 .0690 1.00 14.634  x10° .0241
MAY 2.68 x t0® 82 .1253 1.00 15.295 x10° .0490
JUN 2.59 x(0° 77 .2368 1.00 16.140 xI0® .1043
JUL 2.68x10° 75 .2869 1.00 16.117 «xl0* .1298
AUG 2,68 x10° 76 2776 1.00 16.557 x10° .1268
SEP| 2.59xI0° 80 1731 1.00 19.560 x10°|  ossg
ocT 2.68 x10° 86 .0812 1.00 16.568 x10° .0328
Nov| 2.59xl0® 94 .0480 1.00 12.559 x10° .0135
DEC 2.68x10° 100 .0338 1.00 10.069 x10° .00715

TABLE B.1l4
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E. AREA=_25.0  [M?]
F. STORAGE SIZE CORRECTION FACTOR (X/Xo)= 1.0

F-CHART WORKSHEET 3
SOLAR HEATING LOAD FRACTION

G. LOAD HEAT EXCHANGER CORRECTION FACTOR (Y/Yo)= 1.0
Cl2, ¢ 13 C 14. C |5. Cle. C\T.
Mo CORRECTED | CORRECTED HEATING LOAD
NT X/A Y/ A X Y F SUPPLIED
H| (c8.)x(F.) C1L)x(G.) (c12.)x(E.) (c13)x(E)) [3/monTH] (cl6)(c5)
JAN .0366 .0066 .915 .165 .105 2.827  x10°
FEB .0374 .0090 .935 225 16 3.77 X107
MAR .0453 .0138 1.1325 .345 .255 5.27  x10°
APR .0690 .0241 1.725 .6025 .429 5.158  x10°
MAY .1253 .0490 3.1325 1.225 .746 4.762  x10°
JUN .2368 .1043 5.92 2.6075 1.0 3.065 x10°
JuL . 2869 .1298 7.1725 3.245 1.0 2.55  x10°
AUG .2776 .1268 6.94 3.17 1.0 2.671  x10°
SEP 1731 .0889 4.3275 2.2225 1.0 4.356  x10°
ocT .0812 .0328 2.03 .82 .566 5.851 x10°
NOV .0480 .0135 1.2 .3375 .245 4.527  x10°
DEC .0338 .00715 .845 .1788 123 3.546  x10°
ANNUAL FRACTION BY SOLAR (TOTAL,CIT)/(TOTAL,CS)= .308 TOTAL]| 48.353 «x109

TABLE B.1l5
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JI—

E. AREA= __50.0 [M?]

F. STORAGE SIZE CORRECTION FACTOR (X/Xp) =

F-CHART WORKSHEET 3

SOLAR HEATING LOAD FRACTION

1.0

G. LOAD HEAT EXCHANGER CORRECTION FACTOR (Y/Yo)= 1.0
Cl2. G 3. C |4. C 5. Cle. C \T.
M~ [ CORRECTED [CORRECTED HEATING LOAD
NT X /A Y/A X b 4 F SUPPLIED
H| (C8.)x(F.) (€1.)x(G.) (c12.)x(E)) (c13)x(E) [3/moNTH] (cl6)(c5)
JAN .0366 .0066 1.83 .33 .201 5.411  x10°
FER .0374 .0090 1.87 .45 .30 7.069  x10°
MAR .0453 .0138 2.265 .69 462 9.548  x10°
APR .0690 .0241 3145 1.205 719 8.645 x10°
MAY .1253 .0490 6.265 2.45 1.0 6.383  x10°
JUN .2368 .1043 11.84 5.215 1.0 3.065 x10°
JuL .2869 .1298 14.345 6.49 1.0 2.55  x10°
AUG .2776 .1268 13.88 6.34 1.0 2.671  x10°
SEP 1731 .0889 8.655 4.445 1.0 4.356  x10°
ocT .0812 .0328 4.06 1.64 .889 9.19  x10°
NOV .0480 .0135 2.4 .675 .444 8.204  x10°
DEC| .0338 .00715 1.69 .3576 .233 6.718  x10°
ANNUAL FRACTION BY SOLAR (TOTAL,CIT)/(TOTAL,CS.)= .471 ToTAL| 73.81 x10°

TABLE B.16
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E. AREA= _100.0 [M?]
F. STORAGE SIZE CORRECTION FACTOR (X/Xo)= 10

F-CHART WORKSHEET 3
SOLAR HEATING LOAD FRACTION

G. LOAD HEAT EXCHANGER CORRECTION FACTOR (Y/Yp)= 1.0
Cl2. C 13, C 14. E 5 Cl6. C\T.
Mo CORRECTED | CORRECTED HEATING LOAD
N_ X /A Y/A X Y F SUPPLIED
H| (c8.)x(F.) C1L)x(G.) (c12.)x(E)) (c13)x(E) [3/moNTH] (Cl6)(c5)
JAN .0366 .0066 3.66 .66 .365 9.826 x10°
FEB .0374 .0090 3.74 .9 .525 12.371 x10°
MAR .0453 .0138 4.53 1.38 572 15.542 x10°
APR .0690 .0241 6.9 2.41 .995 11.963 x10°
MAY .1253 .0490 12.53 4.9 1.0 6.383  x10°
JUN .2368 .1043 23.68 10.43 1.0 3.065 x10°
JuL . 2869 .1298 28.69 12.98 1.0 2.55  x10°
AVUG .2776 .1268 27.76 12.68 1.0 2.671  x10°
SEP 1731 .0889 17.31 8.89 1.0 4.356  x10°
ocT .0812 .0328 8.12 3.28 1.0 10.337 x10°
NOV .0480 L0135 4.8 1.35 725 13.397 x10°
DEC .0338 .00715 3.37 .7152 419 12.08 x10°
ANNUAL FRACTION BY SOLAR (TOTAL,CIT)/(TOTAL,CS.)= .666 ToTAL|104.561  x10°

TABLE B.1l7
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F-CHART WORKSHEET 2
ITEMS MAKING UP X ANDY

C. FRU(FR/Fg)=— 364 [w/m®-°c]
D. FR(7«), (FR/FR)= Sl [UNITLESS]
C 6. G T C 8. C 9. C 10. e 1 b
M, SECONDS X/A [\/M2][(FX)/(T<)n |DAILY RADIATION | Y/A [1/M?]
N PER (100-T4) [°c] | (c)x(CT)x(C6)) ON COLLECTOR|(D)x(C9.)x(C 10)x(Cl)
W MoNTH (€5) = H 0. [T/MDAY] = GlO. C5)
JAN| 2.68 xi0® 101 .0366 1.00 9.029  xl0* .00686
FEB 2.42 x10° 100 .0374 1.00 11.992  xI0° .00940
MAR| 2.68 xI0° 9 - .0453 1.00 14.743  x10° .0146
APR|  2.59 x10° 88 .0690 1.00 15.589  x10° .0258
MAY 2.68 xt0® 82 .1253 1.00 16.601 x10° .0532
JUN 2.59 x(0° 77 .2368 1.00 17.644 xI0® .1140
JoL| 2.68«x10° 75 2869 1.00 17.628 x10* 1414
AUG 2.68 x10° 76 .2776 1.00 17.833 x|0® .1366
SEP 2.59 «x10°¢ 80 1731 1.00 20.689 x10° .0940
ocT 2.68 x10° 86 .0812 1.00 17.334  x10° .0343
Nov| 2.59xl0°® 94 .0480 1.00 13.036 «x10° .0140
DEC 2.68xI10° 100 .0338 1.00 102422 .« 10" .00740

TABLE B.18
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OLAR HEATING LOAD FRACTION

BAREA= _ 220 [M%]
F. STORAGE SIZE CORRECTION FACTOR (X/Xo)= 10

F-CHART WORKSHEET 3

G. LOAD HEAT EXCHANGER CORRECTION FACTOR (Y/Yo)= __1-0
i C13. C 14. G 15. Cle. C\T.
MO CORRECTED | CORRECTED HEATING LOAD
NT X /A Y/A X Y F SUPPLIED
H| (c8.)x(F.) (€)% (G.) (C12.)x(E) (c13)x(E) [3/MoNTH] (Cl6)(c5)
JAN .0366 .00686 .915 1715 A1 2.988  x10°
FER .0374 .00940 .935 .235 .169 3.982 X 09_4
MAR .0453 .0146 1.1325 365 .335 6.923  x10°
APR .0690 .0258 1.725 .645 461 5.543  x10°
MAY 1253 .0532 3.1325 1.33 .80 5.106  x10°
JUN 2368 1140 5.92 2.85 1.0 3.065 x10°
JuL 2869 1414 7.1725 3.538 1.0 2.55  x10°
AUG 2776 .1366 6.94 3.415 1.0 2.671  x10°
SEP 1731 .0940 4.3275 2.35 1.0 4.356  x10°
ocT .0812 .0343 2.03 8575 591 6.109 x10° |
NOV .0480 .0140 1.2 .35 .256 4.730  x10°
DEC .0338 .00740 .845 .185 128 3.69  x10°
ANNUAL FRACTION BY SOLAR (TOTAL,CIT)/(TOTAL,CS.) = .33 ToTAL| 51.713 x10°

Tabir B.19
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E. AREA=_50.0  [M?]

F. STORAGE SIZE CORRECTION FACTOR (X/Xp) =

SOLAR HEATING LOAD FRACTION

-CHART WORKSHEET 3

1.0

G. LOAD HEAT EXCHANGER CORRECTION FACTOR (Y/Yy)= _1:0
(A2, Cl3. C 14. C 15. Cl6. C\1.
Mo CORRECTED | CORRECTED HEATING LOAD
NT X/A Y/A X Y F SUPPLIED
H| (c8.)x(F.) C1)x(G.) (c12.)x(E) (c13)x(E)) [3/MoNTH] (CI6)(c5)
JAN .0366 .00686 1.83 .343 212 5.707  x10°
FEB .0374 .00940 1.87 .47 .316 7.446  x10°
MAR .0453 .0146 2.265 .73 .491 10.147 x10°
APR .0690 .0258 3.45 1.29 .763 9.174  x10°
MAY .1253 .0532 6.265 2.66 1.0 6.383 x10°
JUN .2368 .1140 11.84 5.7 1.0 3.065 x100 |
JuL . 2869 1414 14.345 7.07 1.0 2.55  x10°
AVG .2776 .1366 13.88 6.83 1.0 2.671__ x10°
SEP 1731 .0940 8.655 4.7 1.0 4.356  x10°
ocT .0812 .0343 4.06 1.715 .918 9.489 x10°
NOV .0480 .0140 2.4 .70 .462 8.537 x10°
DEC .0338 .00740 1.69 .37 .244 7.035  x10°
ANNUAL FRACTION BY SOLAR (TOTAL,CIT)/(TOTAL,CS.)= .488 ToTAL| 76.56 x10°

TABLE B.20
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E. AREA=__100.0 [M?]
F. STORAGE SIZE CORRECTION FACTOR (X/Xo)= 1.0

F-CHART WORKSHEET 3

SOLAR HEATING LOAD FRACTION

G. LOAD HEAT EXCHANGER CORRECTION FACTOR (Y/Yo)= _1:0
Cl2. Cl3. C |4. 17 Cle. C \T.
M~ [ CORRECTED [CORRECTED HEATING LOAD
N, X /A Y/A X Y F SUPPLIED
H| (C8.)x(F.) (C11)x(G.) (C12.)x(E) (c13)x(E) [3/MoNTH] (C16)(c5)
JAN .0366 .00686 3.66 .686 .384 10.338 x10°
TR .0374 .00940 3.74 .94 551 12.984 x10°
MAR .0453 .0146 4.53 1.46 .789 16.306 x10°
APR .0690 .0258 6.9 2.58 1.0 12.023 x10°
MAY .1253 .0532 12.53 5.32 1.0 6.383  x10°
JUN .2368 1140 23.68 1.4 1.0 3.065 x10°
JuL .2869 1414 28.69 14.14 1.0 ~ 2.55  x10°
AUG .2776 .1366 27.76 13.66 1.0 2.671  x10°
SEP L1731 .0940 17.31 9.4 1.0 4.356  x10°
ocT .0812 .0343 8.12 3.43 1.0 10.337 x10°
NOV .0480 .0140 4.8 1.4 .749 13.84  x10°
DEC .0338 .00740 3.38 .74 .437 12.599 x107
ANNUAL FRACTION BY SOLAR (TOTAL,CIT)/(TOTAL,C5.)= .685 ToTAL| 107.452 x10°

TABLE B.21
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SESP INPUT DATA

LOCATION: COLUMBUS, OHIO
Ccl c2 C3 C4 CH
Cc 1.0 1.0 12.0 1.0 0.0
| 2 3 4 5 & T 8 9 10 W |2
DD | 1087.2| 948.6 | 808.2 | 426.6 171.0 | 27.0 .001 5.4 84.6 347.4 714.6 | 1038.6
[ 2 3 4 ) [ 7 8 9 10 i 12
HBAR| 474.6 729.0 | 1090.0 | 1446.7 | 1797.1 | 2069.2 | 1996.0 | 1756.6 | 1554.0 | 1053.0 | 655.0 | 486.0
| * 3 4 S [ T 8 9 10 i 12
TAMB| 30.2 32.0 39.2 51.8 60.8 69.8 73.4 71.6 64.4 53.6 41.0 32.0
I 2 3 4 5 6 7 8 9 |10 Il 12
2.0 0.0 0.0 0.0 0.0 0.0 1.4 4.8 i 8.4 6.9 4.6
L
GA 13 | & 1S |6 T | 8 19 20 2\ 22 23 24
3.5 5.3 2.5 2.3 2.0 3.8 6.9 11.8 9.6 6.9 5.4 4.7
STO A CH cC TILT VoL
4133.9 | 269.1 310.6 330.5 55.0 | 495.4
VA XM 8 AZ DENH |DENC |[SPHTH |SPHTC [THOT |[TCOLD |RLOSS | 8§
4262.5 .66 .68 0.0 8.89 8.34 .8 1.0 140. 51.8 | 21232.9| 3.3
8 W RLAT T TLIM [#FAN |UATOP |UABOT |UASEG | ETA GPH ETA2 |GPW2
3.3 40.0 70.0 68.0 .03 1.41 1.41 141 .7 480.0 B -] Seave

TABLE B.22
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$58SOLAR ENERGY ANALYSIS#3s

HEAT W/0 SOLAR(MEGABTU) HEAT W/SOLAR(MEGABTU) SOLAR PUMP ON=TIME(HRS)

MONTH SPACE WATER SPACE WATER
JAN 23,08 2,21 20,71 1,78 90,00
FEB 20,14 2.21 16,63 1,75 210,00
MAR 17.16 2,21 12.46 1,68 300,00
APR 9,06 2.21 3.73 1,48 338,57
MAY 3.63 2.21 0,03 0,69 309,43
JUN 0.57 2,21 0,00 0,01 187,86
JuL 0.00 2,21 0,00 0,00 161.29
AU6G 0,11 2.21 0,00 0,00 158,57
SEP 1,80 2.21 0,00 0,00 179,57
ocT 738 2.21 1,88 1,26 256,57
NOV 15,17 2.21 11.37 1,73 240,00
DEC 22,05 2.21 19.17 1,77 128,57
TOTAL 120,16 26,48 85,98 12,16 2560,42
COST OF HEAT W/0 SOLAR(S) COST OF HEAT W/SOLAR(S ) OPERATING COST($)
MONTH SPACE WATER SPACE WATER
JAN 76.18 7.20 68,36 5,88 2.70
FEB 66.47 7.28 54,89 5,77 6.30
MAR 564,63 T7.28 41,11 5,54 9.00
APR 29,09 7.28 12,30 %,89 10,16
MAY 11,98 7.28 0.11 2.28 9.28
JUN 1.89 T.28 0,00 0,04 5.64
JUuL 0,00 7.28 0,00 0,00 4,84
AUG 0,38 T.28 0,00 0,00 4,76
SEP 593 7.28 0,00 0,00 5.39
ocT 24434 7.28 6,22 4,16 Te70
NOV 50,07 7.28 37,52 5,71 T.20
DEC 72.77 7.28 63.25 5,85 3,86
TOTAL 396.53 87.37 283,75 40.12 76,81

SOLAR FRACTION GROSS SAVINGS(S) NET SAVINGS(S)
MONTH SPACE WATER COMBINED SPACE WATER
JAN 10,27 19,25 11,05 T.82 1.40 6.52
FEB 17.42 20,79 17.7% 11.58 1,51 6.79
MAR 27.41 23,85 27.00 15.52 1.74% 8.26
APR 58,85 32,87 53,76 17.59 2.39 9,83
MAY 99.10 68,73 - 87.62 11.87 5,00 7.60
JUN 100.00 99,50 99.60 1.89 T.24 3450
JUC 100,00 100,00 100,00 0.00 7.28 204
AUG 100.00 100,00 100,00 0.38 T.28 2,90
SEP 100,00 100,00 100,00 5.93 T7.28 7.82
(e[ | TRB7 §2.83 67,18 18619 Selc 1355
NOV 25,07 21,51 24,62 12,55 1.57 6.92
DEC 13,09 19.63 13.68 9.52 1.43 T7.09
TOTAC 28,90 5%, 08 33,07 112,79 §7.25 83,22

FUEL RATES($/BTU DELIVERED) SPACE 0.00 WATER 0,00 FAN ON=TIME RATE($/HR) 0.03

TABLE B.23




W"—- SESP INPUT DATA
LOCATION: COLUMBUS, OHIO
Cl\ c2 3 cC4 C5
Cl 1.0 1.0 12.0 1.0 0.0
| ) 3 4 5 (R T 8 9 10 I Y
DD | 1087.2| 948.6 | 808.2 426.6 | 171.0 | 27.0 .001 5.4 84.6 347.4 | 714.6 | 1038.6
| 2 3 4 5 6 7 8 9 10 0 12
HBARl 474.6 | 729.0 | 1090.0 | 1446.7 | 1797.1 | 2069.2 | 1996.0 | 1756.6| 1554.0 | 1053.0 | 655.0 | 486.0
| 2, 3 4 S 6 T 8 9 |0 |} 12
TAMBl 30.2 | 32.0 39.2 51.8 | 60.8 69.8 73.4 71.6 64.4 53.6 41.0 32.0
| 2 2 4 S & 7 8 9 10 K 12
2.0 0.0 0.0 0.0 0.0 0.0 1.4 4.8 7.3 8.4 6.9 4.6
GAL - ’
(3 | & 1S (6 |7 | 8 \ 9 20 2\ 29 213 24
3.5 5.3 2.5 2.3 2.0 3.8 6.9 11.8 9.6 6.9 5.4 4.7
STO A CH L TILT VoL
8267.8 | 538.2 | 620.4 | 661.0 | 55.0 990.75
UA XM 8 AZ |DENH [DENC [SPHTH [SPHTC [THOT [TCOLD |[RLOSS | 85
4262.5 | .66 .68 0.0 8.89 8.34 .8 1.0 140.0 | 51.8 |21232.9| 3.3
BW |RLAT | T TLIM [BFAN |UATOP |UABOT |UASEG |ETA @GP - | ETAZ | CPW2
3.3 40.0 70.0 68.0 .03 1.41 1.41 147 .7 480.0 s oy

TABLE B.2W
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#%3SOLAR ENERGY ANALYSIS*##

HEAT W/0 SOLAR(MEGABTU) HEAT W/SOLAR(MEGABTU) SOLAR PUMP ON=TIME (HRS)

MONTH _ SPACE WATER SPACE WATER

JAN 23,08 2,21 18,20 1,73 90,00

FEB 20,14 2.21 13,32 1.66 158,57

MAR 17.16 2.21 8,33 1.54 261,43

APR 9.06 2.21 0.09 1,00 309,43

MAY 3,63 2.21 0.00 0,04 161,57

JUN 0,57 2.21 0,00 0,00 151,14

JuL 0,00 2,21 0,00 0,00 150,00

AUG 0.11 2.21 0,00 0,00 150,00

SEP 1,80 2.21 0,00 0,00 150,00

ocT 7.38 2.21 0.00 0,23 174,57

NOV 15,17 2.21 7.51 1.59 191,43

DEC 22,08 2,21 16,21 1.70 120,00

TOTAL  120.16 26,48 63,65 9,49 2068,14

COST OF HEAT W/0 SOLAR(S) COST OF HEAT W/SOLAR(S ) OPERATING COST(S$)

MONTH  SPACE WATER SPACE WATER

JAN 76,18 7.28 60,07 S.71 2.70

FEB 66447 7.28 43,96 5.49 476

MAR 56463 7.28 27.48 5,08 7.84%

APR 29.89 7.28 0.28 3.30 9,28

MAY 11.98 7.28 0.00 0,13 4,85

JUN 1,89 7.28 0,00 0,00 4,53

JuL 0.00 7.28 0,00 0.00 4450

AUG 0.38 7.28 0,00 0,00 4450

SEP 5.93 7.28 0,00 0,00 4,50

—ocT 26,34 7.28 0,00 0.75 Se2%

NOV 50,07 7.28 24,78 5,25 S.74%

DEC 72.77 7.28 53,49 5,62 3,60

TOTAL 396.53 87.37 210,06 31,33 62,0%

SOLAR FRACTION GROSS SAVINGS(S) NET SAVINGS(S)

MONTH  SPACE WATER COMBINED SPACE WATER

JAN 21,14 21,.6% 21,19 16.11 1.58 15,98

FEB 33,87 24,56 32,95 22,51 1.79 19,54

MAR S1.48 30.17 49,05 29.15 20,20 23.51

APR 99,05 54,69 90.35 29.61 3,98 2430

MAY 100,00 98,24 99,33 11,98 715 14,29

JUN 100,00 100,00 100,00 1.89 Te.28 §o64

JUC 100,00 100,00 100,00 0.00 T+28 2478

AUG 100,00 100,00 100,00 0.36. 728 3e16

SEP 100,00 100,00 100,00 $.93 7.28 8.71
—__otr 100,00 B9, 13 97,63 29,39 6.53 25,64

