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. ., 

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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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[ll and F-CHART [2J. F-CHART is available in computer 

program form[Jl 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 

WP.re developed in order to more clearly organize the 

various aspects of the simulation. F-CHART is perhaps 

the most widely used simulation method. 
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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 (El Paso, Texas), and one 

for its extremely cold climate (Caribou, Maine). 
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Runs are made at 50m2 for both locations and again at 25m2 

for El 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 

4 

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 calculated. 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. His defined 

as the monthly average daily total radiation incident on a 

horizontal surface. Unfortunately, in many areas of solar 

energy engineering,particularly those of simulation and 

design, it becomes necessary to know the diffuse and direct 

components of H. Since His nothing more than the sum of 

the direct and diffuse radiation, only one of these values 

need to be known in order for the othErto be found. This 

problem was resolved in a very satisfactory way by Liu and 

Jordan C4] in 1960. Their paper; "The Interrelationship 

and Characteristic Distribution of Direct, Diffuse, and 

Total Solar Radiation", in part consisted of a relatively 
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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 '1' D and '1 d are functions of 

solar altitude, atmospheric water vapor content, dust con

tent, ozone content, and aJ11YOther radiation deflecting 

factors. Of these factors the most influential is water 

vapor content. Thus, as the water vapor content varies, a 

relationship between ~D and ~dis generated. Through experi

mental results at three North American locations, a straight 

line approximation of the experimental data was calculated. 

'1' d = 0.2710 - 0°2939 "t'n ( 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'l'd and'TT was derived 

from Equation (1) 

r( d = 0.3840 - 0.4160 'T 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. 

6 

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 

(.3) 

and 

KT = H/ 
Ho ( 4) 

It was further found that there existed a relationship 

between Kd and KT that varied only slightly as the month 

varied. From this relationship another expression relating 

lid.. to KT was found. An empirical curve fit to the experi
H 
mental results yielded the following equation 

Hd = 1.0045 + 2.6JlJ KT.3 - .3.5227 KT 2 + 0.04)49 KT (5) 
H . 

~ 

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

Any values out of this range try to curve fit experimental 
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data that is so widely scattered that the values have little 

meaning. 

In further relating the ratios to one another it 

was found that Kn, which is expressed as 

Ko= (H - Hd) = KT - Kd, 

Ho 

is related to Kct in the following way 

( 6) 

Kd = 0.2710 - 0.2939 Kn (7) 

This linear relationship is only good for clear days. The 

corresponding relationship for cloudy days was found to give 

a greater value of Kd for the same values of Kn when Kn 

was greater than 0.1. When Ko became smaller (Kn, 0.1) 

the value of Kd 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 KT 

and Kd• A relationship was indeed found and was expressed 

in several different forms. The most significant of these 

was the relationship between Hd and KT• This is shown in 

H 

Figure 1. The corresponding curve fit equation is 

Hd = l.J9 - 4.0J ~ + 5.53 KT 2 - J.11 KTJ 
H 

( 8) 
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This relationship is good for values of KT between O.J and 

0.7 although values slightly ab'OVe or below these limits do 

not present any significant error. Another interesting 

point was that while the value of KT would vary anywhere 

from O.J to 0.75 the corresponding value of Kd would only 

vary between 0.125 and 0.188. 

The curve in Figure l is used by F-CHART in its 

determination of Hd from Hand thus p~san important part 

in the calculation of incident energy on the collector face. 

Figure l 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 to take separable groups of the overall system 

and evaluate each one over monthly intervals. These 

separate evaluations can be broken down into several steps: 

1) The effect of collector orientation as applied 

to the average daily radiation on tilted sur

fac·es. 

2) The effect of collector orientation on the 

monthly average transmittance-absorptance 

product. 

J) The heating loads of the structure. 

4) The fraction of heating loads supplied by the 

system. 

The meteorological data needed to perform a simulation for 

a particular location are: 

H - The monthly average daily total radiation on a 

horizontal surface. 

K.r - The ratio of actual daily radiation to the 

daily extraterrestrial radiation. 

Ta - The monthly average ambient temperature. 

DD - The number of degree-days in a month (The 

sum of the daily temperature differences 



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. 
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The purpose of the first step in the simulation is 

to convert the values of H to corresponding values of Hir• 

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 Hand KT for that location 

in order to calculate HT• It is at this point that KT 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 

a monthly average value that can be utilized in the simula

tion. The resulting monthly value is (~,)/("i'~)n which is 

the ratio of the monthly average transmittance-absorptance 

product to the transmittance-absorptance product at normal 

incidence. The value of (~~)/(~~)n is dependant on the 

latitude and tilt of the collector as well as the transmit

tance 



and absorptance properties of the collectors as a 

function of incident angle. The monthly results of step 

two are then multiplied by H.r (step one) and the result is 

a true value of monthly average radiation that can be 

utilized by the collector. 
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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'/ ) x (100 - Ta) x #seconds per month 
FR .! = 

A -------------------------
monthly total heating load 

(9) 

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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FR ( )n x (FR
1

/FR) x ( )/( )n x r days per month (10) y = ff 

monthly total heating load 

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

of the collector efficiency curve, FRUL• along with J..a 

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, FR(1'~)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-CHA.RT, SESP also requires meteorological 

data for a given location. These variables are the same for 

each method with the exception of KT 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 used 

(5]. In order to arrive at hourly valves of~direct and 

diffuse flux, Meinels developments of Lau's observations 

(6] are also used. This method first involves the calcula

tion of Hd from H using Figure 1. Once Hd is known it is 

only necessary to subtract this value from Hin order to 

obtain the value of direct flux or HD. 

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 

conditions · under which incident flux strikes the earth. 

Each curve is representative of the diffuse, direct, or 

total energy 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 C7J for standard application. 
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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 Hd and Hn· In order to arrive at realistic values of 

Hd and Hn it becomes necessary to introduce cloud cover for 

part of the day. As shown in Figure J, 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 t2 until sunset. From time t1 to t2 there is no 

cloud cover present and the curves DIR(t) and DIF(t) would 

be represented by corresponding direct and diffuse curves 

on Figure 2. Since the total value of Hn is known from 

Figure 1, time t1 for a simulation is moved toward sunrise 

until the area Dis equal to Hn • 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 Hd is 

also known, areas A and Bare made larger by increasing 

their intensity until the sum of areas A, B, and C equal Hd• 

Thus presented, the model of Figure J can give accurate 

hourly values of Hd and Hn 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 system 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 

COMPARISO!':, 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 a 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 

care is taken to make sure the input variables for each 

method are identical. In equalizing these input para

meters; units, flow rates, storage capacities, efficiencies, 

and loss factors have to be made identical. Some variables 

in the SESP input are either assumed to be constants or · 
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are dependent on collector area in F-CHA.RT. In evaluating 

the heat exchanger performance, several variables in SESP 

haveto be matched to only one particular variable in F-CHART. 

A difference in each method's approach is the inclu

sion of the effect or ground reflectance and collector reflec

tance variations for angles of incidence of solar radiation 

different than 90 degrees. The F-CHA.RT 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.J (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 ('Toe.). 

In order to test the effect on performance of vary

ing reflectance and the transmittance - absorptance product 

'i Cl( t some preliminary simulat.wns are run with F-CHA.RT only. 

As can be seen in Figure 4, with varying collec~or areas, 

the smallest fractions come from the simulation in which the 

effect of varying rt-. is included and the reflectance is 

kept at o.o. The second curve in which the effect of 
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varying'\~ is included and the reflectance kept at O.J is 

the performance most acceptable to represent actual condi

tions. However, since SESP does not vary,~, the top curve 

in which the reflectance is O.J and the 'to( effect is ignored 

is used as a base for all comparisons with SESP. 

The results of varying 'i'-'- and not varying 'i' « can 

easily be seen. There is approximately an 8% difference 

in two of the curves when a reflectance of O.J 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 in '1~ 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 is done in order to have a looa:ti cm 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 is varied from 25 m2 to 50m2 to 100m2• The slope 

of the collector -efficiency curve is chosen to be -J.75 

W/m2 - oc (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 beforethe 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 

as the area is increased. Figure 5 shows this more easily. 

At 2.5m2 the results are essentially the same while at 
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TABLE 1 

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

ANNUAL FRACTION 

LOCATION 
COLL. AREA 

F-CHART 
SESP SESP 

M2 (NEW) (OLD) 

COLUMBUS, OH IO 25.0 0.33 0.3307 0.3347 

COLUMBUS, OH IO 50.0 0.488 0.5012 0.5046 

COLUMBUS, OHIO 100.0 0.685 0. 7181 0. 7259 
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50m2 and 100m2 the percentage difference is 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 is 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-CHA.RT. 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-CHA.RT. This is also apparent at 100m2 , but because 

of the larger areas,the differences are shifted toward 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 h.igh 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-CHA.RT approach). 



28 

Small Collector Areas 

In this test, the same location and collector slope 

are kept. This time the collector areas are varied 

between l.Om2 and 10.0m2 • This is done in order to test 

the behavior of the methods given unnatural conditions, 

but 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 1.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 

collector area is too small. This comes about because the 

SESP simulation is performed exclusively with computer 

programs. When the collector area drops, the flow rates and 

storage capacities of the working fluids also drop. These 

low flow rates and storage capacities result in inaccurate 



'rABLE 2 

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

ANNUAL 

LOCATION 
COLL. AREA 

F-CHART M2 

COLUMBUS, OHIO 1.0 0.0195 

COLUMBUS, OH IO 2.0 0.0384 

COLUMBUS, OHIO 4.0 0.0742 

COLUMBUS, OHIO 6.0 0.1075 

COLUMBUS, OH IO 8.0 0.1386 

COLUMBUS, OHIO 10.0 0.1674 

29 

FRACTION 

SESP 

0.0027 

0.0262 

0.0757 

0.1190 

0. 1501 

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. 

Jl 

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.0m2 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 lJ 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 duririg 

the summer months instead of the fall and spring months 

because the fractions during the summer have yet to reach 

l.0 and no energy is being wasted during those months. 

Therefore, the difference in energy gathered between the 

two methods is the same as the difference in the energy 

used in the two methods and thus will be greatest during 

th0se months in which the ene~gy gathered is greatest, but 

still 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 is kept constant 

at 50m2 and the slope of the collector efficiency curve 

is varied from -3.75 to -34.1 w/M2_oc or -.66 to -6.o 

BTU/(Hr - Ft2 - OF). The collector performance curves for 

the different slopes are shown in Figure 14 curves 1 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 capabilities 

to show peak energy being gathered during part of 

the day. In this test the data is 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 

(O<X<l8andO<Y<J) The results are shown in Figures 15 through 

21. 

Figure 15 shows the January fraction as a function 

ot Collector slope. Both methods start out identical in 

their pr d" t· . e ic ions, but as the slope is made more negative, 
the F-CHART f · raction 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 
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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 

predicted by F-CHART are not as large as those predicted in 

January. During the first part of the curve, -.66 to -J.O, 

the curves are fairly close,with SESP predicting the higher 

fraction. In Figure 17 this pattern is closely repeated 

with the two fractions being even closer between -.~6 and 

-3.o. 

The SESP fraction during April and October (see 

Pigures 18 and 19) is substantially greater than the F-CHART 

f raction from -.66 to -J.O 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 is moved to an extremely warm climate (El Paso, Texas) 

and then to an extremely cold climate (Caribou, Maine). 

This is done in order to test the adaptability of each 

method to a climate different than that of the area in which 

the methods were developed. The slope of the collector 

efficiency curve is again returned to -.66 (see Figure 14 

curve 1) and the collector area is set at 50m2 for Caribou, 

Maine and 25m2 and 50m2 for El Paso, Texas. 

The results of the cold climate test are given in 

Table J and Figure 22. Table J shows the annual fraction 

predicted 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 

seen that even though F-CHART and SESP predict the same frac

tions in this case, their methods of simulation are clearly 

ditre~~nt. 

The results of the hot climate test are given in 

and Figure 24. There develope~ however, a problem, 



TABLE J 

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

ANNUAL FRACTION 

LOCATION COLL. AREA F-CHART SESP M2 

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 50m2 were predicting very low fractions for El Paso, 

and the program output explained that there was an error. 

The value of HD for El Paso was too large . to be contained 

under the area D presented in Figure 3. Even if t 1 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 Hn 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 

fit is 

cosz (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 

Hn = 1.249 e(-.255 (_l_).835) (12) cosz 
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 Hn, and will therefore lead to no significant 

changes in previous data. The new Ho equation was inserted 

into the program and the tests were completed. 

Table 3 shows that SESP predicts a higher fraction 
than F-CHART. For areas of 25m2 and 50m2 , the error is 
12 •52% 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 50m2 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. 

54 
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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 mode.l. 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 

have to lie between O and 18 and the values of Y have to lie 

between O and 3 for accurate results. The results of not 

doing this were shown in Figures 18 and 19. Even if these 

rules are adhered to, it is possible to arrive at large 

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

and 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 Rb• If 

the latitude lies above 67 degrees, the equation becomes 

unworkable. This can be seen graphically in Figure 25. 

Although the limit for•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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APPENDIX A 

gplanations for Worksheets and Input and Output Data Blocks 

Page 

F-C~..ART (Tables A.l through A.5) 

Collector Orientation Worksheet l 60 
Average daily Radiation on Tilted Surface 

Collector Orientation Worksheet 2 63 
Monthly Average Transmittance-Absorptance 
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F-CHART Worksheet 1 65 
Heating loads 

F-CHART Worksheet 2 67 
Items making up X and Y 

F-CHART Worksheet 3 69 
Solar heating load fraction 

SESP (Tables A.6 and A.7) 

SESP Input Blocks 

SESP Output Format 
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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, Hir• 
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 4> +15°. This affords the 

greatest collection of energy for space heat in most 

locations. The variable Pis dependant upon the composi

tjon of the surrounding area. In this case, an average 

value of O. J is used. The values for H and KT are bo,th 

obtained from meteorological data for that particular 

location. Hci/H is calculated from KT with the following 

curve fit equation. 

60 

- 2 J Hd = l.J9 - 4.0J KT+ 5.53 KT - J.11 KT ( lJ) 
H 

This equation closely fits the curve of Figure 1 which is 

one of the results of Liu and Jordan's work (Chapter II). 

is approximated by the equation 

R = cos (C>-S) cosjsinWs' +:ff._ws ·•sin(cl>-s) 
b 180 

cos • cosisin Ws + -1..._ Ws sin~ sin i 
180 

sin i ( 14) 
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where 

W6 = arcos ( -tan q x tani) ( 15) 

Ws' = MIN [ws, arcos (-Tan (• -S) x tan~)] (16) 

S= 23.45 sin[J60 x (284+.n)] (17) 
365 

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

the values of H the values for HT can easily be found. 
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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 z 15° 

from the latitude of the location. For this worksheet, let 

it suffice to say that values for H2., HJ., 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~- Sand 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 HlO. It may 

be noted here that this effect was ignored in most calcula

tions due to the fact that SESP does not consider it in 

its simulation procedure. 
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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. 

The actual value of UA (F) depends upon several factors 

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, 

is available from meteorological data for that location. 

Using these values, monthly space heating and domestic 

water loads are calculated, which are then added to give 

the total monthly heating load. 
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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 FRUL is equivalent to the negative of the slope 

of the collector efficiency curve (Figure 14) and the pro

duct FR('l'~)n 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., Ta 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 Y are given in 
A A 

Chapter Three, Equations (9) and (10). 
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F-CHART WORKSHEET J 

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/y0 • X takes into account any variation in the 
Xo 

ratio of storage size 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 

tLCmin 
UA 

( 18) 

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

simulations. A value of 1 is used for X and Y 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 Y by the value 
A A 

of A being used. Fis calculated next from X and Y using 

the following empirical equation. 

F ~ 1.029 Y - 0.065 X - 0.245 yZ + 0.0018 x2 + 0.0215 y3 

for O < Y < J and O <. X < 18 ( 19) 

The heating load supplied by solar is then calculated for 

each month and finally an annual fraction by solar can be 

determined. 
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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 - C5 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 C5 enables the customer to receive a plot 
~ 

as well as printed output. The plot shows the temperatures 

of the liquid storage segments ov~r 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 

months 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 C1. 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 GPH2 is not given a value in the input 

runs. This is due to the fact that it has not been made 

variable in the program yet. 
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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 factor~ 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 

residence and supplying it with hot water. The next two 

Columns show this cost with the solar system in operation. 

Again, the summer months show values of zero. The last 

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 

rows. 



•••SOLAR ENERGY ANALYSIS•• • 

HEAT W/0 SOLARIMEGABTUI HEAT W/SOLARIHEGABTU) 
MONTH SPACE WATER SPACE WATER . 
JAN 23.De 2.21 18.20 1.73 
FEB 20.lq 2.21 13.32 1.66 
MAR 17.16 2.21 8.33 1.5q 
APR 9.06 2.21 0.09 l.OO 
HAY 3.63 2.21 o.oo O.O't 
JUN Oo57 2.21 O.OO O.OO 
JUL OoOO 2.21 O.OO O.OO 
AUG Doll 2.21 O.OO O.OO 
SEP 1.eo 2.21 o.oo o.oo 

--~o..-:.cf 1.3e 2.21 o.oo 0.23 
NOV 15.17 2.21 7.51 1.59 
OEC 22.05 2.21 16.21 1.70 

lOTAL 120016 26.'t8 63.65 9 0 't9 
COST OF HEAT W/0 SOLAR I SI COST OF H[AT W/SOLAR II 
MONTH SPACE WATER SPACE WATER 
JAN 1,.10 f.2a ,0.01 s.11 
FEB 66o't7 7.28 't3o96 .5.'t9 
MAH 56.63 1,28 21,1t8 s.08 

--APR 29089 7.28 0,28 3 030 
MAY 11.98 7,28 0,00 0,13 
JUN 1.89 7.28 0,00 0,00 
JUL 0,00 7.28 o.oo o.oo 
AUG Oo38 7,28 o.oo 0 000 
StP 5.93 7.28 O.OO O.OO 

--Oct 21t.31t 1.2a o,oo o.ts 
NOV 50.07 7,28 21t,78 5.25 
DEC 72.77 7,28 53,'t9 5.62 

SOLAR PUMP ON•TIMElwRSI 

90.00 
158-. 57 
2u,q3 
309.'t3 
161.57 
151 0l't 
150.00 
150.00 
150.00 
1h.51 
191.'t3 
120.00 
20611.l't 

I OPERATING 

2.10 
... 16 
1.81t 

... 50 
't .50 
... 50 
5.2 .. 
5.7 .. 
3.60 

cosT1SI 

76 

TOTAL 396.53 a7.37 210.06 3_,33 
SOLAR FRACTION GROSS 

62.0li 
SAVINGS Ill 

WATER 
NET SAVlNGS(SI 

MONTH SPACE WATER COMBIN£D SPACE 
JAN 21,14 21.64 21.19 16.11 1,58 14,91 
FEB · 33,97 21to56 32.95 22,51 1,79 19o5't 
MAR 5lolt8 30.17 lt9.05 29.15 2.20 23.51 
APR 99,05 54.65 90,35 29.61 3,98 2ij.30 
MAY 100.00 98,2't 99.33 11.98 7.15 llt.29 

___ J~u~N __ ....,1_0,o_~•-o~o __ --r1 o .. or-,. 0~0 ____ 1_0,_o,..;.._0~0 ____ 1,.._,. a-'----~1,..;..28----.., .. ~•,6~•.----------
JOL 100,00 100.00 100.00 0,00 1.28 2o78 
AUG t00.00 100.00 100.00 0.38. 7o28 3ol6 
SEP 100.00 100,00 100.00 5.93 7,28 8.71 

--..,o,.,c..-,r---rioo-.oo ,,.,., u.,.s 2, • .s, ,.s .... 3----..2:i--;T.ir--
Nov so.52 21.81 1t1.,,. 25.29 2.03 , 21.58 
DEC 26050 22,88 26.17 19.28 1.67 17.35 

--.CTI(rc--,4~,r.~0~3r---T,W4-.T1•4---,5~0-.~1~2---. -1~e~,-.wq·a•---,5~,~.-,0~4r-----.1~e~o~.W.~,--------

FUEL RATESIS/BTU O[LlVEREDI SPACE 0.00 WATER 0,00 FAN ON•TlHC RAT[tS/HRI 0,03 

------ - - --------- -- - - ------------------------~ 

TABLE .A.? 
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APPENDIX B 

Worksheets and computer output pertinent to the test proce

dures and results 

The initial comparison runs; varying collector area. 

Tables B 1 - B 1Q 

Small collector areas 

Tables B J.1 - B ~ 

Varying collector efficiency curve slopes 

Tables B ~ -~ B 80 

Extreme climate variations 

Tables B 81 - B 2.§. 

Page 

78 

109 

128 

161 
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THE INITIAL COMPARISON RUNS 

COLUMBUS, OHIO 

F-CHART 

B.l Collector orientation with reflectance equal 
to o.o 

B.2 

B.3 

B.4 

B.5 

B.6 

B.7 - B.9 

B.10 

B.11 - B.13 

B.14 

B.15 - B.17 

B.18 

B.19 - B.21 

SESP 

Collector orientation with reflectance equal 
to 0.3. 

'i' 0( product with p = o.o. 

1°' product with p = 0.3. 

Heating loads 

X/A and Y/A with 'T~ and f = O.O. 

Fractions at 25, 50, lOOm2 with '1-< and f' = O.O. 

X/A and Y/A with 'i'~ and f = 0.3. 

Fractions at 25, 50, 100m2 with 1~ and f = 0.3. 

X/A and Y/A without 'i °'- effect and f = O. O. 

Fractions at 25, 50, 100m2 without~~ effect 
and f = O .o. 

X/A and Y/A without "\'.c. effect and f = 0 .J. 

Fractions at 25, 50, lOOm2 without i~ effect 
and f = O .J. 

B.22 - B.27 Inputs and correspondin~ outputs for collector 
areas of 25, 50, 100m using SESP (new). 

B.28 - B.JO Outputs for collector areas of 25, 50, lOOm2 
using SESP (old). 



COLL ECTOR OR I EN TAT ION WORKSHEET \ 

AVERAGE DAILY RADIATION ON TILTED SURFACES 

A. LOCATION COLUMBUS, OHIO B. LAT I TUD£ ct>= 40° C. INCL\NAT\ON S= ~ 

D. Cit-COS S)/2 .7868 E. GROUND REFLECTANCE P=_O~ F. P(I-COS S)/2= __ o._o __ 

GI. G 2. G 3. G 4. G 5. G 6. G 7. G 8. G 9. G lO. 
M HT 0 - KT Hd / H I - Hd/ H Rb - J/DA'<-M 2 N H BE.AM DIFFUSE R 

T 
:J/ 0AY-M2 

( I - G 4.) (GS. X GG.) (D . xG4.) (G7.-tG8.+F.) (G9.x G 2.) H 

JAN 5.39 xlO' .36 .5108 .4892 2.472 I 1.2093 .4019 l. 6112 8.684 xlO'-

FEB 8.28 xl0
6 

.41 .4529 . 5471 1.879 1.028 .3563 1.3843 
6 11.462 xlO 

M/\R 12. 38 X 10 6 .46 .4036 .5964 l. 357 .8093 .3176 1. 1269 13.951 xlO 6 

APA 16.43 xlO 6 .48 .3858 .6142 . 956 . 5872 .3035 .8907 
6 

14.634 xlO 

MAY 6 
20.41 xlO .52 .3524 .6476 . 729 .4721 .2773 .7494 15. 295 xlO 

6 

JUN 6 
.2467 .6868 6 23 . 50 xlO . 57 .3136 .6864 .641 .4401 ' 16.140 xlO 

JUL 22. 67 ,dO 6 
.56 ; . 3212 .6788 .679 .4609 . 2527 .7136 16.177 xlO 6 

AUG ' 6 19 . 95 xlO .55 .3289 .6711 . 851 .5711 .2588 .8299 16.557 xlO 

SEP 
6 17.65 xlO .59 .2986 .7014 1.180 .8733 .2349 l. 1082 6 19. 560 ,dO 

OCT 11. 96 X IQ 
6 

. 54 .3366 .6634 1.689 1.1205 .2648 l. 3853 16.568 xlO 
6 

NOV 7.44 xl0
6 .46 .4036 .5964 2.298 l. 3705 .3176 l. 6881 

6 
12. 559 "10 

0EC 5.52 X IQ' • 41 .4529 .5471 2.683 1.4678 .3563 l . 8241 l 0. 069 ,clO 
6 

TABLE B.l 

---.J 

'° 



COLLECTOR OR I ENT AT ION WOR\<SHEET \ 

AVERAGE DAILY RADIATION ON TILTED SURFACES 

A. LOCATION COLUMBUS, OHIO B. LAT I TUD£ <t>= 40° C. INCL\NAT\ON S= ~ 

D. C 1-t- COS S)/2 . 7868 E. GROUND REFLECTANCE P= ~-3 - F. P(I-COS S)/2:: .0640 ----

GI. G 2. G 3. G 4. G 5. G 6. G 7. G 8. G 9. G lO. 

~ HT - KT Hd / H I - Hd/ H Rb - ' J/DA'(-M 2 N H 8 E.AM DIFFUSE R T 
:J/ DAY-M2 

( I - G 4.) (G5. x GG.) ( D. xG 4.) (G7.-tG8.+F.) (G9.~ G 2.) H 

JAN 5.39 xlO' .36 . 5108 .4892 2.472 1.2093 .4019 1. 6752 9.029 xlO" 

FEB 8.28 xl0
6 

. 41 .4529 .5471 l. 879 1.028 .3563 l . 4483 , 6 11. 992 xlO 

M#\R 12 . 38 xlO 
6 

.46 .4036 . 5964 l. 357 .8093 . 3176 1.1909 14.743 >tl0
6 

APR 16 .43 xlO 6 .48 .3858 .6142 .956 .5872 .3035 .9547 ' 15.689 xlO 

MAY 20 . 41 xlO ' .52 .3524 .6476 . 729 .4721 .2773 .8134 16.601 xl06 

JUN 6 23.50 xlO . 57 . 3136 .6864 .641 .4401 .2467 .7508 17.644 xlO 6 

JUL 22. 67 ,dO 6 
.56 .3212 .6788 .679 .4609 .2527 . 7776 17 .628 xlO 6 

AUG ' 6 19 . 95 xlO .55 .3289 . 6711 . 851 . 5711 .2588 .8939 17.833xlO 

SEP 
6 

17 . 65 xlO .59 .2986 . 7014 l. 180 .8733 .2349 1.1722 6 20. 689 ,c 10 

OCT E, 
11.96 xlO .54 . 3366 .6634 1.689 l . 1205 .2648 1.4493 17. 334 xlO " 

NOV 7.44 xl0
6 

.46 .4036 .5964 2.298 1.3705 .3176 ' l . 7521 13 . 036 xlO 

OEC 5.52 X IQ' .41 .4529 . 5471 2.683 1.4678 .3563 1.8881 10.422 xlO " 

, T.11...d..1.,.c .d. 2 

co 
0 



HI. H 2. 
f1 

9b 0 
N 

T 
H 

JAN 36 

FEB 36 

MAR 39 
~-- -- - -

APR 45 

MAY 50 

JUN 53 

J"UL 51 

AUG 46 

SEP 41 

OCT 37 

NOV 36 

DEC 36 

COLLECTOR ORIENTATION WORKSH£ET2 

MONHLY AVERAGE TRANSMITTANCE - ABSORPTANCE PROD\JCT 

H3. H4. H 5. H6. H 7. H 8. H 9. 

Rb/ R BE.AM 
T/Tn@60° 

DIFFUSE REFLECTED 
'YI Tncseb o<./o<n @0 b 

(G5. x H3. ,c. (O.xG4./G9. (F./G9.x.9 2 
G6./G 9. 

H4. 'AH 5.) >< .92 ><. H7.) x H 7.) 

.98 .99 1.5343 . 7282 .87 . 1997 0.0 

.98 .99 l. 3574 .7205 .87 . 2060 0.0 

.98 .99 l . 2042 .6968 .87 .2255 0.0 

. 97 .98 l. 0733 .6267 .87 .2728 0.0 

.97 •. 98 .9728 .5989 .87 . 2961 0. 0 

.97 .98 .9333 .6090 .87 .2876 0.0 

. 97 .98 . 9515 .6140 .87 .2835 0.0 

. 97 .98 1.0254 .6542 .87 . 2496 0.0 

. 98 .98 1.0648 . 7173 .87 .1690 0.0 

.98 .99 l. 219~ .7847 .87 .1530 0.0 

.98 .99 l . 3613 . 7877 .87 . 1506 0.0 

.98 .99 1.4709 .7807 .87 .1564 0.0 

TABLE B.J 

H \0. 

(To</To<)n 

(H7.~H8 . ..-H9~ 

. 9279 

. 9265 

. 9223 

.8995 

.8950 

.8966 

.8975 

.9038 

.8870 

.9377 

.9383 

.9372 co 
t--' 



HI. H 2. 
MO 

9b N 
T 
H 

JAN 36 

FEB · 36 

MAR 39 
--·- •·- -
APR 45 -
MAY 50 

JUN 53 

JUL 51 

AUG 46 

SEP 41 

OCT 37 

NOV 36 

DEC 36 

COLLECTOR ORIENTATION WORKSH\:.ET2. 

MONHLY AVERAGE TRANSMITTANCE - ABSORPTANC£. PRO0\JCT 

H3. H 4. H 5. . H6. H 7. H 8. H 9. 

, I Th@eb o<./o<.n @0 b Rb/ R 
BE.AM 

T/in@60° 
DIFFUSE REFLECTED 

(G5.xH3.~ (D.xG4./G9. (F./G9.x.9 2 
G6./G 9. 

H4.~ HS.) ,c.921.H7.) x H 7.) 

.98 .99 1. 476 .7005 .87 .1920 .0306 

.98 .99 1.297 .6884 .87 . 1969 . 0354 

.98 .99 1. 139 . 6591 .87 .2134 .0430 

. 97 .98 1. 001 . 6101 .87 .2545 .0537 

. 97 .98 .8962 .5517 .87 .2728 .0630 

. 97 .98 .8537 . 557 .87 .2876 .0746 

.97 .98 .8732 .5634 .87 . 2601 .0659 

.97 .98 . 9520 .6073 .87 .2317 .0573 

.98 .98 1. 007 .6783 .87 .1604 .0437 

.98 .99 1. 1654 . 7501 .87 .1463 .0353 

.98 .99 1. 3116 .7589 .87 . 1451 .0292 

.98 .99 1. 421 .7543 .87 . 1511 .0271 

TABLE B.4 

H 10. 

(To<. /To<.) n 

(H 7.-tH8.+H9~ 

. 9231 

.9207 

. 9155 

.9183 

.8875 

. 9192 

.8894 

.8963 

.8824 

.9317 

.9332 

.9325 
co 
I\) 



M 
0 
N 

TH 

JAN 

FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

5EP 

OCT 

NOV 

DEC 
TOT 

F-CHART WORKSHEET I 

HEAT\ NG LOA OS 

_ DE SIGN SPACE HEAT I NG LOAD [W] = 467 .0 [W / oc] 
A· UA - D E 5 I G N TE M PE.RAT URE DI F FER E. NG£ [°C] 

8. WATER USAGE= 400.0 [LITERS/DAY] x4190x(Tw-TM)[J/LITER]= 82 ·1 xl0
6 

[J/DAY] 

CI. C 2. C 3. C 4. C 5. 
DAYS HEATING DEGA~E SPACE. HEATING DOMESTIC WAT£ R TOTAL LOAD 

pi;_ R DAYS [°C - DAY] LOAD [J/MONTH] LO AO [J /MONTH] [J / MON, H] 

MONTH (86400)(A." C 2.) (B." C 1.) (C 3. + C 4.) 

31 604 24. 371 xl09 2.55 xl09 26.921 xl09 

28 527 21 ."264 xl09 2.30 xl09 23.564 xl09 

31 449 18.117 xl09 2.55 xl09 20.667 xl09 

30 237 9.563 xl09 2.46 xl09 12.023 xl09 

31 95 3.833 xl09 2.55 xl09 20.667 xl09 

30 15 .605 xl09 2.46 xl09 12 . 023 xl09 

31 0. 0 0.0 2.55 xl09 2.55 xl09 

3 \ 3 . 121 xl09 2.55 xl09 2.671 xl09 

~o 47 l. 896 xl09 2.46 xl09 4.356 xl09 

31 193 7.787 xl09 2.55 xl09 l 0. 337 xl0
9 

30 397 16. 018 xl09. 2.46 xl09 18.478 xl09 

31 577 23.281 xl09 2.55 xl09 28.831 xl09 

365 3144 126.86 xl09 30.00 xl09 156.86 xl09 

m /\ nT r;, n ,, 

0) 
u 



M 
0 
N 

T 
H 

J"AN 

FEB 
MAR 

APR 
MAY 

jUN 

JUL 
AUG 
SEP 

OCT 

NOV 

DEC 

F-CHART WORKSHEET 2 
ITEMS MAKING UP X AND Y 

c. FRuL(FR/FR)= 3· 64 [w/M 2-·c] 
D. FR(1'o<).,(F'R/~R)= ·66 [UN\TLESS] 

C 6. C 7. C 8. C 9. 
SECONDS X/A [1/M 2

] ('To.) I (rr oe.) n 

PER (IOO-T a) [•c] (C.)x(C7.)><(C6.) 
MONTH (C 5.) = H 10. 

2 .68 X 106 
101 .0366 .9279 

2.42 ic. 10' 100 .0374 .9265 

2.68,dO' 96 .0453 .9223 

2.59 x 106 88 .0690 .8995 

2.G8 'X t_06 82 .1253 .8950 

2.59)(.{0 6 
77 .2368 .8966 

2.68 XI 0 6 
75 .2869 . .8975 

2.68 X 106 
76 .2776 .9038 

-

2.59 ,d0 6 
80 . 1731 .8870 

2.68 X IQ' 86 .0812 .9377 

2. 59 X 106 94 .0480 .9383 

2.68.xl06 
100 .0338 . 9372 

TABLE B.6 

C \0. 
DAILY RADIATION 
ON CO LL ECTOR 

[J/M~DAY] = GI0. 

8.684 ,do' 

11.462 ><.IO' 

13. 951 ')( 106 

14.634 ic.10' 

15. 295 xlO' 

16. 140 )(.106 

16 . 177 xlO' 

16.557 x 10• 

19.560 X 106 

16.568 ,dO' 

12.559 ,d06 

10.069 xl06 

C I \. 
Y/A [I /M 2] 

(D.h(C9.),r(C 10.),i(Cl.) 
(C 5.) 

.00612 

.00833 

. 0127 

. 0217 

.0439 

.0935 

. 1165 

. 1146 

.0789 

.0308 

.0126 

.00670 
(X) 

~ 



F-CHART WORKSHEE1" 3 
SOLAR HEATING LOAD FRACT\ON 

E. AREA= 25.0 [M2] 

F. STORAGE SIZE CORRECTION FACTOR (X./Xo)::. _l_._o __ _ 

G. LOAD HEAT EXCHANGER CORRE.CTION FACTOR (Y/Yo)= _l_.o __ _ 

C 12. C 13. C l4 .. C l 5. C \6. 

MO CORREC"TED CORR£CTEO 

NT X/A Y/A X y F 

H (C8.)x(F.) (C 11.) )( (G.) (C 12.) x(£.) {C 13~x( E.) 

JAN .0366 .00612 . 915 .153 .094 

FEB .0374 .00833 .935 . 2083 .145 

MAR .0453 .0127 l . 1325 . 3175 C .231 

APR .0690 . 0217 l. 725 .5425 .383 

MAY .1253 .0439 3.1325 l. 0975 .677 

JUN .2368 .0935 5.92 2.3375 1.0 

JUL .2869 . 1165 7. 1725 2.9125 1.0 

AUG .2776 . 1146 6.94 2.865 1.0 

SEP . 1731 .0789 · 4.3275 l. 9725 .994 

OCT .0812 .0308 2.03 . 77 .532 

NOV .0480 .0126 1.2 . 315 .225 

DEC .0338 .00670 .845 .1675 .112 

ANNUAL FRACTION BY SOLAR (TOTAL,C l7.) / (T0TAL,C5.)-:: .288 TOTAL 

TA Bili 'B.7 

C \ 7. 
HE.AT \NG LOAD 

SUPPL\£.D 

[J/MONTH] (Cl6.)(cs~ 

2. 531 xl09 

3.417 xl09 
· -- --

4. 774 xl09 

4.605 xl09 

4. 321 xl09 

3.065 xl09 

2.55 xl09 

2.671 xl09 

4.330 xl09 

5.499 xl09 
·-

4.158 xl09 

3.229 xl09 

45.15 x109 

co 
V1. 



F-CHART WORKSHEE, 3 
SOLAR HEATING LOAD F RAC.T \ON 

E. AREA= 50.0 [M 2] 

F. STORAGE SIZE CORRECT ION FACTOR (X/Xo) =- __ l_.o __ _ 

G. LOAD HEAT EXCHANGER CORR.£.CTION FACTOR (Y/Y0 ): 

C 12. C 13. C l4. C \ 5. 

MO CORRECiED CORR£CTEO 

NT X/A Y/A X y 

H (C8.)x(F.) ( C 11.) )( ( G .) (Cl 2.) >'( k..) (C131'1C(E.) 

JAN .0366 .00612 1.83 .306 

FEB .0374 .00833 1.87 .4165 

MAR .0453 .0127 2.265 .635 

APR . 0690 . 0217 3.45 l . 085 

MAY .1253 .0439 6.265 2.195 

jUN .2368 .0935 11. 84 4. 675 

JUL . 2869 . 1165 14.345 5.825 

AUG .2776 . 1146 13.88 5.73 

SEP . 1731 . 0789 · 8.655 3.945 

OCT .0812 .0308 4.06 l. 54 

NOV .0480 .0126 2.40 .63 

DEC .0338 .00670 1.69 .335 

~ .441 
TABLE B.8 

1.0 

C \6. 

F 

. 18 

.272 

.422 

.653 

.969 

1.0 

1.0 

1.0 

1.0 

.848 

.411 

.213 

TOTAL 

C \ 7. 
H~AT\NG LOAD 

SUPPL\£.D 

[J/MONTH] (CIG.)(cs~ 

4.846 xl09 

6.409 xl09 
----

8. 721 xl09 

7. 851 xl0g-

6.185 xl09 

3.065 xl09 

2.55 xl09 

2.671 xl09 

4.356 xl09 

8.766 xl09 
--

7.594 xl09 

6. 141 xl09 

69. 115 xl09 

co 

°' 



F-CHART WORKSHEE"T 3 
SOLAR HEATING LOAD F RAC.T \ON 

E. A A E A = 100. O ( M 2] 

F. STORAGE SIZE CORRECTION FACTOR (X/Xo)::: _l_._o __ _ 

G • L O A D HE AT EX CH ANG E R C O R R. E.. CT I ON FACT ·o R ( Y /YO) -:. 

C 12. C 13. C l4. C l 5. 
MO CORRECiED CORR£C,EO 

NT X/A Y/A X y 

11 (CB.)x(F.) (C ll.) >' (G.) (C l2.) x(£..) (C 13~)(( E.) 

JAN . 0366 .00612 3. 66 .612 

FEB .0374 .00833 3.74 .833 

MAR .0453 . 0127 4. 53 1.27 

APR .0690 . 0217 6.90 2. 17 

MAY . 1253 .0439 12.53 4. 39 

JUN .2368 .0935 23.68 9.35 

JUL .2869 . 1165 28.69 11. 65 

AUG .2776 . 1146 27.76 11. 46 

SEP . 1731 .0789 · 17. 31 7.89 

OCT .0812 .0308 8.12 3.08 

NOV .0480 .0126 4.8 l. 26 

DEC .0338 .00670 3.38 .67 

ANNUAL FRACTION BY SOLAR (TOTAL,C 17.) / (T0TAL,C5.) ~ . 631 

TABLE H.9 

1.0 

C \6. 

F 

. 329 

.482 

.698 

.936 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

.68 

.387 

TOTAL 

C \ 7. 
HE.AT \NG LOAD 

SUPPL\£.D 

[J/MONTH] (C16.)(cs~ 

8.857 xl09 

11.358 xl09 
· -- --

14.426 xl09 

11.254 xl0-9 

6.383 xl09 

3.065 xl09-

2.55 xl09 

2.671 xl09 

4.356 x109 

l 0. 337 xl09 
--

12.565 xl09 

11 . 158 xl09 

98.98 xl09 

(X) 

--..J 
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0 
N 

T 
H 

JAN 

FEB 
MAR 

APR 
MAY 

JUN 

JUL 
AUG 
SEP 

OCT 

NOV 

DEG 

F-CHART WORKSHEET 2 
ITEMS MAKING VP X ANO Y 

c. FRuL (FR/FR)= 3
·
64 [w/M 2

-
0 c] 

D. FR(1'o<)h(F'R/J:"R}:: ·66 [UN\TLESS] 

C 6. C 7. C 8. C 9. 
SECONDS X/A [l/M 2] ('Tot.) I ('1' ~) n 

PER (loo-Ta) [ 0 c] (CJx(C7.)x(C6.) 
MONTH (C 5.) = H to. 

2 .68 ,dO6 101 .0366 . 9231 

2.42 )(. 10' 100 .0374 .9207 

2.68 ,do' 96 .0453 .9155 

2. 59 x 10' 88 .0690 .9183 

2.68 )( t06 82 .1253 .8875 

2.59,<.(0 
6 

77 .2368 . 9192 

2.68 x Io' 75 .2869 .8894 

2.G 8 x 10• 76 .2776 .8963 

2.59 xl0 6 
80 . 1731 .8824 

2.68 X 10 6 86 .0812 .9317 

2. 59 X 106 94 .0480 .9332 

2.68.xl06 
100 .0338 .9325 

TABLE B.10 

C \0. 
DAILY RADIATION 
ON COLLECTOR 

[J /M~DAY] = G 10. 

9.029 xtO' 

11. 992 xlO' 

14.743 )( 106 

15.689 ,,_10' 

16. 601 xlO' 

17.664 idO' 

17 . 628 X 106 

17.833 x 10' 

20.689 X 106 

17.334 x 10' 

13. 036 x 10
6 

10.422 xlO' 

C I \. 
Y/A [I /M 2] 

(D.h(C9.}k(C to.).(CI~ 
(C 5.) 

.00633 

.00866 

.0134 

.0237 

.0472 

. l 048 

.1258 . 

. 1224 

.0830 

.0320 

.0130 

.0069 
(Xl 
(Xl 



F-CHART WORKSHEE, 3 
SOLAR HEATING LOAD F RAC.T \ON 

E. AREA= 25.0 [M2] 

F. STORAGE SIZE CORRECTION FACTOR (X./X 0 )::. l.O 

G. LOAD HEAT EXCHANGER CORR£CTION FACTOR (Y/Y0 ): 

C 12. C 13. C 14. C l 5. 
MO CORRECTED CORR£C-fEO 

NT X/A Y/A X y 

~ (C8.)x(F.) (C ll.) >' (G.) (C l2.) ~(£.) (C \3:,lC ( E.) 

JAN .0366 .00633 .915 .1583 

FEB .0374 .00866 .935 .2165 

MAR .0453 .0134 1. 1325 .335 

APR .0690 .0237 1. 725 .5925 

MAY .1253 . 0472 3. 1325 1.18 

JUN .2368 .1048 5.92 2.62 

JUL .2869 .1258 7. 1725 3.145 

AUG .2776 .1224 6.94 3.06 

SEP . 1731 .0830 4.3275 2.075 

OCT .0812 .0320 2.03 .80 

NOV .0480 .0130 1.2 .325 

DEC .0338 .0069 .845 .1725 

ANNUAL FRACTION BY SOLAR (TOTAL,C l7.) / (T0TAL,C5.) ~ .30 

TABLE B.11 

1.0 

C \6. 

F 

.099 

.152 

.247 

.421 

.722 

1.0 

1.0 

1.0 

1.0 

.553 

.234 

.117 

TOTAL 

C \ 7. 
HE.AT \NG LOAD 

SU PPL\ED 

[J/MONTtt] (CIG.)(csJ 

2.665 xl09 

3.582 xl09 
- -- -

5. l 05 xl09 

5 .. 062 xl09 

4.609 xl09 

3.065 xl09 

2.55 xl09 

2.671 xl09 

4.356 xl09 

5.716 xl09 
--

4.324 xl09 

3.373 xl09 

. 47,078 xl09 

0) 
'-0 



F-CHART WORKSHEE'T 3 
SOLAR HEATING LOAD F RACT \ON 

E. AREA= 50.0 [M2] 

F. STORAGE SIZE CORRECT ION FACTOR (X./Xo)::. _l_.o __ _ 

G. LOAD HEAT EXCHANGER CORR.£.CTION .FACTOR (Y/Y0 )= 

CI 2. C 13. C 14. C l 5. 
MO CORRECTED CORR£CTEO 

NT X/A Y/A X y 

1-1 (C8.)x(F.) (C 11.) )( (G.) (C l2.) ~(~.) {C 13~)(( E.) 

JAN .0366 .00633 1.83 . 3165 

FE.B .0374 .00866 1.87 .433 

MAR .0453 .0134 2.265 .67 

APR .0690 .0237 3.45 l. 185 

MAY . 1253 .0472 6.265 2.36 

jUN .2368 .1048 11.84 5.24 

JUL .2869 .1258 14.345 6.29 

AUG .2776 . 1224 13.88 6.12 

SEP . 1731 .0830 · 8.655 4.15 

OCT .0812 .0320 4.06 1.6 

NOV .0480 .0130 2.4 .65 

DEC .0338 .0069 1.69 . 345 
. . 

ANNUAL FRACTION BY SOLAR (TOTAL,C 17.) / (T0TAL,C5.) ~ .458 

TABLE B.12 

1.0 

C \6. 

F 

.189 

.286 

.448 

. 708 

1.0 

1.0 

1.0 

1.0 

1.0 

.873 

.426 

.222 

TOTAL 

C \ ?. 
HE.AT \NG LOAD 

SUPPL\£D 

[J/MONTtt] (Cl6.)(C5~ 

5.088 xl09 

6.739 xl09 
- ··--

9.259 xl09 

8.512 xl09 

6.383 xl09 . 

3.065 x109 

2.55 xl09 

2.671 xl09 

4.356 xl09 

9.024 xl09 
--

7 .872 xl09 

6.40 xl09 

71 . 919 xl09 

'° 0 



F-CHART WORKSHEE1" 3 
SOLAR HEATING LOAD F RACT \ON 

E. AREA= 100.0 [M 2] 

F. STORAGE SIZE CORRECTION FACTOR (X/Xo) ~ __ l_.o __ _ 

G. LOAD HEAT EXCHANGER CORR.£.CTION FACTOR (Y/Y0 )=-

C 12. C 13. C l4. C l 5. 
MO CORRECl"ED CORR£CTEO 

NT X. I A Y/A X y 

H (CS.)x(F.) ( C I l.) >' ( G .) (C 12.) "(t.) (C 13~)(( E.) 

JAN .0366 .00633 3.66 .633 

FE.B .0374 .00866 3.74 .866 

MAR .0453 .0134 4.53 l. 34 

APR .0690 . 0237 6.9 2.37 

MAY . 1253 .0472 12. 53 4. 72 -
jUN .2368 .1048 23.68 l 0.48 

JUL .2869 .1258 28.69 12.58 

AUG .2776 . 1224 27.76 12.24 

SEP . 1731 . 0830 · 17. 31 8.3 

OCT .0812 .0320 8. 12 3.2 

NOV .0480 .0130 4.8 l. 3 

DEC .0338 .0069b 3.38 .69 

ANNUAL FRACTION BY SOLAR (TOTAL,C 17.) / (T0TAL,C5.) ~ .65 

Ti\.jjL~ .B.lJ 

1.0 

C \6. 

F 

.345 

.503 

.733 

.986 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

.70 

.401 

TOTAL 

C \ 7. 
HE.AT \NG LOAD 

SUPPL\£D 

[J/MONTtt] (CIG.)(cs~ 

9.288 xl09 

11.853 xl09 
---

15. 149 xl09 

11.855 xio9 

6.383 xl09 

3.065 xl09 

2.55 xl09 

2.671 xl09 

4.356 xl09 

l 0. 337 xl09 
--

12.935 xl09 

11 . 561 xl09 

102.003 xl09 

'° I--' 



M 
0 
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T 
H 

JAN 

FEB 

MAR 

APR 
MAY 

J"UN 

JUL 
AUG 
SEP 

OCT 

NOV 

DEC 

F-CHART WORKSHEET 2 
IT ENS MAKING UP X AND Y 

C. FR UL ( FR /FR) :: 3 • 64 [ W / M 2. - ° C] 
D. FR(1'o<)h(F'R/l=R)= ·66 [UN\TLESS] 

C 6. C 7. C 8. C 9. 
SECONDS X/A [1/M 2] (,roe.) I ('Toe.)n 

PER (100-T a) [°C] (CJ.(C7.)x(C6.) 
MONTH (C 5.) = H to. 

6 2.68 ,dO 101 .0366 1.00 

2.42 ~ 10' 100 .0374 1.00 
. ' 2.68 ,dO 96 .0453 1.00 

2. 59 x 10' 88 .0690 1.00 

2.68 )( t06 82 .1253 1.00 

2. 59 )(. ro'" 77 .23fi8 1.00 

2.68 XI 0 6 75 .2869 1.00 

2.GS x 106 76 .2776 1.00 

2.59 ,d0 6 
80 . 1731 1.00 

2.GB x 10' 86 .0812 1.00 

2.59xl0' 94 .0480 1.00 

2.68.xl0' 100 .0338 1.00 

TABLE B,14 

C \0. 
DAILY RADIATION 
ON COLLECTOR 

[J/M7:.0AY] = GIO. 

8.684 ,dO' 

11. 462 xtO' 

13.951 )( 106 

14.634 >1.IO' 

15.295 xlO' 

16. 140 ><.IO' 

16.117 X 106 

16.557 x 10' 
·-

19.560 x 10' 

16.568 ,dO' 

12.559 >C.106 

10.069 xl06 

C I I. 
Y/A [I /M 2] 

(D.h.(C9.}>c(C 10.).(CI.) 
(C 5.) 

.0066 

.0090 

.0138 

. 0241 

.0490 

.1043 

. 1298 

. 1268 

.0889 

.0328 

.0135 

.00715 '° I\) 



F-CHART WORKSHEEi 3 
SOLAR HEATING LOAD FRACT\ON 

E. AREA= 25.0 [M2] 

F. STORAGE SIZE CORRECT ION FACTOR (X./Xo)::. _1_.o __ _ 

G. LOAD HEAT EXCHANGER CORR.£CTION FACTOR (Y/Y0 ):: 

C 12. C 13. C 14. C \ 5. 

MO CORRECiED CORR£C"fEO 

NT X/A Y/A X y 

H (C8.)J<(F.) ( C I l.) )( ( G .) (Cl2.)x(~.) (C 13~'1C ( E.) 

JAN .0366 .0066 .915 .165 

FEB .0374 .0090 .935 .225 

MAR .0453 . 0138 1. 1325 .345 

APR .0690 .0241 1. 725 .6025 

MAY .1253 .0490 3. 1325 1.225 

JUN .2368 . 1043 5.92 2.6075 

JUL .2869 .1298 7. 1725 3.245 

AUG .2776 .1268 6.94 3. 17 

SEP . 1731 .0889 4.3275 2.2225 

OCT .0812 .0328 2.03 .82 

NOV .0480 .0135 1.2 .3375 

DEC .0338 . 00715 .845 .1788 

ANNUAL FRACTION BY SOLAR (TOTAL,C l7.) / (TOTAL,C5,1) ~ .308 

TABLE B.15 

1.0 

C \6. 

F 

.105 

. 16 

.255 

.429 

.746 

1.0 

1.0 

1.0 

1.0 

.566 

.245 

. 123 

TOTAL 

C \ ?. 
HE.AT \NG LOAD 

SUPPL\£D 

[J/MONTK] (CIG.)(C5~ 

2.827 x109 

3. 77 x109 
---

5.27 x109 
--

5.158 x109 

4.762 x109 

3.065 xl09 

2.55 xl09 

2.671 x109 

4.356 x109 

5.851 xl09 
--

4.527 x109 

3.546 x109 

48 .. 353 xl09 

'° \...) 



F-CHART WORKSHEE1" 3 
SOLAR HEATING LOAD F RACT \ON 

E. AREA= 50.0 (M2] 

F. STORAGE SIZE CORRECT ION FACTOR (X/Xo):: _l_.o __ _ 

G. LOAD HEAT EXCHANGER CORR.£.CTION FACTOR (Y/Y0 ): 

C 12. C 13. C 14. C l 5. 
MO CORRECTED CORRECTEO 

NT X/A Y/A X y 

H (CB.)x(F.) (£ 11.) >' (G.) {C 12.) x(~.) {Cl3~)((E.) 

JAN .0366 .0066 l.83 .33 

FEB . 037.4 .0090 1.87 .45 

MAH .0453 .0138 2.265 .69 

APR .0690 .0241 3145 l. 205 

MAY . 1253 .0490 6.265 2.45 

jUN .2368 . l 043 11.84 5. 215 

JUL .2869 .1298 14.345 6.49 

AUG .2776 .1268 13.88 6.34 

SEP .1731 .0889 · 8.655 4.445 

OCT .0812 .0328 4.06 1.64 

NOV .0480 .0135 2.4 .675 

DEC .0338 . 00715 1.69 .3576 

ANNUAL FRACTION BY SOLAR (TOTAL,Cl7.)/(TOoTAL,C5.)~ .471 

TABLE B.16 

1.0 

C \6. 

F 

. 201 

.30 

.462 

. 719 

1.0 

1.0 

1.0 

1.0 

1.0 

.889 

.444 

.233 

TOTAL 

C \ 7. 
HE.AT \NG LOAD 

SVPPL\£0 

[J/MONTK] (CIS.)(C5J 

5.411 xl09 

7.069 x109 
-

9.548 xl09 

8.645 xl09 

6.383 xl09 

3.065 xl09 

2.55 xl09 

2.671 xl09 

4.356 xl09 

9.19 x109 
--

8.204 xl09 

6.718 xl09 

73. 81 xl09 

'° + 



F-CHART WORKSHEE"T 3 
SOLAR HEATING LOAD FRAC.T\ON 

E. ARE A= 100.0 [M2] 

F. STORAGE SIZE CORRECT ION FACTOR (X/Xo) ~ _l_._o __ _ 

G. LOAD HEAT EXCHANGER CORRE..CTION FACTOR (Y/Yo)= 

C 12. C 13. C 14. C \ 5. 

MO CORRECTED CORR£C"fEO 

NT X/A Y/A X y 

H (C8.)"(F.) (C ll.) )( (G.) ( C l 2.) )( ( ~ .) (C\3~)((E.) 