NOV 50.52 27.87 47.64% 2%5.29 2.03 21.58

DEC 26450 22,88 26,17 19.28 1.67 17,35

TOTAC 7,035 [ 17T % SU.12 186,498 56, 0% T80 N7

FUEL RATES($/BTU DELIVERED) SPACE 0,00 WATER 0,00 FAN ON=TIME RATE($/HR) 0,03

TABLE B.25




SESP INPUT DATA

LOCATION: COLUMBUS, OHIO
Ccl c2 C3 C4 CS
C 1.0 1.0 12.0 1.0 0.0
| 2 3 4 5 & 7 8 g 10 i 12
DD | 1087.2 | 948.6 808.2 426.6 171.0 27.0 .001 5.4 84.6 347.4 714.6 | 1038.6
[ 2 3 4 Y [ 7 8 9 10 i 12
HBAR| 474.6 729.0 1090.0 | 1446.7 | 1797.1 | 2069.2 | 1996.0 | 1756.6 | 1554.0 | 1053.0 655.0 486.0
| 2 3 4 S 6 T 8 9 {0 I\ 12
TAMBl 30.2 32.0 39.2 51.8 60.8 69.8 73.4 71.6 64.4 53.6 41.0 32.0
I 2 3 4 S 6 T 8 9 10 I 12
2.0 0.0 0.0 0.0 0.0 0.0 1.4 4.8 7.3 8.4 6.9 4.6
GAL 13 | & 1S |6 T | 8 \9 20 2\ 22 23 24
3.5 5.3 2.5 2.3 2.0 3.8 6.9 11.8 9.6 6.9 5.4 4.7
STO A CH cC FNT vOoL
16535.5 | 1076.4 | 1240.8 | 1322.0 55.0 1981.5
VA AM B8 AZ DENH |DENC |SPHTH |[SPHTC |THOT |TCOLD |[RLOSS 8S
4262.5 .66 .68 0.0 8.89 8.34 .8 1.0 140. 51.8 21232.9| 3.3
8W | RLAT T TLIM |$8FAN |UATOP |UABOT |UASEG | ETA GPH ETA2 | GPW2
3.3 40.0 70.0 68.0 .03 1.41 1.41 141 .7 480.0 B | e

TABLE B.26
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#33SOLAR ENERGY ANALYSIS®ss

HEAT W/SOLAR(MEGABTU)

HEAT W/0 SOLAR(MEGABTU)

SOLAR PUMP ON=TIME(HRS)

MONTH SPACE WATER SPACE WATER
JAN 23,08 2.21 13,77 1.66 90,00
FEB 20,14 2.21 T.42 1,50 128,71
MAR 17,16 - 2,21 1.27 1,25 215,57
APR 9,06 2.21 0,00 0,08 159,71
MAY 3,63 2.21 0.00 0,00 122,00
JUN 0,57 2.21 0,00 0,00 125,43
JuL 0,00 2.21 0,00 0,00 120,00
AUG 0,11 2.21 0,00 0,00 120,00
SEP 1,80 2.21 0.0 0,00 120,14
ocT Te38 2.21 0,00 0,00 145,00
NOV 15,17 2,21 0,77 1.15 157,57
DEC 22,0% 2.21 10,87 1,60 120,00
TOTAL 120,16 26,48 34,10 T7.24 1624,.14
COST OF HEAT W/0 SOLAR(S) COST OF HEAT W/SOLAR(S ) OPERATING COST(S)
MONTH SPACE WATER SPACE WATER
JAN 76,18 7.28 45,45 S5.46 2.70
FEB 66447 7.28 24,50 4,96 3.86
MAR 56,63 7.28 4,19 4,11 6447
APR 29,89 7.28 0.00 0,28 4,79
MAY 11,98 7.28 0,00 0,00 3.66
JUN 1.89 T7.28 0,00 0,00 3,76
JUC 0,00 7.28 0,00 0.00 3.60
AUG 0,38 T.28 0,00 0,00 3,60
SEP 5.93 7,28 0,00 0,00 3,60
ocT 2434 T.28 0.00 0,00 .35
NOV 50,07 T7.28 2,53 3,79 4,73
DEC T2,77 T.28 35.87 5.27 3,60
TOTAL 39653 87.37 112,5% 23,88 48,72
SOLAR FRACTION GROSS SAVINGS(S) NET SAVINGS(S)

MONTH SPACE WATER COMBINED SPACE WATER

. . . 73 1.82 29.8%
FEB 63.14 31.86 60,06 41.97 2032 40,43
MAR 92,59 43,52 87.00 52,44 3,17 49,14
APR 100,00 96.18  99.25  29.89 71,00 32.10
MAY 100.00 100,00 100.00 11,98 T.28 15,60
JUN 100,00 100,00 ‘100,00 1,89 T.28 Se41
JUC 100,00 100,00 100,00 0,00 Te28 3.68
AUG 100,00 100,00 100,00 0,38 7.28 4.06
SEP 100,00 100,00 100.00 5.93 T.28 9.60
OCT 100500 100500 T00,00~ 2039 Te28 ele27
NOV 94,95 47.93 88,98 47.54 3.49 46.31
DEC S0.71 27.60 48,61 36,90 2.01 35,31
TOTAL TI.62 T2.67 7TI.81 283,99 E3.99 298,76

FUEL RATES(S/BTU DELIVERED)

SPACE 0,00 WATER 0,00 FAN ON=TIME RATE($/HR)

TABLE B.27
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SOLAR NALY
HEAT W70 SOLAR(MEGABTU) HEAT W/SOLAR(MEGABTU) SOLAR PUMP ON=TIME(HRS)
P WA x SPACE WATER
JAN 23.084 2,2063 20,644 1.7965 120,00
FEB 20,142 2,2063 16,522 1.7662 210,00
M 17,160 2,2063 12,332 1,6873 300,00
APR 9,0580 2,2063 3.6728 1.4340 347,14
MAY 3.6308 2.2063 0.32419E-01 0.68848 306,28 -,
0,57 ' 2,2063 0000 076E~ 8
JuL 0.21233g-04 2,2063 0,00000 0,00000 161,29
AUG 0.11466 2.2063 0.00000 0.00000 158.57
SEP 1.7963 2,2083 0,00000 0,00000 179,57
ocT 7.3763 2,2063 1,8723 1,2316 264,57
NOV 15,173 2,2063 11.266 1.7402 240,00
2 19,090 1.77%6 180,00
TOTAL 120,16 26,47% 85,432 12,131 2655,3
cOST OF HEAT W/0 SOLAR(S) costtor HEAT U/SOLAgcs) COST OF OPERATING SYSTEM(S)
MONTH SPACE WATER SPAC WATER
JAN 76.18 7.28 68,13 5,93 3,60
FEB 66,47 7.28 54,52 5,83 6.30
MAR 56,63 7,28 50,70 5,57 9,00
APR 29,89 7.28 12,12 4,73 10,41
MAY 11,98 7.28 0.11 2.21 9.19
JUN 1,89 7,28 0,00 0,04 5,64
JuL 0,00 7.28 0,00 0,00 4,84
AUG 0.38 7.20 0,00 0,00 .76
SEP 5,93 : 7,28 0,00 0,00 5,39
ocT 24,34 7.28 6,18 4,06 7.94
NOV 50,07 7.28 37.10 S5.74% 7.20
72,77 7.28 63,00 5,86 5,40
TOTAL 396.53 87,368 261,93 40,032 79.658
SOLAR FRACTION GROSS SAVINGS(S) NET SAVINGS(S)
___MONTH _ SPACE WATER COMBINED SPACE WATER
JAN 0.57 18. 11.27 8.05 1.35 5.681
FEB 17.97 19.9% 18.16 11.94 T 1448 7.10
AR 28.13 23,52 27.61 15.93. 171 8465
APR 59,45 35,00 54,66 17.77 2.55 9.91
99,11 68,79 87,65 11.87 5.01 7.69
100,00 99,50 99,60 1.89 T.24 3.50
100,00 100,00 100,00 0,00 7.28 2,44
100,00 100,00 100,00 0.38 7.28 2.90
100,00 100,00 100,00 5,93 7.28 7.82
Th.62 44,10 67,61 18.16 3.22 13.44%
25,75 21,12 25,17 12.89 1,54 7.23
13.43 19.52 13,99 9,78 1.42 5.80
TAL 28,90 54,18 33,47 114,61 4734 82.28

_FUEL RATES(S/BTU DELIVERED) SPACE 0,33000E-05 WATER 0,33000E=05 FAN oN=TIME RATE($/HR) 0.30000E=01

e

TABLE B.28
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SOLAR ENERGY ANALYSIS

HEAT W/0 SOLAR(MEGABTU) HEAT W/SOLAR(MEGABTV) SNLAR PUMP ON=TIME(HRS)
MONTH SPACE WATER SPACE WATER
JAN 23.084 2.2063 18.127 1.7407 98,571
FEB 20,142 2,2063 13,170 1.6834 180,00
MAR 17.160 2.2063 8,240y 1.5096 265.71
APR 9.0580 2,2063 0.86880E-01 0.99840 309,57
MAY 3.6308 2,2063 0,00000 0.38497E<01 161,57
JUN 0,57329 2,2063 0,00000 0,00000 151.14
JuL 0.21233E-04% 2.2063 0.,00000 0,00000 150.00
AUG 0.11466 2,2063 0,00000 0,00000 150,00
SEP 1.7963 2,2063 0,00000 0,00000 150,00
—ocT 7.3763 2.2063 0.00000 0.22428 174,57
NOV 15,173 2,2063 T7.3744 1.6071 199,71
DEC 22,053 2,2063 16.121 1,7167 137,14
TOTAL 120.16 26,4175 63,120 9.5186 2128,0
cOST OF HEAT W/0 SOLAR(S) COST OF HEAT W/SOLAR(S) COST OF OPERATING SYSTEM(S)
MONTH SPACE ¢ WATER SPACE WATER
—JAN 76,18 7.208 59,82 5. 7% 2.96
FEB 66,47 7.28 43,46 5,56 5.40
MAR 56,63 7.28 27.19 4,98 7,97
— APR 29.89 7.28 0.29 3,29 =
MAY 11.98 7.28 0,00 0,13 4,85
JUN 1,89 7.28 0,00 0,00 4,53
JUL 0,00 7.20 0,00 0,00 4,50
AUG 0,38 7.28 0,00 0,00 8,50
SEP 5,93 7.28 0,00 0,00 4,50
ocT 2%, 34 7.28 0.00 0,7% 5.24
NOV 50,07 7.28 24,34 5,30 5,99
DEC 72,77 7.28 53,20 5,67 4411
T TO0TAL __ 396.53 87,3608 208,30 31.411 63,040
SOLAR FRACTION GROSS SAVINGS(S) NET SAVINGS(S)
MONTH  SPACE WATER COMBINED SPACE WATER
21,97 21,10 21.9% 16.36 1.5% I5.9%
FEB 34,61 23,70 33,53 23,00 1,73 19,33
MAR 51,98 31,58 49,66 29.44 2,30 23,76
T APR 99.0% 54,75 90.37 29.60 3.99 24.30
MAY 100,00 . 98.26 99.34 11.98 7.15 14,29
JUN 100,00 100,00 100,00 1.89 7.28 4,64
100, . 100,00 0.00 7.28 2.78
AUG 100,00 100,00 100,00 0.38 7.28 3.16
SEP 100,00 100,00 100,00 5.93 7.28 8.71
. 89.83 J7.686 2% . 3% B.5% 25.65
NOV S1.40 27.16 48,32 25.74 1,98 21,72
DEC 26,90 22,19 26.47 19.57 1.62 17.08
TAT T 07 B%,035 SU. %6 T88. 2% 59,96 180,35

i FUEL RATES($/BTU DELIVERED) SPACE 0.33000E-05 WATER 0.33000E-05 FAN oN=TIME RATE(S/HR) 0.30000E-0)

t-

TABLE B.29
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R NALY \
HEAT W/0 SOLAR(MEGABTU) HEAT W/SOLAR(MEGABTU) SOLAR PUMP ou.tlng(uagx
MONTH SPACE WATER SPACE WATER
JAN 23.084 2.2063 13.672 16747 90,000
FEB 20.142 2,2063 7.3241 1.4872 132.86
M Q 2,2063 1,0307 1.2684 240,00
APR 9,0580 2,2063 0,00000 0,85799€-01 159,71
MAY 3.6308 2,2063 0,00000 0.,00000 - 122,00 ,
N 0,57 063 0,00000 0,00000 125,43 !
JuL 0.21233E-04 2,2063 0,00000 0,00000 120,00
AUG 0.11466 2,2063 0,00000 0,00000 120,00
SEP 1,7963 2,2063 0,00000 0,00000 120,14
ocT 7.3763 202063 0.,00000 0.00000 145.00
NOV 15.173 2,2063 0,12877 1.1712 166,57
3 2,2063 1 1.6222 124,29
TOTAL 120.16 26,475 32,884 7.3094% 1666,0
CcOST OF HEAT W/0 SOLAR(S) COST OF HEAT W/SOLAR(S) COST OF OPERATING SYSTEM
MONTH SPACE WATER SPACE WATER
JAN 76.18 7.28 45,12 5,53 2,70
FEB 66,47 7.28 24,17 4,91 3,99
MAR 56,63 7,28 3,40 4,19 7.20
~ APR 29,89 7.28 0,00 0,28 4,79 \\
MAY 11,98 7.28 0.00 0.00 3,66
JUN 1,89 7.28 0,00 0,00 3,76
JuL 0,00 7.28 0,00 0,00 3,60
AUG 0,38 7.28 0,00 0,00 3,60
SEP 5,93 7.28 0,00 0,00 3,60
ocT 24,34 7.28 0.00 0,00 4,35
NOV 50,07 7.28 0.42 3,86 5.00
__DEC 72,77 7,28 35,40 5,35 3,73
TOTAL 396453 87,368 108,52 24.121 49,980
SOLAR FRACTION G6ROSS SAVINGS(S) NET SAVINGS(S)
MONTH _ SPACE WATER COMBINED SPACE WATER
JAN 40.77 24,0 39.32 31.06 1.75 30.11
FEB 63,64 32.59 60.57 42.30 2.37 40.68
__MAR 93,99 42,51 88.13 53,23 3,10 49,12
APR 100,00 96,11 99,24 29,89 7.00 32,10
MAY 100,00 100,00 100,00 11.98 T.28 15.60
— _JUN 100,00 100,00 100,00 1.89 7.28 S.41
JuL 100,00 100,00 100,00 0.00 7.28 3.68
AUG 100,00 100,00 100,00 0.3a 7.28 4,06
__ SEP 100,00 100,00 100,00 5,93 7.28 9.60
OCT 100,00 100,00 100,00 24.34 7.28 27,27
’ NOV 99,15 46,92 92,52 49,65 3.42 48,06
-.1§$§r__7 51,35 26.47 49,09 37.37 1.93 35,57
: 72.63 72.39 72.59 288,02 63.25 301.28

FUEL RATES($/BTU DELIVER

ED)

SPACE 0.33000E-05 WATER 0.33000E-05 FAN oN=TIME RATE(S$S/HR) 0,30000E-01

L)

TABLE B.30
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SMALL COLLECTOR AREAS
COLUMBUS, OHIO
F-CHART

B.31 - B.36 Fractions at 1.0, 2.0, 4.0, 6.0, 8.0, 10.0p?
without Y« effect and = 0B

SESP

B.37 - B.48 Inputs and corresponding outputs for collsctor
areas of 1.0, 2.0, 4.0, 6.0, 8.0, 10.0p
using SESP (new).




F-CHART WORKSHEET 3

SOLAR HEATING LOAD FRACTION

E. AREA=__1.0 [M?]
F. STORAGE SIZE CORRECTION FACTOR (X/Xo)= 10
G. LOAD HEAT EXCHANGER CORRECTION FACTOR (Y/Yo)= _1:0

Cl2. Cl3. C (4. C |5, Clé. C \1.
M | CORRECTED [ CORRECTED HEATING LOAD
N, X /A Y/ A X ! Y F SUPPLIED

H| (C8.)x(F.) (C1L)x(G.) (c12.)x(E) (c13)x(E)) [3/moNTH] (C16)(c5)
JAN .0366 .00686 .0366 .00686 ©.0047 1265 x10°
FEB .0374 .00940 .0374 .0094 .0072 1619 x109
MAR .0453 .0146 .0453 .0146 .012 248 x10°
APR .0690 .0258 .0690 .0258 022 .2465  x10°

MAY .1253 .0532 .1253 .0532 .046 2036 x107 |
JUN .2368 .1140 .2368 1140 .099 .3034  x10
JuL 2869 1414 .2869 1414 22 3111 x10°
AVG .2776 .1366 2776 .1366 1181 3154 x109
SEP 1731 .0940 1731 .0940 .0834 .3633  x10°
ocT .0812 .0343 .0812 .0343 .0297 .3070  x10°
NOV .0480 .0140 .0480 .0140 L0112 207 x10°
DEC .0338 .00740 .0338 ° .0074 .0054 1557 x10°
ANNUAL FRACTION BY SOLAR (TOTAL,CIT)/(TOTAL,CS.)= .0195 ToTAL| 3.0652 x10°

TABLE B.31

OTT



B AREA=_2.0

=]

F-CHART WORKSHEET 3
SOLAR HEATING LOAD FRACTION

F. STORAGE SIZE CORRECTION FACTOR (X/Xo)= 10
G. LOAD HEAT EXCHANGER CORRECTION FACTOR (Y/Yo)= __1.0
G, 013 C (4. o Cle. &
M, CORRECTED | CORRECTED | HEATING LOAD
N_ X /A Y/ A X Y F SUPPLIED

H| (€c8.)x(F.) (i) x(G.) (c12.)x(E) (c13)x(E.) [3/moNTH] (C16)(C5)
JAN .0366 .00686 .0732 .0137 .0093 .2504  x10°
FEB .0374 .00940 .0748 .0188 .0144 3393 x10°
MAR 0853 .0146 .0906 .0292 .024 4% x109
APR .0690 .0258 .138 .0516 .0435 .523 x109
MAY .1253 .0532 .2506 .1064 .0906 5783 x10°
JUN .2368 .1140 .4736 .228 .1918 .5879  x10°
JuL .2869 .1414 .5738 .2828 .2352 .5998  x107
AUG .2776 .1366 .5552 .2732 .2277 .6082  x10°
SEP .1731 .0940 . 3462 .188 .1626 .7083  x10°
ocT .0812 .0343 .1624 .0686 .0589 .6088  x10°
NOV .0480 .0140 .096 .028 .0224 4139 x107
DEC .0338 .00740 .0676 .0148 .0108 3114 x10°
ANNUAL FRACTION BY SOLAR (TOTAL,CIT)/(TOTAL,CS.)= .0384 TOTAL| 6.0253 x10°

TABLE B.32

(5§83



F-CHART WORKSHEET 3
SOLAR HEATING LOAD FRACTION

E. AREA=_4.0  [M?]
F. STORAGE SIZE CORRECTION FACTOR (X/Xo)= 1.0
G. LOAD HEAT EXCHANGER CORRECTION FACTOR (Y/Yo)= __1.0
cl2, C13. C I4. C 5. Cl6. C\T.

M, CORRECTED | CORRECTED HEATING LOAD

N X /A Y/ A X Y F SUPPLIED

H| (C8.)x(F.) (CIL)x(G.) (c12.)x(E) (c13)x(E)) [3/MmoNTH] (Cl6)(c5)

JAN .0366 .00686 .1464 .0274 .0185 498 x10°
FEB .0374 .00940 .1496 .0376 .0287 6763 x10°
MAR .0453 .0146 .1812 .0584 .0287 .6763  x10°
APR .0690 .0258 .276 .1052 .0858 1.0316  x109
MAY .1253 .0532 .5012 .2128 .1760 1.123¢  x107
JUN .2368 .1140 .9472 .4560 .3604 1.1046 x10°

JuL .2869 1414 1.1476 .5656 .4353 1.110  x109
AUG .2776 .1366 1.1104 .5464 .4227 1.129  x10°

SEP 1731 .0940 .6924 .3760 .3093 1.3473  x109

ocT .0812 .0343 .3248 1372 1157 1.196  x10°

NOV .0480 .0140 .1920 .056 .0444 .8204  x10°
DEC .0338 .00740 1352 .0296 .0215 6199 x10%
ANNUAL FRACTION BY SOLAR (TOTAL,CIT)/(TOTAL,C5.)= .0742 ToTAL| 11.6382 x109

TABLE B33

(AN



F-CHART WORKSHEET 3

SOLAR HEATING LOAD FRACTION

E. AREA=__ 6.0 [M?]

F. STORAGE SIZE CORRECTION FACTOR (X/Xo)= __1:0

G. LOAD HEAT EXCHANGER CORRECTION FACTOR (Y/Yo)= __1.0

Cl2. Cl3. C 14, C15. Clé. C \1.
I% CORRECTED | CORRECTED HEATING LOAD
N_ X /A Y/ A 4 4 F SUPPLIED
Hl (c8.)x(F.) (CI)x(G.) (c12.)x(E) (c13)x(E.) [3/MoNTH] (C16)(c5)
JAN .0366 .00686 .2196 .0411 .0277 .7457  x109
FEB .0374 .00940 .2244 .0564 .0428 1.0085  x10°
MAR .0453 .0146 .2718 .0876 .0707 1.4612  x10°
APR .0690 .0258 .4140 .1548 .1269 1.5257  x10°
MAY .1253 .0532 .7518 .3192 .2563 1.636  x10°
JUN .2368 .1140 1.4208 .684 .5074 1.5552  x109
JuUL .2869 1414 1.7214 .8484 .6032 1.5382  x109
AUG .2776 .1366 1.6656 .8196 .5874 1.5689  x10°
SEP .1731 .0940 1.0386 .564 .4407 1.9197  x10°
ocT .0812 .0343 .4872 .2058 .1703 1.7604  x109
NOV .0480 .0140 .288 .084 .0661 1.2214  x109
DEC .0338 .00740 .2028 .0444 .0321 .9255  x10°
ANNUAL FRACTION BY SOLAR (TOTAL,CIT)/(TOTAL,C5.)= .1075 TOTAL| 16.8664 x10°

'ABLE B.34

€TT



F-CHART WORKSHEET 3

I' SOLAR HEATING LOAD FRACTION

E. AREA=_ 8.0  [M?]
F. STORAGE SIZE CORRECTION FACTOR (X/Xo)= _1:0
G. LOAD HEAT EXCHANGER CORRECTION FACTOR (Y/Yo)= _1:0
Cl2. C 3. C 14. C |5. Cl6. C\T.
MO CORRECTED |CORRECTED HEATING LOAD
N_ X /A Y/A X Y F SUPPLIED
H| (c8.)x(F.) (CIL)x(G.) (c12.)x(E) (c13)x(E.) [3/MoNTH] (C16)(C5)
JAN .0366 .00686 .2928 .0548 .0368 .9907  x10°
FEB .0374 .00940 .2992 .0752 .0567 1.3361  x10°
MAR .0453 .0146 .3624 .1168 .0936 1.9344  x107
APR .0690 .0258 .552 .2064 .1668 2.0054 x10°
MAY .1253 .0532 1.0024 .4256 .3319 2.1185 x109
JUN .2368 .1140 1.8944 .912 .6343 1.9441  x10°
JuL .2869 1414 2.2952 1.1312 .7419 1.8918  x10°
AUG .2776 .1366 2.2208 1.0928 .7245 1.9351  x10°
SEP 1731 .0940 1.3848 .752 .5578 2.4298  x109
ocT .0812 .0343 .6496 .2744 .2229 2.3041  x10°
NOV .0480 .0140 .384 112 .0875 1.6168  x10°
DEC .0338 .00740 .2704 .0592 .0426 1.2282  x10°
ANNUAL FRACTION BY SOLAR (TOTAL,CIT)/(TOTAL,CS.)= 1386 TOTAL| 21.735 x10°