JAN .0366 .0066 3.66 .66 

FEB .0374 .0090 3.74 .9 

MAR .0453 .0138 4.53 1. 38 

APR .0690 . 0241 6. 9 2.41 

MAY .1253 . 0490 12.53 4.9 

J"UN .2368 .1043 23 . 68 10.43 

JUL .2869 .1298 28.69 12.98 

AUG .2776 .1268 27.76 12.68 

SEP . 1731 .0889 · 17. 31 8.89 

OCT .0812 .0328 8.12 3.28 

NOV . 0480 .0135 4.8 1. 35 

DEC .0338 .00715 3.37 .7152 

ANNUAL FRACTION BY SOLAR (TOTAL,Cl7.)/(TOTAL,C5.)-: .666 

TABLE B,17 

1.0 

C \6. 

F 

.365 

. 525 

.572 

. 995 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

. 725 

.419 

TOTAl.. 

C \ 7. 
HEAT \NG LOAD 

SUPPL\£0 

[J/MONTK] (Cli.)(cs) 

9.826 xl09 

12 . 371 xl09 
-

15. 542 xl09 

11. 963 xl09 

6.383 xl09 

3.065 xl09 

2.55 xl09 

2.671 xl09 

4.356 xl09 

10. 337 xl09 

13.397 xl09 

12.08 xl09 

104. 541 xl09 

'° V\ 



F-CHART WORKSHEET 2 
I TENS MAKING VP X AND Y 

C. FR u L ( FR / FR) :: 3 . 64 [ w / M 2. - ° C] 
D. FR(ro<)h(F'R/l=°R}:: · 66 [UN\TLESS] 

·c 6. C 7. C 8. C 9. 
M SECONDS X/A [\/M2] ( 'fo.) I (rr ot.) n 

0 
N PER (100-T a) [ 0 c] (C.)x(C7.)x(C6.) 

T MONTH (CS.) = H to. H 
J"AN 2 .68 X \06 101 .0366 1.00 

FEB 2.42 )(.10' 100 . . 0374 1.00 

MAR 2.68 ,do' 96 · .0453 1.00 

APR 2. 59 x 106 88 .0690 1.00 .. 
MAY 2.68 X t06 82 .1253 1.00 

JUN 2. 59 ,d0 6 
77 .2368 1.00 

JUL 2.68 x Io' 75 .2869 1.00 

AUG 2.68 X 106 76 .2776 1.00 

SEP 2.59 >(10 6 80 . 1731 1.00 

OCT 2.68 X 10 6 86 .0812 1.00 

NOV 2. 59 X 106 94 .0480 1.00 

DEC 2.68.xlO' 100 .0338 1.00 

TABLE B.18 

C \0. 
DAILY RAOlATION 

ON COLLECTOR 

[J/M~DAY] = GI0. 

9.029 l' 10' 

11. 992 ,dO' 

14.743 ')( 10' 

15.589 ><.10' 

16. 601 xlO' 

17.644 -,c.lO' 

17.628 X 106 

17.833 x 106 

20.689 x 106 

17.334 ,dO' 

13.036 x. 10' 

10.422 xl06 

C I \. 
Y/A [I /M 2] 

(D.h{C9.)ll(C 10.)ll(CI.} 
(C 5.) 

.00686 

.00940 

.0146 

.0258 

.0532 

. 1140 

. 1414 

. 1366 

.0940 

.0343 

.0140 

.00740 '° °' 



F-CHART WORKSHEE1" 3 
SOLAR HEATING LOAD FRACT\ON 

E. AREA= 25 · 0 [M 2
] 

F. STORAGE SIZE CORRECT ION FACTOR (X/Xo) ~ _l_._o __ _ 

G. LOAD HEAT EXCHANGER CORR£.CTION FACTOR (Y/Yo)= 

C 12. C 13. C 14. C l 5. 
MO CORREC"TED CORR£CT'EO 

NT X/A Y/A X y 

H (C8.)"(F.) (Cl\.))((G.) ( C l 2 . ) x ( t. .) {C \3~)( ( £.) 

JAN .0366 .00686 .915 .1715 

FE.B .0374 .00940 .935 .235 

MAR .0453 .0146 l. 1325 . 365 

APR .0690 . 0258 l. 725 .645 

MAY .1253 .0532 3. 1325 1.33 

JUN .2368 . 1140 5.92 2.85 

JUL .2869 • 1414 7. 1725 3.538 

AUG .2776 • 1366 6.94 3.415 

SEP . 1731 • 0940 · 4.3275 2.35 

OCT .0812 .0343 2.03 .8575 

NOV .0480 .0140 1.2 .35 

DEC .0338 .00740 .845 .185 

ANNUAL FRACTION BY SOLAR (TOTAL,C 17~ / (TOTAL,C5.) ~ .33 

'11.ti.:OL.c; B • 19 

1.0 

C \6. 

F 

. 111 

.169 

.335 

.461 

.80 

1.0 

1.0 

1.0 

1.0 

. 591 

.256 

.128 

TOTAL 

C \ 7. 
HE.AT \NG LOAD 

SUPPL\£.D 

[J/M0NTH] (CIG.)(csJ 

2.988 xl09 

3.982 xl09 
- -- ---

6.923 xl09 

5.543 xl09 

5.106 xl09 

3.065 xl09 

2.55 xl09 

2.671 xl09 

4.356 xl09 

6.109 xl09 
--

4.730 xl09 

3.69 xl09 

51. 713 xl09 

'° --..,J 



F-CHART WORKSHEE, 3 
SOLAR HEATING LOAD F RACT \ON 

E. AREA= 50.0 [M2] 

F. STORAGE SIZE CORRECT ION FACTOR (X/Xo) = __ l_.o __ _ 

G. LOAD HEAT EXCHANGER CORRE.CTION FACTOR (Y/Yo)= 

C 12. C 13. C 14. C \ 5. 

MO CO R RECiE D CORR£C"fEO 

NT X/A Y/A X y 

H (C8.)x(F.) ( C I l.) )( ( G .) (Cl 2.) ){(£.) (C13:J)((E.) 

JAN .0366 .00686 l.83 .343 

FEB .0374 . .00940 l.87 .47 

MAR .0453 .0146 2.265 .73 

APR .0690 .0258 3.45 1.29 

MAY .1253 .0532 6.265 2.66 

JUN .2368 . 1140 11. 84 5.7 

JUL .2869 .1414 14.345 7.07 

AUG .2776 .1366 13.88 6.83 

SEP .1731 . 0940 · 8.655 4.7 

OCT .0812 .0343 4.06 l. 715 

NOV .0480 .0140 2.4 .70 

DEC .0338 .00740 1.69 . 37 

ANNUAL FRACTION BY SOLAR (TOTAL,C 17.) / (TOTAL,C5.)-= .488 

TABLE B.20 

1.0 

C l6. 

F 

. 212 

.316 

.491 

.763 

1.0 

1.0 

1.0 

1.0 

1.0 

. 918 

.462 

.244 

TOTAL 

C \ 7. 
HE.AT \NG LOAD 

SUPPL\£D 

[J/MONTH] (Cli.)(CS) 

5.707 xl09 

7.446 xl09 
----

10.147 xl09 

9. 174 xl09 

6.383 xl09 

3.065 xl09 

2.55 xl09 

2.671 xl09 

4.356 xl09 

9.489 xl09 
--

8.537 xl09 

7.035 xl09 

76.56 xl09 

'° co 



F-CHART WORKSHEE, 3 
SOLAR HEATING LOAD FRACT\ON 

E. AREA= 100.0 [M 2] 

F. STORAGE SIZE CORRECT ION FACTOR (X/Xo)::. _1_._o __ _ 
G. LOAD HEAT EXCHANGER CORRE.CTION FACTOR (Y/Y0 )= 

C 12. C 13. C l4. C l 5. 
MO CORRECTED CORRECTEO 

NT X/A Y/A X y 

H (C8.)x(F.) (C II.))( ( G.) { C l 2.) ){ ( £ .) {Cl3~)((E.) 

JJ\N .0366 .00686 3.66 .686 

FEB .0374 .00940 3.74 .94 

MAR .0453 .0146 4.53 1.46 

APR .0690 .0258 6.9 2.58 

MAY .1253 .0532 12.53 5.32 

JUN .2368 .1140 23.68 11.4 

JUL .2869 .1414 28.69 14. 14 

AUG .2776 .1366 27.76 13.66 

SEP . 1731 .0940 · 17. 31 9.4 

OCT .0812 .0343 8.12 3.43 · 

NOV .0480 .0140 4.8 1.4 

DEC .0338 .00740 3.38 .74 

ANNUAL FRACTION BY SOLAR (T0TAL,C17~/(TOTAL,C5.)~ .685 

TABL~ B.21 

1.0 

C \6. 

F 

.384 

.551 

.789 

1.0 

1.0 

1.0 

1.0 '----

1.0 

1.0 

1.0 

.749 

.437 

TOTAL 

C \ 7. 
HE.AT \NG LOAD 

SUPPL\£D 

[J/MONTH] (Cli.)(C5J 

10.338 xl09 

12.984 xl09 
-- -

16.306 xl09 
--

12.023 x109 

6.383 xl09 

3.065 xl09 

2.55 x109 

·2 .671 xl09 

4.356 xl09 

10. 337 xl09 

--
13.84 xl09 

12.599 x109 

107.452 xl09 

'° '° 



Cl C2 C3 
C 1. 0 1.0 12.0 

I 2 3 

DD 1087.2 948.6 808.2 

I 2 3 

HBAR 474 . 6 729.0 1090.0 

I 2. ~ 

TAMB 30.2 32.0 39.2 

I 2. 3 
2.0 0. 0 0.0 

GAL 
13 14 tS 
3.5 5.3 2.5 

STO A CH 
4133.9 269 . l 310.6 

UA XM B 
4262 . 5 .66 .68 

IW RLAT Tl 

3.3 40.0 70.0 

SESP INPUT DATA. 

LOCATION: COLUMBUS, OHIO 

C4 cs 
1.0 0.0 

4 5 6 7 8 

426.6 171. 0 27.0 .001 5.4 

4 5 6 7 8 
1446.7 1797. l 2069.2 1996.0 1756.6 

4 5 6 1 8 
51.8 60.8 69.8 73.4 71.6 

4 s 6 7 8 
0.0 0.0 0.0 1.4 4.8 

16 11 18 \9 20 
2.3 2.0 3.8 6.9 11.8 

cc TILT VOL 

330.5 55.0 495.4 

A-Z DENH DENC SPHT\-\ SPHTC 
0.0 8.89 8.34 .8 1.0 

TUM IFAN UATOP UABOT UASEG 

68.0 .03 1.41 1.41 . 141 

TABLE B.22 

9 10 

84.6 347.4 

9 10 

1554.0 l 053. 0 

9 10 

64.4 53.6 

9 10 

7.3 8.4 

2\ 22 
9.6 6.9 

THOT TCOLD 

140. 51.8 

ETA GPH 

.7 480.0 

I I 

714.6 

I I 

655.0 

I \ 
41.0 

I I 

6.9 

23 
5.4 

RLOSS 
21232.9 

ETA2 

.6 

12 

1038.6 

12 

486.0 

\2 

32.0 

12 

4.6 

24 
4.7 

ss 
3.3 

GP\.\2 

-----
I-' 
0 
0 



•••SOLAR ENER&Y ANALYSIS••• 

HEAT W/0 SOLAACM[&ABTU) HEAT W/SOLARIME&ABTUI 
MONTH SPACE WATER SPACE WATER 
JAN 23.08 2 021 20 071 1 078 
FEB 2Oellt 2.21 16063 1.75 
MAR 1Te16 2.21 12.46 1 1 68 
APR 9.06 2.21 s.1! 1.1te 
MAY 3.63 2.21 O.O3 0069 
JUN Oe5T 2.21 O.OO 01 01 
JUL o.oo 2.21 O.OO o.oo 
AU& Ooll 2.21 OoOO 0 0 00 
SEP 1 0 80 2.21 o.oo o.oo 
OCT 7.3a 2.21 1.aa 1.26 
NOV 15.17 2.21 11.37 1 073 
DEC 22e05 2.21 19.17 1,11 

TOTAL 120.16 26.ltl i5.9i 12.16 
COST OF H[AT W/0 SOLARCII COST OF HEAT W/S0LARcs 
MONTH SPACE WATER SPACE WATER 
JAN 1,.18 1.21 ,a.a, s.aa 
FEB 66elt7 7,28 !llt.89 5,77 
MAR 56.63 7,28 ltl.11 5.51t 
APR 2,,19 1.21 12.so ,.a, 
MAY 11098 7o28 0,11 2e28 
JUN 1ol9 7.28 0.00 0o0lt 
JUL o.oo 7.21 o.oo o.oo 
AU& 0038 7,28 0000 0 000 
SEP 5e93 7~28 O.OO o.oo 
OCT 21t,!1t 7.21 6.22 it.16 
NOV 50 0 07 7,28 37,52 5,71 
DEC 72.77 7.28 63.25 5.85 

101 

SOLAR PUMP ON•TIMECHRS) 

9O.oO 
210.00 
300,00 
he.51 
309.lt3 
187,16 
161.29 
158.57 
179.!17 
256.57 
240,00 
128,57 
2!16Ooll2 

I OPERATING 

10.1' 
9.21 5., .. ... .,. ... 1, 
5,19 
7.70 
1.20 
3.1. 

COSTcl) 

TOTAL 396.53 87.37 283,75 40.12 
SOLAR FRACTION &ROSS 

'6.11 
SAVIN&SCSI NET SAVIN&SCI I 

,.s2 
MONTH SPACE 
JIN 10.21 
FEB 17,42 
MAR 27.41 
APR 58.8!5 
MAY ,,.10 
JUN 100.00 
JUL 100.00 
AU& 100.00 
SEP ioo.oo 
OCI 14.47 
NOV 25,07 
DEC 13,09 

IOlll 21.4q 

WATER COMBINED SPACE 
1,.25 11.0!S 7.82 
20.79 17.75 11.111 
23.85 21.00 15.52 
32.et 
68071 
99.50 

no.au 
100.00 
100.00 

42.83 
21.!11 
19.63 

!53." 
87.62 
99.60 

i0O,OO 
100.00 
100.00 
,,.11 
24.62 
11.,a 
33 0 07 

11.s, 
u.11 
1.a, 
o.oo 
O.38 
5o'3 

11.u 
12.55 
9.52 112.,, 

IIATER 
1.40 
1.!11 
1.74 
2.39 
!1,00 
7.24 
7.28 
7.28 
1.28 
3.12 
1.111 
lolt3 

6,79 
1.2, 
,.a! 
1.,0 
3,!10 
2,44 
2,90 
7.82 

13.!5!5 
6.92 
TeO9 

u.22 

FUEL RATESCI/BTU DELIVERED) SPACE 0.00 WATER OoOO FAN ON•TIME RATE1S/HR) 0.03 

------ ------ ---- ·. 

TABLE B.23 



Cl C2 C3 
C 1.0 1. 0 12 . 0 

I 2 3 

DD 1087 . 2 948 . 6 808.2 

I 2 3 

HBAR 474.6 729.0 l 090. 0 

I 2. 3 
TAMS 30.2 32.0 39.2 

I 2 3 
2. 0 0.0 0.0 

GAL 
I~ 14 l5 

3.5 5.3 2.5 

STO A CH 
8267.8 538.2 620.4 

UA XM B 
4262.5 .66 .68 

aw RLAT Tl 

3.3 40.0 70.0 

SESP INPUT OA"T A. 

LOCATtON: COLUMBUS, OH IO _____ ...;_ ____ _ 

C4 cs 
1.0 0.0 

4 5 • 6 7 8 9 

426 . 6 171.0 27.0 .001 5.4 84.6 

4 5 ~ 7 8 9 
1446.7 1797 . l 2069 . 2 1996 . 0 1756.6 1554.0 

4 5 6 1 8 9 

51.8 · 60.8 69.8 73.4 71.6 64 .4 

4 5 6 ' 8 9 

0.0 0.0 0.0 1.4 4.8 7. 3 

16 11 18 \9 20 2\ 
2.3 2.0 3.8 6.9 11. 8 9.6 

cc "TILT VOL 

661.0 55.0 990.75 

A 1:. DENH OENC SPHTH SPHTC THOT 
0.0 8.89 8.34 .8 1.0 140.0 

TUM &FAN UATOP UA BOT UASEG ETA 
68.0 . 03 l. 41 1.41 . 14 l .7 

TABLE B . 2l~ 

,o I I 

347.4 714.6 

10 ' ' l 053. 0 655.0 

10 I l 

53 . 6 41.0 

10 I I 

8.4 6.9 

22 23 
6.9 5.4 

TCOLD RLOSS 
51.8 21232.9 

GPH ETA2 

480.0 .6 

12 

1038.6 

12 

486.0 

\2 

32 .0 

12 

4. 6 

24 
4.7 

as 
3.3 

GP\.\2 

------
I-' 
0 
(\) 



•••SOLAR ENER&Y ANALYSIS••• 

HEAT W/0 SOLARCMEGABTUI HEAT W/SOLARIMEGABTU1 · 
MONTH SPACE WATER SPACE WATER 
JAN 23008 2o21 18020 1.73 
FEB 20olq 2o21 13032 1.66 
MAR 17016 2o21 8033 1.5ft 
APR 9o06 2.21 0.09 1.00 
MAY 3o63 2.21 O.OO OoO't 
JUN Oo57 2.21 o.oo 0 0 00 
JUL OoOO 2.21 O.OO OoOO 
AUG 0.11 2.21 O.OO OoOO 
SEP 1.ao 2.21 o.oo o.oo 
Oct 7o38 2.21 O.oo Oo23 
NOV 15017 2o21 7.51 1o59 
DEC 22005 2.21 16.21 1.70 

TOTAL 120.16 26.'t8 63.65 9 0 't9 
COST OF HEAT W/0 SOLARCS) COST OF HEAT W/S0LARCS 
MONTH SPACE WATER SPACE WATER 
JAN 76 0 18 7.28 60.07 5.71 
FEB 66o't7 7o28 lt3o96 5o't9 
MAH 56063 7.28 27.'t8 5.08 
APR 29089 7.28 0.28 !o30 
MAY 11.98 7o28 OoOO 0 0 13 
JUN 1.89 7.28 o.oo 0 0 00 
JUL o.oo 7.28 o.oo o.oo 
AUG Oo38 7o28 o.oo OoOO 
SEP 5o93 7.28 O.OO O.OO 
Oct 21tol1t 1.21 o.oo o.1!5 
NOV 50.07 7o28 24 078 5 0 25 
ore 12.11 1.2a 53.'t9 5.62 

TOTAL 396053 87.37 210.06 31 033 

SOLAR PUMP ON•TIM[lwRSI 

90000 
158057 
261.lt3 
309olt3 
161.57 
151,l't 
150.00 
150000 
150.00 
17'to!57 
191olt3 
120,00 
2068.llt 

) OPERATIN& 

2.10 
'to76 
1.a,. 

COST1SI 

103 

SOLAR FRACTION &ROSS 
62oDli 

SAVIN&SCSI 
WATER 

NET SAVlNHCS) 
MONTH SPACE 
JAN 21olli 
FEB 33087 
MAR 51olt8 
APR 99o0!5 
MAY 100000 
JUN 100000 
JOL 100000 
AUG 100000 
SEP 100000 
uc, 100000 
NOV 50052 
DEC 26050 

IUYAL •1003 

WATER COMBINED SPACE 
21o•4 
2'to56 
30017 
!S4o•5 
98o24 

100000 
lOOoOO 
100000 
100.00 a,. ,s 

27.87 
22oaa 
·•01• 

21019 
32.95 
't9o0!5 
90o3!S 
99o33 

100000 
100000 
100000 
100.00 
it.63 
't7.6't 
26017 
su.12 

1'.11 
22.!51 
29.15 
29.'1 
u.98 
108' 
OoOO 
0.38. 
!5o93 

24.34 
25029 
19.28 

1a,o •• 

FUEL RATtSIS/BTU DELIVEREDI SPACE OoOO WATEII 

TABLE B,25 

io!SI 
1o79 
2o20 
3o98 
7o15 
1,28 
7,28 
7,28 
7o28 
6o!S3 
2o03 
1o67 

14098 
19o5't 
23.!51 
24,30 
1'to29 

'to6't 
2o78 
3o16 
ao11 

2:So•4 
2lo!58 
17035 

180041 

0 0 00 FAN ON•TlMt RATEcS/HRI 0,03 



Cl C2 C3 
C 1.0 1.0 12 . 0 

I 2 3 

DD 1087.2 948.6 808.2 

I 2 3 

HBAR 474.6 729.0 1090. 0 

I 2. 3 
TAMB 30.2 32.0 39.2 

I 2 3 
2.0 0.0 0. 0 

GAL 
13 14 l5 
3.5 5.3 2.5 

STO A CH 
16535.5 1076 . 4 1240.8 

UA XM B 
4262.5 .66 .68 

~w RLAT Tl 

3.3 40.0 70.0 

SE SP IN PUT OA1" A. 

COLUMBUS, OH IO LOCATION: ____ _; _____ _ 

C4 cs 
1.0 0.0 

4 5 6 7 8 9 
426.6 171. 0 27.0 .001 5.4 84.6 

4 5 6 7 8 9 

1446.7 1797. 1 2069.2 1996.0 1756.6 1554. 0 

4 5 6 1 8 9 
51.8 60.8 69 .8 73 . 4 71.6 64.4 

4 5 6 7 8 9 

0.0 0.0 0.0 1.4 4.8 7.3 

16 11 18 \9 20 2\ 
2.3 2.0 3.8 6.9 11.8 9.6 

cc 1"1LT VOL 
1322. 0 55.0 1981. 5 

Ar. DENH DENC SPHTH SPHTC TH0T 
0.0 8.89 8.34 .8 1.0 140. 

TUM IFAN UATOP UABOT UASEG ETA 

68.0 .03 1.41 1.41 . 141 .7 

~A BLE B.26 
' . 

10 I I 

347.4 714.6 

10 " 
1053.0 655.0 

10 I l 
53.6 41.0 

10 I I 

8.4 6. 9 

22 23 
6.9 5.4 

TCOLD RLOSS 
51.8 21232.9 

GPH ETA2 

480.0 .6 

\2 

1038.6 

12 

486.0 

12 

32 . 0 

12 

4.6 

24 
4.7 

as 
3.3 

GP\.\2 

-----
f-' 
0 
~ 
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•••SOLAR ENERGY ANALYSIS••• 

HEAT W/0 S0LARIME6ABTUI HEAT W/SOLARIME6ABTUI SOLAR PUMP ON•TIMEIHRSI 
MONTH SPACE WATER SPACE WATER 
JAN 23008 2o2l 13.77 1.66 
FEB 20ollt 2.21 7.lt2 1.50 
MAR 17016 - 2.21 1.27 1.25 
APR ,.06 2.21 o.oo o.08 
MAY 3o63 2.21 OoOO OoOO 
JUN Oo57 2.21 o.oo 01 00 
JUL OoGO 2.21 O.OO 0000 
AU6 Ooll 2.21 OoOO 0000 
SEP lo80 2.21 o. ~D o.oo 
Oct 1.la 2.21 o.oo o.oo 
NOV 15017 2o21 _0.77 1.15 
DEC 22005 2.21 10.87 1 060 

TOTAL 120016 26.lt8 31t.10 7.21t 

,o.oo 
12e.n 
215.57 
159. 71 
122.00 
125,lt3 
120.00 
120.00 
120.11t 
1-s.oo 
157.57 
120,00 
1621t.n 

COST OF HEAT W/0 SOLARCSI COST OF HEAT W/SOLARCS I OPERA TIN& COsTcU 
MONTH SPACE WATER SPACE WATER 
JAN 1,.19 1.28 1t5.1t5 s ... , 
FEB 66olt7 7.28 21t.50 lt.96 
MAR 56063 7.28 lt 019 lt 011 
APR 2,.89 1.2e o.oo o.2e 
MAY 11098 7.28 0000 0000 
JUN 1o89 7.28 O.OO 0000 
Jul o.oo 1.28 o.oO o.oo 
AUG o.3e 7.28 o.oo o.oo 
SEP 5.93 7.28 O.OO O.OO 
oct 21t.l1t 1.28 o.oo o.oo 
NOV . 50.07 7.28 2o53 3.79 
DEC ·72.77 7.28 35.87 5.27 

TOTAL 396.53 87.~7 112.54 23.88 

MONTH SPACE 
JAN 110.3! 
FEB 63.llt 
MAR 92.59 
APR iuo.uo 
MAY 100.00 
JUN 100.00 
JUL 100.00 
AUG 100.00 
SEP 100.00 
OCI 100.ou 
NOV 'lit.95 
DEC 50.71 

IOIAL 11.&2 

SOLAR FRACTION &ROSS 
WATER COMBINED SPACE 21t.,, 
31.86 
lt3.52 
,,.11 

100.00 
100.00 
100.ou 
100.00 
100.00 
100.00 

47.93 
27.60 
12.,1 

38.99 
60.06 
87.00 
99.25 

100.00 
·100.00 
100.00 
100.00 
100.00 
100.00 
ea.9e 
1te.61 
Ii.Bi 

:so. ,3 
ltl.97 
52.ltlt 
29.89 
U.91 
1.e9 
o.oo 
o.3e 
5.93 

24.34 
lt7.51t 
36.90 

283.99 

FUEL RATESCS/BTU DELJVEREDI SPACE o.oo WATER 

TABLE B.27 

lii.72 
SAVIN&SUI 

WATER 
1.a2 
2.32 
3.17 
,.oo 
7.28 
7o28 
7.21 
1.28 
1.21 

NET SAVIN6SCU 

29ollt 
lt0olt3 
lt9ollt 
n.n 
15.60 

5olt1 
3.68 
lto06 
9o60 

21.21 
lt6o3l 
35.31 

298.16 

OoOO FAN ON•TIME RATEcS/HRJ Oo03 

----- - - - ·· - ·- ------
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SOUR ENER6J ANALYSIS 

HEAT W/0 SOLARIMC6ABTUI HEAT W/SOLARIME&ABTUI SnLAR PUMP ON•TIMCCHRSI 
MONTH SPACE WATER . SPACE WATER 
JAN 23.081t 2.2063 20.n1t 1.1,u 120.00 
FEB 20.11t2 2.2063 16.522 1.7662 210.00 
MAM 17,1'0 2,2063 12.n2 1,6871 300.00 
APR 9.0!180 2,2063 3.6728 1.lt31t0 31t7,11t 
MAY 3.6308 2.2063 0,321t19C•01 0,688't8 306,28 . ' ' ~ 

JUN o,57322 2,20,3 0.00000 o,U076E•OJ 187.86 
JUL 0.21233C•Olt 2,2063 0,00000 0.00000 161.2, 
AU& o.1h66 2.2063 0,00000 0.00000 158.57 
s 7 6 2 063 0 00000 0 00000 9 
ocT 7,3763 2,2063 1.8723 1,2316 261t,57 
NOV 1!!,173 2,2063 U,266 1,71t02 21to.oo 

2 ' 7 
TOTAL 120.16 26,lt7!1 8!1,lt32 12,131 26!1!1.3 

COST OF HEAT W/O SOLAR($) COST OF HEAT W/SOLARCSI COST OF OPERATIN& SYSTEM($) 
M NTH SP WAT E A CR 
JAN 76.18 1.21 68,U 5, 93 3,60 
FEB 66.lt7 1.21 !llt,52 5,83 6,30 
MAR !16 6 8 0 70 !I !17 
APR 29.89 7,28 12,12 lt,73 10,ltl 
MAY u.,. 1.21 o,u 2,27 ,.1, 
J N 1 8 0 00 0 Olt 
JUL o.oo 7,28 o.oo o,oo ...... 
AU& 0.38 7,21 0,00 0,00 lt,76 
s 5 9 8 a 0 00 
OCT 21t.31t 7.28 6,18 lt,06 7,91t 
NOV 50,07 7,28 37,11 !l,71t 7,20 

72 a 5 86 
396.!13 87.368 281.91 ltO ,032 79,6!18 

SOLAR FRACTION &ROSS SAVIN&SCS) NET SAVIN&SCSI 
IIONTH SPACE WATER SPACE WATER 
JAN 10, 7 18. a.a 1.3!1 5.11 
FEB 17,97 19.91t u.91t le't!I 7,10 
IIAR 21.u 23.52 15.93. 1.11 8.6!1 
APR 9,lt!I 3!1.0 11.11 2,!l!I 9,91 
MAT ll9,11 68.79 u.87 !le01 7,69 
.iUN oa.oo 99.sa 1,89 .1 n ,!10 
,IUL 100,00 100.0 o.oo 7,28 2,ltlt 
AU& 100,00 100.00 0,31 7,28 2.,0 
SEP 100,00 100.00 !1.93 7,28 7,82 

It. 2 ltlt. 1 .1 ,22 3,ltlt 
2!1,75 21.12 12,89 1,51t 7,23 
13,'t3 19.!12 ,.11 1,lt2 !1,80 

lt,1 111t. It , 3ft 2.28 

FUEL RATESCS/BTU DELIVERED) SPACE 0,33000[•0!1 WATER 0,33000E•O!I FAN nN•TIM[ RATECS/Hltl O.!OOOOE•O 

·-

TABLE B.28 



MONTH 
JAN 
FEB 
MAR 
APR 
MAY 
JUN 
JUL 
AU6 
SEP 
Ocf 
NOV 
DEC 

rOTAL 

MNTH 
JAN 
FEB 
MAR 
APR 
MAY 
JUN 
Jul 
AUG 
SEP 
OCT 
NOV 
DEC 
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SOLAR ENERGY ANALYSIS 

HEAT W/O 
SPACE 

23e081f 
20.11t2 
17.160 
9.0580 
3.6308 

0.51329 
0.21233E•Olt 
0.11'+66 
1.7963 
1.3763 
15.173 
22.053 

120.16 
cOST OF HEAT 

SPACE 
16.le 
66.'+7 
56.63 
29.H 
11.98 
1.89 
o.oo 

·0.39 
5.93 

24.311 
50.07 
12.11 

S0LARIME6ABTU) 
WATER 
2.2063 
2.2063 
2.2063 
2.2063 
2.2063 
2.2063 
2.2063 
2.2063 
2.2063 
2.2063 
2.2063 
2.2063 

2'.1t7!S 
W/0 SOLARCSI 

WATER 

. 

1.21 
7.28 
7.28 
7.28 
7.28 
7.28 
1.28 
7.28 
7.28 
1.28 
1.2a 
7.28 

SOLAR FRACTION 
WATER COMBINED 

HEAT W/SOLARIMEGABTU) snLAR PUMP ON•TIHEIHRS) 
SPACE 
180127 
13.170 
8.21tOlt 

0.86880£-01 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 

7.37'11t 
16.121 

63.120 
COsT OF HEAT 
SPACE 
!59.82 
lt3elt6 
21.1, 
o.29 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 

21t.!lf 
53.20 

WAT£R 
1. 71f07 
1.683ft 
1.5096 

o. 1h81tO 
o.381t97E.:01 
0.00000 
0.00000 
0.00000 
0.00000 
0.22426 
1.6071 
1.7167 

9.5186 
W/SOLARIS) 

wATCR s., .. 
5.56 
... ,a 
3.29 
0.13 
o.oo 
o.oo 
o.oo 
o.oo 

98.571 
110.00 
265.71 
309.57 
161.57 
151.llt 
150.00 
150.00 
15D.OO 
171i.!S7 
1,,.11 
1n,n 

2121.0 
COST OF 

2 • 
&ROSS 
SPACE 

3 • 
SAVIN&SIU 

WATER 

6 • 
NET SAVINfiSCS) 

19.33 
23.76 

OP[RATIN& SYSTEMISI 

FUEL RATESCS/BTU DELIVERED) SPACE Oo33000E•05 WATER 0.33000E•05 FAN nN•TIME RATEII/HRI Oe30000E•01 

TABLE B.29 



JAN 
FEB 
MAR 

JUL 
AU& 
s p 
OCT 
NOV 
D 

TOTAL· 

MONTH 
JAN 
FEB 
IIAR 

PR 
IIAT 
JUN 
JUL 
AU& 
SEP 

W/0 SOLARlME&ABTU) 
WA 
2.2063 
2.2063 
2 0 3 

2.2063 
2.2063 
2 OU 
2.20n 
2.2063 
2 

120.16 26.'t75 
COST OF HEAT W/0 SOLAR(II 

p WA R 
76.18 1.21 
66.'t7 7.28 
56 8 
29.89 7.28 
11.98 7.28 

1 8 
o.oo 7.28 
0.38 1.21 
5 9 1 8 

2't.3't 7.28 
50.07 7.28 
72 77 7 8 

396053 8 .368 
SOLAR FRACTION 

SPACE 
'tOe 7 . 
63e6't 
93.99 

1 Oo 0 
100.00 
100.00 
1 o.oo 
100.00 
100.00 

WATER COMBINED 
2,.0 ,. 
32059 60057 
't2.51 88.13 ,,.1 ,. ,. 

100.00 100.00 
00.00 100.00 

100.0 100.00 
100.00 100000 
100.00 100.00 
1 • 1 o. 

.. ,.,2 92.52 
26o't7 lt9o09 

108 

-
W/SOLARlME&ABTUI SOLAR PUMP ON•TIMElHRS 

0.00000 
0.00000 

0 00 
0.00000 
0.00000 
0 00000 
0.00000 
0.121177 

E 

o.a5799t•o1 
0.00000 

0 000 
0.00000 
0.00000 
0 00000 
0.00000 
1.1112 

22 
32.88't 7.309't 

COST OF HEAT W/SOLAR(I) 
A E A ER 

,so12 5.53 
2,.11 •• 91 

0 't 19 
OoOO 0028 
o.oo OoOO 

0 0 
o.oo o.oo 
OoOO o.oo 
0 00 0 00 
OoOO o.oo 
0.,2 3.86 

35 'tO 5 35 

,o.ooo 
lH.86 

2.10 
3.99 

.. ,, 
,.oo 

108052 2,.121 1t9.980 
&ROSS SAVIN&S(S) NET SAVIN&S(I) 
SPACE WATER 
31006 1.15 
42.30 2.37 
53023 3e10 
29.89 1.00 
Ue91 1.21 
1.89 1.21 
o.oo 1.28 
o.,a 1.28 
5093 70211 

2,.,. 028 
't9e65 3o't2 
37.37 lo93 

0.11 
't0o68 
't9e12 

:s.611 
'te06 
9.60 

21.21 
't8.06 
35.57 

OPERATIN& 

FUEL RATES(S/BTU DELIVERED) SPACE 0033000[•05 WATER 0.33000[•05 FAN nN•TIM[ RATECS/HRI o.:sooooc-01 

TABLE B.JO 



SMALL COLLECTOR AREAS 

COLUMBUS, OHIO 

F-CHART 

B.Jl - B.J6 Fractions at 1.0, 2.0, 4.o, 6.o, 8.o, 10.0m2 
without 'i'o< effect and = O.J. 

SESP 

109 

B,37 - B.48 Inputs and corresponding outputs for co112ctor 
areas of 1. O, 2. O, 4. O, 6. O, 8. 0, 10. Om 
using SESP (new). 



F-CHART WORKSHEE"T 3 

SOLAR HEATING LOAD FRACT\ON 

E. AREA= 1.0 [M2] 

F. STORAGE SIZE CORRECT ION FACTOR (X/Xo)::. _l_.o __ _ 

G. LOAD HEAT EXCHANGER CORR.£.CTION FACTOR (Y/Yo)= _l_.o __ _ 

C 12. C 13. C 14. C l 5. . C l6. 

MO CORRECTED CORREC"'f'EO 

NT X/A Y/A X y F 

H (CB.)~(F.) (Cll.)"(G.) (C l2.) x(£.) (C 131x( E.) 

JAN .0366 . 00686 .0366 .00686 . 0047 . 

FEB .0374 .00940 .0374 .0094 .0072 

MAR .0453 .0146 .0453 .0146 . 012 

APR .0690 .0258 .0690 .0258 .022 

MAY .1253 .0532 .1253 .0532 .046 

jUN .2368 .1140 .2368 . 1140 .099 

JUL' .2869 . 1414 .2869 .1414 . 122 

AUG .2776 . 1366 .2776 . 1366 .1181 

SEP . 1731 .0940 .1731 .0940 .0834 

OCT .0812 .0343 .0812 .0343 .0297 

NOV .0480 .0140 .0480 .0140 . 0112 

DEC .0338 .00740 . 0338 ~ .0074 .0054 

ANNUAL FRACTION BY SOLAR (TOTAL,C 17.) / (TOTAL,C5.)-:: .0195 TOTAL 

TABLE B.Jl 

C \ 7. 
H~AT \NG LOAD 

SUPPL\ED 

[J/MONTH] (CIG.)(C5.) 

.1265 xl09 

. 1619 xl09 

.248 x109 

.2465 xlO~ 

.2936 xl09 

.3034 x109 

. 3111 xl09 

.3154 xl09 

.3633 xl09 

.3070 xl09 

.207 xl09 

.1557 xl09 

3.0652 xl09 

f---' 
f---' 
0 



F-CHART WORKSHEE, 3 
SOLAR HEATING LOAD FRACT\ON 

E. AREA= 2.0 [M 2] 

F. STORAGE SIZE CORRECT ION FACTOR (X/Xo) = _l_._o __ _ 

G. LOAD HEAT EXCHANGER CORR.E..CTION FACTOR (Y/Yo)= 

C 12. C 13. C 14. C \ 5. 
MO CORRECTED CORR£C1'EO 

NT X/A Y/A X y 

H (C8.)x(F.) (Cll.)><(G.) (C 12.) x(~.) {Cl3~)((E.) 

JAN .0366 .00686 .0732 .0137 

FEB .0374 .00940 .0748 .0188 

MAR .0453 .0146 .0906 .0292 

APR .0690 .0258 .138 .0516 

MAY .1253 .0532 .2506 .1064 

J"UN .2368 .1140 .4736 .228 

JUL .2869 . 1414 .5738 .2828 

AUG .2776 .1366 .5552 .2732 

SEP . 1731 .0940 .3462 .188 

OCT .0812 .0343 .1624 .0686 

NOV .0480 .0140 .096 .028 

DEC .0338 .00740 .0676 - .0148 

ANNUAL FRACTION BY SOLAR (TOTAL,Cl7.)/(TOTAL1 C5.)-::: .0384 

TABLE B.J2 

1.0 

C \6. 

F 

.0093 

.0144 

.024 

.0435 

.0906 

.1918 

.2352 

.2277 

.1626 

-.0589 

.0224 

.0108 

TOTAL 

C \ 1. 
HEAT \NG LOAD 

SUPPL\ED 

[J/MONTH] (CIG.)(CS.) 

.2504 x109 

.3393 xl09 

.496 xl09 

.523 x109 

.5783 x109 

.5879 x109 

.5998 xl09 

.6082 x109 

. 7083 xl09 

.6088 xl09 

.4139 xl09 

. 3114 xl09 

6.0253 xl09 

I-' 
I-' 
I-' 



MO 
NT 

~ 

JAN 

FEB 

MAR 
APR 

MAY 
jUN 

JUL 
AUG 

SEP 

OCT 

NOV 

DEC 

E. AREA= 4.0 

F-CHART WORKSHEE.l" 3 
SOLAR HEATING LOAD F RACT \ON 

[M2] 
F. STORAGE SIZE CORRECTION FACTOR (X/Xo) =- 1.0 

G. LOAD HEAT EXCHANGER CORR£.CTION FACTOR (Y/Yo)~ 

CI 2. C 13. C 14. C l 5. 
CORRECTED CORR£CTEO 

X/A Y/A X y 

(C8.)x(F.) (C 11.))((G.) ( C l 2.) )(. ( £ .) (C 131~ ( £.) 

.0366 .00686 .1464 .0274 

.0374 .00940 .1496 .0376 

.0453 .0146 . 1812 .0584 

.0690 .0258 .276 .1052 

. 1253 .0532 .5012 .2128 

.2368 . 1140 .9472 .4560 

.2869 . 1414 1.1476 . .5656 

.2776 . l -366 l. 1104 .5464 

. 1731 .0940 .6924 .3760 

.0812 .0343 .3248 .1372 

.0480 .0140 .1920 .056 

.0338 .00740 . 1352 - .0296 

ANNUAL FRACTION BY SOLAR (TOTAL,C 17.) / (TOTAL, C 5.)-::: .0742 

'I'B.BU b • 3 3 

1.0 

C \6. 

F 

.0185 

.0287 

.0287 

.0858 

.1760 

.3604 

.4353 

.4227 

.3093 

.1157 

.0444 

.0215 

TOTAL 

C \ 7. 
HE.AT \NG LOAD 

SUPPL\£.D 

[J/MONTH] (Cl6.)(CS.) 

.498 xl09 

.6763 xl09 

.6763 xl09 

l . 0316 x109 

l. 1234 xl09 

l .1046 xl09 

1.110 xl09 

l. 129 xl09 

l. 3473 xl09 

l. 196 xl09 

.8204 xl09 

.6199 xl09 

11.6382 x109 

I-' 
I-' 
N 



F"-CHART WORKSHEE'T 3 
SOLAR HEATING LOAD FRACT\ON 

£. AREA= 6.0 [M 2] 

F. STORAGE SIZE CORRECT ION FACTOR (X/X-o)::: __ ,._o __ _ 
G. LOAD HEAT EXCHANGER CORR£.CTION FACTOR (Y/Yo)= 

C 12. C 13. C 14. C l 5. 
MO CORRECTED CORRECTED 

NT~ 
X/A Y/A X y 

(C 8.) x ( F.) (Cll.),<(G.) ( C l 2.) x ( ~ .) ( C 13~ x ( E .) 

JAN .0366 .00686 .2196 .0411 

FEB .0374 .00940 .2244 .0564 
.. 

MAR .0453 . . 0146 . 2718 .0876 

APR .0690 .0258 .4140 .1548 

MAY .1253 .0532 .7518 . 3192 

J"UN .2368 . 1140 1.4208 .684 

JUL .2869 .1414 l. 7214 .8484 

AUG .2776 .1366 1.6656 .8196 

SEP . 1731 .0940 l. 0386 .564 

OCT .0812 .0343 .4872 .2058 

NOV .0480 .0140 .288 .084 

DEC .0338 .00740 .2028 .0444 

ANNUAL FRACTION BY SOLAR (TOTAL,C 17.) / (TOTAL, C 5.) ~ .1075 

'tA.J::S~ B. 34 

1.0 

C l6. 

F 

.0277 

.0428 

.0707 

.1269 

.2563 

.5074 

.6032 

.5874 

.4407 

.1703 

.0661 

.0321 

TOTAL 

C \ 7. 
HEAT\NG LOAD 

SUPPL\£D 

[J/M0N1H] (Cl6.)(C5.) 

.7457 xl09 

1.0085 xl09 

l. 4612 x109 

1.5257 xl09 

l. 636 xl09 

1.5552 xl09 

1.5382 xl09 

1.5689 xl09 

l . 9197 x109 

1.7604 x109 

l . 2214 xl09 

.9255 xl09 

16.8664 x109 

~ 
~ 
'-.v 



F-CHART WORKSHEEl" 3 
SOLAR HEATING LOAD FRACT\ON 

E. AREA= 8.0 [M 2] 

F. STORAGE SIZE CORRECTION FACTOR (X/X 0 )::. _l._O __ _ 

G. LOAD HEAT EXCHANGER CORR£.CTION FACTOR (Y/Yo)= 

C 12. C 13. · C 14. C l 5. 
Mo CORRECTED CORR£CTEO 

N X/A Y/A X y 
T 

(C8.)x(F.) ( C 11.) >< ( G .) ( C \ 2.) x ( t: .) {C l3~x( E.) H 

JAN .0366 .00686 .2928 .0548 

FEB .0374 .00940 .2992 .0752 

MAR .0453 . 0146 .3624 .1168 

APR .0690 .0258 .552 .2064 

MAY . 1253 .0532 1. 0024 .4256 

jUN .2368 .1140 1 .8944 .912 

JUL .2869 .1414 2.2952 1 . 1312 

AUG .2776 . 1366 2.2208 1.0928 

SEP . 1731 .0940 1.3848 .752 

OCT .0812 .0343 .6496 .2744 

NOV .0480 .0140 .384 .112 

DEC .0338 .00740 .2704 . 0592 

ANNUAL FRACTION BY SOLAR (TOTAL,C 17.) / (T0TAL,C5.) ~ . 1386 

'j1ABLE B. J 5 

1.0 

C \6. 

F 

.0368 

.0567 

.0936 

. 1668 

. 3319 

.6343 

.7419 

. 7245 

.5578 . 

.2229 

.0875 

.0426 

TOTAL 

C \ 7. 
HE.AT \NG LOAD 

SU PPL\£.D 

[J/MONTtt] (Cl6.)(C5.) 

.9907 xl09 

1. 3361 xl09 

1. 9344 xl09 

2.0054 xl09 

2 .1185 x109 

1. 9441 xl09 

1. 8918 xl09 

1 . 9351 xl09 

2.4298 xl09 

2.3041 . xl09 

1.6168 xl09 

1. 2282 . xl09 

21. 735 .. xl09 

I-' 
I-' 
~ 



MO 
NT 

H 

JAN 

FEB 

MAR 

APR 

MAY 
J"UN 

JUL 

AUG 

SEP 

OCT 

NOV 

DEC 

E. A REA= 10.0 

F-CHART WORKSHEE, 3 
SOLAR HEATING LOAD F RACT \ON 

[M2] 
F. STORAGE SIZE CORRECTION FACTOR (X/Xo):: 1.0 

G • L O A D HEAT EX CH.ANG E R C O R R £.CT ION FACT O R ( Y /Yo) =-

C 12. C 13. C l 4. C \ 5. 
. CORRECTED CORRECTED 

X/A Y/A X y 

(C 8.) x ( F.) (C 11.) )( (G.) ( C l 2.) x ( £ .) (C 13~x( E.) 

.0366 .00686 .366 .0686 

.0374 .00940 .374 .094 ·-

.0453 .0146 .4530 .146 

.0690 .0258 .69 .258 

. 1253 .0532 1.253 .532 

.2368 .1140 2.368 1.14 

.2869 .1414 2.869 l. 414 

.2776 .1366 2.776 1. 366 

. 1731 .0940 l. 731 .940 

.0812 .0343 . 812 .343 . 

.0480 .0140 .480 .140 

.0338 .00740 .338 .074 

ANNUAL FRACTION BY SOLAH (T0TAL,Cl7.)/(TOTAL,C5.)-:: .1674 

TABLE B.J6 

1.0 

C \6. 

F 

.0458 

.0705 

. 1160 

.2056 

.4027 

.7427 

.8543 

.8367 

.6615 

.2734 

.1085 

.053 \ 

TOTAL 

C \ 7. 
HEAT \NG LOAD 

SUPPL\£.D 

(J/MONTH] (CIG.}(cs.) 

1.233 xl09 

l. 6613 xl09 

2.3974 xl09 

2. 4719 xl09 

2.5704 xl09 

2.2764 xl09 

2. 1785 xl09 

2.2348 xl09 

2.8815 xl09 

2.8261 xl09 

2.0049 xl09 

1.5280 xl09 

26.2642 xl09 

I-' 
I-' 

\..J\ 



Cl C2 C3 
C 1.0 1.0 12.0 

I 2 3 

DD 1087. 2 948.6 808.2 

I 2 3 
HBt\~ 474.6 729.0 1090.0 

I 2. 3 
TAMB 30.2 32.0 39.2 

I 2 3 
2.0 0.0 0.0 

GAL 
13 14 tS 

3.5 5.3 2.5 

STO A CH 
165.36 10. 76 12.41 

UA X.M B 
4262.5 .66 .68 

aw RLAT T\ 

3.3 40.0 70.0 

SESP INPUT OA"T A. 

LOCATION: COLUMBUS, OH IO -----------

C4 cs 
1.0 0.0 

4 5 6 7 8 9 

426.6 171.0 27.0 .001 5.4 84.6 

4 5 s 7 8 9 
1446.7 1797.l 2069.2 1996.0 1756.6 1554.0 

4 5 6 1 8 9 

51.8 60.8 69.8 73.4 71.6 64.4 

4 5 G 1 8 9 
0.0 0.0 0.0 1.4 4.8 7.3 

l S 1.1 18 \9 20 2\ 
2.3 2.0 3.8 6.9 11.8 9. 6 

' . 
cc TILT VOL . 

13.22 55.0 19.82 

Ar. DENH DENC SPHT\-\ SPHTC TH0T 
0.0 8.89 8.34 .8 1.0 140.0 

TLIM &FAN UATOP UA 80, UASEG ETA 

68.0 .03 1. 41 1.41 . 141 .7 

TABLE B.37 

,o I I 

347.4 714.6 

10 ' \ 
1053.0 655.0 

10 I l 

53.6 41.0 

10 I I 

8.4 6.9 

22 23 
6.9 5.4 

TCOLD RLOSS 
51.8 21232.9 

GPH ETA2 

480.0 .6 

12 

1038.6 

12 

486.0 

\ 2 

32.0 

12 

4.6 

24 
4.7 

ss 
3.3 

GP\.\2 

------ I--' 
I--' 

°" 
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Hl'AT Win sntA~IMF(;AHTIII HFAT 1.,1/Snt. AR IMFr.ARTlll SnL AP PIIMP nN-Tl MF I HRS l 
MIINTR SPllt:F Ull t FR SPAt:F UAfFil 
JAN 2'1.0A 7.71 7'1.h7 l .RO 1 ,-,7 _ )4 
FFB 2n. 14 7. 71 7n.,-,, 1 .An 74n.nn 
MAR I 7. 11, ,.,, t?.e:A I .•In ue:.11 
APR g_n,.. 2 -71 g_47 l.AO 1Qn.nn 
MAY '·"'' ?.71 ,i_g4 l .AO o;,,;. 71 
.JIIN h. e:, '-·" o.AZ I.Ao 11<$.Qq 
JI JL n.nn 7.71 n.'ln 1.1"'1 71Q.QQ 
All(; n.11 2 .71 0.47 1.1"'1 11g . gg 
SFP I. Ah 7 .7( 7 .hh I • Ari 4A4.7A 
nr.r 7.'IR 7 .71 7. 7'1 I .An 4'17.A,<. 
NOV l <;. I 7 2.71 1,;.1-,4 1 .Rn 774.7R 
I\Ft 22.l)a; 

;, ·" ". q I.Rh ,tA.1\1 
rnTAL 12n.11-, 7h.4A 174.79 71 .41> <;;>7R 0 <;7 

c nsr nF HFAT w/n c;rn_ AR I '.J l r.nsr nF I-IFAT W/SOI . AP I" l nPFRATJNr. r.nsr1 $, 
MIII\IIR SPAt. F WAIFR <;PAI. F WAJFU 
JAN 7h. l A 7.7A Tl .go; 'i .94 o; .n l 
FFf\ 1-,1-,.47 1.7A hA.01> ,;_g4 7.70 
MAR a;,.;. n • I. )R 'iR.h"\ a:;_44 q. I I 
APR 29.A9 1.7A 'll .1 n o;.g4 11. 70 
MAY 11. g11 7.7R 12.99 <;.Q4 lh.07 
JIIN i .A4 I. )R ) . ,,., ., .4 !( 7 I .AO 
,JIil n.nn 7.7A 0.9A o;.1n 71 .1,n 
All(; n. 'IA 7.7A 1,o;o; 'i.70 71.l>O 
SFP ',.4 !( t.7R fi. 14 a,.Q4 I 4. a, • 
nC:T 24.'14 7.7A 7 'i. <; 7 'i.Q4 17.gg 
NnV c;n.n1 7 . 7A 'i] ·" 1 <;.Q4 R • 7'1 
ii~C I 2. I I l.)R 14.4 I 'i .Q4 1,.e;,.; 

TnTAL '191-,.'i'I A7.'17 41 l.AO • 70.R7 " 1 'ii-, 0 AI, 

Snt_AR FRAC:T!ON r.11nss <;AV !Nr.q "1 NFT SAV 1 Nr.S I .. l 
MIINIH SPXl,J.! WKIFk i.llMR f KiFli SPhi.F WAIFP 
JI\N -;>. '17 1 R.'17 -o .<;7 -1. 77 I. '14 -<;.4,; 
F t= f\ -;>.4n l A. 'I 7 -o. ,r; -1 .l>O 1. '14 -7.41-, 
Md.k -).41 [A• "1 I -11.oq _, .411 I. 14 -Q • M • 
APR -4.0'I I A. '17 n.,,, -1.?0 1 .'14 -I J.<;7 
MAY -R.44 I A. '17 '_,-.,9 -1.01 1. '14 -1 r;. 7'i 
JIIN -4"i.fia; I k ."i I 'i. 12 -11.Mfi 1.:p:; -? I. I I 
JIil ***'""** 7 I. 77 R. '12 -0.QR 1 • 'iA -7n.gg 
Allr. - ·:nn 0 RQ 71. 1h 'i. '17 -1. 1 A 1. 'iA -?1. 19 
~FP -[4.S\i I"•:, I • .nt -n.Hn I . • :::c4 - I 4.il'i 
OC:T -4.A4 1 A. '17 n."1 -1 .1 A 1. '14 -17.A'I 
NOV -'I.OR 111 .'17 -o. 'l'i -1 • 'i4 l. '14 -A 0 4'1 

TnTAL -'l."'i l A. 94 n.71 -l 'i. 71> 11>. 'i'i -1 'i<;. 'i7 

Fllfb IUTF~ I« 'IHlt QFI_ JI/Fqfl'II SIIAF.f AdHl L" T FD A,AA fUI rn1 TI t4F RATFI «111111 Fl• Fl"1 

TABLE B.J8 



Cl C2 C3 
C 1. 0 1.0 12 . 0 

I 2 3 
DD 1087.2 948.6 808.2 

I 2 3 

HBA~ 474.6 729.0 1090.0 
I 

I 2. 3 
TAMB 30.2 32.0 39.2 

I 2 3 
2.0 0.0 0.0 

GAL 
13 14 15 

3.5 5.3 2.5 

STO A CH 
330. 71 21.53 24.82 

UA XM 8 
4262.5 .66 .68 

aw RLAT Tl 

3.3 40.0 70.0 

SESP INPUT OAl" A. 

LOCATION: _____ ...;__ ____ _ COLUMBUS. OH IO 

. . 