TABLE B.35

H1T



F-CHART WORKSHEET 3
SOLAR HEATING LOAD FRACTION

E. AREA=_10.0  [M?]
F. STORAGE SIZE CORRECTION FACTOR (X/Xgo)= 1.0
G. LOAD HEAT EXCHANGER CORRECTION FACTOR (Y/Yo)= __1.0
Cl2. C13. C 14. C 15. Cle. C\T.
r% CORRECTED | CORRECTED HEATING LOAD
NT X /A Y/A X Y F SUPPLIED
H| (c8.)x(F.) (CiL)x(G.) (c12.)x(E.) (c13)x(E) [3/MmONTH] (CI8)(C5)
JAN .0366 .00686 .366 .0686 .0458 1.233  x10°
FEB .0374 .00940 .374 .094 .0705 1.6613  x10°
MAR .0453 .0146 .4530 .146 .1160 2.3974  x10°
APR .0690 .0258 .69 .258 .2056 2.4719  x10°
MAY .1253 .0532 1.253 .532 .4027 2.5704  x10°
JUN .2368 .1140 2.368 1.14 .7427 2.2764  x10°
JuL . 2869 1414 2.869 1.414 .8543 2.1785  x10°
AUG .2776 .1366 2.776 1.366 .8367 2.2348  x10°
SEP 1731 .0940 1.731 .940 .6615 2.8815 x10°
ocT .0812 .0343 .812 .343 .2734 2.8261 x10°
NOV .0480 .0140 .480 .140 .1085 2.0049  x10°
DEC .0338 .00740 .338 .074 .053 1.5280  x109
ANNUAL FRACTION BY SOLAR (TOTAL,CIT)/(TOTAL,C5.)= .1674 TOTAL| 26.2642 x10°

TABLE B.36

STT



I — SESP INPUT DATA
LOCATION: COLUMBUS, OHIO
Cl c2 c3 c4 C5
Cc 1.0 1.0 12.0 1.0 0.0
| 2 3 4 5 & 7 8 g 10 | § 12
DD 1087.2| 948.6 | 808.2 426.6 171.0 27.0 .001 5.4 84.6 347.4 714.6 | 1038.6
[ 2 3 4 5 6 | 8 9 10 i 2
HBAR| 474.6 729.0 | 1090.0 | 1446.7 | 1797.1 | 2069.2 | 1996.0 1756.6 | 1554.0 | 1053.0 655.0 | 486.0
| 4 3 4 S [ T 8 9 10 I 1|2
TAMB| 30.2 32.0 39.2 51.8 60.8 69.8 73.4 71.6 64.4 53.6 41.0 32.0
| 3 3 4 S 6 T 8 9 10 I |2
2.0 0.0 0.0 0.0 0.0 0.0 1.4 4.8 1.3 8.4 6.9 4.6
GAL
(3 | & 1S |6 |7 I 8 \9 20 21\ 22 23 24
3.5 5.3 2.5 -3 2.0 3.8 6.9 11.8 9.6 6.9 5.4 4.7
STO A CH cC TILT VoL
165.36 10.76 12.41 13.22 55.0 19.82
UA XM B AZ DENH |DENC |SPHTH |SPHTC [THOT |TCOLD [RLOSS | 85
4262.5 66 68 0.0 8.89 8.34 .8 1.0 140.0 51.8 21232.9 3.3
B W RLAT Tl TLIM [8FAN |UATOP |UABOT |UASEG |ETA GPH ETA2 [ GPW2
3.3 40.0 70.0 68.0 .03 1.41 1.41 141 .7 480.0 NS

TABLE B.37

STT
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FAEFSTICAR FNFRLY ANALTY S TS5

HEAT W/N SNLARIMFGARTIN) HFAT W/SNILAR (MFGARTI) SNLAR PIIMP NN-TTMF(HRS)
MANTH SPACF WATFR SPACF WATFR
JAN 23.0R 2.21 23.62 1.R0 167.14
FFB 20,14 2.1 20.A3 1.80 240,00
WAR T7.TF 771 T7.5R T.A0 376,71
APR 9.0A 2.21 Q.42 1.80 390.n0
MAY 3.63 2.21 3.94 1.R0 538,71
JTIN N.57 72.71 0.R4 1.R0 719,99
JuL n.no 2.21 ¢ 0.30 1.73 719,99
ANG n.1 2.21 0.67 1.73 719.99
SFP TR0 7-71 7 0R TR0 4R4 PR
ncT 7.3R8 2.21 T.73 1.R0 432,86
NOV 15.17 2.21 15.44 1.80 274,72R
NFC 27.08 2.71 27 .57 TR0 2TR.RT
TNTAL 120.14 26 .48 124.79 ?) .46 5272R.5?
CNST NF HFAT W/N SNI_AR(S$) COAST NF HFAT W/SNIAR(S ) NPFRATING CNSTI($)
MNTH SPET.F WATFR SPATF WATFR
JAN Tha1R 7.728 77.95 5.94 5.01
FFR LY T.728 AR.OA .94 T7.20
MAR Shebh 3 T<7R SHR.03 L 97
APR 29.R9 T.2R 31.10 5.94 11.70
MAY 11.9R8 7.28 12.99 5.94 16.07
JTIN T-R9 T-78 Y H5eT73 7T.R00
Juw n.on 7.78 N.98 5.70 ?21.60
ANG N.3R 7.78 1.55 5.70 ?1.60
SFP ~H.0% T-7H8 R 19 H.0% TZ.53
neT 24,34 7.28 ?5.52 5.94 17.99
NV 50,07 7.28 S1.A1 5.94 R.23
TFC T7< 17 T.7R T&.57 594 h.HA
TATAL 394.53 R7.37 411.8R0 ' T0LR? 156 .RA
SNILAR FRAGCTINN GRNSS SAVINGS( %) NFT SAVINGS( %)
= MNNTH  SPALF  WATFR  CORBTNFTY SPATF WATFR
JAN -2.32 1R.37 -0.52 -1.77 1.34 -5.45
FFB =2.4Nn 1R.37 -0.35 =-1.60 1.34 -T.64h
PR =701 TR.37 =09 =T.%00 Te3% ~G.R3
APR -4.03% 1R.37 0.36 -1.20 1.34 -11.57
MAY -R.44 1R.37 1.69 -1.01 1.34 -15.78
JTN =45.h% TRH T 5e32 =TT Rh Te 35 =7T.T11
JL EEE R 2 1 2V e T2 R.32 -0,.9R 1.5R8 -20.99
ANG -310,R9 21.76 5.3? =-1.1R 1.5R =21.19
- ] 2 A bl el | R Y N 4 EEYal s =T "R Te G =16,005%
neT -4 R4 1R.37 0.51 =-1.18 1.34 =12.R3
NV -3.0R 12,37 -0.35 -1.54 1.3 -R,43
LR vy gt & S 2 T o1 AL g TelnT Ve ot =De [
TNTAL -3.°§ 1R.94 0.27 -15.76 16.55 -155.687

TABLE B.38




P"""‘"’ SESP INPUT DATA
LOCATION: COLUMBUS, OHIO
cl o c3 ca C5
C 1.0 1.0 12.0 1.0 0.0
[ 2 3 4 5 6 T 8 9 o) [t |2
DD 1087.2| 948.6 | 808.2 426.6 171.0 27.0 .001 5.4 84.6 347.4 714.6 | 1038.6
[ 2 3 4 5 6 7 8 9 10 i 12
HBAR| 474.6 729.0 | 1090.0 | 1446.7 | 1797.1 | 2069.2 | 1996.0 1756.6 | 1554.0 | 1053.0 655.0 | 486.0
| PA 3 4 S 6 £ 8 9 |10 I\ 1|2
TAMB| 30.2 32.0 39.2 51.8 60.8 69.8 73.4 71.6 64.4 53.6 41.0 32.0
| 3 3 4 S 6 T 8 9 10 I 12
2.0 0.0 0.0 0.0 0.0 0.0 1.4 4.8 7.3 8.4 6.9 4.6
GAL
13 | 4 1S (6 |7 I 8 \9 20 2\ 22 23 24
3.5 5.3 2.5 2.3 2.0 3.8 6.9 11.8 9.6 6.9 5.4 4.7
STO A CH cC TAET voL
330.71 | 21.53 24.82 26.44 55.0 39.64
UA XM 8 AZ DENH |DENC [SPHTH [SPHTC |[THOT |TCOLD |RLOSS | 895
4262.5 66 .68 0.0 8.89 8.34 .8 1.0 140.0 51.8 21232.9 3.3
BW |[RLAT | T TLIM |$#FAN [UATOP |UABOT |UASEG | ETA GPH ETA2 |GPWH2
3.3 40.0 70.0 68.0 .03 1.41 1.41 141 % i 480.0 R e

TABLE B.39

8TT
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s*250L AR ENFRGY ANALYSISs#s

HEAT W/0 SOLAR(MEGABTU) HEAT W/SOLAR(MEGABTU) SOLAR PUMP ON=TIME (HRS)
TH SPACF  WATER =~ SPACE =~ WATER

 MON
JAN 23,08 2.21 23,46 1.80 137,14
FEB 20414 2,21 20,42 1.80 222,86
MAR 17.16 2.21 17.32 1.80 308,57
APR 9.06 2.21 9.10 1.80 385,71
MAY 3,63 2,21 3.59 1.80 484,28
JUN 0,57 2.21 0.58 1.68 719,99
JuL 0.00 2,21 0,21 1.49 711,42
AUG 0.11 2.21 0.3% 1,54 715,71
SEP 1.80 2.21 1.66 1.79 428,57
ocT 7.38 2.21 7.40 1,80 364,28
NOV 15,17 2,21 15,42 1.80 252,86
1.80 197.14
TOTAL 120,16 26,48 121,89 20,91 4928,52

COST OF HEAT W/0 SOLAR(S)

COST OF HEAT W/SOLAR(S ) OPERATING COST(S)

JAN 76.18 7.28 77.43 5,94 8,11

FEB 66,47 7.28 67.37 5,94 6.69

MAR 56,63 7.28 57.15 5,94 9.26

APR 29.89 7.28 30,04 5,94 11,57

MAY 11,98 T.28 11.85 5,94 14.53

JUN 1.89 1.28 1,93 .55 21,60

JuL 0.00 7.28 0.71 8,92 21.34%

AUG 0.38 7.28 1.11 5,07 21,47

SEP S.93 1.28 5.49 5.90 12,86

ocT 244,34 T7.28 24,44 S.94 10,93

NOV 50,07 T7.28 50,87 S5.94 T.59

3] 7277 T.28 73,87 S.94 591

TOTAL 396,53 87,37 402.24% 68,99 147.86

SOLAR FRACTION GROSS SAVINGS(S) NET SAVINGS(S)

MONTH SPACE WATER COMBINED SPACE WATER

JAN =1.64 18.37 0.11 =1.2% 1.34% =-4.,03
FEB =1.36 18.37 0,59 =0.91 1.34 =6.2%
MAR =0.,92 18.37 1.28 =0.52 1.34 =8.48
APR =0.49 18,37 3,20 =0.15 1,34 =10.38
MAY 1.18 18.37 7.65 0.1% 1.34% ~13.06
JUN =1.,80 23.79 18.51 -0.03 1,73 =19.90
JuL 2atnesy 32.40 22.66 -0.71 2.36 =19.69
AUG =193,79 30.42 19,34 -0.73 2,21 =19.,99
SEP Te81 18.94 13,76 0.44% 1,38 =11.04
ocr ~0.38 18,37 3,93 «0,09 1.34 =9.68
NOV =1.61 18.37 0.93 =0.80 1.34 =705
DEC =1.50 18,37 0.30 =1.09 1.34 =5.67
TOTAL =1.44 21.04 2.62 =5.71 18,38 =135.19

FUEL RATES(S$/BTU DELIVERED) SPACE 0.00 WATER 0,00 FAN ON=TIME RATE($/HR)

TABLE B.40



JI—— SESP INPUT DATA
LOCATION: COLUMBUS, OHIO
cl c2 c3 (o CS
Cc 1.0 1.0 12.0 1.0 0.0
| 2 3 4 5 6 T 8 9 10 |1 |2
DD 1087.2| 948.6 | 808.2 426.6 171.0 27.0 .001 5.4 84.6 347.4 714.6 | 1038.6
[ 2 3 4 5 6 X2 8 9 10 (' 12
HBAR| 474.6 729.0 | 1090.0 | 1446.7 | 1797.1 | 2069.2 | 1996.0 1756.6 | 1554.0 | 1053.0 655.0 | 486.0
| 2 3 4 S 6 y 8 9 10 Il 12
TAMB| 30.2 32.0 39.2 51.8 60.8 69.8 73.4 71.6 64.4 53.6 41.0 32.0
|- 2 3 4 S 6 7 8 9 10 | 12
2.0 0.0 0.0 0.0 0.0 0.0 1.4 4.8 7.3 8.4 6.9 4.6
GAL
) | 4 15 | 6 {7 I 8 \9 20 2\ 22 23 24
3.5 5.3 2.5 2.3 2.0 3.8 6.9 11.8 9.6 6.9 5.4 4.7
STO A CH cC TALT VoL
661.42 43.06 49.63 52.88 55.0 79.28
VA XM B8 AZ DENH [DENC |[SPHTH [SPHTC [THOT (TCOLD |RLOSS | 85
4262.5 66 .68 0.0 8.89 8.34 .8 1.0 140.0 51.8 21232.9 3.3
8 W | RLAT ™™ TLIM [$#FAN |UATOP |UABOT |UASEG | ETA GPH ETA2 | GPwu2
3.3 40.0 70.0 68.0 .03 1.41 1.41 141 .7 480.0 N i RS

TABLE B.41

0CT
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ssSOLAR ENERGY ANALYSIS#3s
HEAT W/0 SOLAR(MEGABTU) HEAT W/SOLAR(MEGABTV) SOLAR PUMP ON=-TIME(HRS)

_____MONTH SPACE  WATER SPACE MATER
JAN 23,08 2.21 23,10 1,80 128,57
FEB 20.14 2,21 19,95 1.80 214,28
i .74 1.80 300,00
APR 9,06 2.21 8,42 1.80 368,57
MAY 3.63 2,21 2,87 1.77 454,28
664,28 |
JuL 0.00 2.21 0.00 . 1.02 642,85
AUG 0,11 2.21 0.00 1.13 638,56
SEP 1.80 2.21 1.13 1,57 399,28
ocT 7.38 2.21 6.71 1.80 317,14 \
NOV 15.17 2,21 14,93 1,80 240,00
EC 22,0% 2.21 21.98 1.80 184,29

TOTAL 120,16 26.48 116,18 19,39 4552,10
COST OF HEAT W/0 SOLAR(S) COST OF HEAT W/SOLAR(S ) OPERATING COST(S) ‘
MONTH  SPACE WATER SPACE WATER ‘
JAN 76,18 7.28 76,24 5,94 3,86 ‘
FEB 66,47 7.28 65,85 5,94 6.43 :
MAR 56,63 7.28 55,25 5,94 9,00 |
APR 29,89 7.28 27,79 5,94 . 11.06 it
MAY 11.98 7.28 9.46 5,85 T 13,63 ‘
JUN 1.89 7.28 1,07 4,24 19,93 [l
JuL 0.00 7.208 0,00 3,38 19.29 il
AUG 0.38 7.28 0,00 3,73 19,16 1
SEP 5,93 7.28 3,72 5,19 11.98 I
ocT 24434 7.28 22,14 5,94 9.51 I
NOV 50,07 7.20 49,26 5,94 7.20 il
DEC 72,77 7.28 72,53 5,94 5,53 i
TOTAL 396.53 87,37 383,30 63,99 136,56 !

SOLAR FRACTION GROSS SAVINGS(S) NET SAVINGS(S) i
MONTH __ SPACE WATER COMBINED SPACE WATER |
JAN =008 18,37 1.53 =0.06 1.34 =2.58
FEB 0,93 18,37 2,65 0.62 1.34 447
MAR 2,43 18,37 4,25 1.38 1.34 =6.29
APR 7.04 18,37 9.26 2,11 1.34 =7.61
MAY 21,02 19.63 20,50 2.52 1.43 -9,68
JUN 43,38 41,82 42,14 0.82 3,05 =16.06
JuL 100,00 53,58 53,58 0.00 3,90 =15,38
AUG 100,00 48,82 51,35 0.38 3,55 15,22
SEP 37.28 28,65 32,53 2.21 2.09 =7.68
ocT 9.06 18,37 11,20 2.20 1.34 5,97
NOV 1.62 18.37 3,75 0.81 1.34 =5.05
DEC 0.34 18,37 1,98 0.25 1.34 =3,95
TOTAL 3.34 26.76 T7.57 13.23 23.38 =99,.96

FUEL RATES(S/BTU DELIVERED) SPACE 0,00 WATER 0,00 FAN ON-TIME RATE(S/HR) 0.03

TABLE B.A42



SESP INPUT DATA

LOCATION: COLUMBUS, OHIO
Cl c2 c3 C4 C5S
C 1.0 1.0 12.0 1.0 0.0
| 5 3 4 5 & T 8 9 o) I |2
DD | 1087.2| 948.6 | 808.2 426.6 | 171.0 | 27.0 .001 5.4 84.6 347.4 | 714.6 | 1038.6
| 2 3 4 5 6 7 8 9 10 (' 12
HBAR| 474.6 | 729.0 | 1090.0 | 1446.7 | 1797.1 | 2069.2 | 1996.0 | 1756.6| 1554.0 | 1053.0 | 655.0 | 486.0
l -] 3 4 S 6 T 8 9 e} || 12
TAMB| 30.2 | 32.0 39.2 51.8 60.8 69.8 73.4 71.6 64.4 53.6 41.0 32.0
| 2 3 4 S 6 T 8 9 10 I 12
2.0 0.0 0.0 0.0 0.0 0.0 1.4 4.8 7.3 8.4 6.9 4.6
GAL
(3 [ 4 1S |6 (7 | 8 ¥ 20 2\ 22 25 24
3.5 5.3 2.5 2 3 2.0 3.8 6.9 11.8 9.6 6.9 5.4 4.7
STO A CH GG TIET voL
992.13 | 64.59 | 74.45 | 79.32 | 55.0 118.92
UA XM 8 AZ |DENH |DENC [SPHTH |SPHTC [THOT [TCOLD [RLOSS | 85
4262.5 | .66 .68 0.0 8.89 8.34 .8 1.0 140.0 | 51.8 |21232.9| 3.3
BW |[RLAT | T\ TLIM |8FAN [UATOP [UABOT |UASEG | ETA GPH | ETA2 |[GPu2
3.3 40.0 70.0 68.0 .03 1.41 1.41 141 | 480.0 i

TABLE B.43

AN



#*#SOLAR ENERGY ANALYSIS##»
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HEAT W/0 SOLAR(MEGABTU)

HEAT W/SOLAR(MEGABTU)

SOLAR PUMP ON=TIME (HRS)

MONTH SPACE WATER SPACE WATER

JAN 23,08 2.21 22,78 1.80 124,29

FEB 20,14 2.21 19.53 1,80 210,00

MAR 17.16 2.21 16,21 1,80 300,00

APR 9.06 2.21 7.78 1.80 360,00

MAY 3,63 2.21 2,32 1,66 441,43

JUN 0,57 2,21 0,00 0,97 470,71

JuL 0.00 2.21 0,00 0,55 446,86

AUG 0.11 2,21 0,00 0,65 415,57

SEP 1.80 2.21 0,68 1,31 373,57

ocT Te38 2.21 6,06 1.80 304,28

NOV 15,17 2.21 14,48 1,80 240,00

DEC 22,05 2.21 21.61 1,80 184,29

TOTAL 120.16 26,48 111,486 17,74 3870,.98

COST OF HEAT W/0 SOLAR(S) COST OF HEAT W/SOLAR(S ) OPERATING COST(S)

MONTH SPACE WATER SPACE WATER

JAN 76.18 T7.28 75.18 5.94 3.73

FEB 66,87 7.28 64,46 5,94 6.30

MAR 56463 T.28 53.49 S.94% 9.00

APR 29.89 7.28 25.67 5.9% 10.80

MAY 11,98 T.28 7.65 5.49 13.2%

JUN 1,89 T.28 0,02 3,20 14,12

JuL 0,00 T7.28 0.00 1.83 13.41

AUG 0.38 T.28 0,00 2,13 12.47

SEP 5.93 7.28 2,26 4,31 11.21

ocT 24,34 7.28 20,00 5.92 9.13

NOV 50,07 T7.28 47.77 5.94% T.20

DEC 72,77 Te.28 71,32 S5.94% 553

TOTAL 396,53 87.37 367,81 58,53 116,13

SOLAR FRACTION GROSS SAVING?&S) NET SAVINGS(S)

MONTH SPACE WATER COMBINED SPACE WATER

JAN 1.31 18,39 2.80 1,00 1.3% =1.39

FEB 3,02 18,39 4,54 2.01 1.34 =2.95

MAR 5.55% 18,40 7.01 3.14 1,34 -4,52

APR 15,13 18,41 IG.97 .22 I.30% =5.204

MAY 36.13 28,62 31,78 4,33 1.79 =T.12

JUN 99.19 56,04 64,949 1.68 4,08 =8.16

JuL 100,00 T4.93 T4.93 0.00 5.46 =7.95%

AUG 100,00 70.69 72.14 0.38 5.15 -6.94

SEP 61,93 40.83 S0.30 3.67 2.97 -4.56
T OCT 17,85  18.6% 18,03 T.35 T.36 =343

NOV 4,59 18.39 6.34 2.30 1.3% =3.56

DEC 1.99 16,39 3.49 1.45 1,34 =2.74

TOTAL Te2h 33,01 TI.90 28,72 20,89 =38.57

I
b

FUEL RATES($/8TU DELIVERED)

SPACE 0,00 WATER 0,00 FAN ON=TIME RATE($/HR)