C4 cs 
-1.0 0.0 

4 5 6 7 8 9 

426.6 171. 0 27.0 .001 5.4 84.6 

4 5 6 7 8 · 9 
1446.7 1797. 1 2069.2 1996.0 1756.6 . 1554. 0 

4 5 6 1 8 9 

51.8 60.8 69.8 73.4 71. 6 64.4 

4 5 6 7 8 9 

0.0 0.0 0.0 1.4 4.8 7.3 

l 6 11 18 \9 20 2\ 
2.3 2.0 3.8 6. 9 11.8 9.6 

cc l"ILT VOL 

26.44 55.0 39.64 

A 1:. PENH DENC SPHTH SPHTC THOT 
0.0 8.89 8.34 .8 1.0 140.0 

TUM &FAN UATOP UABOT UASEG ETA 

68.0 .03 1. 41 1.41 .141 .7 

1rABLE B;39 

10 I I 

347.4 714.6 

10 I \ 

1053.0 655.0 

10 I l 

53.6 41.0 

10 I I 

8.4 6.9 

22 23 
6. 9 5.4 

TCOLD RLOS$ 
· 51.8 21232.9 

GPH ETA2. 
480.0 .6 

12 

1038.6 

12 

486.0 

l 2 

32.0 

12 

4.6 

24 
4.7 

ss 
3.3 

GP'°"2. 
------

1--' 
1--' 
OJ 



119 

•••SOLAR ENERGY ANALYSIS••• 

HEAT W/0 SOLAR(MEGABTUI HEAT WISOLARIMEGABTUI SOLAR PUMP ON•TIMEIHRSI 

137.1' 
--~M-ONTH SPACE WATER SPACE WATER 

JAN 23.09 2.21 23.1t6 1.80 
FEB 2Oellf 2.21 20.•2 1.80 
MAR 17.16 2.21 17.32 1.80 
APR 9.06 2.21 9.10 1.80 
MAY 3o63 2.21 3.59 1.80 
JuN o.,z 2.21 o.,a 1,68 
JUL OoOO 2 021 0.21 1.•9 
AUG Ooll 2.21 O.31f 1 05• 
SEP 1,80 2,21 1.66 1.79 
ocT 7,38 2.21 1.•o 1.80 
NOV 15.17 2.21 15.lf2 1.80 
0Et 22.05 2.21 22.38 1.ao 

TOTAL 120016 260118 121-89 20.91 

222.86 
308.57 
385. 71 
•8•.28 
719.99 
111.•2 
715.71 
1128.57 
361f.28 
252.16 
197.i, 
lt928.52 

COST OF HEAT W/0 SOLAR(SI COST OF HEAT WISOLARIS I OPERATING _cosTcSI 
MONTH SPACE WATER SPACE NATER 
JAN 76.18 7.28 77.lt3 5-911 
FEB 66olt7 7.28 67.37 5.9ft 
MAR 56.63 7,28 57,15 s.,, 
APR 29e89 7.28 30 0011 5 09ft 
MAY 11e98 7e28 11.85 5.911 
JUN 1,19 7,28 1,93 5.55 
JUL OeOO 7-28 O.71 ·1t 0 92 
AU& Oe38 7e28 1.11 5.07 

___ S£P 5,9! 1.2a 5-!9 5.90 
OCT 21fo311 7,28 2•••• 5.91f 
NOV 5OeO7 7.28 50.87 5.91f 
DCC 12,1i 7,28 73,87 5,9, 

TOTAL 396e53 87.37 IIO2.21t 68.99 

MONTH 
JAN 
FEB 
MAR 
APR 
MAT 
JUN 
JUL 
AUG 
SEP 
OCT 
NOV 
DEC 

TOTAL 

•Oolt9 
lollf 

•1oao 
••••••• 
•t93e79 

7olt1 

SOLAR FRACTION &ROSS 
WATER COMBINED SPACE 
18.37 0.11 -1.25 
18.37 o.59 -0.,1 
1s.31 1.28 -o.52 
18037 3.20 -O.15 
18.37 7.65 0.1• 

-23.79 18.51 •OoO3 
32.lfO 22.~6 •O.71 
30.'12 19o31f •O.73 
1a.9• 13.76 o.•• 
18.37 3.93 -O.O9 
18.37 o.93 -o.ao 
18.37 O.30 -1.09 
21.04 2.62 -5.71 

•• 11 
6-69 
7,26 

U.57 
llt.53 
21,60 
21.5" 
21.•n 
12,86 
10.,3 

7.!19 ,,,1 
1117086 

SAVIN&SISI 
WATER 

1o31t 
1.3. 
1.73 
2.36 
2.21 
1.38 

18038 

NET SAVIN&S(SI 

•ltoO3 
•6025 
•a••• 

·10.38 
•13.06 
•19090 
•19.69 -1,.,, 
-11.0• 

-us.19 

FUEL RATES(S/BTU DELIVEREOI SPACE OoOO WATER OoOO FAN ON•TIME RATEcSIHRI OoO3 

TABLE B,40 



w SESP INPUT OA,A. 

LOCATION: COLUMBUS, OH IO 

Cl C2 C3 C4 cs 
C 1.0 1.0 12.0 1.0 0.0 

I 2 3 4 5 6 7 8 
DD 1087 . 2 948.6 808.2 426.6 171. 0 27.0 .001 5.4 

I 2 3 4 5 G 7 8 
HBAR 474.6 729.0 1090.0 1446.7 1797.l 2069.2 1996.0 1756.6 

I 2 3 4 5 6 1 8 
TAMB 30.2 32.0 39.2 51.8 60.8 69.8 73.4 71.6 

I . 2 3 4 5 6 7 8 
2.0 0.0 0.0 0.0 0. 0 0.0 1.4 4.8 

GAL 
13 14 l5 16 lr 18 19 20 

3.5 5.3 2.5 2.3 2.0 3.8 6.9 11.8 

STO A CH cc ,ILT VOL 
661.42 43.06 49.63 52.88 55.0 79.28 

UA XM B Ac DENH DENC SPHTH SPHTC 
4262.5 .66 .68 0.0 8.89 8.34 .8 l. 0 

aw RLAT Tl TUM &FAN UATOP UABOT UASEG 

3.3 40.0 70.0 68.0 .03 1.41 1.41 . 141 

Ti\BLE B.41 

9 10 

84.6 347.4 

9 10 

1554.0 1053.0 

9 10 

64.4 53.6 

9 10 

7. 3 8.4 

21 22 
9.6 6.9 

THOT TCOLD 
140.0 5l.8 

ETA GPH 

.7 480.0 

I I 

714.6 

l I 
655.0 

I I 
41.0 

I I 

6.9 

23 
5.4 

RLOS$ 
21232.9 

ETA2 

.6 

12 

1038.6 

12 

486.0 

l 2 

32.0 

12 

4.6 

24 
4. 7 

ss 
3.3 

GP\.\2 

------
f-' 
I\) 

0 



•••SOLAR ENERGY ANALJSis••• 

HEAT W/0 SOLARIME&ABTU) HEAT W/SOLARIME6ABTU) 
---H-PNTH SPACE WATER SPACE WATER 

JAN 23.09 2.21 23.10 1.80 
FEB 20.1, 2.21 19.95 1.80 
MAR 17.16 2.21 16.7! 1.80 
APR 9oO6 2.21 8042 1.80 
MAY 3.63 2.21 2.87 1.77 
JUN 0.57 2.21 0.32 1.28 
JUL OoOO 2.21 O.OO 1.02 
AU& Ooll 2.21 O.OO 1.13 
SEP 1.80 2.21 1.15 1.57 
OCT 7.38 2.21 6.71 1.80 
NOV 15.17 2.21 14.93 1o8O 
DEC 22.05 2.21 21.98 1.80 

TOTAL 120.16 26.lt8 116015 19 0 39 
COST OF HEAT W/0 SOLARCS) COST OF HEAT W/SOLAR(S 
MONTH SPACE WATER SPACE WATER 
JAN 76 18 7.28 76.21t 5o91t 
FEB 66olt7 7.28 65.85 !5 091t 
MAR 56,63 1,21 55.2!5 5,9! 
APR 29.89 7.28 27.79 5.94 
MAY 11098 7.28 9olt6 !5o85 
wUN 1,89 7.28 1.07 !,21t 
JUL O.OO 7o28 O.OO 3.38 
AU& Oo38 7o28 O.OO 3.73 
SEP 5,93 1.21 3.72 5.1'1 
OCT 24e31t 7o28 22.llt !5o91t 
NOV 50007 7.28 lt9.26 5.94 

_ __ ore 12.11 1.20 12,53 ,., .. 
TOTAL 3~6.53 87,37 383.30 63.99 

SOLAR PUMP ON•TIMEIHRS) 

128.!57 
21'1.28 
300.00 
368.57 
454.28 
66',28 
61t2.85 
638.56 
39'1.28 
317.llt 
24O.OO 
18!,29 
4!552.10 

) OPERATIN& 

3.a, 
6.lt3 
9.00 

11.06 
13.63 
19.93 
19029 
19.16 11.,. 

9o51 
1.20 
,.53 

cosT,u 

121 

SOLAR FRACTION &ROSS 
136.56 

SAVIN&SISI 
WATER 

NET SAVIN&S( U 
MONTH 
JAN 
FEB 
MAR 
APR 
MAY 
JUN 
JUL 
AU& 
SEP 
OCT 
NOV 
DEC 

TOTAL 

SPACE 
-o.09 

o.93 
2,0 
1.0, 

21.02 
0,38 

100.00 
100.00 
37.28 

WATER COMBINED SPACE 
18.37 1.53 -O.O6 
18.37 2.65 O.62 
18.37 ... 25 1.38 
18.37 ,.26 2.11 
19.63 20.!50 2.!52 
ltl.82 42 1 11t O.82 
53.!58 53.58 o.oo 
it8.82 51.35 0.31 
28.65 32.!53 2.21 
18.37 11.20 2.20 
18.37 3.75 0.11 
18.37 1.98 O.25 
26.1, 1.s1 13.23 

lo34 
1.n 
1o31t 

-7.61 
•9,68 

•16.06 
•15,38 
•15,22 

-7.68 

FUEL RATESIS/BTU DELIVERtDI SPACE 0,00 WATER OoOO FAN ON•TIME RATE1SIHRI OoO3 

TABLE B,42 



Cl C2 C3 
C 1.0 1.0 12.0 

I 2 3 

DD 1087.2 948.6 808.2 

I 2 3 
HBAR 474.6 729.0 1090.0 

I 2. '2, 

TAMB 30.2 32.0 39.2 

I 2 3 · 
2.0 0.0 0.0 

GAL 
13 14 IS 

3.5 5.3 2.5 

STO A CH 
992.13 64.59 74.45 

UA XM B 
4262 . 5 .66 .68 

aw RLAT Tl 

3.3 40.0 70.0 

SESP INPUT DA, A 

LOCATION: COLUMBUS, OH IO -----------

C4 cs 
1.0 0.0 

4 5 6 7 8 9 

426.6 171. 0 27.0 .001 5.4 84.6 

4 5 G 7 8 9 
1446.7 1797. 1 2069.2 1996. 0 1756.6 1554.0 

4 5 G 1 8 9 

51.8 60.8 69.8 73.4 71.6 64.4 

4 5 6 7 8 9 
0.0 0.0 0.0 1.4 4.8 7.3 

IS ll' 18 \9 20 2\ 
2.3 2.0 3.8 6.9 11.8 9.6 

cc TILT VOL 

79.32 55.0 118. 92 

Ac DENH DENC SPHT\-\ SPHTC TH0T 
0.0 8.89 8.34 .8 1.0 140.0 

TUM &FAN UATOP UABOT UASEG ETA 

68.0 .03 1.41 1.41 . 141 .7 

TABLE B.4J 

10 I I 

347.4 714.6 

10 I I 
1053.0 655.0 

10 I I 

53.6 41.0 

10 I I 

8.4 6.9 

22 23 
6.9 5.4 

TCOLD RLOS$ 
51.8 21232.9 

GPH ETA2 

480.0 .6 

12 

1038.6 

12 

486.0 

l 2 

32.0 

12 

4.6 

24 
4.7 

85 
3.3 

GP\.\2 

------
f-' 
I\.) 
I\.) 
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•••SOLAR ENERGY A'kALYSIS••• 

HEAT W/0 S0LARCM£GABTUI HEAT W/SOLARIMEGABTUI SOLAR PUMP ON• Tl ME hiRS I 
MONTH SPACE WATER SPACE WATER 
JAN 23.08 2.21 22.78 1.110 121t.2, 
FEB 20.11t 2.21 1'1.!53 1.110 210.00 
MAR 17.16 2.21 16.21 1.110 300.00 
APR ,.06 2.21 1.111 1.110 360.00 
MAY 3.63 2.21 2.32 1.66 11111.1t3 
JUN o.s1 2.21 o.oo o.97 lt70 0 71 
JUL o.oo 2.21 o.oo o.ss ltlt6.8' 
AUG 0.11 2.21 o.oo o.6!5 111!5.!57 
SEP 1.eo 2.21 0.611 1.31 373.:57 
OCT 7.38 2.21 '·°' 1.eo 304.28 
NOV 1!5o17 2.21 11t.1tll 1.110 21to.oo 
DEC 22.os 2.21 21.61 1.110 1e1t.2, 

TOTAL 120.16 26.ltll 111.lt6 11.1 .. 3870.98 
COST OF HEAT W/0 SOLAR(SI COST OF HEAT W/SOLARcs ' OPERATING cosTcSI 
MONTH SPACE WATER SPACE WATER 
JAN 76018 7.28 75.18 5.91t 3.13 
FEB 66011'1 7.28 61t.1t6 !5.9 .. 6030 
MAR :56063 1.28 !53.11'1 !5.91t ,.oo 
APR 2,.e, 7.28 25.67 5.,4 10080 
MAY 11,98 7.28 7.6!5 !5oll9 13.211 
JUN 1.119 1.28 0.02 a.20 111.12 
JUL o.oo 1.28 o.oo 1.83 13.41 
AU& 0o38 1.28 o.oo 2.u 12.111 
SEP s.,a 7.28 2.26 11.!1 11021 
OCT 21Jo311 7.28 20.00 5.92 ,.u 
NOV !50.07 7.28 lt7.77 s., .. 7o20 
DEC 72077 1.28 71.32 ,.,11 !5.!53 

TOTAL 396.!53 87.37 367.81 se.!S! iH.U 
SOLAR FRACTION GROSS SAVINGtcs, NET SAVIN&SCSI 

MONTH SPACE WATER COMBINED SPACE WATER 
JAN 1on 18.!, 2.ao 1.00 i.34 •ioH 
FEB 3.02 18.39 •• !Sit 2.01 10311 -2.9!5 
MAR !5.!5!5 18.1tO 1.01 3.1• lo31t -IJ.!52 
APR non 18.41 lli.97 4.22 1.34 -5.24 
MAY 36.U 21t.62 31.78 ... 33 1.1, -1.12 
JUN 99.19 !56. o• 611.,11 1.8e •.08 -8.16 
Jul 100,00 14.H 7'i.93 o.oo 5.4' -1.95 
AUG 100000 70.69 72.llf o.38 !5. 1!5 -6.91t 
SEP 61.93 110.83 :50.30 3.67 2.97 -r+.!56 
Otl 11.15 18.6it 18.03 4.3:5 1.3, -3.43 
NOV 11.s, 18.39 6.311 2.30 1.311 -3.!56 
DEC 1.,, 18039 3.119 1.11:5 lo31J •2o71t 

IOtAL 7o24 33.01 11.90 28. 72 2e.e1t •58.51 

FUEL RATESCS/BTU DELIVEREDI SPACE o.uo WATER DoOO FAN ON•TIME RATEcS/HRI Oo03 

TABLE B.44 



Cl C2 C3 
C 1.0 1.0 12.0 

I 2 3 

DD l 087. 2 948.6 808.2 

I 2 3 

HB~R 474.6 729.0 1090.0 
I 

I 2 ~ 

TAMB 30.2 32.0 39.2 

I 2 3 
2.0 0.0 0.0 

GAL 
13 14 IS 

3.5 5.3 2.5 

STO A CH 
1322.84 86. 11 99.26 

UA XM 8 
4262.5 .66 .68 

~w RLAT T\ 

3.3 40.0 70.0 

SESP INPUT DA, A 

LOCATION: COLUMBUS, OH IO -----------

C4 cs 
1.0 0.0 

4 5 6 7 8 9 

426.6 171. 0 27.0 .001 5.4 84.6 

4 5 ~ 7 8 9 
1446.7 1797.l 2069.2 1996.0 1756.6 1554.0 

4 5 6 1 8 9 

51.8 · 60.8 69.8 73.4 71.6 64.4 

4 5 6 ? 8 9 

0.0 0.0 0.0 1.4 4.8 7.3 

' 6 \1 18 \9 20 2\ 
2.3 2.0 3.8 6.9 11.8 9.6 

cc ilLT VOL 

105.76 55.0 158.56 

A 1:. DE.NH DENG SPHT\-\ SPHTC THOT 
0.0 8.89 8.34 .8 1.0 140.0 

TUM &FAN UATOP UABOT UASEG ETA 

68.0 .03 1. 41 1.41 . 141 .7 

'rABLE B.45 

10 I I 

347.4 714.6 

10 I \ 

1053 .0 655.0 

\0 I \ 

53 .-6 41.0 

10 I I 

8.4 6.9 

22 23 
6.9 5.4 

TCOLD RLOSS 
51.8 21232.9 

GPH ETA2 

480.0 .6 

\2 

1038.6 

12 

486.0 

\2 

32.0 

12 

4.6 

24 
4.7 

as 
3.3 

GP\..\2 

------ I--' 
t\) 
,f.-
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•••SOLAR ENERGY ANALYSIS••• 

HEAT W/0 SOLARCMEGABTUl HEAT W/SOLARCMEGABT~I SOLAR PUMP ON•TINECMRSI 
MONTH SPACE WATER SPACE WATER 
JAN 23.08 2.21 22.56 1.eo 121t.29 
FEB 20.111 2.21 19.21 1.80 210.00 
MAR 17,16 2.21 15, 77 1,eo 300,00 
APR 9.0, 2.21 7.25 1.78 !60.00 
MAY 3.63 2.21 1.90 1.59 lt28.!17 
JUN o.!17 2.21 o.oo o," 1toa,2a 
JUL o.oo 2.21 o.oo 0.30 373.57 
AUG 0.11 2.21 o.oo o.38 359.llt 
SEP 1.eo 2.21 0.30 1.12 31t9.lt3 
OCT t.le 2.21 5.56 1.16 !ob.bu 
NOV 15.17 2.21 1,.12 1.eo 2,0.00 
DEC 22.05 2.21 21.3'1 1.eo 180,00 

TOTAL 120.16 26.1t8 1oa.02 16.60 3633.27 
COST OF HEAT 11/0 SOLARCSI COST OF HEAT W/SOLAR(S ) OPERATING cosT,sl 
MONTH SPACE i,ATER SPACE WATER 
JAN 76018 1.21 , ....... 5.9 .. :s.1! 
FEB 66olt7 7.28 63039 !lo91t 6030 
MAR 56.63 7.28 !12.0lt 5.93 9.oo 
APR 29.h 7o28 2s., .. 508'1 1008d 
MAY 11.9e 7o28 6025 5o23 12086 
JUN 1.19 7.21 0.01 2,29 12.25 
JUL o.oo 7o28 o.oo o.,a 11.21 
AUG o.3e 7o28 o.oo 1.2 .. 10.77 
SEP 5e93 7o28 1.00 3.69 10o't8 
OCT 21toh 7o28 18.3" !1079 ,.bo 
NOV 50.07 7.28 lt6o61 !l.9 .. 1.20 
DEC 12.11 1.21 70.'13 !I., .. !lolfO 

TOTAL :s,,.S:s e7.37 356.lt!S 51t. 7'J 10,.00 
SOLAR FRACTION GROSS SAVINGS IS I NET SAVINGSCU 

MONTH SPACE WATER COMBINED SPACE IIIATER 
JAN 2.29 u.o 3.7b 107' io!li •Oo'4 
FEil 'to63 18.'16 ,.oo 3.08 1e31t -1.88 
MAR 1.10 18•"' 9o28 'to58 1.35 -3.07 
APR l'J.92 19011 19.7' !So9' io39 •5o4!5 
MAY ,1.80 28.13 '10.37 !1.73 2.0!1 •5.08 
JUN 99o21t 68.,o 71t.92 1.88 ... ,9 •!1038 
JUL 100.00 86.!55 16.53 UoUU ,.so •lfon 
AU& 100.00 82096 13.80 Oo38 6.0lt -lt.36 
SEP . 83.11 lt9.3• 6•.50 'to93 3o!l9 -1.96 
Oct 21fo6!5 20.lf5 23.69 ,.oo 1.49 •1.51 
NOV 6092 18.lt6 8039 3olt7 1o31t -2.39 
DEC 3o22 18olt!I ... ,o 2.3. 1.3 .. -1.11 

tOUL 10011 57.28 15.01 ,0.01 32.51 •36on 

FUEL RATESCS/BTU DELIVEREDI SPACE OoOO IIATER o.oo FAN ON•TIME RATE(S/HR) OoO:S 

TABLE B.46 



Cl C2 C3 
C 1.0 l..O 12 . 0 

I 2. 3 

DD 1087.2 948.6 808.2 

I 2 3 

HBAR 474 . 6 729.0 1090 . 0 

I 2 3 
TAMB 30.2 32.0 39.2 

I 2 3 
2. 0 0.0 0.0 

GAL 
13 14 15 

3. 5 5.3 2.5 

STO A CH 
1653.55 107 . 64 124.08 

UA XM B 
4262 . 5 .66 .68 

aw RLAT Tl 

3.3 40.0 70.0 

SESP INPUT OA1"/l. 

LOCATION: _____ ...;...._ ____ _ COLUMBUS. OH IO 

C4 cs 
1.0 0.0 

4 5 6 7 8 9 

426.6 171. 0 27.0 .001 5.4 84.6 

4 5 s 7 8 9 
1446.7 1797. 1 2069 . 2 1996. 0 1756.6 1554.0 

... 
4 s 6 1 8 9 

51.8 60.8 69.8 73.4 71.6 64.4 

4 5 6 7 8 9 
0.0 0. 0 0.0 1.4 4.8 7.3 

l 6 11 18 \9 20 2\ 
2.3 2.0 3.8 6.9 11.8 9.6 

cc TILT VOL 

132.20 55.0 198.55 

Ac DENH DE.NC SPHT\-\ SPHTC THOT 
0.0 8.89 8.34 .8 1.0 140.0 

TUM &FAN UATOP UABOT UASEG ETA 

68.0 .03 1. 41 1.41 . 141 .7 

TABLE B.47 

10 I I 

347 .4 714 . 6 

10 ' \ 
1053 . 0 655.0 

10 I \ 

53.6 41.0 

10 I I 

8. 4 6.9 

22 23 
6.9 5.4 

TCOLD RLOSS 
51.8 21232.9 

GPH ETA2 

480.0 .6 

·12 

1038 .6 

12 

486.0 

\2 

32.0 

12 

4.6 

24 
4.7 

as 
3.3 

GP\.\2 

------
r-' 
I\) 
CJ'\ 
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•••SOLAR ENERGY ANALYSIS••• 

HEAT W/0 SOLAR(MEGABTUI HEAT W/SOLAR(ME6ABTU1 SOLAR PUMP ON•TIME(HRSI 
MONTH SPACE WATER SPACE WATER 
JAN 23.08 2.21 22.33 1.ao 12'+.29 
FEIi 20.111 2.21 1a.a9 1.79 210.00 
MAR 17.16 2.21 15.311 1.79 300,00 
APR 9.06 2.21 6.77 1.75 360.00 
MAY 3.63 2.21 1.52 1.1ta 398.57 
JUN o.57 2.21 o.oo o,1t6 325.71 
JUL o.oo 2.21 o.oo 0.10 297.14 
AUG 0.11 2.21 o.oo 0.1!1 282.86 
SEP 1.ao 2.21 o.oo o.93 310.'+3 
OCT 7.3a 2.21 5.0CJ 1.10 300.00 
NOV 15.17 2.21 13.78 1.79 21to.oo 
DEC 22.05 2.21 21.oe 1,eo 110,00 

TOTAL 120.16 26.'+8 10'+.80 1!1.!15 !32a.H 
COST OF HEAT W/0 SOLAR(SI COST OF HEAT W/S0LAR(S I OPERATING COST1SI 
MONTH SPACE WATER SPACE WATER 
JAN 76.18 7.28 73.70 !1.93 3.13 
FEB 66.117 7.28 62.33 5.92 6.30 
MAR !56.63 7.28 !10.63 5.91 9.oo 
-APR 29.89 7.28 22.3'+ !1.77 10.lo 
MAY 11.9a 7.28 !1.03 If.ea 11.96 
JUN 1.19 7.28 0.01 1.!10 9.77 
JUL o.oo 7.28 o.oo o.3'+ a.h 
AUG o.3a 7.28 o.oo o.s1 a ... , 
SEP !1.93 7.28 o.oo 3.07 9.31 
OCT 21t.h 1.21 16.79 5.62 9.0o 
NOV !50.07 7.28 't!l.116 !5.92 1.20 
DEC 72.77 1.21 69.!l!I s.92 s.,o 

TOTAL 1'96.53 87.37 31t5.a5 51.30 n.n 
SOLAR FRACTION GROSS SAV!NGS(SI NET SAVINGSCSI 

MONTH SPACC: WATER COMBINED SPACE WATER 
JAN 3.25 18.58 4.59 2.41 1.35 0.10 
FEB 6022 u.68 7.11!1 lto13 lo36 -o.a1 
MAR 10.60 18.77 11.!13 6.00 1.37 -1.63 
APR 2!1.25 20.11 2ii.3' 1.!15 1.!11 -1.14 
MAY -58.0lt 32.96 't8.!16 6.9!5 2.,0 -2.60 
JUN 99026 79.3'+ 83.'+!5 1.aa !5.78 -2.12 
JUL 100.00 CJ!!. 35 9!1.35 o.oo ,.,4 -i.91 
AUG 100.00 93.0!5 93.39 o.38 6077 -1.33 
SEP 100.00 !57.81 76.7!5 !5.93 lfo21 0.12 
Ocf 31.03 22.11 29.14 7.!5!5 1.,, 0.21 
NOii 9.21 18.67 10.u lt.61 1.36 -1.23 
DEC lfelt2 18.63 !5.72 3.22 1.36 -0.12 

IOTAL 12. 18 111.21 17.93 !50.68 36.07 •13.12 

FUEL RATESCS/BTU DELIVERED) SPACE o.oo WATER o.oo FAN DN•TIME RATE1SIHRI 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 

slopes of .66, 1.0, 1.5, 2.0, 3.0, 4.o, 5.0, 

6.o BTU/Hr_ Ft2 _ op 

AREA= 50m2 

SESP 

B.65 - B.80 Inputs and corresponding outputs for slopes 

of • 66, l. O, 1. 5, 2. O, J. 0, 4. 0, 5. 0, 6. 0 

BTU/Hr_ Ft2 _ op 

AREA= 50m2 

128 



F-CHART WORKSHEET 2 
I TENS MAKING UP X AND Y 

C. FR UL ( FR / FR) : 3
. 
64 

[ w / M 'Z - ° C] 

D. FR(1'o<)h(F'R/l=°R}:: ·66 [UN\TL£SS] 

C 6. C 7. C 8. C 9. 
M SECONDS X/A [1/M 2] ('Toe.) I ('roe.)n 

0 
N PER (lOO-T a) [ 0 c] ( C .)'K(C7.) x (C6.) 

T MONTH (C 5.) = H 10. H 
J"AN 2.68 ,d06 l 01 .0366 1.00 

FEB 2.42 x 10' 100 .0374 1.00 

MAR 2.68 ,dO' 96 .0453 1.00 

APR 2. 59 x 10' 88 .0690 1.00 

MAY 2.G8 ,c t06 

JUN 2. 59 ,d0 6 

JUL 2.68 XI 0 6 
. 

AUG 2.68 X 106 

SEP i. 59 ,d0 6 

OCT 2.68 X 106 86 .0812 1.00 

NOV 2.59xl0 6 94 .0480 1.00 

DEG 2.68Jd0 6 · 100 .0338 1.00 

TABLE R .l}9 

C \0. 
DAILY RAOIATlON 

ON COLLECTOR 

[J/M~DAY] = GIO. 