TABLE B.44



W—ﬁ— SESP INPUT DATA
LOCATION: COLUMBUS, OHIO
(o c2 c3 c4 CS
C 1.0 1.0 12.0 1.0 0.0
| 2 3 4 5 6  § 8 9 [o) W g
DD 1087.2| 948.6 | 808.2 426.6 171.0 27.0 .001 5.4 84.6 347.4 714.6 | 1038.6
[ 2 3 4 5 [ 7 8 9 10 (' 12
HBAR| 474.6 729.0 | 1090.0 | 1446.7 | 1797.1 | 2069.2 | 1996.0 1756.6 | 1554.0 | 1053.0 655.0 | 486.0
| 2 3 4 S [N ¥ § 8 9 10 I 12
TAMB| 30.2 32.0 39.2 51.8 | 60.8 69.8 73.4 71.6 64.4 53.6 41.0 32.0
[ 2 3 4 S 6 T 8 9 10 I 12
2.0 0.0 0.0 0.0 0.0 0.0 1.4 4.8 7.3 8.4 6.9 4.6
GAL
13 [ 4 §3) (6 (T I 8 \9 20 2\ 22 23 24
3.5 5.3 2.5 2.3 2.0 3.8 6.9 11.8 9.6 6.9 5.4 4.7
STO A CH o TIET VoL
1322.84] 86.11 99.26 105.76 55.0 158.56
VA XM B8 AZ DENH |[DENC |SPHTH |SPHTC |[THOT (TCOLD |RLOSS | 895
4262.5 8B .68 0.0 8.89 8.34 .8 1.0 140.0 51.8 21232.9 3.3
B W RLAT T4 TLIM [$8FAN [UATOP |UABOT |UASEG | ETA GPH ETA2 [GPW2
3.3 40.0 70.0 68.0 .03 1.41 1.41 141 .7 480.0 B e

TABLE B.45

Hel
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$38SOLAR ENERGY ANALYSIS#»s

HEAT W/0 SOLAR(MEGABTU) HEAT W/SOLAR(MEGABTU) SOLAR PUMP ON=TIME(HRS)

MONTH SPACE WATER SPACE WATER
JAN 23,08 2,21 22,56 1,80 124,29
FEB 20,14 2.21 19,21 1,80 210,00
MAR 17,16 2,21 15,77 1,80 300,00
APR 9,06 2.21 7.25 1,78 360,00
MAY 3,63 2.21 1,90 1,59 428,57
JUN 0,57 2021 0,00 0,69 408,28
JuL 0,00 2.21 0,00 0,30 373,57
AUG 0.11 2.21 0.00 0,38 359,14
SEP 1.80 2,21 0,30 1,12 349,43
ocT T.38 2.21 5.56 1.76 300,00
NOV 15,17 2.21 14,12 1,80 240,00
DEC 22,05 2.21 21,34 1,80 180,00
TOTAL 120.16 26,48 108,02 16,60 3633,27
COST OF HEAT W/0 SOLAR(S) COST OF HEAT W/SOLAR(S ) OPERATING COST($)
MONTH SPACE WATER SPACE WATER
JAN 76.18 T.28 74,44 S.94% 3,73
FEB 6647 T.28 63,39 S.94% 6.30
MAR 56463 7.28 52,04 5,93 9.00
APR 29,89 7.28 23,94 5.89 10.80
MAY 11,98 7.28 6,25 5.23 12.86
JUN 1.89 7.28 0,01 2,29 12,25
JuL 0,00 T.28 0,00 0,98 11.21
Au6 0,38 T.28 0.00 1,24 10.77
SEP 5.93 7.28 1.00 3,69 10.48
ocT 24434 T7.28 18,34 5,79 9,00
NOV 50,07 T7.28 46,61 5,94 7.20
DEC 72,77 7.28 70,43 S5.94 S5.40
TOTAL  396.53 87,37 356.45 54,79 105,00

SOLAR FRACTION GROSS SAVINGS(S) NET SAVINGS(S)
MONTH SPACE WATER COMBINED SPACE WATER
JAN 2.29 18,43 3.70 1.7% 134 =0.64%
FEB 4,63 18,46 6,00 3,08 1,34 -1.88
MAR 8,10 18,49 9,28 4,58 1,35 =3.07
APR 19.92 19,11 19,786 D96 1.39 =3.845
MAY 47,80 28,13 40.37 5.73 20098 =508
JUN 99,24 68,60 74,92 1.68 4,99 =5.,38
Jut 100.00 86433 86,53 0.00 6,30 =#.91
AUG 100,00 82,96 83,80 0.38 604 =436
SEP 83.11 49,34 64,50 4,93 3,59 =1.96
OCT 24,65 20.%5 €3,69 6.U0 147 *le91
NOV 6.92 18,46 8,39 3.47 1.34 =239
DEC 3022 18,45 4,60 2.34% 1.34 *1.71
TOTAL 10.11 37.28 15,01 30.08 k-1 *36.9%

FUEL RATES($/BTU DELIVERED) SPACE 0.00 WATER 0,00 FAN ON=TIME RATE($/HR) 0.03

TABLE B.46
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INPUT DATA

LOCATION: COLUMBUS, OHIO
Gl c?Z c3 C4 CS
Cc 1.0 1.0 12.0 1.0 0.0
| 2 3 4 5 6 7 & 9 10 I 12
DD 1087.2| 948.6 | 808.2 426.6 171.0 27.0 .001 5.4 84.6 347.4 714.6 | 1038.6
[ 2 3 4 5 [ i § 8 9 10 i 12
HBAR| 474.6 729.0 | 1090.0 | 1446.7 | 1797.1 | 2069.2 | 1996.0 1756.6 | 1554.0 | 1053.0 655.0 | 486.0
_ | 2 3 4 S [ T 8 9 |0 I (2
TAMB| 30.2 32.0 39.2 51.8 60.8 69.8 73.4 71.6 64.4 53.6 41.0 32.0
[ 2 3 4 S 6 T 8 9 |10 | |2
2.0 0.0 0.0 0.0 0.0 0.0 1.4 4.8 7.3 8.4 6.9 4.6
GAL
(3 | 4 15 |6 (7 | 8 \ 9 20 2\ 22 23 24
3.5 5.3 2.5 2.3 2.0 3.8 6.9 11.8 9.6 6.9 5.4 4.7
STO A CH ¢C TILT VoL
1653.55 | 107.64 | 124.08 | 132.20 55.0 198.55
VA XM 8 AZ DENH [DENC |SPHTH [SPHTC [THOT |[TCOLD [RLOSS | 89S
4262.5 66 .68 0.0 8.89 8.34 .8 1.0 140.0 51.8 21232.9 3.3
8 W RLAT T TLIM |$8FAN |UATOP |UABOT |UASEG | ETA GPH ETA2 | GPW2
3.3 40.0 70.0 68.0 .03 1.41 1.41 RS J 480.0 B ] ewmteas

TABLE B.A47
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HEAT W/0 SOLAR(MEGABTU)

HEAT W/SOLAR(MEGABTU)

SOLAR PUMP ON=-TIME(HRS)

MONTH __ SPACE WATER SPACE WATER
JAN 23,08 2,21 22,33 1,80 124,29
FEB 20.14 2,21 18.89 1,79 210,00
MAR 17.16 2.21 15.34% 1,79 300,00
APR 9,06 2.21 6.77 1,75 360,00
MAY 3,63 2.21 1,52 1,48 398,57
JUN 0,57 2.21 0,00 0,46 325,71
JuL 0.00 2.21 0.00 0.10 297.1%
AuUG 0.11 2.21 0,00 0.15 282,86
SEP 1.80 2.21 0,00 0,93 310,43
oCcT 7.38 2.21 5.09 1,70 300,00
NOV 15.17 2.21 13,78 1.79 240,00
DEC 22,05 2.21 21,08 1,80 180,00
TOTAL 120.16 26,48 104,80 15,55 3328,99
COST OF HEAT W/0 SOLAR(S) COST OF HEAT W/SOLAR(S ) OPERATING COST(S$)
MONTH _ SPACE WATER SPACE WATER
JAN 76.18 7.28 73,70 5,93 3.73
FEB 66,47 7.28 62,33 5,92 6.30
MAR 56463 7.28 50.63 5.91 9,00
APR 29,89 7.28 22,34 S.77 10,80
MAY 11,98 7.28 5,03 4,88 11.96
JUN 1,89 7.28 0,01 1,50 . 9,77
JuL 0.00 7.28 0.00 0.34 B8.91
AUG 0.38 7.28 0,00 0,51 8.49
SEP 5,93 7.28 0,00 3,07 9,31
ocT 24,34 7.28 16,79 5.62 9,00
NOV 50,07 7.28 45,46 5,92 7.20
DEC 72,77 7.28 69,55 5,92 5,40
TOTAL 396,53 87,37 345,85 51,30 99,87

SOLAR FRACTION GROSS SAVINGS(S) NET SAVINGS(S)
MONTH  SPACCc WATER COMBINED SPACE WATER
JAN .25 18,58 §.59 207 1.35 0.10
FEB 6422 18.68 7.45 4413 1.36 =0.81
MAR 10.60 18,77 11.53 6.00 1.37 =163
APR 2%.25 20.71 24.36 7.55 T.51 =1.7%
MAY 58,04 32,96 48,56 6.95 2,40 =2.,60
JUN 99.26 79.34% 83.45 1,88 5,78 =212
Jul 100,00 95,35 95.35 0.00 (X% L] =1.97
AUG 100,00 93,05 93,39 0.38 677 =133
SEP 100,00 57.81 76,75 5.93 4421 0.82
OcT 31,03 22,81 29.1% T.59 1.66 U.21
Nov 9,21 18,67 10,41 4.61 1.36 -1,23
DEC ~o“2 la.‘s 5.12 3.22 1.36 =0.,82
TOTAL 12,78 1,28 17.93 50,68 36,07 13,12

FUEL RATES(S/BTU DELIVERED)

SPACE 0.00 WATER

0,00 FAN ON=TIME RATE($/HR)

0,03

TABLE B.48



VARYING COLLECTOR EFFICIENCY CURVE SLOPES
COLUMBUS, OHIO

Note: Months May through September were not included in
these simulations due to the fact that values for
X and Y exceeded allowable limits for use in the
F equation. This became more apparent as slope

was made more negative.

F-CHART
B.49 - B.64 X/A and Y/A with corresponding fractions for
gslopes of .66, 1.0, l.5, 2.0, 30, &85 580,

6.0 BIU/y  _ 5.2 _ op

AREA = 50p%

Inputs and corresponding outputs for slopes
Of 066, 1.0, 115’ 200, 3.0' Ll’oOg 5.0' 6.0
BIU/u,. - F42 - OF

AREA = 50p°

128



[ — F-CHART WORKSHEET 2

ITEMS MAKING UP X ANDY

C. FRU, (FR/Fg)=— 3% [w/mM?-°c]
D. FR(7«), (FR/FRr)= 58 [UNITLESS]
C 6. G103 C &. C 9. C 10. o
M SECONDS X/A [\/M2]|(F*)/(T*) |DAILY RADIATION | Y/A [I/M?]
N PER (100-T 4) [°c] | (c)x(CT)x(c6.) ON COLLE CTOR|(D.)x(C9.)x(C 10)x(CL)
W MonTH (CS5) = H 0. [3/moad= Glo. | (C5)
JAN| 2.68 xi0® 101 .0366 1.00 9.029  xl0%|  .00686
FEB 2.42 x10° 100 .0374 1.00 11.992  xl0* .00940
MAR 2.68 x10° 96 .0453 1.00 14.743  x10%] 0146
APR 2.59 x10° 88 .0690 1.00 15.689  x10° .0258
MAY 2.68 x10® x10°
JUN 2.59 x(0° x10°
JuL| 2.68xl0° . x10*
AUG 2.68 x10° x10°
SEP| 2.59«xI0°¢ x 10°
ocT 2.68 x10° 86 .0812 1.00 17.334  x10°%|  .0343
Nov| 2.59xl0°® 94 .0480 1.00 13.036  x10°|  .0140
DEGC| 2.68xl0° 100 .0338 1.00 10.422  x10%]  .00740

TABLE B.U49

62T
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E. AREA=

SOLAR HEATING LOAD FRACTION
50.0 [M?]

F-CHART WORKSHEET 3

F. STORAGE SIZE CORRECTION FACTOR (X/Xo)= 1.0
G. LOAD HEAT EXCHANGER CORRECTION FACTOR (Y/Yo)= _1:0
G2, Cl3. C 14. C 5. Cle. C \1.
MO CORRECTED | CORRECTED HEATING LOAD
NT X /A Y/A X Y F SUPPLIED
Hl (€8.)x(F.) C1)x(G.) (c12)x(E) (c13)x(E) [3/moNTH] (C16)(c5)
JAN .0366 .00686 1.83 .343 .212
FEB .0374 .00940 1.87 .47 .316
MAR .0453 .0146 2.265 .73 .491
APR .0690 .0258 3.45 1.29 .763
MAY
JUN
JuL
AUG
SEP
ocT .0812 .0343 4.06 1.715 .918
s
NOV .0480 .0140 2.40 .700 .462
DEC .0338 .00740 1.69 .37 .244
ANNUAL FRACTION BY SOLAR (TOTAL,CIT)/(TOTAL,CS.)= TOTAL

TABLE B.50
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[ — - F-CHART WORKSHEET 2

ITEMS MAKING UP X ANDY

C. FRU.(FR/Fg)=—5:40 [w/m2-c]
D. Fp(7x), (FR/FR)= 5% [UNITLESS]
GOk, CT. C 8. C 9. G 0. Cll.
" SECONDS X/A [1/M2]|(FT*)/(T*)n |DAILY RADIATION | Y/A [I/M?]
N PER (100-T4) [°c] | (C)x(CT)x(cG)) ON COLLE CTOR|(D.)x(C9:)x(C 10)x(CL)
W MoNTH (€5) = H 0. [7/M%DAY] = GIO. C5)
JAN| 2.68 xi0° 101 .0543 1.00 9.029  »10°| 00672
FEB 2.42 x10° 100 .0555 1.00 11.992  xlo* .0092
MAR 2.68 x10° 96 .0672 1.00 14.743  x10%| 0143
APR 2.59 «|0° 88 .10236 1.00 15.689  x10° .02528
MAY 2.68 xt0® x10*
JUN 2.59 x(0° x10°
JuL| 2.68«10° x10*
AVG 2.68 x10° x10°
SEP 2.59 x10° x 10
oCT 2.68 x10° 86 .12046 1.00 17.338  x10%|  .0336
Nov| 2.59x10° 94 .0712 1.00 13.036 xI10°|  .0137
DEC| 2.68xI0° 100 .0501 1.00 10.422  x10%| 0072

TET

TABLE B.51
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F-CHART WORKSHEET 3
SOLAR HEATING LOAD FRACTION

E. AREA=_ 50.0  [M?%]

F. STORAGE SIZE CORRECTION FACTOR (X/Xo)= _ 10

G. LOAD HEAT EXCHANGER CORRECTION FACTOR (Y/Yy)= 10

Cl2. Cl3. C 4. C |5. Cle. C \T.
M CORRECTED | CORRECTED HEATING LOAD
N X /A Y/ A X Y F SUPPLIED

Hl (€c8.)x(F.) (C1)x(G.) (c12.)x(E.) (c13)x(E) [3/moNTH] (Ci6)(c5)
JAN 0543 . 00672 2.715 .336 .1557
FEB .0555 .0092 2.775 .46 .257
MAR .0672 .0143 3.36 .715 42
APR .10236 .02528 5.118 1.264 .6671
MAY
JUN
JuL
AUG
SEP
ocT .12046 .0336 6.023 1.68 .813
NOV .0712 .0137 3.56 .685 .388
DEC .0501 .0072 2.51 .36 .1879
ANNUAL FRACTION BY SOLAR (TOTAL,CIT)/(TOTAL,CS5.)= TOTAL

TABLE B.52

CET



—_ . . — F-CHART WORKSHEET 2

ITEMS MAKING UP X AND Y

0. FRU(Fp/Fpy=—_12 [w/™M2-°c]
D. Fr(7«),(FR/FR)= & [UNITLESS]
C b. CT. C &. C 9. C 10. C il
M, SECONDS X/A [1/M2][(7FX)/(T)n [DAILY RADIATION [ Y/A [1/M?]
NT PER (100-T &) [°c] [ .(cIx(CT)x(C6.) ON COLLE CTOR|(D)x(C9.)x(C 10)x(Cl)
W MONTH (C5) = H 0. [7/M%DAY] = Glo. (€5.)

JAN 2.68 xi0° 101 .07943 1.00 9.029  xI0®|  .00656
FEB 2.42 «10° 100 .08117 1.00 11.992  xl0¢|  .00899
MAR 2.68 x10° 96 .09831 1.00 14.743  x10®|  .0139%
APR 2.59 «|0° 88 .14975 1.00 15.689 10|  .02466
MAY 2.68 xt0® x10°
JUN 2.59 x(0° x10°
JUL 2.68x10° x10°
AUG 2.68 x10° x10°
SEP 2.59 x10°¢ x 10
OCT| 2.68«xl0* 86 .17623 1.00 17.334  x10%|  .03279
NOV 2.59x10°¢ 94 .10417 1.00 13.036  x|0°| .01338
DEG| 2.68xlI0°® 100 .07336 1.00 10.422 4 10°|  .00707

€€T

TABLE B.53



.I . F-CHART WORKSHEET 3

SOLAR HEATING LOAD FRACTION

E. AREA= __50.0 [M?]

—_———

F. STORAGE SIZE CORRECTION FACTOR (X/Xo)= _1:0

G. LOAD HEAT EXCHANGER CORRECTION FACTOR (Y/Yo)= _1.0
Cl2. C13. C 14. C 15, Cl6. C\T.

Mo CORRECTED | CORRECTED HEATING LOAD
NT X /A Y/ A X Y F SUPPLIED

H| (C8.)x(F.) (C1L)x(G.) (c12.)x(E) (c13)x(E) [3/monTH] (Cl6)(c5)
JAN .07943 .00656 3.97 .328 .082
FEB .08117 .00899 4.06 .45 .1812
MAR .09831 01396 4.92 .698 .33
APR .14975 .02466 7.488 1.233 .551
MAY
JUN
JuL
AUG
SEP
ocT .17623 .03279 8.812 1.64 .69
NOV .10417 .01338 5.21 .669 .295
DEC .07336 .00707 3.67 .354 12

ANNUAL FRACTION BY SOLAR (TOTAL,CIT)/(TOTAL,CS.)=

TOTAL

H7ET
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"F-CHART WORKSHEET 2

ITEMS MAKING UP X ANDY

C. FRU_ (FR/Fg)=—_10.28 [w/m?-°c]
D. Fr(7x), (FR/FRr)= 616 [UNITLESS]
C 6. CcT. C 8. Co. C 10. AL
M | sEconps X/A [1/M2][(7=)/(T«) [DAILY RADIATION|[Y/A [I/M?]
N PER (100-T4) [°c] | (c)x(CT)x(Cc6) ON COLLE CTOR|(D)x(C9.)x(C10)x(Cl)
W MoNTH (5. = H 0. [F/mtoad= Glo. | (C5)
JAN 2.68 x|0° 101 .10336 1.00 9.029 x10°]  .0064
FEB 2,42 x10° 100 .10563 1.00 11.992  x10%|  .0094
MAR 2.68 x10° 96 .12794 1.00 14.783  x10%|  .0146
APR 2.59 x 10 88 .19487 1.00 15.689  x10°|  .02408
MAY 2.68 x 0" %10
JUN 2.59 x{0° x10°
JuL| 2.68xl10° x10*
AUG 2.68 x10° x 10
SEP| 2.59«I0° . % 10°
ocT 2.68 x10° 86 .2293 1.00 17.33¢  x10%|  .03201
Nov| 2.59xl0° 94 .13556 1.00 13.036  x10°|  .01307
DEC 2.68x10° 100 .09546 1.00 10.422  x10%|  .00691

TABLE B.55
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-I - F-CHART WORKSHEET 3

SOLAR HEATING LOAD FRACTION

E. AREA=__50.0 [M?]
F. STORAGE SIZE CORRECTION FACTOR (X/Xo)= _ 10

G. LOAD HEAT EXCHANGER CORRECTION FACTOR (Y/Yo)= 10
CdZ, L 13, C 4. C |5. Cl6. C\1.
Mo CORRECTED | CORRECTED HEATING LOAD
N_ X /A Y/ A X Y F SUPPLIED

H| (C8.)x(F.) (€)% (G.) (C12.)x(€E) (c13)x(E)) [3/MoNTH] (Ci6)(c5)
JAN .10336 .0064 5.168 .32 .017
FEB .10563 .0094 5.28 .47 .1387
MAR .12794 .0146 6.4 .73 . 2867
APR .19487 .02408 9.74 1.204 .458
MAY
JUN
JuL
AUG
SEP
ocT .2293 .03201 11.47 1.6 .598 o
NOV .13556 .01307 6.78 .654 .2162
DEC .09546 .00691 4.77 .346 .0585
ANNUAL FRACTION BY SOLAR (TOTAL,CIT)/(TOTAL,CS.)= TOTAL

TABLE B.56
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- . F-CHART WORKSHEET 2

ITEMS MAKING UP X AND Y

C. FRU (FR/Fg)=_—_14.74 [w/m?-°c]
D. Fr(7=), (FR/FR)= 508 [UNITLESS]
C b. Gt O - C&8. C 9. (e L5 Cll.
M, SECONDS X/A [1/M2][(F)/(Tx)n |DAILY RADIATION [ Y/A [1/M?]
N PER (100-T o) [°c] | (c)x(cT7)x(c6) ON COLLE CTOR|(D)x(C9:)x(C10.)x(Cl)
T MoONTH (€5) = H1l0. [7/M2DAY] = GlO. (€ 5)
JAN 2.68 xI10° 101 .1482 1.00 9.029  x10°|  .00611
FEB 2.42 x10° 100 .15145 1.00 11.992  x10%|  .0094
MAR 2.68 x10° 96 .18344 1.00 14.743  x10®|  .0146
APR 2.59 x10° 88 .27941 1.00 15.689  x10° .02299
MAY 2.68 x t0® x10°
JUN 2.59 x(0° x10°
JuL| 2.68xI10° x10*
AUG 2.68 x10° x10°
SEP 2.59 x10° ' s x 10
ocT 2.68 x10° 86 .3288 1.00 17.334  x10°| 03057
Nov| 2.59xl0® 94 .19438 1.00 0 13.036 x10°| 01247
DEC| 2.68BxI0® 100 .13687 1.00 10.422  x10%| 00659

TABLE B.57

LET




.I F-CHART WORKSHEET 3

E. AREA=

SOLAR HEATING LOAD FRACTION
50.0 [MZ_]

F. STORAGE SIZE CORRECTION FACTOR (X/Xp) = 1.0

G. LOAD HEAT EXCHANGER CORRECTION FACTOR (Y/Yp)= _1.0
Cl2. C13. C 14, C |5, Cl6. C\T.

MO CORRECTED | CORRECTED HEATING LOAD
N_ X /A Y/A X Y F SUPPLIED

H| (€8.)x(F.) (C1L)x(G.) (c12.)x(E.) (c13)x(E) [3/MONTH] (Ci6)(C5)
JAN .1482 .00611 7.41 .3055 -.0907
FEB .15145 .0094 7.725 .47 .037
MAR .18344 .0146 9.172 .73 .184
APR .27941 .02299 13.97 1.15 .335
MAY
JUN
JuL
AUG
SEP
ocT .3288 .03057 16.44 1.53 .495
NOvV .19438 .01247 9.72 .624 .0902 ge:
DEC .13687 .00659 6.84 33 -.0467

ANNUAL FRACTION BY SOLAR (TOTAL,CIT)/(TOTAL,CS.)=

TOTAL

8ET




-I F-CHART WORKSHEET 2

ITEMS MAKING UP X ANDY

C. FRU (FR/Fg)=___18.80 [w/m?-°c]
D. Fr(7«), (FR/FR)= 1L [UNITLESS]
C 6. CT. C 8. C 9. C 10. G
M SECONDS X/A [1/M2][(T)/(T«) [DAILY RADIATION [ Y/A [I/M?]
N_ PER (100-T &) [°c] | (CIx(CT)x(C6)) ON EOLLECTORF(D.)x(CS.)x(C 10)x(CL)
W MONTH (C5.) = H 0. [7/M%DAY] = GloO, (€5.)
JAN 2.68 x|0° 101 .189 1.00 9.029  x10°|  .00s585
FEB 2.42 x10° 100 .19316 1.00 11,992 x10° .008
MAR| 2.68«xI0" 9 23397 1.00 14.743  «10°| 01243
APR 2.59 x10° 88 .35637 1.00 15.689 10| .02
MAY 2.68 x10® x10*
JUN 2.59 x(0° x10°
JuL| 2.68«10° x10°
AUG 2,68 x10° x10°
SEP 2.59«10°¢ x 10®
OCT| 2.68xl0* 86 .41938 1.00 17.334  x10%|  .02924
NOV 2.59x10° 94 .24791 1.00 13.036  x|0°|  .01192
DEC 2.68x10° 100 17457 1.00 10.422  x10%|  .0063

6€T

TABLE B.59



IR — - F-CHART WORKSHEET 3

SOLAR HEATING LOAD FRACTION
E. AREA=_50.0 [M?]

—_——

F. STORAGE SIZE CORRECTION FACTOR (X/Xp) = 1.0
G. LOAD HEAT EXCHANGER CORRECTION FACTOR (Y/Yp)= _1.0
Cl2, €.13. C 4. C |5. Cle. C\1.
M, CORRECTED | CORRECTED HEATING LOAD
N_ X /A Y/A X ¥ F SUPPLIED
H| (€c8.)x(F.) (C1.)x(G.) (C12.)x(E.) (c13)x(E) [3/moNTH] (CI6)(c5)
JAN .189 .00585 9.45 .2925 -.1729
FEB .19316 .008 9.66 .40 -.0862
MAR .23397 .01243 17 .622 .0363
APR .35637 .022 17.82 1.1 .277
MAY
JUN
JuL
AUG
SEP
ocT .41938 .02924 20.97 1.462 .476
NOV .24791 .01192 12.396 .596 .0017
DEC .17457 .0063 8.729 .315 -.1297
ANNUAL FRACTION BY SOLAR (TOTAL,CIT)/(TOTAL,CS.)= TOTAL

TABLE E.60

ohT



I —— F-CHART WORKSHEET 2
ITEMS MAKING UP X AND Y

C. FRU_ (FR/Fg)=—_22.52 [w/m?-°c]
D. Fr(7«), (FR/FRr)z —°% [UNITLESS]
C b. CTt. C 8. (. b, C 10. G W1
" SECONDS X/A [1/M2]|(T%)/(T)n [DAILY RADIATION | Y/A [I/M?]
N PER (100-T4) [°c] | (c)x(CT)x(c6) ON COLLE CTOR|(D)x(C9)x(C10)x(Cl)
W mMonTH €5y = H 0. [F/MoAd= Glo. | (C5)
JAN 2.68 x|0° 101 .22644 1.00 9.029  xI0°|  .00561
FEB 2,42 x10° 100 .23127 1.00 11.992  xI0*|  .00768
MAR| 2.68«xI0° 9% .28031 1.00 14.743  x10% 01192
APR 2.59 x10° 88 .42689 1.00 15.689  xI10%|  .02108
MAY 2.68 x t0® x10°
JUN 2.59 x(0° x10°
JoL 2.68x10° | ' x10*
AVG 2.68 x10° x10®
SEP| 2.59x10¢ x10°
OCT| 2.68«xl0* 86 .5024 1.00 17.338  x10%|  .02803
NOV 2.59x10° 94 .29671 1.00 13.036 ¢ |0® .01143
DEC 2.68x10° 100 .20932 1.00 10.422  «10%|  .oo604

TABLE B.61

™t




PI—

F-CHART WORKSHEET 3
SOLAR HEATING LOAD FRACT ION

E. AREA= _50.0  [M?] .

F. STORAGE SIZE CORRECTION FACTOR (X/Xo)= 10

G. LOAD HEAT EXCHANGER CORRECTION FACTOR (Y/Yo)= 10

Cla. C13. C 14. C 15. Cl6. C\T.
M, | CORRECTED [ CORRECTED HEATING LOAD
N_ X /A Y/A X Y E SUPPLIED

H| (c8.)x(F.) (CI)x(G.) (c12.)x(E) (c13)x(E)) [3/MmoNTH] (CI6)(c5)
JAN .22644 .00561 11.32 .28 -.2354
FEB .23127 .00768 11.56 .384 -.1506
MAR .28031 .01192 14.016 .596 -.0266
APR .42689 .02108 21.34 1.05 .27
MAY
JUN
JuL
AUG
SEP
OCT .5024 .02803 25.12 1.4 523
NOV .29671 .01143 14.836 .5715 -.0561 4
DEC .20932 .00604 10.47 .302 -.1942
ANNUAL FRACTION BY SOLAR (TOTAL,CIT)/(TOTAL,C5.) = TOTAL

TARTF R.K?

chT



R ———
A F-CHART WORKSHEET 2

ITEMS MAKING UP X ANDY

C. FRU_ (FR/Fg)=—_25.9 [w/m?-°c]
D. Fp(T=), (FR/FR)=___°8 [UNITLESS]
C b. ClIt. C 8. C 9. C 10. Cll.
M SECONDS X/A [\/M2]|(T=x)/(Tx) |DAILY RADIATION | Y/A [I/M?]
N PER (100-T4) [°c] | (cIx(CT)x(C6) ON COLLE CTOR|(D.)x(C9)x(C 10)x(Cl)
W MoNTH (C5.) = H 0. [F/mtoad= Glo. [ (C5)
JAN| 2.68 xi0® 101 .2609 1.00 9.029  x10°|  .00s38
FEB 2.42 x10° 100 .2665 1.00 11.992  «xl0* .00738
MAR 2.68 «10° 96 .3230 1.00 14.743  x10% 01146
APR 2.59 x10° 88 .4919 1.00 15.689  x10° .02024
MAY 2.68 xt0® x10°
JUN 2.59 x(0° x10°
JUL 2.68x10° x10*
AVG 2.68 x10° x10°
SEP 2.59 «x10°¢ x 10®
ocT 2.68 x10° 86 .5789 1.00 17.338  x10%|  .02691
NoVv| 2.59410% 94 .3419 1.00 13.036 ¢ |0%|  .01096
DEC 2.68x10° 100 .2412 1.00 10.422  x10%]  .00580

TABLE B.63

EnT




T —

E. AREA= __50.0 [M?]

F. STORAGE SIZE CORRECTION FACTOR (X/Xo) =

F-CHART WORKSHEET 3
SOLAR HEATING LOAD FRACTION

1.0

G. LOAD HEAT EXCHANGER CORRECTION FACTOR (Y/Yo)= "0
Cl2. C13. C 14. C I5. Cl6. C\T.
M, | CORRECTED | CORRECTED HEATING LOAD
N X /A Y/A X Y F SUPPLIED

H| (c8.)x(F.) (C1)x(G.) (c12.)x(E) (c13)x(E)) [3/moNTH] (Ci6)(c5)
JAN .2609 .00538 13.045 .269 -.2821
FEB .2665 .00738 13.325 .369 -.199
MAR .3230 .01146 16.15 573 -.067 N
APR .4919 .02024 24.6 1.012 .303
MAY
JUN
JuL
AUG
SEP
ocT .5789 .02691 29.0 1.346 .6202
NOV .3419 .01096 17.095 .548 -.0913
DEC .2412 .00580 12.06 .29 -.2438
ANNUAL FRACTION BY SOLAR (TOTAL,CIT)/(TOTAL,C5.)= TOTAL

TABLE B.64

T



LOCATION?:

SESP

INPUT DATA

COLUMBUS, OHIO

C\ c2 c3 Ca cS
cl o 1.0 120 | 1.0 0.0
| 2 3 4 5 6 7 8 9 10 X |2
pD | 1087.2| 948.6 | s08.2 | 426.6 | 171.0 | 27.0 | .o01 5.4 8.6 | 347.4 | 714.6 | 1038.6
T 2 3 4 5 6 7 8 9 T 0 12
HBARl 472.6 | 720.0 | 1090.0 | 1446.7 | 1797.1| 2069.2 | 1996.0 | 1756.6 | 1554.0 | 1053.0 | 655.0 | 486.0
| 2 3 4 g 6 7 8 9 10 W 12
ramel 302 | 2.0 | 302 | s1.8 | 60.8 | 69.8 | 73.4 | 71.6 | 64.4 | 536 | 41.0 | 32.0
| 2 3 4 S 6 7 8 9 10 I 12
2.0 0.0 0.0 0.0 0.0 0.0 1.4 4.8 7.3 8.4 6.9 4.6
GAL "
13 (4 1S |6 (7 |8 \9 20 21 22 23 24
3.5 5.3 2.5 2.3 2.0 3.8 6.9 n.s | 9.6 6.9 5.4 4.7
5TO A CH cc | Tt | voL
8267.8| 538.2 | 620.4 | 661.0 | 55.0 | 990.75
UA %M B AZ |DENH |DENC [SPHTH [SPHTC [THOT [TcoLD [RLoSS | 85
4262.5 | .66 .68 0.0 8.89 | 8.34 8 1.0 | 140.0 | s1.8 |21232.9| 3.3
BW |RLAT | T1 | TLIM [BFAN |UATOP |UABOT |UASEG |ETA | GPH | ETA2 |GPW2
3.3 | 40.0 | 70.0 6.0 | .03 | 1.a1 | 1.4 141 £7 505 T H i S

TABLE B.65

SHT
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#%+SOLAR ENERGY ANALYSIS#*#x

HEAT W/0 SOLAR(MEGABTU) ° HEAT W/SOLAR(MEGABTU) SOLAR PUMP ON=TIME(HRS)

MONTH  SPACE WATER SPACE WATER

JAN 23,08 2.21 18,20 - 1,73 90,00

FEB 20,14 2,21 13,32 1.66 158,57

MAR 17.16 2,21 | 8,33 1.54 261,43

APR 9.06 2.21 0.09 1.00 309,43

MAY 3.63 2,21 0.00 0,04 161,57

JUN 0,57 2.21 0,00 .0,00 151,14

JuL 0.00 2.21 0.00 0,00 150,00

AUG 0.11 2.21 0.00 0.00 150,00

SEP 1.80 2.21 0.00 0,00 150.00

ocT 7.38 2.21 0.00 0,23 174,57

NOV 15,17 2,21 7.51 1.59 191,43

DEC 22,0% 2.21 16,21 1,70 120,00

TOTAL  120.16 26,48 63.65 9,49 2068,.14

COST OF HEAT W/0 SOLAR(S) COST OF HEAT W/SOLAR(S )  OPERATING COST($)

MONTH  SPACE WATER SPACE WATER ,

JAN T6.18 7.28 60,07 5,71 2.70

FEB 66.47 7.28 43,96 5.49 476

MAR 56.63 7.28 27.48 5,08 7.84

APR 29.89 7.28 0,28 3,30 9,28

MAY 11.98 7.28 0.00 0.13 4,85

JUN 1.89 7.28 0,00 0,00 4,53

JuL 0.00 7.28 0,00 0.00 450

AUG 0.38 7.28 0,00 0,00 4,50

SEP 5,93 7.28 0,00 0,00 4,50

ocT 24,34 7.28 . 0,00 0,75 Se24

NOV 50,07 7.28 24,78 5.25 5.74

DEC 72,77 7.28 53,49 5,62 3,60

TOTAL  396.53 87.37 210,06 31,33 62,04
SOLAR FRACTION 6ROSS SAVINGS(S) NET SAVINGS(S)

MONTH  SPACE WATER COMBINED SPACE WATER

JAN 21,14 21,6% 21,19 16.11 1.58 14,98

FEB 33,87 24,56 32,9% 22,51 1.79 19,54

MAR 51.48 30,17 49,05 29.15. 2,20 23,51

APR 99.05 98,69 90,35 29.61 J¢98 24,30

MAY 100,00 98,24 99,33 11.98 7.15 14,29

JUN 100,00 100,00 100,00 1.89 7.28 4,64

JUL 100.00 100,00 100,00 0.00 Te28 2¢178

AUG 100,00 100,00 100,00 0.38. 7.28 3.16

SEP 100,00 100,00 100,00 5.93 7.28 8.71

[*[eR } 100,00 89,179 IT,85 2%.3% 6453 25,64

NOV 50,52 27.87 47,64 25.29 2.03 21.58

DEC 26,50 22,88 26.17 19.28 1.67 17.35

TOTAL ¥7.,U3 %, 1% k<11 P ¥4 186,90 56,0% 100,87

FUEL RATES($/BTU DELIVERED) SPACE 0,00 WATER 0,00 FAN ON=TIME RATE(S/HR) 0,03

TABLE B.66




SESP INPUT DATA
LOCATI!ION: COLUMBUS, OHIO
Cl c2 c3 ca C5
C 1.0 1.0 12.0 1.0 0.0
| 2 3 4 5 6 7 8 9 10 W |2
DD 1087.2| 948.6 | 808.2 426.6 171.0 27.0 .001 5.4 84.6 347.4 714.6 | 1038.6
[ 2 3 4 5 < T 8 9 10 i 12
HBAR| 474.6 729.0 | 1090.0 | 1446.7 | 1797.1 | 2069.2 | 1996.0 1756.6 | 1554.0 | 1053.0 655.0 | 486.0
| 2 3 4 S 6 | 8 9 10 Il 12
TAMB| 30.2 32.0 39.2 51.8 60.8 69.8 73.4 71.6 64.4 53.6 41.0 32.0
I 2 3 4 S 6 T 8 9 |10 Il |2
2.0 0.0 0.0 0.0 0.0 0.0 1.4 4.8 7.3 8.4 6.9 4.6
GAL
13 | 4 B3 (6 L1 | 8 \9 20 2\ 2.2 23 24
3.5 5.3 2.5 203 2.0 3.8 6.9 11.8 9.6 6.9 5.4 4.7
STO A CH cC TILT VoL
8267.8 538.2 620.4 661.0 55.0 990.75
UA X M B AZ |DENH [DENC |SPHTH |SPHTC [THOT |TCOLD [RLOSS | 85
4262.5 | 1.0 .68 0.0 8.89 8.34 .8 1.0 140.0 51.8 21232.9 5.3
BW | RLAT | T\ TLIM [8FAN |UATOP |UABOT |UASEG | ETA GPH ETA2 |GPH2
3.3 40.0 70.0 68.0 .03 1.41 1.41 147 2 480.0 B o} wEemen

TABLE B.67
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s*sSOLAR ENERGY ANALYSIS*#s
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HEAT W/0 SOLAR(MEGABTU)

HEAT W/SOLAR(MEGABTU)

SOLAR PUMP ON=TIME(HRS)

MONTH SPACE WATER SPACE WATER

JAN 23,08 2,21 19,02 1,74 90,00

FEB 20,14 2.21 14,42 1.70 120,00

MAR 17.16 2,21 9,73 1,62 141,43

APR 9,06 2,21 0.76 1,28 291,43

MAY 3,63 2,21 0,00 0,23 156,14

JUN 0,57 2.21 0,00 0,00 151,00

JuL 0,00 2.21 0,00 0,00 142,86

AUG 0.11 2.21 0,00 0,00 141,43

SEP 1.80 2.21 0,00 0,00 150,00

ocT Te38 2.21 0,00 0,73 174,43

NOV 15,17 2.21 8,73 1,67 150,00

DEC 22,05 2021 17.22 1,73 120,00

TOTAL 120,16 26,48 69,88 10,70 1828.71

COST OF HEAT W/0 SOLAR(S) COST OF HEAT W/SOLAR(S ) OPERATING COST(S$)

MONTH SPACE WATER SPACE WATER

JAN 76,18 7.28 62,75 5,76 2.70

FEB 66,47 T.28 47,59 5,60 3,60

MAR 56,63 T.28 32,11 5,33 §o24

APR 29.89 Te.28 2.52 4,23 874

MAY 11.98 7.28 0,00 0,77 4,68

JUN 1,89 7.28 0,00 0,01 4.53

JuL 0.00 7.28 0.00 0,00 429

AU6 0.38 7.28 0.00 0,00 4.24

SEP 5,93 7.28 0,00 0,00 4,50

ocT 24,34 7.28 0,00 2,40 §.23

NoOvV 50,07 T7.28 28,82 5.50 4.50

DEC 72,77 7.28 S6.81 S.70 3.60

TOTAL 396,53 87.37 230,60 35,31 54.86 g

SOLAR FRACTION GROSS SAVINGS(S) NET SAVINGS(S)

MONTH SPACE WATER COMBINED SPACE WATER

JAN I7.63 20,91 I7.91 13.43 152 12.25

FEB 20,41 23,04 27.88 16,88 1.68 16.96

MAR 43,29 26,78 41,41 24,51 1,95 22,22
— APR  91.56  41.88 B81.83 2737 3.05 21.87

MAY 100,00 89,45 96,01 11.98 6451 13,81

JUN 100,00 99,91 99,93 1.89 T.27 4§64

1 . 1 . 100,00 0.00 728 3.00

AUG 100,00 100,00 100,00 0.38 7.28 342

SEP 100,00 100,00 100,00 5.93 T.28 8.71

OCT 100,00 67,00 92.%0 29 .39 5,88 23,99

NOV 42,45 24,40 40.16 21.26 1.78 18,53

DEC 21,93 21,67 21,91 15.96 1.58 13,94

TOTAC ¥1.85 . <05 165.93 52,086 163,13

FUEL RATES($/BTU DELIVERED)

SPACE 0,00 WATER 0,00 FAN ON=TIME RATE(S/HR)

TABLE B.68



LOCATION:

SEOP

INPUT DATA

COLUMBUS, OHIO

£l c2 c3 C4 S
Cc 1.0 1.0 12.0 1.0 0.0
[ 2 3 4 5 6 7 8 ) 10 |y 12
DD 1087.2| 948.6 | 808.2 426.6 171.0 27.0 .001 5.4 84.6 347.4 714.6 | 1038.6
[ 2 3 4 5 [ T 8 9 10 (' |2
HBAR| 474.6 729.0 | 1090.0 | 1446.7 | 1797.1 | 2069.2 | 1996.0 1756.6 | 1554.0 | 1053.0 655.0 | 486.0
I '3 3 4 S 6 T 8 9 10 [\ 12
TAMB| 30.2 32.0 39.2 51.8 60.8 69.8 73.4 71.6 64.4 53.6 41.0 32.0
I 2 3 4 S 6 T 8 9 10 I 12
2.0 0.0 0.0 0.0 0.0 0.0 1.4 4.8 7.3 8.4 6.9 4.6
GAL
13 | 4 ) |6 | T | 8 \9 20 2\ 22 23 24
3.5 5.3 2.5 2.3 2.0 3.8 6.9 11.8 9.6 6.9 5.4 4.7
STO A CH o TILT VoL
8267.8 538.2 620.4 661.0 55.0 990.75
UA XM B AZ |DENH [DENC |SPHTH |SPHTC |[THOT |[TCOLD [RLOSS | 85
4262.5 1.5 .68 0.0 8.89 8.34 .8 1.0 140.0 51.8 21232.9 3.3
B8W |RLAT | T TLIM [BFAN |UATOP |UABOT |UASEG |ETA GPH ETA2 |GPW2
3.3 40.0 70.0 68.0 .03 1.41 1.41 141 " 480.0 I QIR

l.L‘dB:LJ«u. B 069
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s*$SOLAR ENERGY ANALYSIS**»
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HEAT W/0 SOLAR(MEGABTU)

HEAT W/SOLAR(MEGABTU)

SOLAR PUMP ON=TIME(HRS)