9.029 ,dO' 

11 . 992 x. 10' 

14.743 ')( 106 

15.689 >1.IO' 

x_lO' 

x.10' 

X 106 

x 106 

x 10' 

17.334 x 10' 

13.036 ,dO' 

10.422 xl06 

C \ \. 
Y/A [I /M 2] 

(D.h{C9.)ic(C 10.))l(CI.) 
(C 5.) 

.00686 

.00940 

.0146 

.0258 

.0343 

.0140 

.00740 
I-' 
l\) 

'° 



F-CHART WORKSHEE'T 3 
5 OLAR HEATING LOA 0 F RAC, T \ON 

E. AREA= 50.0 - [M2] 

F. STORAGE SIZE CORRECTION FACTOR (X/Xo) ~ _1_.o __ _ 

G. LOAD HEAT EXCHANGER CORR.£.CT ION FACT OR ( y /Yo}= _1._o __ _ 

C 12. C 13. C l4. C l 5. C \6. 

MO CORRECl"ED CORRECTEO ' 

NT X/A Y/A X y F 

H (C8.)x(F.) (CI l.) )( (G.) (Cl2.)x(£.) (C13.)'l((E.) 

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 

NOV .0480 .0140 2.40 . 700 .462 

DEC .0338 .00740 1.69 .37 .244 

ANNUAL FRACTION BY SOLAR (TOTAL,C l7.) / (T0TAL,C5.) ~ TOTAL 

TABU B,50 

C \ 7. 
HE.AT \NG LOAD 

SUPPL\£D 

[J/MONTtt] (CIG.)(C5~ 

··- --

·-

·-

I-' 
\...,J 
0 



F-CHART WORKSHEET 2. 
ITEMS MAKING VP X ANDY 

c. FRuL(FR/FR)= 5·40 [w/M 2
-

0 c] 
D. FR(ro<)i,(F'R/~R):: ·646 [UN\TLESS] 

C 6. C 7. C 8. C 9. 
M SECONDS X/A [1/M 2

] ('Tot.) I ('T°'-)n 
0 

(IOO-T a) [ 0 c] (C.)x(C7.)x(C6.) N PER 
T MONTH (C 5.) = H lO. H 

.TAN 6 2.68 x\0 101 .0543 1.00 

FEB 2.42. ic. 10' 100 .0555 1.00 

MAR 2.68 "10' 96 .0672 1.00 

APR 2. 59 x 10' 88 .10236 1.00 

MAY 2.b8 'l( t06 

JUN 2. 59 ,dO 6 

JUL 2.68 x Io' 

AUG 2.68 X 106 

SEP 2.59 xlO' 

OCT 2.GB x 10' 86 . 12046 1.00 

NOV 2.59xl0' 94 .0712 1.00 

DEG 2.68.xlO' 100 . 0501 1.00 

Ti\Bi,E B.51 

C \0. 
DAILY RADlATION 

ON CO LL ECTOR 

[J/M~DAY] = GlO. 

9.029 x 10' 

11. 992 xlO' 

14.743 )( 106 

15.689 ic.10' 

xlO' 

x.10' 

x 10' 

x 106 

X 106 

17.334 x 10' 

13.036 x. ,o' 
10.422 xl06 

C I \. 
Y/A [I /M 2] 

(D.h(C9.)>c(C 10.),i(CI.) 
(C 5.) 

.00672 . 

.0092 

. 0·143 

.02528 

.0336 

.0137 

.0072 
I-' 
\..u 
I-' 



F-CHART WORKSHEE'T 3 
SOLAR HEATING LOAD F RACT \ON 

E. AREA= so.o (M2] 

F . STORAGE SIZE CORRECT ION FACTOR (X/Xo)::. __ 1._o __ _ 

G. LOAD HEAT EXCHANGER CORR.£.CTION FACTOR (Y/Yo)= 

C 12. C 13. C 14. C \ 5. 

MO CORRECTED CORR£C"fEO 

NT X/A Y/A X y 

~ (CS.)x(F.) (C 11.) )( (G.) ( C l 2.) x ( ~ .) (C 13~,c( E.) 

JAN .0543 . 00672 2.715 .336 

FEB .0555 .0092 2. 775 .46 

MAR .0672 .0143 3. 36 .715 

APR . l 0236 . 02528 5. 118 1.264 

MAY 
jUN 

JUL 

AUG 

SEP 

OCT . 12046 .0336 6.023 1.68 

NOV .0712 . 0137 3.56 .685 

DEC .0501 .0072 2.51 .36 

ANNUAL FR ACT ION BY SOLAR (TOTAL,C 17.) / (TOTAL, C5.) ~ 

TABLE B.52 

1.0 

C \6. 

F 

. 1557 

. 257 

.42 

.6671 

.813 

.388 

. 1879 

TOTAL 

C \ 7. 
HEAT \NG LOAD 

SUPPL\£0 

[J/MONTtt] (CIG.)(csJ 

· -- --

--

--
f--' 

\_,J 
C\) 



M 
0 
N 

T 
H 

J"AN 

FEB 
MAR 

APR 
MAY 

JUN 

JUL 
AUG 
SEP 

OCT 

NOV 

DEC 

F-CHART WORKSHEET 2 
ITEMS MAKING VP X ANDY 

c. FRuL(FR/FR)= 7
•
9 [w/M 2-·c] 

D. FR(1'o<)"(F'R/~R):: ·631 [UN\TL£SS] 

C 6. C 7. C 8. C 9. 
SECONDS X/A [l/M2] (,roe.) I ('Toe.)n 

PER (100-T a) [9c] , (CJ~(C7.)x (CG.) 

MONTH (C 5.) = H lO. 

2 .68 X \06 101 .07943 1.00 

2.42 ,,. 10' 100 . 08117 1.00 

2. 68 ,do" 96 .09831 1.00 

2.59 x 10' 88 . 14975 1.00 

2.68 )( to' 

2.59x(0 
6 

2.68 x Io' 

2.GS x 106 

2.59 xl0 6 

2.GB x 10' 86 . 17623 1.00 

2.59xlO' 94 .10417 1.00 

2.68.xl0 6 100 .07336 1.00 

TA.BLE B.53 

C \0. 
DAILY RADlATION 

ON CO LL ECTOR 

[J/M~DAY] = GlO. 

9.029 xlO' 

11. 992 xlO' 

14.743 xl0 6 

15.689 >'- 10' 

xlO' 

~10' 

X 106 

x 106 

X IQ' 

17.334 x 10' 

13.036 ,c.1O6 

10.422 xl06 

C I \. 
Y/A [I /M 2] 

(D.h.(C9.),c(C 10.),i(CI.} 
(C 5.) 

.00656 

.00899 

.01396 

.02466 

.03279 

.01338 

.00707 
I-' 
\.,J 
\.,J 



F-CHART WORKSHEE1" 3 
SOLAR HEATING LOAD F RACT \ON 

E. AREA= 50 . 0 (M2] 

F. STORAGE SIZE CORRECTION FACTOR (X/Xo)::. _1_._o __ _ 
G. LOAD HEAT EXCHANGER CORR£.CTION FACTOR (Y/Yo)= _l_.o __ _ 

C 12. C 13. C 14. C l 5. C \6. 

MO CO R RECiE D CORR£CTEO 

NT X/A Y/A X y F 

~ (C8.)x(F.) (Cll.)"(G.) (Cl 2.) ~( ~ .') {C 13:J'IC( E.) 

JJ\N .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 

\NNUAL FRACTION BY SOLAR (TOTAL,C l7.) / (TOTAL,C5.) ~ TOTAL 

C \ 7. 
HE.AT\NG LOAD 

SU PPL\£.D 

[J/MONTH] (CIG.)(CSl 

-- -

·-
f-J 
\..0 
~ 



M 
0 

N 
T 
H 

.JAN 

FEB 
MAR 

APR 
MAY 

JUN 
JUI,... 

AUG 
SEP 

OCT 

NOV 

DEG 

F-CHART WORKSHEET 2 
IT ENS M AKlNG VP X AND Y 

c. FRuL(FR/FR)== 10 · 28 [w/M 2
-

0 c] 
D. FR(ro<)., (F'R/l=R):: ·616 [UN\TLESS] 

C 6. C 7. C 8. C 9. 
SECONDS X/A [1/M 2] -('T~) I ('Tot.)n 

PER (100-T a) [ 0 c] (C.)x(C7.)x(C6.) 
MONTH (C 5.) = H 10. 

2.68 x\06 101 . l 0336 1.00 

2.42 ,r. lO' 100 . 10563 1.00 

2.68 ,d06 96 . 12794 1.00 

2. 59 x 106 88 . 19487 1.00 

2.,s 'lC to' 
2. 59 ,dO 6 

2.68 XI 0 6 

2.GS x 106 

-

2.59 xlO' • 
2.GB x 10' 86 .2293 1.00 

2. 59 X (0 6 94 . 13556 1.00 

2.68.xl0' 100 .09546 1.00 

TABLE B.55 

C \0. 
DAILY RAOIATlON 

ON CO LL ECTOR 
[J/M~DAY] = GIO. 

9.029 xlO' 

11. 992 xlO' 

14.743 )( 106 

15.689 Y.10' 

xlO' 

~10' 

X 106 

x 106 

x 106 

17.334 X 106 

B.036 x. 10' 

10.422 xl06 

C l \. 
Y/A [I /M 2] 

(D.h(C9.),c{C 10.)x(CI.) 
(C 5.) 

.0064 

.0094 

.0146 

.02408 

.03201 

.01307 

.00691 
I-' 

\..,.) 

\J\ 



F-CHART WORKSHEE1" 3 
SOLAR HEATING LOAD F RACT \ON 

E. AREA= 50.0 (M2] 

F. STORAGE SIZE CORRECTION FACTOR (X/Xo): _ 1_·0 __ _ 

G. LOAD HEAT EXCHANGER CORRE..CTION FACTOR (Y/Yo)=-

C 12. C 13. C l4. C \ 5. 

MO CORRECTED CORR£CT£0 

NT X/A Y/A X y 

11 (CB.)x(F.) (C 11.) )( (G.) (C \2.) >'(£.) (C 13~)(( E.) 

JAN .10336 .0064 5.168 .32 

FEB . 10563 .0094 5.28 .47 

MAR .12794 .0146 6.4 .73 

APR .19487 .02408 9.74 1. 204 

MAY 

J"UN 

JUL 
AUG 

SEP 

OCT .2293 . 03201 11.47 1.6 

NOV . 13556 .01307 6.78 .654 

DEC .09546 . 00691 4. 77 .346 

ANNUAL FRACTION BY SOLAR (TOTAL,C 17.) / (TOTAL,C5.)-:: 

'rABLE B.56 

1.0 

C l6. 

F 

.017 

.1387 

.2867 

.458 

.598 

.2162 

.0585 

T .OTAL 

C \ 7. 
HEAT \NG LOAD 

SUPPL\£D 

[J/MONTH] (CIG.)(cs~ 

---

-

·-

--
I--' 

\.,.) 

°' 



M 
0 
N 

T 
H 

.JAN 

FEB 

MAR 

APR 

MAY 

J"UN 

JUL 
AUG 
SEP 

OCT 

NOV 

DEC 

F-CHART WORKSHEET 2 
ITEMS MAKING UP X ANDY 

c. FRuL (FR/FR)= 14 · 74 [w/M 2
-

0 c] 
o. FR(,o<)h (F'Rl~R)= ·588 [UN\TL£SS] 

C 6. C 7. C 8. C 9. 
SECONDS X./ A [l /M 2] (rr01.) I ('T°")n 

PER (100-T a) [•c] (C:)x(C7.)x(C6.) 
MONTH (C 5.) = H 10. 

2.68 ,d06 l 01 .1482 1.00 

2.42. x 10' 100 . 15145 1.00 

2.68 ,do' 96 .18344 1.00 

2. 59 x 106 88 .27941 1.00 

2.68 )C to' 
2. 59 ,dO 6 

2.68 XI 0 6 

2.GS x 106 

-

2.59 xl0 6 ' 

2.GB x 10' 86 .3288 1.00 

2.59xlO' 94 . 19438 1.00 

2.68)d0 6 100 . 13687 1.00 

'l'ABLE B • 57 

C \0. 
DAILY RADIATION 

ON COLLECTOR 

[J/M~DAY] = GI0. 

9.029 xlO' 

11.992 xlO' 

14.743 )( 106 

15.689 xlO' 

xlO' 

l'.10' 

x lO' 

x 106 

x 106 

17.334 x 10' 

13.036 "10' 

10.422 xl06 

C I \. 
Y/A [I /M 2] 

(D.h(C9.),c{C 10.).(CI.) 
(C 5.) 

.00611 

.0094 

.0146 

.02299 

.03057 

.01247 

.00659 
1--' 
\..,J 
---.:, 



F-CHART WORKSHEE, 3 
SOLAR HEATING LOAD F RACT \.ON 

E. AR EA= 50.0 (M2] 
F . STORAGE SIZE CORRECTION FACTOR (X/Xo) ~ _1_.o __ _ 

G. LOAD HEAT EXCHANGER CORR.E.CTION FACTOR (Y/Y0 )= _l._O __ _ 

Cl 2. C 13. C l4. C l 5. C \6. 

MO CORRECTED CORR£CTEO 

NT X. / A Y/A X y F 

H (CB.)x(F.) (C 11.) )( (G.) ( C l 2 . ) >' ( ~ .) (C 13~)( ( E.) 

JJ\N .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 

NOV . 19438 .01247 9.72 .624 .0902 

DEC .13687 .00659 6.84 .33 -.0467 

ANNUAL FRACTION BY SOLAR (TOTAL,C l7.) / (T0TAL,C5.) ~ TOTAL 

C \ 7. 
HEAT \NG LOAD 

SUPPL\£.D 

[J/MONTH] (CIS.)(csJ 

~--·--

--

--

--

-

I-' 
l..,J 
(X) 



M 
0 
N 

T 
H 

JAN 

FEB 
MAR 

APR 
MAY 

JUN 

JUL 
AUG 
SEP 

OCT 

NOV 

DEC 

F-CHART WORKSHEET 2 
ITEMS MAKING UP X ANDY 

c. FRuL(FR/FR)== 18.80 [w/M2.-•c] 

D. FR(ro<)h(F'R/l=R):: ·562 [UN\TLESS] 

C 6. C 7. C 8. C 9. 
SECONDS X/A [l/M2] ('Tot.) I ('l'ot.)n 

PER (loo-Ta) [·c] ( C .)x(C 7.) X (C6.) 
MONTH (C 5.) = H 10. 

6 2.68 ,dO 101 .189 1.00 

2.42 ~ 10" 100 .19316 1.00 

2. 6 8 "IO" 96 .23397 1.00 

2.59 x 106 88 .35637 1.00 

2.b8 'J( t06 

" 2. 59 .ll (0. 

2.68 x Io' 

2.GS x 106 

-

2.59xl0 6 

2.GB x 10' 86 .41938 1.00 

2.59xl06 94 .24791 1.00 

2. 6 8.x 10 6 100 .17457 1.00 

TABLE B. 59 

C \0. 
DAILY RADIATION 

ON CO LL ECTOR 

[J /M~DAY] = G 10. 

9.029 xlO' 

11. 992 x.lO' 

14.743 )( 106 

15.689 ~10' 

xlO' 

xlO' 

X 106 

x 106 

x 106 

17.334 ,dO' 

13.036 1' 10' 

10.422 xl06 

C l \. 
Y/A [l /M 2] 

(D.},,.(C9.),c(C I0.)11(Cll 
(C 5.) 

.00585 

.008 

. 01243 

.022 

.02924 

. 01192 

.0063 
1--' 
\..,J 
\,Q 



F-CHART WORKSHEE1" 3 
SOLAR HEATING LOAD F RACT \ON 

E. AREA= 50 . 0 [M2] 

F. STORAGE SIZE CORRECTION FACTOR (X/Xo) = __ l_.o __ _ 
G. LOAD HEAT EXCHANGER CORRE.CTION FACTOR (Y/Yo)= _l_.o __ _ 

C 12. C 13. C l4. C l 5. C \6. 

Mo CO R RECiE D CORR£CTEO 

NT X/A Y/A X y F 

H (C8.)x(F.) (Cl\.)l<(G.) (Cl 2.) "( £..) (C \31lC( £.) 

JAN .189 .00585 9.45 .2925 - . 1729 

FEB . 19316 .008 9.66 .40 -.0862 

MAR .23397 .01243 11. 7 .622 .0363 

APR .35637 .022 17.82 l. l .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,C 17.) / (TOTAL,C5.)-:: TOTAL 

TABLE B. 60 

C \ 7. 
HE.AT \NG LOAD 

SU PPL\£.D 

[J/MONTK] (CIG.)(cs~ 

·---

--
I-' 
.f:"" 
0 



M 
0 
N 

T 
H 

.TAN 

FEB 

MAR 

APR 
MAY 

JUN 

JUL 
AUG 
SEP 

OCT 

NOV 

DEG 

F-CHART WORKSHEET 2 
ITEMS MAKING VP X ANDY 

c. FRuL(FR/FR)== 22 · 52 [w/M 2
-

0 c] 
D. FR(1'o<)h(F'R/l=R):: ·539 [UN\TLESS] 

C 6. C 7. C 8. C 9. 
SECONDS X/A [l/M2] ('fo<.) I ('To<.)., 

PER (loo-Ta) [ 0 c] (C.)"(C7.) x (CG.) 
MONTH (C 5.) = H 10. 

2.68 1.106 101 .22644 1.00 

2.42 ic.10' 100 .23127 1.00 

2. 68 ><Io' 96 .28031 1.00 

2.59 x 10' 88 .42689 1.00 

2.b8 ,c t06 

2. 59 ,dO ' 
2.68 x to' 

2.68 x 106 

2.59 xl0 6 

2.GB x 10' 86 .5024 1.00 

2.59xl06 94 . 29671 1.00 

2.68.xlO' 100 .20932 1.00 

TABLc B.61 

C \0. 
DAILY RADlATION 

ON COLLECTOR 

[J/M~DAY] = GIO. 

9.029 xlO' 

11 . 992 x. 10' 

14.743 ')(to' 

15 . 689 )(.10' 

xlO' 

1' 10' 

X 106 

x 10' 

x 10' 

17.334 idO' 

13.036 X IQ' 

10.422 xl06 

C l \. 
Y/A [I /M 2] 

(D.h(C9.)k(C I0.))l(Ct.} 
(C 5.) 

.00561 

.00768 

. 01192 

.02108 

.02803 

.01143 

.00604 
....., 
~ ....., 



F-CHART WORKSHEE, 3 
SOLAR HEATING LOAD FRACT\ON 

E. AREA= 50 . 0 [M2] • 

F. STORAGE SIZE CORRECTlON FACTOR (X/Xo): _l_._o __ _ 
G. LOAD HEAT EXCHANGER CORRE.CTION FACTOR (Y/Y0 )= 

C 12. C 13. C 14. C l 5. 
MO CORRECTED CORR£CTEO 

NT X/A Y/A X y 

H (C8.)x(F.) ( C 11.) )( ( G .) (C l2.) x(~.) (C 131x ( E.) 

J/\N .22644 .00561 11. 32 .28 

FE.B .23127 .00768 11. 56 .384 

MAR . 28031 . 01192 14.016 .596 

APR .42689 .02108 21.34 1.05 

MAY 
JUN 

JUL 
AUG 

SEP 

OCT .5024 .02803 25.12 1.4 

NOV .29671 . 01143 14.836 .5715 

DEC .20932 . 00604 - 10.47 .302 

ANNUAL FRACTION BY SOLAR (TOTAL,C 17.) / (TOTAL,C5.)-:: 

'l'A"RT,R n . 6? 

1.0 

C l6. 

F 

-.2354 

-.1506 

-.0266 

.27 

.523 

-.0561 

- . 1942 

TOTAL 

C \ 7. 
HEAT \NG LOAD 

SU PPL\£D 

[J/MONTtt] (CIG.)(CS.) 

- ---

. 

·-
-

I-' 
~ 
I\) 



M 
0 
N 

T 
H 

J"AN 

FEB 

MAR 

APR 
MAY 

jUN 

JUL 
AUG 
SEP 

OCT 

NOV 

DEG 

F-CHART WORKSHEET 2 
ITEMS MAKING UP X ANDY 

c. FRuL(FR/FR)= 25 · 9~ [w/M 2-·c] 
D. FR(,o<)h (F'Rl~R)= ·518 [UN\TL£SS] 

C 6. C 7. C 8. C 9. 
SECONDS X/A [1/M 2] ('Tct.) I ('l'ot.)n 

PER (IOO-T a) [ 0 c] (C.))((C7.)x(C6.) 
MONTH (C 5.) = H 10. 

2 .68 X \06 101 .2609 1.00 

2.42 x 10' 100 .2665 1.00 

2.68 ,do' 96 .3230 1.00 

2. 59 x 10' 88 .4919 1.00 

2.68 ')( to' 

2. 59 ,dO ' 
2.68 x Io' 

2.GS x 106 

-

2.59 ,d0 6 

2.68 X IQ' 86 .5789 1.00 

2.59xl0' 94 .3419 1.00 

2.68.xlO' 100 .2412 1.00 

l'A tlL.t; B , 61 

C \0. 
DAILY RADlATION 
ON COLLECTOR 

[J/M~DAY] = GI0. 

9.029 )( 10' 

11.992 xtO' 

14.743 "'10
6 

15.689 xlO' 

xlO' 

xlO' 

X 106 

>< 106 

X 106 

17.334 x to' 
13.036 >' 10' 

10.422 xl06 

C I \. 
Y/A [I /M 2] 

(D.h(C9.),r(C ,o.).(CI.} 
(C 5.) 

.00538 

.00738 

.01146 

.02024 

. 02691 

.01096 

.00580 
...... 
~ 

1...,.) 



MO 
NT 

~ 

JAN 

FEB 

MAR 

APR 

MAY 

.TUN 

JUL 
AUG 

SEP 

OCT 

NOV 

DEC 

E. AREA= 50.0 

F-CHART WORKSHEE1" 3 
SOLAR HEATING LOAD FRACT\ON 

[M2] 
F. STORAGE SIZE CORRECT ION FACTOR (X/X 0 ):: 

1.0 

G. LOAD HEAT EXCHANGER CORR£CTION FACTOR (Y/Yo)_= 

C 12. C 13. C l4. C l 5. 
CO R RECiE D CORR£C1"EO 

X/A Y/A X y 

(C8.)x(F.) (C ll.) "(G.) (C l2.) x(~.) (C 13~lC( E.) 

.2609 . 00538 13. 045 . 269 

.2665 .00738 13.325 . 369 

. 3230 . 01146 16. 15 .573 

.4919 .02024 24.6 l. 012 

.5789 . 02691 29.0 l.346 

.3419 . 01096 17.095 .548 

.2412 .00580 12.06 .29 

ANNUAL FRACTION BY SOLAR (T0TAL,Cl7.)/(TOTAL,C5.)~ 

'!'ABLE .b. 64 

1.0 

C \6. 

F 

-.2821 

- .199 

-.067 

.303 

.6202 

-.0913 

-.2438 

TOTAL 

C \ 7. 
HE.AT\NG LOAD 

SUPPL\£D 

[J/MONltt] (CIG.)(cs~ 

--- --

--

--

--
1--' 
~ 
~ 



C \ C2 C3 
C l. 0 1.0 12.0 

I 2 3 

DD 1087 . 2 948.6 808.2 

I 2 3 

HB~R 474.6 729 . 0 1090.0 

I 2 3 
TAMB 30.2 32.0 39.2 

I 2 3 
2.0 0. 0 0.0 

GAL 
13 14 15 
3.5 5.3 2.5 

STO A CH 
8267 .8 538.2 620.4 

UA X.M B 
4262.5 .66 .68 

IW RLAT Tl 

3.3 40.0 70.0 

SESP INPUT OA"T ~ 

LOCATION: _____ ___;_ ____ _ COLUMBUS. OHIO 

C4 cs 
1.0 0.0 

4 5 6 7 8 9 
426.6 171.0 27.0 .001 5.4 84.6 

4 5 G 7 8 9 
1446.7 1797. l 2069.2 1996.0 1756.6 1554.0 

4 5 6 1 8 9 
51.8 60.8 69.8 73.4 71.6 64.4 

4 5 6 7 8 9 
0.0 0.0 0.0 1.4 4.8 7.3 . 

16 ,1 18 \9 20 2\ 
2.3 2.0 3.8 6.9 11.8 9.6 

cc "TILT VOL 

661.0 55.0 990.75 

Ar. DENH DENC SPHTH SPHTC THOT 
0.0 8.89 8.34 .8 1.0 140.0 

TUM IFAN UATOP UABOT UASEG ETA 

68.0 .03 1.41 1.41 . 141 .7 

'rABLE B .65 

10 
347.4 

10 
l 053. 0 

10 
53.6 

10 
8.4 

22 
6.9 

TCOLD 
51.8 

GPH 

480.0 

I I 
714.6 

I l 
655.0 

I \ 
41.0 

I I 
6.9 

23 
5.4 

RLOSS 
21232.9 

ETA2 
.6 

\2 
1038.6 

12 
486.0 

12 
32.0 

12 
4.6 

24 
4.7 

8S 
3.3 

GP\-\2 
-----

I-' 
~ 
V\ 



146 

•••SOLAR ENERGY ANALYSIS••• 

HEAT W/0 SOLARIMEGABTUI HEAT W/SOLARIMEGABTUJ SOLAR PUMP ON•TIM£(HRSI 
MONTII SPACE WATER SPACE WATER 
JAN 23.0e 2.21 18,20 1.73 90.00 
FEB 20.14 2.21 13.32 1.66 , 158.57 
MAR 1"7.16 2.21 8,33 1,54 261.'+3 
APR 9, 6 2.21 0,09 1.00 09.lf3 
MAY 3.63 2.21 0,00 0 .-Olf 161.57 
JUN o.s1 2.21 0,00 . ·O, 00 151.llf 
JUL o.oo 2.21 o.oo o,oo 150,00 
IIUG 0,11 2.21 o.oo o.oo 150.00· 
Sf:P 1.eo 2.21 0,00 0,00 150,00 

----cc . 8 2.21 0.23 17'+.57 
NOV 15.17 2.21 7.51 1.59 191.'+3 
DEC 22 • 05 · 2.21 16.21 1.10 120.00 

1011\L 120.16 26,48 63,65 9.lf9 206R.llf 
COST OF liEAT W/0 SOLIIRISI COST OF HEAT i,j/SOLARCS I OPERATING cosT1s1 
'40NTH SP/ICE i,jATER SP/ICE i,jATER 
JAN 76.111 7.28 60.07 5.71 2.10 
FEB 66.lf7 7.28 43,96 5 .119 ... u, 
MAH 56.63 7.28 27,'18 5,08 7.84 
APR 29.89 7.28 0,28 !.30 9.28 
MAY 11.98 7.28 o.oo 0.13 lf.85 
JUN 1.89 7,28 o.oo 0,00 4.53 
JUL o.oo 7.28 o.oo o.oo ... so 
AUG o.38 7,28 o.oo o.oo ... so 
SEP 5.93 7.28 o.oo o,oo 4.50 
OCT 21f,31f 7.28 o,oo . o. 75 5.2 .. 
NOV 50.07 7,28 21f,78 5.25 5.7'+ 
DEC 12.11 7,28 53,49 5.62 3,60 

TOTAL 3•,U,--;-53 &7.37 210.0, 31.33 u.D4 
SOLAR FRACTION . GROSS SAVJN6SCSI NET SAVIN&SCSI 

MONTH SPACf WATER COMBINED SPACE WATER 
JAN 21,14 21,, .. 21.19 16,11 1,58 llt,98 
FEB 33,87 21f,56 32,95 22.51 1,79 19.!llt 
MAR 51,48 30.17 lt9.0!I 29.15 . 2,20 23.!11 
APR 99,05 54.6:S 90,35 29.61 3,98 24,30 
MAY 100,00 98.21+ 99.33 11.98 7,15 lit• 29 
JUN 100,00 100,00 100,00 1.e9 1,28 4 ,61t 
JUL 100.00 100.00 100.00 0,00 1,28 2,78 
AUG t00,00 100,00 100.00 0.3B. 7,28 3.16 
SEP 100.00 100.00 100.00 5.93 7,28 8,71 
OCI t00,0o 89,1:S 9 T .63 24,311 n.53 25";1i'ir--
NOV 50,52 27,ll7 lf7,61t 2!1.29 2.03 21.58 
DEC 26,50 22.88 U,.17 19.28 1,67 17,35 

IOIAL 4 t .03 64, lit 50.12 1116.lfa !16. Dlf 180.O 

FUEL RATESU-/BTU DELIVERED I SPACE o.oo WATER o.oo FAN ON•TlME RATE1S/HRI 0,03 

TABLE B,66 



C\ C2 C3 
C 1.0 1.0 12.0 

I 2 3 

DD 1087.2 948.6 808.2 

I 2 3 

HBAR 474.6 729.0 1090.0 . 