MONTH SPACE WATER SPACE WATER
JAN 23,08 2.21 20,07 1,76 90,00
FEB 20414 2.21 15,77 1.74 120,00
MAR 17.16 2.21 11,03 1,67 120,00
APR 9,06 2.21 2,20 1.43 175,86
MAY 3,63 2.21 0,01 0,69 153,29
JUN 0,57 2,21 0,00 0,02 136,71
JuL 0,00 2.21 0,00 0.00 125,00
AUG 0.11 2.21 0,00 0,00 124,14
SEP 1,80 2.21 0,00 0,00 148,86
ocT Te38 2.21 0,00 1.15 175,86
NOV 15,17 2.21 10,15 1.72 150,00
DEC 224,05 2.21 18,51 1.75 120,00
TOTAL 120,16 26,48 T7.74% 11,94 1639,.71
COST OF HEAT W/0 SOLAR(S) COST OF HEAT W/SOLAR(S ) OPERATING COST(S)
MONTH SPACE WATER SPACE WATER
JAN 76,18 T.28 66,22 S.81 2.70
FEB 66,47 T.28 52.04 5.73 3.60
MAR 56463 7.28 36,41 5,51 3.60
P « 09 . 2 4,73 5.28
MAY 11,98 7.28 0,05 2.28 4,60
JUN 1,89 T7.28 0,00 0,08 4,10
JuL 0,00 7.28 0,00 0,00 3.79
AUG 0,38 7.28 0,00 0,00 3,72
SEP 5.93 7.28 0,00 0,00 4,47
ocT 244,34 T1.28 0,00 3,81 5.28
NOV 50,07 7.28 33,50 5,66 4,50
DEC 72.77 7.28 61,08 5,78 3.60
TOTAL 396.53 87.37 256,55 39,39 49,19
SOLAR FRACTION GROSS SAVINGS(S) NET SAVINGS(S)
MONTH SPACE WATER COMBINED SPACE WATER
. +18 13.69 9.96 W7 Be72
FEB 21,70 21.33 21,67 18,43 1,55 12.38
MAR 35,71 24,36 34,42 20,22 1,77 18,40
APR T5.73 35,07 87,77 22.64 2455 19,91
MAY 99.60 68,63 87.89 11.93 5,00 12,33
JUN 100,00 98,95 99.17 1.89 720 4099
JUC 100.00 100,00 100,00 0.00 Te28 J3¢53
AUG 100,00 100,00 100,00 0.38 T.28 3,93
SEP 100,00 100,00 100,00 5.93 T.28 8.74%
OCT 100,00 §7.66 87,95 2% 3% 387 22..5%
NOV 33,10 22,19 31,72 16.58 1,62 13,69
DEC 16,07 20,61 16,49 11.70 1.50 9.60
TOTALC 35,30 54,92 38, . D 138,77

FUEL RATES(S/BTU DELIVERED)

SPACE 0,00 WATER 0,00 FAN ON=TIME RATE(S$/HR)

0,03

TABLE B.70



LOCATION:

SOEOP

INPUT

DATA

COLUMBUS, OHIO

c\ i c3 c4 CS
C 1.0 ¥.0 12.0 1.0 0.0
| 2 3 4 S 6 7 8 S 10 |1 |2
DD 1087.2| 948.6 | 808.2 426.6 171.0 27.0 .001 5.4 84.6 347.4 714.6 | 1038.6
[ 2 3 4 5 [~ 7 8 o 10 i 12
HBAR| 474.6 729.0 | 1090.0 | 1446.7 | 1797.1 | 2069.2 | 1996.0 1756.6 | 1554.0 | 1053.0 655.0 | 486.0
| = 3 4 S 6 T 8 9 {0 I |2
TAMB| 30.2 32.0 39.2 51.8 60.8 69.8 73.4 71.6 64.4 53.6 41.0 32.0
| 2 3 4 S 6 T 8 9 |10 || 12
2.0 0.0 0.0 0.0 0.0 0.0 1.4 4.8 7.3 8.4 6.9 4.6
GAL
13 | & ) (6 |7 | 8 \9 20 21 22 23 24
3.5 5.3 2.5 2.3 2.0 3.8 6.9 11.8 9.6 6.9 5.4 4.7
STO A CH cC TILT VoL
8267.8 538.2 620.4 661.0 55.0 990.75 :
VA XM B AZ DENH |DENC [SPHTH [SPHTC |[THOT |TCOLD |RLOSS | 85
4262.5 | 2.0 .68 0.0 8.89 8.34 .8 1.0 140.0 51.8 21232.9 3.3
B8W |RLAT | T\ TLIM [BFAN ‘UATOP UABOT [VUASEG |ETA GPH ETA2 | GPMW2
3.3 40.0 70.0 68.0 .03 1.41 1.41 141 .7 480.0 Sl

16T
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HEAT W/0 SOLAR(MEGABTU)

HEAT W/SOLAR(MEGABTU)

SOLAR PUMP ON=TIME(HRS)

MONTH SPACE WATER SPACE WATER

JAN 23,08 2,21 20,97 1,77 90,00
FEB 20.14 2.21 16,94 1.76 120,00
MAR 17.16 2.21 12,12 1,71 120,00
APR 9.06 2.21 3.14 1.54 154,43
MAY 3,63 2.21 0,03 0,97 151,1%
JUN 0657 2.21 0,00 0.27 128,57
JuL 0,00 2.21 0,00 0,06 120,57
AUG 0.11 2.21 0,00 0,07 120,00
SEP 1.80 2.21 0,00 0,22 146,86
ocT Te38 2.21 0.56 1.35 176,29
NOV 15,17 2.21 11,31 1,75 150,00
DEC 22,0% 2.21 19,56 1.77 90,00
TOTAL 120,16 26.48 84,64 13,23 1567.85
COST OF HEAT W/0 SOLAR(S) COST OF HEAT W/SOLAR(S ) OPERATING COST($)

MONTH SPACE WATER SPACE WATER
JAN 76.18 T.208 69,21 5.85 2470
FEB 66,47 7.28 55,89 5.79 3.60
MAR 56,63 7.28 39,98 S5.64 3,60
APR 29.89 T.28 10,37 5,08 4,63
MAY 11,98 7.28 0.10 3.19 4,53
JUN 1.89 7.28 0,00 0,89 3.86
JUC 0,00 7.28 s 0.20 3,62
AUG 0.38 7.28 0,00 0,22 3,60
SEP 5.93 T.28 0,00 0,73 $.81
ocy 24434 7.28 1,86 4,47 .
NOV 50,07 7.28 37.34% 5,77 4.50
DEC T2.77 7.28 64,56 5.84 2.70

3 . ’ L] L] .

SOLAR FRACTION GROSS SAVINGS(S) NET SAVINGS(S)

MONTH SPACE WATER COMBINED SPACE WATER
JAN 9154 19.61 10,06 B.97 .43 5.69
FEB 15,91 20,43 16,36 10.58 1.49 847
MAR 29.40 22,52 28,61 16,65 1.6% 14,69
APR 65,32 30.17 58,44 19.53 2e20 17,09
MAY 99.16 $6.2% 82,94 11.88 4,09 11.44
JUN 100.00 87.7% 90,27 1.89 6439 Be82
JUC 100,00 97.21 97.21 U.00 T.08 3,46
AUG 100,00 97.04 97.18 0.38 7.07 3.84
SEP 100,00 89,96 94,46 5.93 6.55 8,07
oCT . -1-1) . . Z2.01 20,01
NOV 25,43 20,81 24,85 12.74% 1,51 975
DEC 11.29 19.84% 12,07 8.22 1.44 6.96
TOTAL 29.56 50,02 33,26 II7.23 3,70 113,89

FUEL RATES($/BTU DELIVERED)

SPACE 0,00 WATER 0,00 FAN ON=TIME RATE($S/HR)

TABLE B.72



LOCATION:

SESP

INPUT DATA

COLUMBUS, OHIO

(o} c2 c3 C4 cCS
C 1.0 1.0 12.0 1.0 0.0
| 2 3 4 5 6 T 8 ] 10 I 12
DD 1087.2| 948.6 | 808.2 426.6 171.0 27.0 .001 5.4 84.6 347.4 714.6 | 1038.6
[ 2 3 4 5 [ 7 8 9 10 i 12
HBAR| 474.6 729.0 | 1090.0 | 1446.7 | 1797.1 | 2069.2 | 1996.0 1756.6 | 1554.0 | 1053.0 655.0 | 486.0
. n 2 3 4 5 6 v 8 9 10 I 12
TAMB| 30.2 32.0 39.2 51.8 60.8 69.8 73.4 71.6 64.4 53.6 41.0 32.0
| 2 3 4 g 6 T 8 9 10 I 12
2.0 0.0 0.0 0.0 0.0 0.0 1.4 4.8 7.3 8.4 6.9 4.6
GAL
13 | & 1S (6 i | 8 \9 20 2\ 22 23 24
3.5 5.3 2.5 2.3 2.0 3.8 6.9 11.8 9.6 6.9 5.4 4.7
STO A CH ¢C TILT VoL
8267.8 538.2 620.4 661.0 55.0 990.75
VA XM B AZ DENH [DENC |SPHTH [SPHTC [THOT |TCOLD [RLOSS | 89S
4262.5 3.0 .68 0.0 8.89 8.34 .8 1.0 140.0 51.8 21232.9 3.3
B W RLAT T TLIM |BFAN |UATOP |UABOT [UASEG | ETA GPH ETA2 [GPW2
3.3 40.0 70.0 68.0 .03 1.41 1.41 141 7 480.0 - SR

TARLE B.73

€51
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HEAT W/0 SOLAR(MEGABTU)  HEAT W/SOLAR(MEGABTU) SOLAR PUMP ON=TIME(HRS)
MONTH _ SPACE WATER SPACE WATER
JAN 23,08 2.21 22.44% 1.79 90,00
FEB 20,14 2,21 18,69 1,78 90,00
MAR 17.16 2,21 13,92 1,75 120,00
APR 9,06 2,21 4,58 1,67 150,00
MAY 3,63 2,21 0.0% 1.28 150,00
JUN 0.57 2.21 0.00 0.71 124,43
JUL 0,00 2.21 0,00 0,53 120,43
AUG 0,11 2.21 0,00 0,55 120,00
SEP 1.80 2.21 0,00 0,73 146,57
ocT 7.38 2.21 2.10 1,56 177,00
NOV 15.17 2,21 13,12 1,78 120,00
DEC 22,08 2.21 21,03 1.79 90,00
TOTAL 120.16 26.48 95,91 15,91 1498,42
COST OF HEAT W/0 SOLAR(S) COST OF HEAT W/SOLAR(S ) OPERATING COST($)
MONTH  SPACE WATER SPACE WATER
JAN 16.18 7.28 74,09 5.92 2.70
FEB 6647 7.28 61,67 5,88 2.70
MAR 56.63 7.28 45,93 5,79 3.60
APR 29.89 7.28 15.12 5.51 4,50
MAY 11,98 7.28 0.12 4,22 4,50
JUN 1.89 7.28 0,00 2,35 3.73
JUL 0.00 T.28 0.00 1.76 3.61
AUG 0.38 7.28 0.00 1,82 3.60
SEP $,93 7.28 0,00 2,82 3,40
ocY 20,34 7.28 .92 5.08 5,31
NOV 50,07 7.28 93,29 5.86 3.60
DEC 7277 7.28 69.39 5,90 2.70
T TOTAL 396,53  87.37  316.49 52,59 74,95
SOLAR FRACTION GROSS SAVINGS(S) - NET SAVINGS(S)
MONTH  SPACE WATER COMBINED SPACE WATER
JAN 2+80 18,75 §.19 2.13 137 U.80
FEB 7.22 19.23 8,41 4,80 1.80 3.50
MAR 18.89 20.51 19.08 10.70 1,49 8.59
APR T9.02 29,37 75,51 18,77 177 12,05
MAY 99,01 42,09 77.49 11.86 3.06 10.43
JUN 100.00 67.69 74,.3% 1.89 8,93 3.09
JUC 100,00 75.88 75,88 0.00 5.52 1.91
AUG 100.00 75.0% 76.27 0.38 5446 2424
SEP 100,00 66.75 81,67 5.93 4,86 6439
OCT TI.56 30,26 62,06 I7.%2 2e20 1§31
NOV 13,55% 19,46 14,30 6,78 1,82 4,60
DEC 4,64 18,98 5.95% 3.38 1.38 2.06
. Y o Y . BY,97

FUEL RATES(S/BTU DELIVERED)

SPACE 0,00 WATER 0,00 FAN ON=TIME RATE($/HR)

TABLE B.74



OE OF

INPUT DATA

LOCATION: COLUMBUS, OHIO
ol | cZ c3 c4 C5
C 1.0 1.0 12.0 1.0 0.0
[ 2 3 4 5 é T 8 5 10 | i 12
DD 1087.2| 948.6 | 808.2 426.6 171.0 27.0 .001 5.4 84.6 347.4 714.6 | 1038.6
[ 2 3 4 -5 [ 7 8 9 10 (' 12
HBAR| 474.6 729.0 | 1090.0 | 1446.7 | 1797.1 | 2069.2 | 1996.0 1756.6 | 1554.0 | 1053.0 655.0 | 486.0
I 2 3 4 S 6 T 8 9 |0 I} 12
TAMB| 30.2 32.0 39.2 51.8 60.8° 69.8 73.4 71.6 64.4 53.6 41.0 32.0
I 2 3 4 5 6 7 8 9 10 I 12
2.0 0.0 0.0 0.0 0.0 0.0 1.4 4.8 7.3 8.4 6.9 4.6
GAL
13 | & 1S |6 | 7 | 8 \9 20 24 22 23 24
3.5 5.3 2.5 2.3 2.0 3.8 6.9 11.8 9.6 6.9 5.4 4.7
STO A CH ccC TILT VoL
8267.8 538.2 620.4 661.0 55.0 990.75
VA XM B AZ DENH |DENC |SPHTH |SPHTC |[THOT |TCOLD [RLOSS | 8§
4262.5 | 4.0 .68 0.0 8.89 8.34 .8 1.0 140.0 51.8 21232.9 3.3
8 W RLAT T TLIM |BFAN |UATOP |UABOT |UASEG | ETA GPH ETA2 [GPW2
3.3 40.0 70.0 68.0 .03 1.41 1.41 141 47 480.0 IR e,

TABLE B.75
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HEAT W/0 SOLAR(MEGABTU)

HEAT W/SOLAR(MEGABTU)

SOLAR PUMP ON=TIME (HRS)

MONTH  SPACE WATER SPACE WATER
JAN 23,08 2.21 23,27 1.80 55,14
FEB 20,14 2,21 19.83 1.80 60,00
MAR 17.16 2.21 15,34 1,78 120,00
APR 9.06 2.21 5.73 1.72 150,00
MAY 3.63 2.21 0,04 1.45 150,00
JUN 0,57 2,21 0,00 0,96 123,86
JUL 0.00 2.21 0,00 0.79 120,43
AUG 0.11 2.21 0,00 0.82 120,00
SEP 1,80 2.21 0,00 1,01 187,71
ocT 7.38 2,21 3.25 1,66 149,00
NOV 15.17 2,21 14,36 1.79 120,00
DEC 22.05 2,21 21,97 1.80 60,00
TOTAL 120.16 26,48 103,79 17,38 1376.1%
COST OF HEAT W/0 SOLAR(S) COST OF HEAT W/SOLAR(S ) OPERATING COST(S$)
MONTH  SPACE WATER SPACE WATER
JAN 76.18 7.28 76.81 5.94 1.65
FEB 66047 7.28 65,48 5,93 1.80
MAR 56.63 7.28 50,62 5.86 3.60
APR 29.89 7.28 18,90 5.69 4,50
MAY 11,98 7.28 0.12 4,79 4,50
JuC 0.00 7.28 0,00 2,61 3.61
AUG 0.38 7.28 0,00 2,70 3,60
SEP 5.93 7.28 0,00 3.33 4,43
ocT 28,34 7.28 10,71 5,489 4,97
NOV 50,07 7.28 47,38 5,91 3,60
DEC 72,77 7.28 72.51 5.94% 1.80
TOTAL 396.53 87.37 302,49 57.3% §1.28
SOLAR FRACTION GROSS SAVINGS(S) NET SAVINGS(S)

MONTH  SPACE WATER COMBINED SPACE WATER
JAN =0.82 18.36 U.85 =0.63 T.3% ~U.9%
FEB 1.55 18,58 3.23 1.03 1.3% 0.58
MAR 10,61 19,48 11.62 6,01 1.42 - 3.83

e . . . 99 8,08
MAY 98.98 34,21 7%.50 11.86 2.49 9.85
JUN 100,00 56,65 65,59 1.89 4,12 2.30
JuC 100,00 84.16 64,16 0.00 .67 1.06
AUG 100.00 62,97 64,80 " 0.38 4,58 1.36
SEP 100,00 54,33 74,82 5.93 3.96 5.45
OCT 5599 29, 5% 48,75 13.63 T.79 10.9%
NOV %5.38 18.79 7.08 2.69 1.37 0.46
DEC 0.36 18.48 2,01 0.26 1.3% =0.19
TOTAC 13.63 39.36 I7.37 54 . 0% 30,02 %2.78

FUEL RATES($/BTU DELIVERED)

SPACE 0.00 WATER 0,00 FAN ON=TIME RATE($/HR)

TABLE B.76



SEIP

INPUT DATA

LOCATION: COLUMBUS, OHIO
%1 cC2 c3 c4a CH
C 1.0 1.0 12.0 1.0 0.0
| 2 3 4 5 6 Y 8 G 10 [ 1 |2
DD 1087.2| 948.6 | 808.2 426.6 171.0 27.0 .001 5.4 84.6 347.4 714.6 | 1038.6
I 2 3 4 5 [ 7 8 9 10 i 12
HBAR| 474.6 729.0 | 1090.0 | 1446.7 | 1797.1 | 2069.2 | 1996.0 1756.6 | 1554.0 | 1053.0 655.0 | 486.0
I 2 3 4 S 6 T 8 9 {10 I\ |2
TAMB| 30.2 32.0 39.2 51.8 60.8 69.8 73.4 71.6 64.4 53.6 41.0 32.0
| 2 3 4 S 6 i 8 9 10 I 12
2.0 0.0 0.0 0.0 0.0 0.0 1.4 4.8 7.3 8.4 6.9 4.6
GAL : :
(3 | & 1S (6 |7 I 8 \9 20 24 22 23 24
3.5 5.3 2.5 2.3 2.0 3.8 6.9 11.8 9.6 6.9 5.4 4.7
STO A CH CG TILT VoL
8267.8 538.2 620.4 661.0 55.0 990.75
VA xM B AZ DENH |DENC |SPHTH [SPHTC [THOT ([TCOLD |RLOSS | 85
4262.5 5.0 .68 0.0 8.89 8.34 .8 1.0 140.0 51.8 21232.9 3.3
8 W | RLAT T TLIM |8FAN [UATOP |UABOT [UASEG | ETA GPH ETA2 | GPW2
3.3 40.0 70.0 68.0 .03 1.41 1.41 141 g 480.0 R T

T'ABLE B.77
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HEAT W/0 SOLAR(MEGABTU)

HEAT W/SOLAR(MEGABTU)

SOLAR PUMP ON=TIME(HRS)

MONTH  SPACE WATER SPACE WATER
JAN 23,08 2.21 23,46 1.80 0,00
FEB 20.14 2,21 20,5% 1.80 0,00
MAR 17.16 2,21 16,98 1,80 60,00
APR 9.06 2,21 T.27 1,77 120,00
MAY 3,63 2.21 0.6% 1,61 150,00
JUN 0.57 2.21 0.00 1,22 129,43
Jul 0,00 2,21 0.00 1,07 121.1%
AUG 012 2,21 0,00 1.10 120,00
SEP 1.80 2,21 0,00 1.30 148,14
OcT 7.38 2,21 4,89 1.78 189,00
NOV 15,17 2,21 15.57 1.80 0,00
DEC 22,08 2.21 22.46 1,80 0,00
TOTAL 120.16 26,48 111,82 18,83 997,71
. COST OF HEAT W/0 SOLAR(S) COST OF HEAT W/SOLAR(S ) OPERATING COST(S$)
MONTH  SPACE WATER SPACE WATER
JAN 76.18 7.28 T7.43 5,94 0.00
FEB 66447 7.28 67.80 5,95 0.00
MAR 56463 7.28 56,04 5,93 1,80
APR ~29.09 7.28 23,98 5.85 3.60
MAY 11.98 7.28 2,11 5,32 4,50
JUN 1.89 7.28 0,00 4,01 3.88
JUC 0.00 7.28 0.00 3.52 3.63
AUG 0.38 7.28 0,00 3.63 3,60
SEP 5.93 7.28 0,00 4,29 8,44
ocT FLTY-1] 7.28 16,.1% 5.79 G047
NOV 50,07 7.28 51,39 5,95 0.00
DEC 72.77 7.28 74,10 5,95 0.00
— TOTAL 396.53  87.37 368,99 62,1% 29.93

SOLAR FRACTION

GROSS SAVINGS(S)

NET SAVINGES(S)

MONTH SPACE: WATER COMBINED SPACE WATER

JAN =1.64 18.35 . =1.25 1.3 .08
FEB =-2.00 16.35 0.01 «1.33 1.34% 0.01
MAR 1.04 18.51 3.03 0.59 1.35 0e14
APR 49706 19.6% 19. 7% S.91 185 Se 7%
MAY 82,39 26.87 61.%1 9.87 1.96 T.33
JUN 100,00 54,89 56,25 1.89 3.27 . 1.28
JUC 100,00 51,69 51,69 0,00 3176 0.13
AUG 100.00 50.11 52,97 0.38 3465 043
SEP 100,00 41,03 67.50 5.93 2499 4.47
UTT 33.70 20,92 30.5% B.20 149 S5e22
NOV «2.,64 18,35 0.02 -1.32 1.34 0.01
DEC -1.83 18.35 0.01 «1.33 1.34 0.01
TOTAC 5.9 28,88 I0.90 2758  295.23 22,83

FUEL RATES(S/BTU DELIVERED)

SPACE 0.00 WATER 0,00 FAN ON=TIME RATE(S/HR)

TABLE B.78



SEoP

INPUT DATA

LOCATION: COLUMBUS, OHIO
C\ c2 c3 c4 CS
c 1.0 1.0 12.0 1.0 0.0
| 2 3 4 5 6 T 8 9 10 I \ 2
DD 1087.2| 948.6 | 808.2 426.6 171.0 27.0 .001 5.4 84.6 347.4 714.6 | 1038.6
| 2 3 4 5 6 g 8 9 1O i 12
HBAR| 474.6 729.0 | 1090.0 | 1446.7 | 1797.1 | 2069.2 | 1996.0 1756.6 | 1554.0 | 1053.0 655.0 | 486.0
I 2 3 4 S 6 T 8 9 |0 Iy \2
TAMB| 30.2 32.0 39.2 51.8 60.8 69.8 73.4 71.6 64.4 53.6 41.0 32.0
I 2 3 4 S 6 T 8 9 10 I 12
2.0 0.0 0.0 0.0 0.0 0.0 1.4 4.8 7.3 8.4 6.9 4.6
GAL -
13 | & 1S (6 | 7 | 8 \9 20 2\ 2.2 23 24
3.5 5.3 2.5 2.3 2.0 3.8 6.9 11.8 9.6 6.9 5.4 4.7
STO A CH (o ¥ TILT vOL
8267.8 538.2 620.4 661.0 55.0 990.75
UA XM B AZ DENH [DENC |SPHTH |SPHTC [THOT |[TCOLD [RLOSS | 8§
4262.5 6.0 68 0.0 8.89 8.34 .8 1.0 140.0 51.8 21232.9 3.3
B W RLAT T3 TLIM |B8FAN [UATOP |UABOT |UASEG | ETA GPH ETA2 [GPW2
3.3 40.0 70.0 68.0 .03 1.41 1.41 141 e, 480.0 I SR R

TABLE E.79
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HEAT W/0 SOLAR(MEGABTU)

HEAT W/SOLAR(MEGABTU)

SOLAR PUMP ON=TIME(WRS)

MONTH SPACE WATER SPACE WATER

JAN 23,08 2.21 23,46 1.80 0,00

FEB 20.14 2.21 20,44 1.80 30,00

MAR 17.16 2,21 16,29 1,79 90,00

APR 9.06 2,21 6,57 1,75 120,00

MAY 3.63 2.21 0,13 1,56 150,00

JUN 0.57 2.21 0,00 1,11 125,14

JuL 0.00 2.21 0,00 0,95 121,1%

AUG 0.11 2.21 0,00 0,98 120,00

SEP 1.80 2.21 0,00 1,18 148,00

ocT T.38 2.21 4,15 1,72 159,00

NOV 15,17 2.21 15.16 1.80 90,00

DEC 22.0% 2,21 22,48 1.80 21,29
TOTAL 120,16 26,48 108,64 18,26 1165,357

COST OF HEAT W/0 SOLAR(S) COST OF HEAT W/SOLAR(S ) OPERATING COST($)
MONTH SPACE WATER SPACE WATER

JAN 76,18 7.28 TT.43 . 0.00

FEB 6647 T.28 6T.45 S5.94 0.90

MAR 564,63 7.28 53,74 5,90 2.70

P . . . 5. 79 3,60

MAY 11.98 7.28 0.44% S.14 4,50

JUN 1,89 T.28 0,00 3,66 3,75

Jul 0.00 Te«20 0.00 3.15 3.63

AUG 0.38 7.28 0.00 3,25 3.60

SEP 3.93 7.28 0,00 3,90 4,44

c . . L L] ~'~1

Nov 50,07 7.28 50,04 5.94 2.70

DEC T2.77 T.28 74,07 S5.94 0.64%

A . . . ~.
SOLAR FRACTION GROSS SAVINGS(S) NET SAVINGS(S)

MONTH SPACE WATER COMBINED SPACE WATER

JAN =1.6% 18.35 U.10 =1.25 T30 0,08
FEB =1.48 18,35 0.48 =0,99 1.34 =0,55
MAR S.10 18,91 6,67 2.89 1.38 1.56

— APR  27.99 20.4986 26.11 B.22 1.49 [-TF % §

MAY 96434 29,39 71.03 11.54 2014 9.18
JUN 100,00 49,69 60,06 1.89 3.62 1.76
JUL 100,00 96.79 26.79 0.00 .13 030
AUG 100,00 55.36 57.56 0.38 %,03 0.81
SEP 100.00 46.47 70.50 5.93 3.38 4,87
OTT 53,95 21.83 38,86 1070 I.59 T+82
NOV 0.07 18.43 2.40 0.03 1.34 =1.32
DEC =1.79 18.35 0.08 =1.30 1.34 =0+60
TOTAL 959 31,03 I3.986 3T, 0% 271X 30,21

FUEL RATES($/B8TU DELIVERED)

SPACE 0,00 WATER 0,00 FAN ON=TIME RATE(S/HR)

TABLE B.80
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EXTREME CLIMATE VARIATIONS

F-CHART
B.81 - B.84 F-CHART worksheets for Caribou, Maine for

collector area of 5Om2.

SESP

B.85 - B.86 Input and corresponding output for Caribou,
Maine for collector area of 50,2,

B.87 Output for E1 Paso, Texas using improper
curve fit equation for HDIR. Area = 25m2.

B.88 Output for Columbus, Ohio using improper
curve fit equation for HDIR. Area = 5Om2
(For test purpose)

B.89 Output for Columbus, Ohio using correct curve
fit equation for HDIR. Area = 50m2 (Shows

almost no variation for standard climates)

F-CHART
B.90 - B.92 Work sheets for E1 Paso, Texas
B.93 - B.94 Fractions at 25, 50p% for El Paso, Texas

SESP
B.95 - B.98 Inputs and corresponding outputs for 25 and
5Om2 for E1 Paso, Texas using the correct

curve fit equation for HDIR.



AVERAGE DAILY RADIATION ON TILTED SURFACES

COLLECTOR ORIENTATION WORKSHEET |

A. LOCATION CARIBOU, MAINE B. LATITUDE ¢= 46.5° C. INCLINATION S= 61.50

D. C(I1+C0S S)/2 _ -738  E. GROUND REFLECTANCE P=_0.3 F.P(|-COS S)/2= __.0784
GIl,. G2, G 3. G 4. G 5. G 6, G 7. G 8. G . G 0.
M ~ v ~ Hey

N_ H K+ Hd4/H |I-H4/H| Rp BEAM |DIFFUSE R J/DAY-M?

H| 7/ DAY-M (1-64) (G5.xG6.) | (D.xG4) |(GT+68.+F)|(69.xG2.)

JAN| 5.73 xI0®| .52 .3524 .6476 3.2262 2.0893 .2603 2.428 13.912 xI0°
FEB| 9.62 xI0°| .58 .3061 .6939 2.2752 1.5788 .2261 1.8833 18.117 xi0°
MAR| 15.35 x10°| .64 . 2606 .7394 1.5316 1.1325 .1925 1.4034 21.542 x10°
APR| 16.73 x10®| .52 .3524 .6476 1.0131 .6561 .2603 .9948 16.643 xI0°
MAY | 19.82 xI0°| .51 . 3605 .6395 .7420 .4745 .2663 .8192 16.237 x10°
TJUN| 20.07 x10%] .49 .3772 .6228 .6419 .3998 .2786 .7568 15.189 x10®
JuL| 21.29 <108 .53 . 3445 .6555 .6847 .4488 . 2544 .7816 16.640 x10°
AUG | 18.82 x10°| .54 . 3366 .6634 .8857 .5876 .2486 .9146 17.313 xl10°
SEP| 13.93 xI0°| .52 .3524 .6476 1.2963 .8395 .2603 1.1782 16.412 <10°
0ocT| 8.78 xI0° .47 .3946 .6054 1.9964 1.2086 .2915 1.5785 13.859 xI0°
NOV| 4.60 x10°| .37 .4984 .5016 2.9338 1.4716 .3681 1.9181 8.823 x10°
DEC | 4.43 xI10°| .46 .4036 .5964 3.5959 2.1446 .2981 2.5211 11.169 x10°

TABLE B.81
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F-CHART WO RKSHEET |

HEATING LOADS

DESIGN SPACE HEATING LOAD [W]

467.0

A UA= 5 CIGN TEMPERATURE DIF FERENGE [°C] [wv /]
B. WATER USAGE = __400.0 [LITERS/DAY] x 4190 x(Ty, -Tp) [J/LITER]= __82.1 x10° [3/0AY]
Cl. ($.21 Lo C4. (a5
M DAYS |HEATING DEGREE |SPACE HEATING |DOMESTIC WATER | TOTAL LOAD
N_| PER |DAYS [°*c-DAY] |LOAD [J/MONTH] | LOAD [J/MONTH] [J/MONTH]
H MONTH (86400)(A.xC2.) (B.x C1.) (C3.+C4.)
JAN| 31 939 37.888  x10° 2.55  x10° 40.438  x10°
FEB| 28 817 32.965  x10° 2.30  x10° 35.265  x10°
MAR| 31 727 29.33¢  x10° 2.55  x10° 31.884  x10°
APR| 30 477 19.246  x10° 2.46  x10° 21.706  x10°
MAY| 31 260 10.491  x10° 2.55 X107 13.041 x10°
JUN| 30 102 4.1156  x10° 2.46 x10° 6.756 x10°
so| 3 43 W x0° 2.55  x10° 4.285 x10
AUG| 31 64 2.5823  x10° 2.55  x10° 5.132 x10°
SEP| 30 187 7.545  x10° 2.46  x10° 10.005  x10°
ocT| 3 379 15.292  x10° 2.55  x10° 17.842  x10°
Nov| 30 580 23.402  x10° 2.46  x10° 25.862  x10°
DEC 31 853 34.418  x10° 2.55 x10° 36.968 x10°
TOT| 365 5428 219.013  x10° 30.00  x10° 249.013  x10°

MADTD D On

€91



F-CHART WORKSHEET 2
ITEMS MAKING UP X AND Y

C. FRUL(FR/FR)= 3.64 [(w/m?-°c]
- D. FR(7=), (FR/FR):= .66 [UNITLESS]
C 6. CT. C&. C 9. C 10. CRR T

M, SECONDS X/A [1/M2]|(F7X)/(Tx)n [DAILY RADIATION | Y/A [I/M?]

N PER (100-T ) [°c] | (c)x(cT)x(c6.) ON COLLECTOR|(D)x(C9)x(C10)x(Cl)

W MONTH (€5) = H 0. [T/M2DAY] = GlO. C5)
JTAN 2.68 x|0° m .0268 1.00 13.912  xI0° .00704
FEB 2.42 x10® 110 .0275 1.00 18.117  «xl0® .00949
MAR 2.68 x10° 104 .0318 1.00 21.542  x10° .01382
APR 2.59 x 10 97 .0421 1.00 16.643  x10° .01518
MAY 2.68 x10° 90 .0673 1.00 16.237  x10* .02547
JUN 2.59 x10° 85 .1186 1.00 15.189  x|0° .04451
JuL 2.68x10° 82 .1867 1.00 16.640  x10° .07945
AUG 2.68 x10° 83 .1578 1.00 17.213  x10° .06862
SEP 2.59 x10°® 88 .0829 1.00 16.412 x10° .03248
oCT 2.68 x10* 93 .0508 1.00 13.859  x10° .01589
Nov| 2.59xl0® 100 .0365 1.00 8.823  ¢|0° .00676
DEC 2.68xI10° 108 .0285 - 1.00 11.169  x10° .00618

TABLE B.83
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F-CHART WORKSHEET 3
SOLAR HEATING LOAD FRACTION

E. AREA= _50.0 [M?]

F. STORAGE SIZE CORRECTION FACTOR (X/Xo)= 1.0
G. LOAD HEAT EXCHANGER CORRECTION FACTOR (Y/Yo)= _1:0
Cl2. CI3. C 14. C'1S, Cle. C\T.

Mo CORRECTED | CORRECTED HEATING LOAD
N_ X /A Y/ A X Y F SUPPLIED

H| (€c8.)x(F.) (C1.)x(G.) (c12.)x(€E) (c13)x(E.) [3/MmoNTH] (Cl6)(c5)
JAN .0268 .00704 1.34 .352 ' .2489 10.069  x10°
FEB .0275 .00949 1.375 L4745 .349 12.307  x10°
MAR| .0318 .01382 1.59 .691 .502 16.006  x10°
APR .0421 .01518 2.105 .759 .520 11.287  x10°
MAY .0673 .02547 3.365 1.2735 .759 9.898  x10°
JUN .1186 .04451 5.93 2.2255 .991 6.695  x10°
JuL .1867 .07945 9.335 3.9725 1.0 4.285  x10°
AUG 1578 06862 7.89 3.431 1.0 5.132  x10°
SEP .0829 .03248 4.145 1.624 .879 8.794  x10°
ocT .0508. .01589 2.54 .7945 .520 9.278  x10°
NOV .0365 .00676 1.825 .338 .208 5.379  x107
DEC .0285 .00618 1.425 ~ .309 .206 7.624  x10°
ANNUAL FRACTION BY SOLAR (TOTAL,CIT)/(TOTAL,CS.)= .432 TOTAL| 106.754 x10°

G9T



SESP

LOCATION?:

INPUT DATA

CARIBOU, MAINE

C\ g C3 C4 CS5
C 1.0 1.0 12.0 1.0 0.0
| 2 3 4 5 a 4 8 9 10 I |2
DD | 1690.2 | 1470.6 | 1308.6 | 858.6 | 468.0 | 183.6 77.4 | 115.2 | 336.6 | 682.2 | 1044.0 | 1535.4
I 2 3 4 5 [ ¥ 4 8 g 10 " 12
HBAR| 504.53 | 847.04 | 1351.6 | 1473.1 | 1745.15| 1767.16| 1874.58 | 1657.1 | 1226.54 | 773.08 | 405.03 | 390.06
I 2 3 4 S G T 8 9 10 Iy 12
TAMB| 12.2 14.0 24.8 37.4 50.0 59.0 64.4 62.6 53.6 44.6 32.0 17.6
I 2 3 4 S 6 i 8 9 10 i 12
2.0 0.0 0.0 0.0 0.0 0.0 1.4 4.8 7.3 8.4 6.9 4.6
Gk 13 | 4 1S (6 | 7 | 8 \9 20 2\ pisd 23 24
3.5 5.3 2.5 2.3 2.0 3.8 6.9 11.8 9.6 6.9 5.4 4.7
STO A CH eC 15 voL
8267.8 | 538.2 | 620.4 | 661.0 61.5 | 990.75
UA XM B8 AZ |DENH [DENC |SPHTH [SPHTC |THOT |TCOLD [RLOSS | 85
4262.5 | .66 .68 0.0 8.89 8.34 .8 1.0 140.0 51.8 |[21232.9 | 3.3
BW |RLAT | T TLIM [#FAN [UATOP |UABOT |UASEG | ETA GPH | ETA2 |GPW2
3.3 46.5 70.0 68.0 .03 1.41 1.41 141 % 480.0 N

TABLE B.85
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s*3SOLAR ENERGY ANALYSIS#*®s
HEAT W/0 SOLAR(MEGABTU)  HEAT W/SOLAR(MEGABTU) SOLAR PUMP ON=TIME (HRS)
— MONTH  SPACE WATER SPACE WATER
JAN 35,89 2,21 28,67 1,72 180,00
FEB 31,23 2.21 20,76 1,66 210,00
1.53 240,00
APR 18,23 2,21 7.85 1,51 295,71
MAY 9.94 2.21 0.15 1,16 342,86
—JUN 3.90 2.21 0,00 0.09 167.43
JuL 1.64 2,21 0,00 0,00 152,71
AUG 2,45 2.21 0.00 0,00 150,00
SEP T.15 2.21 0,00 0,41 187,57
ocT 14,49 2,21 6,10 1,51 228,86
NOV 22,17 2.21 17.59 1,73 90,00
DEC 32.60 2.21 _27.04 1.73 150,00
TOTAL 207,45 26,48 122,54 13,06 2395,13
COST OF HEAT W/0 SOLAR(S) COST OF HEAT W/SOLAR(S ) OPERATING COST($)
_ MONTYH SPACE  WATER SPACE MWATER
JAN 118,43 7.28 94,62 5,66 5.40
FEB 103,04 7.28 68,50 5.49 630
MAR 91,69 7.28 47.4% 5,05 71220
APR 60.16 7.28 25,91 4,98 8,87
MAY 32,79 7.28 0.49 3,81 10,29
- JUN 12,86 7.28 0,00 0,29 5,02
JuL S.42 7.28 0,00 0,00 4,58
AUG 8,07 7.28 0,00 0,00 4.50
SEP. 23,59 1.28 0,00 1.36 5,63
ocT 47,80 7.28 20,11 4,99 6.87
NOV 73.1% 7.28 58,08 5.72 2.70
107.%8 71.28 89,23 5.72 4,50
TOTAL 684,60 87.37 404,37 43,08 71.85
SOLAR FRACTION GROSS SAVINGS(S) NET SAVINGS(S)
MONTH __ SPACE WATER COMBINED SPACE WATER
JAN 20,10 22,21 20,22 23,81 1.62 20,02
FEB 33,52 24,58 32,93 34,54 1.79 30,03
MAR 48,2% 30,66 46,95 44,24 2.23 39.27
APR 56,93 31,62 54,19 34,25 2,30 27.68
MAY 98,52 47.61 89,27 32.31 3.47 25.49
JUN 100,00 96.01 98,56 12.86 6499 14,83
JuL 100,00 99,98 99,99 = 5,42 7.28 8,12
AUG 100,00 100,00 100,00 8.07 7.28 10,85
SEP 100,00 81,28 95,58 23.59 5,92 23,88
ocT 57.92 31.50 54,43 27.69 2,29 23.11
NOV 20,65 21,42 20,72 15,11 1,56 13,96
DEC 17.06 21,39 17.33 18.35 1.56 15.41
TOTAL 40,93 50.69 42,08  280.23 T 48,29 252.66

FUEL RATES(S$/BTU DELIVERED)

SPACE 0,00 WATER 0,00 FAN ON-=TIME RATE($/HR)

0.03

TABLE B.86
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RO F = I U . S X VT S TSV U YO
-

HFAT W/N SNLAR(MEGARTI HFAT W/SNI AR (MFRARTILI) SM) AP PIIMP NM=TTMF(HDS)
METH SE-Af om SPA Lm s
JAN 14.54 221 14.72A 1 .80 an,.nn
FFB Q.44 2.21 R.58 1.79 120,00
AR A o Y wan s —e Oty =7t ra ST
APR 2.722 2.21 0.02 1.t 244,28
MAY n.nn 2.21 n.nn 1.03 164,00
FHht AL RALL Za7 T “Te VICT W EHY TINS o TITT
Juu n.nn 2.21 n.00 N .RR 171,20
ANG n.nn 2.21 n.nn N.RA 1A7.14
S+P AL RRAZ L an ) Tetrit Ty LAl are g
ncT 1.80 2.21 n.nn 1.324 212.00 »
NNV R,79 221 T.72 1.79 120,00
A e g A4 4R taraates
TNTAL 57.33 26 .4R 4R, N? 164722 192n,85
CNST NF HFAT wW/N SN AR( %) CNST NF HEAT W/SNIAR(¢ ) NPERAT ING CHQT.(¢)
T SPA T DR i) on g TR
JAN C 48,05 T 28 47.07 5,02 2.70
FFB .15 T2B ?2R.21 5.91 2,40
MAR o re T —+Ahe Chaiid S
APR T7.32 7.28 n.NA" AN NS 7.33
MAY n.on T 2R n.nn 2,41 4,08
e L AAAl Teo Y AL ARARS (] S 2
JuL n.nn T.2R n.0n 2.9n S, 14
ANG n.nn 7.29 n.nn 2 .R2 8.0
cep Aran 750 9N Ayt VY-
ncT 5.93 T.28 n.nn 4,41 Aoh
NAV 29.m 7.28 268,50 5. RQ 3,40
AFE PP 28 il PR PPN
TNTAL 189.19 /7.37 18R, 47 82, K2 57,93
SNILAR ERAGTTNN ARPNSS SAVINGS(®) NET SAVINAS(®)
B R A
JAN 2.04 19,68 g2 n.,on 1.25 -n.27
FFB Q.12 1R.82 10,97 7.85 1.27 N.A?
MAR lel‘) ')‘j-ﬁﬂ ,L"ln I!_-:IE I'LL L"l‘)
APR 98,94 35,94 AT.53 T.724 2.R? 7253
MAY 100,00 52,21 532,21 n.n0 3.27 -1.11
JLIAL Lo _an L£0. LQ LD LD .00 L LD n_L’
J 100,00 60,21 AN 21 n.nn 4,38 -N.75
AIG 100,00 6114 Alo1A n.nn 4,45 -N.5A
SED h WaVTaWNLYaY Bl l LL'Q\ A'An L'|L t\-’l
ncT 100.00 39,44 AhoA 5,93 2.97 2 lts
\al%} 12.11 19.0A 13.50 2,561 1.20 1.30
DEL 2 12 20 RE. -7 - 004 1 258 n.an
TNTAL 1626 37,74 ?3.34 N, 7?2 33,04 Aoh3

—EUEL BATESIS/BTII NEJIVEREN) SPACE 0.00 _WATER 000 EAN ON=TIME DATE(S/HO) A0_.N02

TABLE B.87
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XXESITLAR FNFRGGY ANBLYSTISTR®

HEAT W/N SN AR(MFGARTII) HFAT W/SNLAR(MFGARTI)) SNLAR PIIMP NN=TIMF (HRS)
T MNNTH  SPACF WETFR SPATF WATFR
JAN 23.NR8 2.21 18,22 1.73 60,00
FFR 2N.14 2.21 13.47 1.65 9R.57
= MAR T7:15 YEYA H. 44 T<50 757.86
APR 9,06 2.1 N.0N9 N.94 290,57
MAY 3.63 221 N.0N N.N3 12R.86
JIN en7 YEYAl L rAL e oy TS, 007
KUK N.N0 221 N.00 N.0Nn 150,00
AlG N1 2.21 N.0N0 n.n0n 150,00
o4 4 T« 81} Ze/1 e 11T} e 1IT) | AL LA
ncT 73R 221 N.NO n.n 9n.0n
NNV 15.17 2-21 753 1.50 R9.N0O
TFC 77015 777 T6<3h T 70 RV, TTIT
TNTAL 12016 ?26.4R 64.07 9.0NR 1639,85
CNST NF HFAT W/N SNLAR(S) COST NF HFAT W/SNILAR(S ) APERATING CNST(%)
FTINTH SPATF WBTFR SPATF WETFR
JAN 76.1R 7.78 6N.13 5.70 1.80
FER 66.47 7.78 44430 5.64 2.96
TR Sheh 3 778 7T<A5 Z.9h T« 59
APR ?9.R89 7.78 N.31 3.1R R. 72
MAY 11.98 7.7R N. N0 N.N9 3.R7
4 J'W | I Rabd /8 e 110 LUFSALL 4,50
JUL Nn.00 T.728 N.00 N, 0N 4,50
Al)G N.38 T7.78 N.NO N, 0N 4,50
SFP 5073 77 e e 0y 3. 60
ncT 24 .34 7.78 N.N0 N. 06 2.70
NNV 50.N7 7.72R 24.86 4,94 2.67
L L 7?7 /78 D5e9Y NeOY LI Ralll
TNTAL 396.53 AR7.37 211.43 ?79.97 49,20
SNLAR FRACTINN GRNSS SAVINGS($) NET SAVINGS(S)
MmNy SFALT wayrw CITMSTINFETT SFOalrF wWATFEFR
JAN 21.07 21.77 21.13 16.05 1.5R 15.84
FFR 33.35 7533 372.56 22.17 1.84 21.05
mMAOR D le /7 AT 81 LR« HH 7R 1T H % ld 79«01
APR 9R .97 564135 9N.62 ?9.58 4.10 24,97
MAY 100.00 9R.77 99,53 11.98 7.19 15.3)
AL TorreonT LAY LAL TINTSTNT Tel TealR 4.07
AU 100.00 100.00 100,00 " * 0,00 T.2R ?2.78
ANG 100.00 100.00 100.00 0.38 T.78 3.16
—S AR 00 OO0 —5T9% 7o T
ncT 1NN.00 99,40 99,R6 24,34 Te?24 ?R.8R
NNV 50.35 31.81 48,00 25.21 2.32 24,.R6
€~ PR ?35+r PR +RT7o = HRTeR