I 2 3 
TAMS 30.2 32.0 39.2 

I 2 3 
2. 0 0. 0 0. 0 

GAL 
13 14 tS 

3. 5 5.3 2.5 

STO A CH 
8267.8 538.2 620.4 

UA XM B 
4262.5 1.0 .68 

~w RLAT T\ 

3.3 40.0 70.0 

SESP INPUT DA"TA 

LOCATlON: -----~-----COLUMBUS. OHIO 

C4 cs 
1.0 0.0 

4 5 6 7 8 9 

426.6 171.0 27.0 . 001 5.4 84.6 

4 5 G 7 8 9 
1446.7 1797. l 2069.2 1996.0 1756.6 i 554. 0 

4 5 6 1 8 9 

51.8 60.8 69.8 73.4 71. 6 64 . 4 

4 5 6 ' 8 9 

0.0 0.0 0.0 1.4 4.8 7.3 

16 11 18 \9 20 2\ 
2.3 2.0 3.8 6.9 11.8 9.6 

cc TILT VOL 

661.0 55.0 990.75 

Ac. DENH DENC SPHT\-\ SPHTC THOT 
0.0 8 '. 89 8.34 .8 1.0 140.0 

TUM &FAN UATOP UABOT UASEG ETA 

68.0 .03 1. 41 1.41 . 141 .7 

't f\.l:SL~ B. 6 7 

lO I I 

347.4 714.6 

10 l \ 

l 053. 0 655.0 

10 I l 
53.6 41.0 

10 I I 

8.4 6.9 

22 23 
6.9 5.4 

TCOLD RLOSS 
51.8 21232.9 

GPH ETA2 

480.0 .6 

\2 

1038.6 

12 

486.0 

,i 
32 .0 

12 

4.6 

24 
4. 7 

as 
3.3 

GP\-\2. 

------ I--' 
~ 

-----J 
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•••SOLAR ENER6Y ANALYSIS••• 

HEAT W/0 S0LARCME6A8TUt HEAT W/SOLARCME6ABTUt SOLAR PUMP ON•TIM[CMRSt 
MONTH SPACE WATER SPACE WATER 
JAN 23.oa 2.21 1,.02 1.1 .. ,o.oo 
FEB 20.11+ 2.21 n.1+2 1.10 120.00 
MAR 17016 2.21 ,,13 1.62 141,'+3 
APR ,.o, 2.21 0.1, 1.2a 2'1.lti 
MAY 3o63 2.21 o.oo 0.23 1s6.1,. 
JUN Oo!57 2.21 o.oo o.oo 1!51,OO 
JUL o.oo 2.21 o.oo o.oo llt2 086 
AU6 0.11 2.21 o.oo o.oo 1'+1.'+3 
SEP 1.ao 2.21 o.oo o.oo 1!5O.OO 
OCT 7o38 2.21 o.oo o.n 17'+.0 
NOV 1!5.17 2.21 a.73 1.67 1!5O.OO 
DEC 22.05 2.21 11.22 1o73 120,00 

TOTAL 120016 26olf8 ,, ... 10.10 1828.71 
COST OF HEAT W/0 SOLARCSt COST OF HEAT W/SOLARII , OPERATIN& COSTclt 
MONTH SPACE WATER SPACE WATER 
JAN 76018 7.28 62.75 s.1, 2.10 
FEB 660'+7 7.28 '+7.!59 !5.60 3o60 
MAR !56.63 .7.28 32.11 !5.33 Ito 21t 
APR 2,.a, 7o28 2o!52 li.23 80 7lt 
MAY 11.,8 7.28 o.oo 0.11 lto68 
JUN 1.89 7.28 o.oo 0.01 lto!53 
Jul o.oo ,.21 O.oO o.oo ... a 
AU& Oo38 1.28 o.oo o.oo Ito 21t 
SEP !5.93 1.28 o.oo o.oo lfo!50 
oct 21to31t ,.21 o.oo 2.liO 5.U 
NOV !50.07 1.28 2a.82 s.so lto!50 
DEC 12.11 7.28 !56.81 !5.70 3o6O 

TOTAL 396.53 87.3' 230.60 35.31 s ... a, 
SOLAR FRACTION GROSS SAVIN&SCII NET SAVlNHClt 

MONTH SPACE WATER COMBINED SPACE WATER 
JAN n.u 2D.U 11.91 15.43 1.52 12.25 
FEB 28olfl 23.Olt 27,81 11.11 1.,. 16.96 
MAR lf3o29 26.78 lt1 • ltl 21to!51 1.,s 22.22 
APR ,i.s, u.aa Bi.BJ 21.37 3.05 2io'7 
MAY 100.00 19olf!5 96.01 11.98 60!51 u.11 
JUN 100.00 99.91 99.93 1.19 7,27 ... , .. 
JUL 1OO.oa 100.00 1OO.ao a.oo 7.21 ,.oo 
AUG 100.00 100.00 100.00 Oo31 1.28 3olt2 
SEP 100.00 100.00 100.00 !5,93 1.21 1.11 
oc, 100.00 ,,.uu 92.40 zit • .54 4,88 2:s.,, 
NOV lf2.'+!5 21fo'IO '+O.16 21.26 1.18 11.!53 
DEC 21.,:s 21.67 21.,1 1!5.96 1,!58 13.9'1 

IOIAL 'tlol:5 s,.s, 45.05 16!5.95 !52.06 1&3.13 

FUEL RATESl$/8TU DELIVEREDt SPACE o.oo WATER o.oo FAN ON•TIME RATE1I/HRt 0.03 

TABLE B.68 



C\ C2 C3 
C 1.0 1.0 12 . 0 

, 

I 2 3 

DD 1087.2 948.6 808.2 

I 2 3 

HBAR 474.6 729.0 1090.0 

I 2 '?> 
TAMB 30.2 32.0 39.2 

I 2 3 
2.0 0.0 0.0 

GAL 
13 14 tS 

3. 5 5.3 2.5 

STO A CH 
8267.8 538.2 620.4 

UA XM B 
4262.5 1.5 .68 

IW RLAT Tl 

3.3 40.0 70.0 

SESP INPUT DA, A. 

LOCATION: COLUMBUS, OH IO ------=-------

C4 cs 
1. 0 0.0 

4 5 6 7 8 9 

426.6 171.0 27.0 .001 5.4 84.6 

4 5 s 7 8 9 · 

1446.7 1797. l 2069.2 1996.0 1756.6 1554.0 

4 s 6 1 8 9 

51.8 60.8 69.8 73 . 4 71.6 64.4 

4 5 6 7 8 9 
0.0 0.0 0.0 1.4 4.8 7.3 

16 11 18 \9 20 2\ 
2.3 2.0 3.8 6.'9 11.8 9.6 

cc TILT VOL 

· 661.0 55.0 990.75 

A"'l DENH DENC SPHTH SPHTC THOT 
0.0 8.89 8.34 .8 1.0 140.0 

TUM &FAN UATOP UABOT UASEG ETA 

68.0 .03 l.41 1.41 . 141 .7 

'Li~Ll B,69 

10 I I 

347 . 4 714.6 

10 l I 
1053.0 655.0 

10 I I 

53.6 41.0 

10 I I 

8.4 6.9 

22 23 
6.9 5.4 

TCOLD RLOSS 
51.8 21232.9 

GPH ETA 2. 
480.0 .6 

12 

1038.6 

12 

486.0 

\~ 

32.0 

12 

4.6 

24 
4.7 

as 
3.3 

GP\.\2 

------
I-' 
~ 

'° 
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•••SOLAR ENERGY ANALYSIS••• 

HEAT W/0 SOLARCMEGABTU) HEAT W/SOLARCME6ABTU) SOLAR PUMP ON•TIMECwRS) 
MONTH SPACE WATER SPACE WATER 
.JAN 23,08 2,21 20,07 1,76 90,00 
FEB 20,l't 2,21 1!5,77 1,7 .. 120.00 
MAR 17,16 2,21 11.03 1,67 120,00 
APR 9,06 2.21 2.20 1,lt3 17!5,d6 
MAT 3,63 2.21 0.01 0,69 153,29 
.JUN 0,!57 2,21 o.oo 0.02 13',71 
.JUL o.oo 2.21 o.oo o,oo 12!5,00 
AU6 0.11 2.21 o.oo o.oo 12 ... 111 
SEP 1,80 2.21 o.oo o.oo 11t8,86 
OCT 7,38 2.21 o.oo 1,15 175,8' 
NOV 15,17 2.21 10,1!5 1,72 150,00 
DEC 22,0!5 2.21 18,!51 1,7!5 120.00 

TOTAL 120.lr. 26,48 77,71t 11,94 1639,71 
COST OF HEAT W/0 SOLARCS) COST OF HEAT W/SOLARCI I OPERATIN& COsTcl) 
MONTH SPACE WATER SPACE WATER 
.JAN 76,18 7,28 ",22 !5,81 2,70 
FEB 66,lt7 7,28 52,011 !5,73 3,60 
MAR 56,63 7,28 36,'tl !5,!51 3,60 
APR 29,89 7,28 7,2!5 ... n !5,28 
MAY 11,98 7,21 0,0!5 2,28 II ,60 
.JUN 1,89 7,28 o.oo 0,08 lt,10 
Jul o,oo 7,28 o,oo o.oo 3,1!1 
AU6 0,38 7,28 o,oo 0,00 3,72 
SEP !5,93 7,21 o.oo o.oo 11,117 
ocf 21t,31t 7,28 o,oo 3,81 !5,28 
NOV !50,07 7,28 33,!50 !5,66 11,!50 
DEC 72,77 7,28 '1,08 !5,78 3,60 

TOTAL 39',!53 87,37 2!56, !!!S 39,39 119,U 
SOLAR FRACTION 6ROSS SAVIN6SU) NET SAVIN&SCU 

MONTH SPACE WATER COMBINED SPACE WATER 
JAN 13,07 20.18 13,'9 '·" 1.0 8,11 
FEa 21,70 21,33 21,67 111 ... 3 1,5!5 12,38 
MAR 3!5,71 211,36 31t,'t2 20,22 1,77 18,40 
APR 15,13 35,DI ,1.11 22., .. 2,!S!S 19,91 
MAY 99,60 68,63 87,89 11,93 !5,00 12,33 
.JUN 100,00 98,95 99,17 1,89 7,20 lt,99 
JUL 1DD,DO 100.au 100.aa a.DO 7,28 3.53 
AU6 100,00 100.00 100.00 0,38 7,28 3,93 
SEP 100,00 100.00 100.00 !5,93 7,28 8,7ft 
OCI 100.00 ,,.,. 87.95 24,34 3,47 22,:Slf 
NOV 33,10 22,19 31,72 16,!58 1,62 13,69 
DEC 16,07 20.,1 1, ... 9 11,70 1,50 9,60 

iOIAL 35.30 54.92 38.84 139,99 41.98 138,11 

FUEL RATES II/BTU DELIVERED) SPACE 0,00 WATER 0,00 FAN ON•TlME RATErl/HR» 0,03 

TABLE B,70 



C\ C2 C3 
C 1.0 t.O 12.0 

I 2 3 

DD 1087.2 948.6 808.2 

I 2 3 

HB~R 474.6 729.0 l 090. 0 

I 2 3 
TAMB 30.2 32.0 39.2 

I 2 3 
2.0 0.0 0.0 

GAL 
13 14 15 

3.5 5.3 2.5 

STO A CH 
8267.8 538.2 620.4 

UA XM B 
4262.5 2.0 .68 

~w RLAT T\ 

3.3 40.0 70.0 

. SESP INPUT DA"TA. 

LOCATlON: COLUMBUS, OH IO -----------

C4 cs 
1.0 0.0 

· 4 5 6 7 8 9 

426.6 171. 0 27.0 .001 5.4 84.6 

4 5 S 7 8 9 
1446.7 1797. l 2069.2 1996. 0 1756.6 1554.0 

4 5 6 1 8 9 

51.8 60.8 69.8 73.4 71. 6 64.4 

4 5 6 1 8 9 

0.0 0. 0 0.0 1.4 4.8 7.3 

16 11 18 \9 20 2\ 
2.3 2.0 3.8 6.9 11.8 9.6 

cc TILT VOL 

661.0 55.0 990.75 

A1:. DEN\-1 DE.NC SPHTH SPHTC THOT 
0.0 8.89 8.34 .8 1.0 140.0 

TUM &FAN UATOP UABOT UASEG ETA 
4 

68.0 .03 1. 41 1.41 . 141 .7 

ill /\ U I L' n ,-,-, 

lO I I 

347.4 714.6 

10 l I 
l 053. 0 655.0 

10 I \ 

53.6 41.0 

10 I I 

8.4 6.9 

22 23 
. 6. 9 5.4 

TCOLD RLOSS 
51.8 21232.9 

GPH ETA2 
480.0 .6 

\2 

1038.6 

12 

486.0 

lZ 
32 . 0 

12 

4.6 

24 · 
4.7 

as 
3.3 

GP\.\2 
------

,_, 
\JI ,_, 
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•••SOLAR ENERGY iCNALYSlS••• 

HEAT W/0 SOLARCMEGABTUt HEAT W/SOLARIMEGABTUt SOLAR PUMP ON•TIMEIMRSt 
MONTH SPACE WATER SPACE WATER 
JAN 23.08 2.21 20.,1 1.11 ,o.oo 
FEB 20ollf 2.21 16., .. 1.76 120.00 
l'!AR 17.16 2.21 12.12 1.11 120,00 
APR ,.o, 2.21 3.1 .. 1.5 .. l51t.lfl 
MAY 3o63 2.21 0.03 0.,1 151.llt 
JUN Oo57 2.21 o.oo 0.21 128.57 
JUL o.oo 2.21 o.oo o.o, 120.51 
AUG 0.11 2.21 o.oo 0.01 120.00 
SEP 1.80 2.21 o.oo 0.22 11t6.86 
oct 1.!le 2.21 0.56 1.35 176.2' 
NOV 15.17 2.21 11.31 1.75 150.00 
DEC 22.05 2.21 19.56 1.77 ,o.oo 

TOTAL 120.1, 2,.,., 81J.61t 13.23 1567.85 
COST OF HEAT W/0 SOLARISt COST OF HEAT W/SOLARCS , OPERATIN& cosr,s, 
MONTH SPACE WATER SPACE WATER 
JAN 76ol8 1.21 u.21 5.85 2.10 
FEB 66olt7 7.28 !55.89 5.1, 3.60 
MAR 56.&ll 7.28 39.98 5., .. 3.60 
APR 2'.89 1.21 lb.31 !S.ol ... u 
MAY 11.,a 1.21 0.10 3.19 ... ,1 
JUN 1.1, 7.28 o.oo o.a, 3.16 
JUL o.uo 1.21. a.on 0.20 !.'2 
AU& o.3a 7.28 o.oo 0.22 3.60 
SEP 5o93 7.28 o.oo 0.13 ... ,1 
Oct 24.h 1.21 l.8' ..... 1 !1.H 
NOV 50.07 7.28 37.31t 5.77 ... ,o 
DEC 72.77 1.21 61t.56 5.8 .. 2.10 

fOtAL 3'6.:S! 87037 219.3D iii3.67 47.Dlf 
SOLAR FRACTION GROSS SAVIN&SCSt NET SAVIN&SCSt 

MONTH SPACE WATER COMBINED SPACE WATER 
JAN 9.14 n.,1 ib.06 '·" 1.0 :s.,, 
FEB 15.91 20.ltll 16.36 10.58 1olt9 8olt7 
MAR 29.ltO 22.52 28.61 16.65 1., .. 11to69 
APR &5.12 30.11 :sa .... i,.:sa 2.20 17.09 
MAY ,,.1, 56.21t 82.'Jlt 11.ee ... o, 11 ..... 
JUN 100.00 87.Tlt 90.27 1.a, 6039 ..... 2 
JUL 100.oa ,1.21 '7.21 a.au ,.aa 3.46 
AUG 100.00 97.0lt ,1.18 0.38 1.01 3o81f 
SEP 100.00 8,.,, , ..... , 5.93 ,.,, a.01 
OCT ,2.a, sa.,, 17.99 22.48 2.a1 20.01 
NOV 2!Solt3 20.81 21t.8!S 12., .. 1.,1 ,.15 
DEC 11.29 19.Slt 12.01 8.22 1., .. 6096 

iDIAL ,,.,, so.02 33.26 iit.23 ,s.,a 113.89 

FUEL RATESII/BTU DELIVtRtDt SPACE o.oo IIATER o.oo FAN ON•TIME RATE1IIHRt 0.03 

TABLE B.72 



SESP INPUT OA,,t.. 

LOCATION: COLUMBUS, OH IO -----~-----

Cl C2 C3 C4 cs 
C 1. 0 1.0 12. 0 1.0 0.0 

I 2 3 4 5 . 6 7 8 9 lO I I 12 

DD l 087. 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 G 7 8 9 10 l \ 12 

HBM~ 474.6 729.0 l 090. O 1446.7 1797. l 2069.2 1996. 0 1756 . 6 1554.0 1053.0 655.0 486.0 

I 2. 3 4 5 6 7 8 9 10 I l \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 5 6 1 8 9 \0 I 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 14 lS 16 11 18 \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 TILT VOL 

8267 .8 538.2 620 . 4 661.0 55.0 990.75 

UA XM B Ar. DENH OENC SPHTH · SPHTC THOT TCOLD RLOS$ as 
4262.5 3.0 .68 0.0 8.89 8.34 .8 1.0 140.0 51. 8 21232.9 3.3 

~w RLAT Tl TUM &FAN UATOP UABOT UASEG ETA GPH ETA2 GP\-\2 
I-' 

3.3 40.0 70.0 68.0 .03 l. 41 1.41 . 141 .7 480.0 .6 ------ ~ 

TABL.R B.73 
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•••SOLAR ENERGY AN~LYSIS••• 

HEAT W/0 SOLARIMEGABTU) HEAT W/SOLARCMEGABTUJ SOLAR PUMP ON•TIMEIMRSI 
MONTH SPACE WATER SPACE WATER 
JAN 23008 2.21 22.... 1.79 
FEB 2001.. 2o21 18069 1.78 
MAR 17.16 2.21 13.92 1.75 
APR 9oO6 2.21 ••58 1.67 
MAY 3o63 2o21 O.O• 1o28 
JUN Oo57 2.21 o.oo O.71 
JUL OoOO 2.21 0000 O.53 
AUG Doll 2.21 O.OO 0055 
SEP 1o8O 2.21 o.oo O.73 
OCT T.38 2.21 2.10 1.54 
NOV 15017 2.21 13.12 1 078 
DEC 22005 2.21 21003 1o79 

TOTAL 120.1, 26 •• 8 95.91 15.91 

,o.oo 
9O.OO 

120.00 
150.00 
15O.OO 
12 ... •3 
120.0 
120.00 
1•16.57 
111.00 
120.00 
,o.oo 

l't98o"2 
COST OF HEAT W/0 SOLARCI) COST OF HEAT W/SOLARII I OPERATINI COSTCI) 
MONTH SPACE WATER SPACE WATER 
JAN 1,.18 1.21 ,,.os s.,2 
FEB 660•1 7o28 61067 5.88 
MAR 56.63 7.28 .5.93 5.79 
IPR z,.a, 1.21 i!l.12 5.51 
MAY 11098 7.28 O.12 ... 22 
JUN 1o89 7.28 0 0 00 2 035 
Jul o.oo 1.21 O.oo 1.16 
AU& Oo38 7.28 OoOO 1.82 
SEP 5o93 7.28 O.OO 2 ... 2 
Oct z,.s.. 1.21 ,.,2 s.oa 
NOV 50.07 7o28 .3.29 5.86 
DEC 72077 7.28 69.39 5.90 

TOTAL 396.!13 e1.!f 316.•9 !12.49 

MONTH SPACE 
JAN 2.ao 
FEB 1.22 
MAR 18.89 
APR lf9o42 
MAY 99001 
JUN 100.00 
JUL 100.00 
AU& 100.00 
SEP 100.00 
OCI n.s, 
NOV 13.55 
DEC ... 6 .. 

iOtAL 20.19 

SOLAR FRACTION GROSS 
WATER COMBINED SPACE 
18.75 
19.23 
20.51 
24.37 
•2.09 
67.69 
7!5.88 
75.o .. 
66.75 
30 .21 
19 •• 6 u.,. 
39.92 

,.1, 
8 ... 1 

19.08 
44 • :51 
11 •• , 
7 •• 35 
7!1.88 
76.27 
81.67 
&2.06 
l't.30 
5.95 

23. 75 

2.n 
,..eo 

10.10 
n.n 
11086 
1.e9 
u.uo 
0.38 
5.93 

17.,2 
6078 
3o38 

eu.u. 
FUEL RATESIS/BTU DELIVERED) SPACE o.oo WATER 

TABLE B.74 

2.10 
2.10 
3.60 
... so 
... so 
3.73 

o.,s 
SAVIN&SCSI 

WATER 

1.11 
3oO6 
•• 93 

2.20 
1.•2 · 
1o38 

34.88 

NET SAVIN&S(SI 

o.80 
3o5O 
a.59 

12.os 
10 ... 3 

3oO9 
1.91 
2.2 .. 
6039 

lito61 
... 60 
2oO6 .,.,, 

O.OO FAN ON•TIME IIATEcl/HII) OoO3 



Cl C2 C3 
C 1.0 1.0 12.0 

I 2. 3 

DD 1087.2 948.6 808 . 2 

I 2 3 

HB~R 474.6 729.0 1090 . 0 

I 2. '?, 

TAMB 30.2 32.0 39.2 

I 2 3 
2. 0 0.0 0. 0 

GAL 
13 · 14 lS 

3.5 5.3 2.5 

STO A CH 
8267.8 538.2 620.4 

UA XM B 
4262.5 4.0 .68 

~w RLAT T\ 

3.3 40.0 70.0 

SESP INPUT OA,A 

LO CAT 1 0 N : COLUMBUS, OH IO 

C4 cs 
1.0 0. 0 

4 5 6 7 8 
426.6 171 . 0 27.0 .001 5.4 

4 ·5 S 7 8 
1446.7 1797. l 2069.2 1996. 0 1756 .6 

4 5 6 1 8 

51.8 60. 8' 69.8 73.4 71.6 

4 5 6 1 8 
0. 0 0.0 0.0 1.4 4.8 

l 6 11 18 \9 20 

2.3 2.0 3.8 6.9 11. 8 

cc TILT VOL 

661.0 55.0 ~90.75 

A-Z DENH DENC SPHTH SPHTC 
0.0 8.89 8.34 .8 1.0 

TLIM &FAN UA"'f OP UABOT UASEG 

68.0 .03 1. 41 1.41 . 141 

TABU B.75 

9 lO 

84.6 347.4 

9 10 

1554.0 1053.0 

9 10 

64 . 4 53 . 6 

9 10 

7.3 8.4 

2\ 22 
9.6 6.9 

THOT TCOLD 
140.0 51.8 

ETA GPH 

.7 480.0 

I I 

714.6 

l \ 
655.0 

I I 

41.0 

I I 

6.9 

23 
5.4 

RLOSS 
21232.9 

ETA2 

.6 

\ 2 

1038.6 

12 

486.0 

\ z. 
32.0 

12 

4.6 

24 
4.7 

as 
3.3 

GP\-\2 

------
I--' 
V\ 
V\ 
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•••SOLAR ENERGY ANALYSIS••• 

HEAT W/0 SOLARCMEGABTUJ HEAT W/SOLARCMEGABTU) SOLAR PUMP ON•TIMEIHRSJ 
MONTH SPACE WATER SPACE WATER 
JAN u.oe 2.21 23.27 1.eo 55.llf 
FEB 20.111 2.21 1'.83 1.80 60.00 
MAR 17.16 2.21 15.311 1.78 120.00 
APR 9.06 2.21 5.73 1.72 150.00 
MAY 3.63 2.21 0.011 1.115 150.00 
JUN o.57 2.21 o.oo o.96 123,86 
Jul o.oo 2.21 o.oo 0.79 120 ... 3 
AUG 0.11 2.21 o.oo 0.82 120.00 
SEP ' 1.80 2.21 o.oo 1.01 1'17.71 
Oct 1.38 2.21 3.25 1.66 10.00 
NOV 15.17 2.21 14.36 1.1, 120.00 
DEC 22.05 2.21 21.97 1.80 ,o,oo 

TOTAL 120.16 26.lil 103.7' 17038 U16.lii 
COST OF HEAT W/0 SOLARCSJ COST OF HEAT W/SOLARCS ) OPERATIN& cosTrSJ 
MONTH SPACE WATER SPACE WATER 
JAN 76ol8 1.21 n.n 5.94 1.&!S 
FEB 660117 7.28 65.411 5.93 lo80 
MAR 56.63 7.28 50.62 5.86 3.60 
APR 29.89 1.28 u.,o !l.69 ... !So 
MAY 11.99 7.28 0.12 11.79 ... so 
JUN lo89 7.28 o.oo 3.16 3o72 
Jul o.oo 1.28 o.oo 2.u 3.61 
AUS Oo38 7.28 o.oo 2.10 3o60 
SEP s.,3 7.28 o.oo 3.33 ... 113 
oct 21io!lf 7.28 10.11 !I ... , ... 47 
NOV 50.07 7.28 lt7.38 s.91 3.10 
DEC 72.77 7.28 72.51 s., .. 1.80 

TOTAL 3'6o!S3 87037 342.lt'J !11.!li lh.H 
SOLAR FRACTION GROSS SAVJN&SCSJ NET SAVIN5SCSJ 

MONTH SPACE WATER COMBINED SPACE WATER 
JAN -o.a2 18.36 o.as -0.63 1.34 -o.94 
FEB lo55 18.58 3.23 · 1.03 1.35 o.5e 
MAR 10.61 1,.1ta 11.62 6.01 1o't2 3o83 
APR "6016 u.u 33.84 10.99 io!S9 a.aa 
MAY 98.9e 311.21 71t.50 u.e6 2.11, 9o85 
JUN 100.00 56.65 65.59 1.a, 11.12 2o30 
JUL 100.00 '4 .16 64.16 o.oo 4.67 1o06 
AUG 100.00 62.97 , ... ao· · o.38 ... 58 lo36 
SEP 100.00 51J.33 74.82 5.93 3.96 5olt5 
oe, 55. ,., 24.54 48.75 13.63 1.79 ib.94 
NOV 5.38 18.79 7.08 2o69 lo37 Oolt6 
DEC 0.36 lllo'tll 2.01 o.26 lo35 -0.1, 