TATAL L L] 65.70 50.11 186,11 57.40 193.31
— e RA TS A AT A R RGP A A AT R— AT A —FAN— AN M —RATF A HR O

TABLE B.88



#%¢SOLAR ENERGY ANALYSIS*#«
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HEAT W/0 SOLAR(MEGABTU)

HEAT W/SOLAR(MEGABTU)

SOLAR PUMP ON=TIME (HRS)

MONTH SPACE WATER SPACE WATER
JAN 23,08 2,21 18,20 1,73 90,00
FEB 20,1y . 2,21 13,32 1.66 158,57
MAR 17.16 2,21 8,33 1.54 261,43
APR " 9.06 2.21 0.09 1,00 309,43
MAY 3.63 2.21 0,00 0,04 161,57
JUN 0,57 2,21 0,00 0,00 151,14
JuL 0.00 2.21 0.00 0,00 150,00
- AUG .0e11 . 2.21 0.00 0,00 150,00
SEP 1,80 2.21 0,00 0,00 150,00
ocT 7.38 2.21 0.00 0,23 174,57
NOV 15,17 2,21 7.51 1,59 191,43
DEC 22,05 2,21 16,21 1.70 120,00
TOTAL 120,16 26,48 63,65 9,49 206R,14
COST OF HEAT W/0 SOLAR(S) COST OF HEAT W/SOLAR(S ) OPERATING COST($)
MONTH SPACE WATER SPACE WATER
JaN 76,18 7.28 60,07 5,71 2.70
FEB 66.47 T.28 43,96 5,49 4.76
MAKR 56.63 7.28 27,48 5,08 7.84
APR - 29.89 7.28 0,28 3,30 9.28
MAY 11.98 7.28 0,00 0,13 4,85
JUN 1.89 T7.28 0,00 0,00 4,53
JUL 0.00 7.28 0.00 0.00 4.50
AUG 0,38 T7.28 0,00 0,00 4.50
SEP 5.93 7.28 0,00 0,00 4,50
ocT 24,434 7.28 0,00 0,75 Se.2%
NOV 50,07 7.28 24,78 5,25 5.74
DEC 72,77 7.28 53,49 5,62 3,60
TOTAL 396,53 87.37 210,06 31,33 62.0%
SOLAR FRACTION G6ROSS SAVINGS(S) NET SAVINGS(S)
MONTH SPACE WATER COMBINED SPACE WATER :
JAN 2l.14 21.6% 1,15 16.11 1.58 1§.98
FEB 33,87 24,56 32,95 22,51 1,79 19.54
MAR S1.48 30.17 49,05 29.15 2,20 23,51
APR 99,05 4,69 90,35 29.61 J.98 24,30
MAY 100,00 98,24 99,33 11,98 715 14,29
JUN 100,00 100,00 100,00 1.89 T.28 Y4464
JUL 100,00 100,00 100,00 0.00 Te20 278
AUG 100,00 100,00 100,00 0.36. Te28 3.16
SEP 100,00 100,00 100,00 $.93 7.28 8,71
oCT 100,00 89,713 97.63 29,39 6.53 25.64%
NOV 50452 27.87 47.64 25.29 2,03 21.58
DEC 26450 22,88 26,17 19.28 1.67 17.35
TOTAL §7.0% BY. 1% 50,12 186,498 56,0% T80 %7

FUEL RATES($/BTU DELIVERED) SPACE 0.00 WATER 0,00 éAN ON=TIME RATE($/HR)

0,03

TABLE B.89



COLLECTOR ORIENTATION WORKSHEET |
AVERAGE DAILY RADIATION ON TILTED SURFACES

A. LOCATION EL PASO, TEXAS B. LATITUDE ¢=_31.5° C. INCLINATION S= _46.5°

D. (I1+COS S)/2 _.8442 E. GROUND REFLECTANCE P=_0.3 F. P(I-C0S S)/2= _.0467

Gl, b, GGG 4, G 5. G 6. G 7 76 8. 9. 26 10,

I Hoq
0 . 2 Peiitis Bt L 3% =
N_ H K Heg/H |1-Hq/H Rb BEAM |DIFFUSE R J/DAY-M?
H| 7/ DAY-M? (1-64) (C5.xG6) | (D.xG4) |(67+68+F)[(€9.xG2.)
JAN| 13.84 xI0®| .69 .2205 .7795 1.904 1.4842 .1861 1.7170 | 23.76 «i0®
FEB| 18.07 xI0®] .72 .1944 .8056 1.549 1.2479 1641 1.4587 | 26.36 xi0®
MAR| 22.96 x10°| .75 .1661 .8339 1.2007 1.0013 .1402 1.1882 | 27.28 xi0°
APR| 27.39 xI0°| .76 .1561 .8439 .9057 7643 1318 .9428 25.82 xI0°
6
MAY | 29.90 xI0 .75 .1661 .8339 .7228 .6027 .1402 .7896 23.61 xI06
TUN| 30.53 x10®| .75 .1661 .8339 .6486 .5409 .1402 7278 2222 410
JuL| 28.02 x10®| .70 .2120 .7880 .6809 .5365 .1790 .7622 21.36 xl0®
AUG| 26.72 x10°| .71 .2033 .7967 .8228 6555 1716 .8738 23.35 xl0®
SEP| 24.05 xI0°| .74 .1758 8242 1.074 8852 .1484 1.0803 | 25.98 x10°
OCT| 19.32 x10°| .73 .1852 .8148 1.4267 1.1625 .1563 1.3655 | 26.38 xI0°
NOV| 15.35 xI10®| .72 .1944 .8056 1.804 1.4533 1641 1.6641 | 25.54 x10°
DEC | 13.09 x10°| .70 .2120 .7880 2.0212 1.5927 .1790 1.8184 | 23.80 «xI0°

TABLE B.90
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F-CHART WO RKSHEET |

HEATING LOADS

DESIGN SPACE HEATING LOAD [W]

467.0

A UA= 5 SIGN TEMPERATURE DIF FERENCE °Q) [w /]
B. WATER USAGE = __400.0 [ ITERS/DAY] x 4190 x( T, -Tp) [J/LITER]: __82.1 x10° [3/pay]
Ch L 3 C 4. a9,
M DAYS |HEATING DEGREE |SPACE HEATING |DOMESTIC WATER | TOTAL LOAD
N_| PER |DAYS [°’C-DAY] |LOAD [J/MONTH] | LOAD [J/MONTH] [J/MONTH]
HHMONTH (86400)(A.xC2.) (B.x C1.) (C3.+C4.)
JAN 31 381 15.373  x10° 2.55 x10° 17.923 x107
FEB| 28 247 9.966  x10° 2.30  x10° 12.266  x10°
MAR| 31 177 7.142  x10° 2.55  x10° 7.692 x10°
APR| 30 58 2.34 x107 2.46  x10° 4.80 x10°
MAY| 31 0.0 0.0 2.55  x10° 2.55 x10°
JUN| 30 0.0 0.0 2.46  x10° 2.46 x107
JuL| 3 0.0 0.0 2.55  x10° 2.55 x10°
AUG| 31 0.0 0.0 2.55  x10° 2,56 x10°
SEP| 30 0.0 0.0 2461 xl 2.46 x10°
ocT| 3| 47 1.896  x10° . 2.55  x10° 4.446 x10°
Nov| 30 230 9.28 x107 2.46  x10° .74 x107
DEC| 31 360 14.526  x10° 2,55  x10° 17.076 o x10°
TOT| 365 1500 60.523  x10° 30.00  x10° 90.523  x10°

TABLE B.91
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F-CHART WORKSHEET 2
ITEMS MAKING UP X AND Y

C.‘ FRUL(F’R/FR)z 3.64 [W/M2-°C]
D. Fr(r«), (FR/FR)= %6 [UNITLESS]
C 6. CT. C 8. C 9. G, g 1L 0
", SECONDS X/A [1/M2]|(7*)/(T*)n |DAILY RADIATION | Y/A [I/M?]
N PER (100-T4) [°c] | (c)x(cT)x(c6) ON COLLE CTOR|(D)x(C€9.)x(C 10)x(Cl)
T MONTH (€5) = H1o0. [F/mioaY]= Glo. [ (c5)
JAN 2.68 xio® 93 .051 1.00 23.76  x10° .0271
FEB 2.42 x10° 91 .065 1.00 26.36  xl0° .0397
MAR| 2.68«xlI0° 87 110 1.00 27.28  xl0® .0726
APR 2.59 x10® 83 .163 1.00 25.82  x10° .1065
MAY 2.68 x 10° 78 .298 1.00 23.61 xI0° .1894
JUN 2.59 x(0° 73 280 1.00 22.22 xlo® .1788
JuL 2.68x10° 73 .279 1.00 21.36  x|0°® 1714
AUG 2.68 x10° 74 .283 1.00 23.35 x10° .1873
SEP 2.59 x10°¢ 77 .295 1.00 25.98 x10° .2091
OCT 2.68 x10* 82 .180 1.00 26.38 x10° 1214
NOV 2.59x10°% 89 .071 1.00 25.54  x|0* .0431
DEGC 2.68x10° 93 .053 1.00 23.80 «x10° .0285

TABLE B.92
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F-CHART WORKSHEET 3 ’
SOLAR HEATING LOAD FRACTION

E. AREA= _25.0 [(M2]

F. STORAGE SIZE CORRECTION FACTOR (X/Xo) = _1.0

G. LOAD HEAT -EXCHANGER CORRECTION FACTOR (Y/Yo)= _1.0

Cl2. € i3 C (4. C |5. Cle.. CYE
M | CORRECTED | CORRECTED HEATING LOAD
N X /A Y/A X Y F SUPPLIED

H| (€8.)x(F.) (C1)x(G.) (C12.)x(E) (c13)x(E) [3/MmoNTH] (C16)(C5)
JAN 051 .0271 1.275 .6775 .5114 9.1658  x10°
FEB .065 .0397 1.625 .9925 .7001 8.5874  x10°
MAR| .10 0726 2.75 1.815 1.0 7.692  x10°
APR|  .163 .1065 4.075 2.6625 1.0 4.80 x10°
MAY .298 .1894 7.45 4.735 1.0 2.55 x107
JUN .280 .1788 7.0 4.47 1.0 2.46 x107
JuL .279 1714 6.975 4.285 1.0 2.55 x10°
AUG .283 .1873 7.075 4.6825 1.0 2.55 x10°
SEP .295 .2091 7.375 5.2275 1.0 2.46 x109
ocT .180 1214 4.5 3.035 1.0 4.446  x10°
NOV .071 .0431 1.775 1.0775 .7415 8.7052  x10°
DEC .053 .0285 R¥E LT .7129 .5339 9.1169  x10°
ANNUAL FRACTION BY SOLAR (TOTAL,CIT)/(TOTAL,C5.)= .719 65.0833  x10°

TOTAL

LT



E. AREA=

50.0

[M%]

F-CHART WORKSHEET 3
SOLAR HEATING LOAD FRACTION

F. STORAGE SIZE CORRECTION FACTOR (X/Xo)= 1.0

G. LOAD HEAT EXCHANGER CORRECTION FACTOR (Y/Yo)= 1.0
Cl2. L 13, C (4. Cls. Clé. CAT
Mo CORRECTED | CORRECTED HEAT\NG LOAD
NT X /A Y/A X Y F SUPPLIED

Hl (€8.)x(F.) (CiL)x(G.) (c12.)x(E) (c13)x(E.) [3/MmONTH] (C16)(C5)
JAN 051 .0271 2.55 1.355 .8439 15.1252  x10°
FEB .065 .0397 3.25 1.985 1.0 12.266 ~ x10°
MAR 110 .0726 5.5 3.63 1.0 7.692  x10°
APR .163 .1065 8.15 5.325 1.0 4.8 x10°
MAY .298 .1894 14.9 9.47 1.0 2,55 x10°
JUN .280 .1788 14.0 8.94 1.0 2.46 x10°
JuL- .279 1714 13.95 8.57 1.0 2.55 x10°
AVUG .283 .1873 14.15 9.365 1.0 2.55  x10°
SEP .295 .2091 14.75 10.455 1.0 2.46 x10”
ocT .180 1214 9.0 6.07 1.0 4.406  x10°
NOV .071 .0431 3.55 2.155 1.0 n.74  x10°
DEC .053 .0285 2.650 % & 1.4258 .8718 14.8868  x10°
ANNUAL FRACTION BY SOLAR (TOTAL,CIT)/(TOTAL,C5.)= .9227 TOTAL| 83.526  x10°

TABLE B.94

G4T



SESP

INPUT DATA

LOCAT ION: EL PASO, TEXAS
C\ c2 c3 cCa C5
Cc 1.0 1.0 12.0 1.0 0.0
[ 2 3 4 5 6 7 8 9 10 | {2
DD 685.8 444..6 318.6 104.4 .001 .001 .001 .001 .001 84.6 414.0 648.0
| 2 3 4 5 [ 7 8 9 10 (' 12
HBARI 1218.61| 1591.06| 2021.63| 2411.69| 2632.7 | 2688.17| 2467.16| 2352.7 | 2117.6 | 1701.13| 1351.57| 1152.6
l 2 3 4 S 6 | 8 9 |0 Iy 12
TAMB| 44.6 48.2 55.4 62.6 71.6 80.6 80.6 78.8 73.4 64.4 51.8 44.6
I 2 3 S 6 T 8 9 10 I 12
Sl 2.0 0.0 0.0 0.0 0.0 0.0 1.4 4.8 7.3 8.4 6.9 4.6
13 [ 4 |5 (6 |7 | 8 \9 20 2\ 22 213 24
3.5 5.3 2.5 23 2.0 3.8 6.9 11.8 9.6 6.9 5.4 4.7
STO A CH ¢C TILT VoL .
8267.8 | 538.2 620.4 | 661.0 46.5 | 990.75
UA xM 8 AZ DENH |DENC |SPHTH |[SPHTC |THOT |TCOLD [RLOSS | 89S
4262.5 .66 .68 0.0 8.89 8.34 .8 1.0 140.0 | 51.8 [21232.9 3.3
BW | RLAT | T1 TLIM |#FAN |[UATOP |UABOT [UASEG | ETA GPH | ETA2 [GPW2
3.3 31.5 70.0 68.0 .03 1.41 1.41 14 .7 480.0 & e=ann

TABLE B.95




HEAT W/0 SOLAR(MEGABTU)

MONTH
JAN
FEB
MAR
APR
MAY
JUN
JuL
AUG
SEP
ocT
NOV
DEC
TOTAL
COST OF
MONTH
JAN
FEB
MAR
APR
MAY
JUN
JuL
AUG.
SEP
ocT
NOV
CEC
TOTAL

MONTH
JAN
FEB
MAR
APR
MAY
JUN
JuL
AUG
SEP
ocT
NOV
DEC
TOTAL

FUEL RATES(S/BTU DELIVERED)

HEAT W/SOLAR(MEGABTU)

#34SOLAR ENERGY ANALYSIS##»
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SOLAR PUMP ON=TIME(HRS)

SPACE WATER SPACE WATER
14,56 2.21 6.32 1.17 120
9,44 2.21 0,51 0.63 180
6476 2.21 0.00 0,06 210
2.22 2.21 0.00 0,00 211
0,00 2.21 0.00 0.00 210
0,00 2.21 0.00 0,00 210
0,00 2.21 0,00 0,00 180
0,00 2.21 0.00 0,00 180
0,00 2.21 0,00 0,00 180
1.80 2.21 0,00 0,00 180
8,79 2.21 0.17 0,50 150
13.76 2.21 5.52 1.12 120
57.33 26,48 12,52 3.49 213
HEAT W/0 SOLAR(S) COST OF HEAT W/SOLAR(S )
SPACE WATER SPACE WATER
48,05 7.28 20,84 3,86
31.15 7.28 1.68 2,09
22,32 7.28 0,00 0.20
7.32 7.28 0,00 0,00
0.00 7.28 0,00 0,00
0.00 7.28 0,00 0,00
0.00 7.28 0,00 0,00
0,00 7.28 0,00 0,00
0,00 7.28 0,00 0,00
5,93 7.28 0.00 0,00
29,01 7.28 0,56 1.66
45,40 T.28 18,23 3,69
189,19 87.37 9 41,31 11,50 6
SOLAR FRACTION GROSS SAVINGS(S)
SPACE WATER COMBINED SPACE WATER
56,62 46,97 55,35 27.21 3.42
94,62 71.27 90.19 29.48 5.19
100,00 97,29 99,33 22,32 7.08
100,00 99,96 99,98 7.32 7.28
100.00 100,00 100,00 0.00 7.28
100,00 100,00 100,00 0,00 7.28
100,00 100,00 100,00 0,00 7.28
100,00 100.00 160,00 0.00 7.28
100,00 100,00 100,00 0.00 7.28
100,00 100,00 100,00 5,93 7.28
98.08 77.19 93,89 28.45 5.62
59,85 49,30 58,39 27.17 3.59
78.16 86.83 80,90 147.87 75.86

TABLE B.96

«00
«00
«00
«00
«00
«00
.00
«00
«00
.00
«00
«00
0,99

OPERATING COST($)

3.60
S.40
6.30
6¢33
6430
6.30
Se40
S5.40
S5.40
S.40
4,50
3,60
3,93

NET SAVINGS(S)

27.03
29.26
23,11
8.26
0.98
0,98
1.88
1.88
1.88
7.81
29,57
27.16
159,81

SPACE 0.00 WATER 0,00 FAN ON=TIME RATE(S$/HR)



por e SESP INPUT DATA
LOCATION: EL PASO, TEXAS
Cl c2 c3 ca C5
C 1.0 1.0 |- 12% 1.0 0.0
| 2 3 4 5 6 : g & 9 10 || 12
DD 685.8 444.6 318.6 104.4 .001 .001 .001 .001 .001 84.6 414.0 648.0
[ 2 3 4 S e 7 8 9 10 ' )
HBAR| 1218.61| 1591.06| 2021.63| 2411.69| 2632.7 | 2688.17| 2467.16| 2352.7 | 2117.6 | 1701.13| 1351.57| 1152.6
I 2 3 4 S 6 T & 9 {0 | 12
TAMB| 44.6 48.2 55.4 62.6 71.6 80.6 80.6 78.8 73.4 64.4 51.8 44.6
I 2 3 S 6 > § 8 9 |10 I |2
2.0 0.0 0.0 0.0 0.0 0.0 <4 4.8 7.3 8.4 6.9 4.6
GAL
(3 [ 4 1S (6 (7 | 8 \9 20 2\ 22 23 24
3.5 5.3 2.5 2.3 2.0 3.8 6.9 11.8 9.6 6.9 5.4 4.7
STO A CH cC TLT VoL
4133.9 | 269.1 310.2 330.5 46.5 495.4
VA XM B8 AZ DENH [DENC |[SPHTH |SPHTC |THOT |[TCOLD |RLOSS | 85
4262.5 .66 .68 0.0 8.89 8.34 .8 1.0 140.0 51.8 [21232.9 3.3
8W |RLAT | T TLIM |B8FAN |UATOP |UABOT |UASEG |ETA GPH ETA2 | GPWH2
3.3 31.5 70.0 68.0 .03 1.41 1.41 141 % 480.0 B | ===t




HEAT W/0 SOLAR(MEGABTU)

MONTH-
JAN
FEB
MAR
APR
MAY
JUN
JuL
AUG
SEP
ocT
NOV
DEC
TOTAL
COST OF
MONTH
JAN
FEB
MAR
APR
MAY
JUN
JuL
AUG
SEP
ocT
NOV
CEC
TOTAL

MONTH
JAN
FEB
MAR
APR
MAY
JUN
JuL
AUG
SEP
ocT
NOV
DEC
TOTAL

FUEL RATES(S/BTU DELIVERED)

HEAT W/SOLAR(MEGABTU)

#*3SOLAR ENERGY ANALYSIS*»»
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SOLAR PUMP ON=TIME (HRS)

SPACE WATER SPACE WATER
14.56 2.21 0.15 0.25 120
944 2.21 0,00 0,00 180
676 2.21 0,00 0,00 180
2022 2.21 0.00 0.00 210
0.00 2.21 0,00 0,00 180
0.00 2.21 0,00 0,00 180
0,00 2.21 0,00 0.00 158
0,00 2,21 0,00 0,00 180
0,00 2.21 0,00 0,00 180
8,79 2.21 c.00 0,00 150
13,76 2,21 0,00 0,03 120
57.33 26.48 0,15 0.28 201
HEAT W/0 SOLAR(S) COST OF HEAT W/SOLAR(S )
SPACE WATER SPACE WATER
48,05 7.28 0.48 0,83
31.15 7.28 0,00 0,01
22,32 T.28 0,00 0,00
T7.32 7.28 0,00 0,00
0.00 7.28 0.00 0.00
0.00 7.28 0,00 0,00
0,00 7.28 0,00 0,00
0,00 T7.28 0,00 0,00
0.00 T7.28 0.00 0.00
593 T7.28 0,00 0,00
29,01 7.28 0,00 0,00
45.40 7.28 0.00 0,09
189,19 87.37 0,48 0,92 6
SOLAR FRACTION GROSS SAVINGS(S)
SPACE WATER COMBINED SPACE WATER
99.00 88.61 97.63 47.57 6,45
100,00 99.89 99.98 31.15 T.27
100,00 100,00 100,00 22,32 T7.28
100.00 100.00 100.00 7.32 7.28
100,00 100,00 100,00 0.00 T.28
100,00 100,00 100,00 0.00 7.28
100,00 100,00 100,00 0.00 T.28
100,00 100,00 100,00 0.00 T7.28
100,00 100,00 100,00 0.00 728
100,00 100,00 100,00 $.93 7.28
100,00 100,00 100,00 29.01 7.28
100.00 98,80 99,83 45,40 T7.19
99,75 98,94 99,49 188,70 86,44

SPACE 0,00 WATER

TABLE B.98

«00
«00
«00
«00
«86
.00
ol4
«00
«00
«00
«00
«00
8.99

OPERATING COST(S$)

3,60
S.40
S.40
6.30
Se43
5.40
'.7‘
5.40
5,40
S.40
4,50
3.60
0.57

NET SAVINGS(S)

S0.42
33,03
24,20
8.30
1.86
1,88
2054
1.88
1,88 -
7.81
31,79
49.00
214,58

0,00 FAN ON=TIME RATE(S/HR)



1l

[21

£33

[41

51

63

71

180
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