IOfAC 13.&3 34.36 17.3, !S4o04 30~02 42. ,a 
FUEL RATESCI/BTU DELIVERED! SPACE u.oo WATER o.oo FAN ON•TIME RATEcS/HR) o.oa 

TABLE B.76 



C\ C2 C3 
C 1.0 1.0 12.0 

I 2 3 

DD 1087.2 948.6 808 . 2 

I 2 3 

HBI\R 474.6 729.0 1090.0 

I 2. ~ 

TAMB 30.2 32.0 · 39. 2 

I 2 3 
2.0 0.0 0.0 

GAL 
13 14- tS 

3.5 5.3 2;5 

STO A CH 
8267.8 538 . 2 620.4 

UA XM B 
4262.5 5.0 .68 

~w RLAT Tl 

3.3 40.0 70.0 

SESP INPUT DA"TA 

LOCATION: COLUMBUS, OH IO -----------

C4 cs 
' 

1.0 0.0 

4 5 6 7 8 9 

426.6 171. 0 27 . 0 .001 5.4 84.6 

4 5 G 7 8 9 
1446.7 1797.l 2069 . 2 1996.0 1756.6 1554.0 

4 5 6 1 8 9 

51.8 60.8 69.8 73.4 71.6 64.4 

4 5 6 7 8 9 

0.0 0.0 0.0 l.4 4.8 7.3 

rs 11 18 \9 20 2\ 

2. 3 2.0 3.8 6.9 11 .8 9.6 

cc TILT VOL 

661.0 55.0 990.75 

A 1:. DENH DENC SPHT\-\ SPHTC TH0T 
0.0 8.89 8.34 .8 l.O 140.0 

TUM &FAN UATOP UABOT UASEG ETA 

68.0 .03 l. 41 l.41 . 141 . .7 

'!'ABLE B . 77 

,o I I 

347 .4 714.6 

10 ' \ 
1053.0 655 . 0 

10 I I 

53.6 41 .o 

10 I I 

8. 4 6.9 

22 23 
6. 9 5.4 

TCOLD RLOS$ 
51.8 21232.9 

GPH ETA2 

480.0 .6 

12 

1038 . 6 

12 

486.0 

\ ~ 

32.0 

12 

4.6 

24 
4. 7 

as 
3.3 

GP\.\2 

------
r-' 
\J\ 
--.J 
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HEAT W/0 SOLARC"C&ABTUI HEAT W/SOLARCME&ABTUI SOLAR PUMP ON•TIMtlMRSI 
MONTH SPACE WATER SPACE WATER 
JAN 23.09 2.21 23.lf6 1.ao 
FE& 20.1, 2.21 20.5, 1.80 
MAR 11.1, 2.21 1,.,8 1.80 
APR ,.o, 2.21 7.27 1.77 
MAY 3o63 2.21 0.61f 1o61 
JUN Oo57 2.21 O.DD 1.22 
JUL OoOO 2.21 o.oo 1.01 
AU& Ot11 2o21 OoOO 1•10 
SEP 1o80 2.21 o.oo 1.30 
Oct 1o:Sa 2.21 4.a, 1.1, 
NOV 15017 2.21 15.57 1.80 
DEC 22.05 2.21 22.lf6 1.80 

TOTAL 120.16 26.48 111.82 18.83 

o.oo 
o.oo 

&0,00 
120.00 
150.00 
12,.,3 
121.14 
120.00 
11t8ollf 
h9ooo 

o.oo 
o.oo 

· COST OF HEAT W/0 SOLARCSt COST OF HEAT W/SOLARCS 
,,1.11 

OPERATINI COsTcSI 
MONTH SPACE WATER SPACE WATER 
JAN 76018 7.21 77.lf3 5.94 
FEB ,,.,1 7.28 67.80 5.95 
MAR 56063 7.28 !56.0lf 5 0 93 
APA a,.a, t.21 23.9a s.as 
MAY 11.,8 1.28 2.11 5.32 
JUN 1.a, 7.28 O.OO lf 00l 
JUL o.oo 1.2a o.oo 3.52 
AU& o.3a 1.28 o.oo 3.63 
scP 5.,3 1.28 o.oo ,.2, 
Oct 24.34 1.28 16.14 5.19 
NOV 50007 7.28 51.3, 5.95 
DEC 12.77 7.28 71f.10 !5.95 

TOTAL ~9&.53 87.37 368.99 62.14 

MONTH 
JAN 
FEB 
MAR 
APR 
MAY 
JUN 
JUL 
AUG 
SEP 
OCI 
NOV 
DEC 

IOIAC 

SOLAR FRACTION GROSS 
SPACE· WATER COMBINED SPACE 
•lo64 
-2.00 
1.0, n.,, 

82.39 
100000 
100.00 
100.00 
100.00 

33.10 
-2.,, 
•1.83 ,.,. 

ia.35 0.10 -1.2:s 
18.35 0.01 •lo33 
18.51 3.03 0.59 n.,. 
26.87 
,,.8, 
!Sl.'5 
!50.U 
lfl.03 
20.42 
18.35 
18.3!5 
28.81 

19. 74 !S.91 
,1.u ,.87 
56.25 1.89 
!Sl.&!S 
!52.51 
67.50 
30.&it 
0.02 
0.01 

1.0. ,o 

o.ou 
o.,a 
5.,3 
1.20 

-1.32 
•1.33 
21.s• 

o.oo 
o.oo 
1.ao 
3.60 
lf.50 
,.ea 
3.U 
3.60 ...... 
4o4f 
o.oo 
o.oo 

29.93 
SAVINGS I SI 

WATER 

1.43 
1.,6 
3o21 
:So7' 
3o65 
2o9, 
io49 
1o31f 
1 .3 .. 

2s.u 

NET SAVIN&SCSI 

O.bl 
0.01 
o.n 
3.74 
1.33 
1028 
o.u o.,, 
... ,1 
5o22 
0.01 
0.01 

22.83 

FUEL RATESIS/BTU DELIVEREDI SPACE o.oo WATER o.oo FAN ON•TIME RATEcS/HRI Oo03 

TABLE B.78 



C\ C2 C3 
C l.O l.O 12.0 

I 2 3 

DD l 087. 2 948.6 808.2 

I 2 3 

HBAR 474 . 6 729 . 0 1090.0 

I 2. ~ 

TAMB 30.2 32.0 39.2 

I 2 3 
2.0 0.0 0. 0 

GAL 
13 14 15 

3.5 5.3 2.5 

STO A CH 
8267.8 538.2 620.4 

UA XM B 
4262.5 6.0 .68 

aw RLAT Tl 

3.3 40.0 70.0 

SESP INPUT DAiA 

LOCATION: COLUMBUS, OHIO 

C4 cs 
l.O 0.0 

4 5 6 7 8 
426.6 171. 0 27.0 . 001 5.4 

4 5 s 7 8 
1446.7 1797.l "2069.2 1996.0 1756.6 

4 5 G 1 8 
51.8 60.8 69.8 73.4 71.6 

4 5 6 7 8 
0.0 0.0 0.0 l. 4 4.8 

16 11 18 \9 20 
2.3 2.0 3.8 6.9 11.8 

cc ilLT VOL 

661.0 55.0 990.75 

A"l DE.NH DENC SPHTH SPHTC 
0.0 8.89 8.34 .8 1.0 

TUM &FAN UATOP UABOT UASEG 

68.0 .03 1. 41 l.41 . 141 

'l 'ABLE B. 79 

9 10 

84.6 347.4 

9 10 

1554.0 l 053 . 0 

9 10 

64 . 4 53.6 

9 10 

7.3 8.4 

2\ 22 
9.6 6.9 

THOT TCOLD 
140.0 51.8 

ETA GPH 
.7 480.0 

I I 

714 . 6 

' \ 
655.0 

I \ 

41.0 

I I 

6.9 

23 
5.4 

RLOSS 
21232.9 

ETA 2. 
.6 

12 

1038.6 

12 

486.0 

\ z. 
32.0 

12 

4.6 

24 
4.7 

as 
3.3 

GP\.\2 

------
I-' 
\J\ 

'° 



•••SOLAR ENERGY ANALYSIS••• 

HEAT W/0 SOLARIMEGABTUI HEAT W/SOLARCMEGABTUJ 
MONTH SPACE WATER SPACE WATER 
JAN 2!.oe 2.21 2!.•& 1.eo 
FEB 20.1, 2.21 20.lt't 1.eo 
MAR ' 17.16 2.21 16.29 1.79 
APR ,.o, 2.21 ,.st 1.1s 
MAY 3.63 2.21 0 0 13 1.56 
JUN Oo57 2.21 D.OO 1.11 
JUL o.oo 2.21 a.oa o.,s 
AUG 0.11 2.21 o.oo o.,a 
SEP 1.ao 2.21 o.oo 1.1a 
Oct 1.3a 2.21 4.13 1.12 
NOV 15.17 2.21 1:1.1, 1.ao 
DEC 22.05 2.21 22.45 1.ao 

TOTAL 120.1, 26.48 toe.,.. 1a.2, 

o.oo 
30.DO 
,o.oo 

120.00 
150.00 
125.1' 
121.lli 
120.00 
l'ta.oo 
10.00 
,o.oo 
21.2, 

uh.Sf 

160 

COST OF HEAT W/0 SOLARISI COST OF HEAT W/SOLARCS , OPERATIN& cosr,s, 
MONTH SPACE WATER SPACE WATER 
JAN 76018 7.28 77.43 
FEB 66olt7 7.28 67.45 
MAR !16.63 7.28 !13.71t 
APR 29019 7.28 21.68 
MAY 11.98 7.28 D.ltlt 
JUN lo89 7.28 D.OO 
Jul a.oo 
AUG 0.38 
SEP :lo93 
Oct 24.34 
NOY !10007 
DEC 12.11 

fOfAL 396.!13 

MONTH SPACE 
JAN -1.,, 
FEB -1.•11 
MAR :1.10 
APR 21.49 
MAY 96o31t 
JUN 100.00 
JUL 100.00 
AUG 100.00 
SEP 100.00 
OCI 40.9!5 
NOV 0.07 
DEC -1.1, 

IOIAC ,.,, 

1.21 a.au 
7.28 o.oo 
7.28 o.oo 
1.28 i!.64 
1.2a :10.0• 
7.28 71t.07 

87.~7 351.!Sd 
SOLAR FRACTION 

WATER COMBINED 
18.3:1 
18.3:I 
18.91 
20.46 
2,.a, 
't9.69 
!5&. 7:1 
5:1.36 
lt6.'t7 
21.as 
18.43 
1a.a:1 
n.os 

2&.11 
71.03 
60.06 
!5&.7!5 
!17.5'6 
70.!IO 
aa.a, 
2.,0 
o.o .. 

13.46 

!S.94 ,., .. 
s.,o 
!S.19 
s.n 
3.66 
!.1!S 
3.2:1 
3.90 
!S.'9 ,., .. 
s., .. 

60.26 
GROSS 
SPACE 
-1.2:s 
-o.,, 
2.a, 
8.22 

u.s, 
1.a, 
o.oo 
o.aa 
5.93 

10.,u 
0.03 

•1o30 
38.04 

o.oo 
o.,o 
2.10 
!.H 
... ,o 
a.1:1 
3.U 
3.60 ....... 
... o 
2.10 
Oo61t 

h.94 
SAVINGS CS I NET SAVIN&S(SI 

WATER 
1.34 Dodi 
lo3't -0.:15 
1.aa 1.:1, 
1.49 ,.u 
2.1 .. ,.1a 
a.62 1.1, 
4.13 a.:so 
... 03 o.a1 
3.38 ,.a1 
1.!59 7o82 
lo.Sit -1.32 
lo31t -o.60 

2 ,.11 so.21 

FUEL RATESIS/BTU DELIVERED) SPACE o.oo WATER o.oo FAN ON•TIM[ RATEcSIHRI o.oa 

TABLE B.80. 



EXTREME CLIMATE VARIATIONS 

F-CHART 

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

collector area of 50m2 • 

SESP 

B.85 - B.86 Input and corresponding output for Caribou, 

Maine for collector area of 50m2• 

B.87 

B.88 

Output for El Paso, Texas using improper 

curve fit equation for HDIR. Area= 25m2• 

Output for Columbus, Ohio using improper 

curve fit equation for HDIR. Area = 50 2 m 

(For test purpose) 

161 

B.89 Output for Columbus, Ohio using correct curve 

F-CHART 

fit equation for HD~R • . Area= 50m2 (Shows 

almost no variation for standard climates) 

B.90 - B.92 Work sheets for El Paso, Texas 

B.93 - B.94 Fractions at 25, 50m2 for El Paso, Texas 

SESP 

B.95 - B.98 Inputs and corresponding outputs for 25 and 

50m2 for El Paso, Texas using the correct 

curve fit equation for HDIR. 



COLLECTOR OA I £NT AT ION WORKSHEET \ 

A VER AGE DA I LY RADIATION ON TI LTE. D SURFACES 

A. LOCATION CARIBOU, MAINE B. LATITUDE ct>= 46.5° C. INCL\NAT\ON S= 61.5° 

D. Cl1-COS S)/2 .7386 E. GROUND REFLECTANCE P= ~3- F. P(I-C0S S)/2::: .0784 

GI. G 2. G 3. G 4. G 5. G 6. G 7. G 8. G 9. G lO. 

~ HT - KT Hd / H I - Hd/ H - J"/DA'l-M 2 N H Rb BEAM DIFFUSE R T 
J'/ DAY-M

2 
( I - G 4.) (G5. x GG.) ( D. xG 4.) (G7.-tG8.+F.) (G9.x G 2.) H 

JAN ' ' 5. 73 xlO .52 .3524 .6476 3.2262 2.0893 .2603 2.428 13. 912 xlO 

FEB 9.62 ><10 
6 .58 . 3061 .6939 2.2752 1. 5788 .2261 1 .8833 6 18. 117 xlO 

MAR 15. 35 X IQ 6 .64 .2606 .7394 1. 5316 1. 1325 . 1925 1.4034 ' 21. 542 xlO 

APA 16. 73 xlO 6 . 52 .3524 .6476 l. 0131 . 6561 .2603 .9948 
6 

16.643 xlO 

MAY 19.82 xlO 
6 

. 51 .3605 .6395 .7420 .4745 .2663 .8192 16.237 xlO 
6 

JUN 20.07 xlO 6 .49 .3772 .6228 .6419 .3998 .2786 .7568 15.189 xlO 6 

JUL 21. 29 J( 10 6 .53 .3445 .6555 .6847 .4488 .2544 .7816 16.640 xlO 6 

AUG 18.82 xlO ' .54 .3366 .6634 .8857 .5876 .2486 .9146 17.313 xlO 6 

SEP 
6 13.93xlO . 52 .3524 .6476 1.2963 .8395 .2603 1.1782 6 16.412 ,dO 

OCT 8.78 x ,d, .47 .3946 .6054 1.9964 1. 2086 .2915 1.5785 13.859xlO 
6 

NOV 
E, 

4. 60 xJO .37 .4984 • 5016 2.9338 1 . 4716 . 3681 1 . 9181 ' 8.823 xlO 

OEC 4.43 xlO' .46 .4036 .5964 3.5959 2.1446 . 2981 2. 5211 11.169 ,clO 6 

'I'ABLE B. 81 

I-' 

°' I\) 



M 
0 
N 

TH 

JAN 
' FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 
SEP 

OCT 

NOV 

DEC 

TOT 

f-CHART 'wO RKSHEET I 

HEAT\ NG LOA OS 

_ DESIGN SPI\CE HEATING LOAD[W] _ 467.0 [W oc] 
A. UA- DESIGN TEMPERATURE DIFFERE.NCE[°C] --------- / 

6 
8. WATER USAGE= 4oo.o [LITERS/DAY] x4190x(Tw-TM)[J/LITER]= 82 ·1 xlO [J/DAY] 

CI. C 2. C 3. C 4. C 5. 
DAYS HEATING DEGRhE SPACE. HEATING DOMESTIC WAT£ R TOTAL LOAD 

P'- R DAYS [°C - DAY] LOAD [J/MONTH] LOAD [J /MONTH] [J / MON, H] 

MONTH (86400)(A. x C 2.) (B. ir- C 1.) (C 3. + C 4.) 

31 939 37.888 xl09 2.55 xl09 40.438 xl09 

28 817 32.965 xl09 2.30 xl09 35.265 xl09 

31 727 29.334 xl09 2.55 xl09 31.884 xl09 

30 477 19.246 xl09 2.46 xl09 21.706 xl09 

31 260 10.491 xl09 2.55 xl09 13. 041 xl09 

30 102 4. 1156 xl09 2.46 xl09 6.756 xl09 

31 43 1.735 xl09 2.55 xl09 4.285 xl09 

3 \ 64 2.5823 xl09 2.55 xl09 5.132 xl09 

~o 187 7.545 xl09 2.46 xl09 10.005 xl09 

11 379 15.292 xl09 2.55 xl09 17.842 xl09 

30 580 23.402 xl09 2.46 xl09 25.862 xl09 

31 853 34.418 x109 2.55 xl09 36.968 xl09 

-365 5428 219.013 xl09 30.00 xl09 249.013 xl09 

rfl /1 UT k' U Q') 

f-' 

°' w 



M 
0 

N 
T 
H 

.TAN 

FEB 

MAR 

APR 
MAY 

JUN 
JUL 
AUG 
SEP 

OCT 

NOV 

DEG 

F-CHART WORKSHEET 2 
ITEMS MAKlNG VP X ANDY 

C. FR UL ( FR / FR)' :: 3. 64 [ w / M 2 - ° C] 

D. FR(1'o<)1, (F'R/f=R):: .66 [UN\TLESS] 

C 6. C 7. C8. C 9. 
SECONDS X/A [1/M 2] ('fct.) I ('To<.)n 

PER (100 -Ta) [°C] (CJ~(C7.) x (CG.) 
MONTH (C 5.) = H 10. 

2.68 x\06 111 .0268 1.00 

2.42. X (06 110 .0275 1.00 

2.68 ,c.106 104 .0318 1.00 

2.59 x 10' 97 .0421 1.00 

2.b8 )( 106 90 .0673 1.00 

2.59)(.10 6 85 . 1186 1.00 

2.68 XI 0 6 82 .1867 1.00 

2.GS x 106 83 . 1578 1.00 

2.59 xl0 6 
88 .0829 1.00 

2.GBxlO' 93 .0508 1.00 

2.59xl0 6 100 .0365 1.00 

2.68xl0 6 108 .0285 - 1.00 

TABLE B·. BJ 

C \0. 
DAILY RADIATION 

ON CO LL ECTOR 

. [J /M~DAY] = G 10. 

13. 912 xlO' 

18.117 xlO' 

21.542 ')(10 6 

16.643 ~10' 

16.237 xlO' 

15. 189 )(.10' 

16.640 X 106 

17.213 X (06 

16.412 X 106 

13.859 x 106 

8.823 x 10' 

11 . 169 X 106 

C I I. 
Y/A [I /M 2] 

(D.h(C9.)lc{C IO.)x(CI.} 
(C 5.) 

.00704 

.00949 

.01382 

.01518 

.02547 

.04451 

.07945 

.06862 

.03248 

.01589 

.00676 

.00618 I-' 

°' ~ 



F-CHART WORKSHEE7" 3 
SOLAR HEATING LOAD FRACT\ON 

E. AR EA= 50.0 (M2] 

F. STORAGE SIZE CORRECTION FACTOR (X/Xo):: _l_.o __ _ 

G. LOAD HEAT EXCHANGER CORR£.CTION FACTOR (Y/Yo}-:. 

C 12. C 13. C l4. C l 5. 
MO CORRECTED CORR£C"f£0 

NT X/A Y/A X y 

H (C8.)x(F.) (C 11.) >< (G.) (Cl2.)x(~.) (C 13~x( E.) 

JAN .0268 .00704 l. 34 .352 

FEB .0275 .00949 l. 375 . 4745-

MAR .0318 .01382 1.59 .691 

APR .0421 . 01518 2.105 .759 

MAY .0673 .02547 3.365 l. 2735 

jUN . 1186 . 04451 5.93 2.2255 

JUL .1867 .07945 9.335 3.9725 

AUG .1578 .06862 7.89 3.431 

SEP .0829 .03248 4.145 l. 624 

OCT .·0508 . .01589 2.54 .7945 

NOV .0365 .00676 1.825 .338 

DEC .0285 .00618 1.425 - .309 

ANNUAL FRACTION BY SOLAR (T0TAL,Cl7.)/(TOTAL,C5.)~ .432 

1.0 

C l6. 

F 

.2489 

.349 

.502 

.520 

.759 

. 991 

1.0 

1.0 

.879 

.520 

.208 

.206 

TO.TAL 

C \ 7. 
HE.AT\NG LOAD 

SUPPL\£.D 

[J/MONTH] (CIG.)(C5.) 

10.069 x109 

12.307 xl09 

16.006 xl09 

11.287 xl09 

9.898 xl09 

6.695 xl09 

4.285 xl09 

5.132 xl09 

8.794 xl09 

9.278 xl09 

5.379 xl09 

7.624 xl09 

106.754 xl09 

I-' 

°' '-" 



SESP INPUT DA,~ 

LOCATION: CARIBOU, MAINE 

Cl C2 C3 C4 cs 
C l.O 1.0 12 . 0 1.0 0.0 

I 2 3 4 5 6 7 

DD 1690.2 1470.6 1308. 6 858.6 468.0 183.6 77.4 

I 2 3 4 5 G 7 

HBM~ 504.53 847.04 1351. 6 1473.1 1745.15 1767 .16 1874.58 

I 2 ~ 4 5 6 1 
TAMB 12 . 2 14.0 24.8 37.4 50 . 0 59.0 64.4 

I 2 3 4 5 6 7 

2.0 0. 0 0. 0 0.0 0.0 0.0 1.4 
GAL 

13 14 15 16 \1 18 \9 

3. 5 5.3 2.5 2.3 2.0 3.8 6.9 

STO A CH cc TILT VOL 

8267.8 538.2 620.4 661.0 61.5 990.75 

UA XM 8 A-Z DENH DENC SPHT\-\ 

4262 . 5 .66 .68 0.0 8.89 8.34 .8 

IW RLAT T\ TLIM IFAN UATOP UABOT 

3.3 46.5 70.0 68.0 .03 1.41 1.41 

'111\BLE B. 85 

8 9 ,o 
115 . 2 · 336.6 682.2 

8 9 10 

1657. 1 1226.54 773.08 

8 9 10 

62 . 6 53.6 44.6 

8 9 10 

4.8 7.3 8.4 

20 2\ 22 
11.8 9.6 6. 9 

SPHTC T"iOT TCOLD 

1.0 140.0 51.8 

UASEG ETA GPH 
. 141 .7 480.0 

I I 

1044. 0 

" 405.03 

I \ 

32.0 

I I 

6.9 

23 
5.4 

RLOSS 
21232.9 

ETA2 

.6 

\2 

1535.4 

12 

390.06 

\2 

17 .6 

12 

4.6 

24 
4.7 

ss 
3.3 

GP\.\2 

------
t-' 

°' °' 
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•••SOLAR [N[RGJ ANALYSIS••• 

HEAT W/0 SOLARCMEGABTUI HEAT W/SOLARCMEGABTU) SOLAR PUMP ON•TIM[IMRSI 
MONTH $PACE WATER $PAC[ WATER 
JAN 35.89 2.21 28.67 1.12 180.00 
FEB u.23 2.21 20.76 1.66 210.00 
MAR 21.2, 2.21 U,30 1.53 240.00 
APR 18.23 2.21 7.85 1.51 295.71 
MAY CJ., .. 2.21 0.15 1.1, 3'+2.86 
JUN ,.,o 2.21 o.oo 0.0, 162,'+3 

· JUL 1., .. 2.21 o.oo o.oo 152.71 
AU6 2,ll5 2.21 o.oo o.oo 150.00 
SEP 7,15 2.21 o.oo o.u 187.57 
OCT llt,ll'J 2.21 ,.10 1.s1 228.86 
NOV 22.17 2.21 17.59 1.73 90.00 
DEC 32.60 2,21 27,Q!t t.73 150.00 

TOTAL 207.lt5 2, ... 8 122.Slt u.06 2395.U 
COST OF HEAT W/0 SOLARCII COST OF HEAT W/SOLARCS. , OPERATING COSTcll 
f!ONTH SPACE wAT[R SPACE WATER 
JAN t18,ll3 7.28 CJ't.62 5.66 5.r+o 
FEB t03.0lt · 7.28 68.!IO 5.'t'J 6.30 
f!AR 91,67 7,20 !17,!t!I 5.05 7,20 
APR 60.16 7.28 25.91 ... 98 a.87 
MAY 32.79 7.28 o ... , 3.81 10.2, 
JUN 12,1, 7,21 o,oo 0,29 !5.02 
JUL 5ell2 7.28 o.oo o.oo lt,58 
AUG 1,07 · 1.21 o.oo o.oo ... so 
SEP 23,59 7,21 0.00 1,36 5.63 
OCT 1t7,80 7.28 20.11 lt,99 ,.87 
NOV 73.15 7,21 !18.05 s.12 2,70 
DEC t07,58 1,20 89,23 !5.72 ,.so 

TOTAL 681t,60 87.37 ltOlt.37 •u.08 11.85 
SOLAR FRACTION GROSS SAVIN&SCSl NET SAVIN6SCSl 

MONTH SPACE WATER COMBINED SPACE WATER 
JAN 20.10 22.21 20.22 23.81 1,62 20,02 
FEB 33,52 21t.58 32.93 !lte51t 1.79 30,03 
MAR 't8e25 30.66 '+6.95 ltlto2't 2.23 39.27 
APR 56.93 31.62 51t.19 31t.25 2,30 27.68 
MAY 9&.52 lt7.61 89.27 32.31 3.,n 25.'+9 
JUN 100.00 96.01 98.56 12.86 6.99 llt.H 
JUL 100,00 99.99 99.99 5.lt2 7.28 8-12 
AUG 100.00 100.00 100.00 8.07 7,28 10.as 
SEP 100.00 81.28 95.58 23.59 5,92 23-88 
OCT 57-92 31.50 51t.lt3 27.69 2.2, 23.U 
NOV 20.65 21.1t2 20.12 15-11 1,56 13.96 
DEC 11.0, 21-39 17.33 18.35 1,56 15 • '+1 

TOTAL 1to,§3 !I0.69 42.04 280.2! 1t4.29 252-66 

FUEL RATES Cl/BTU DELIVERED I SPACE o.oo WATER o.oo FAN ON•TIME RATE cl/HR) OeO! 

TABLE B.86 
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1-lFAT Win <;nt_llR I Mrr.l\KTII) 4FI\T W / <;Pl. M> I '-'Fr.l\K Tll l Sfll I\D PIIMP n•.1-TT"Ff1-1oc;1 

,JAM l 4. c;1, ,.:n 14.,,., 1 .Rn Qn.nn 
FJ'I.I q . 44 ,.n 'I. 'iA 1.7Q 1 ;,n .nn 

/\PR ,.n , . n n.n, 1.41 ;,1. 4 • ;, <I 
MAY n.nn :c,.n n.nn 1 .n, 1 ""' .nn 

JIil n.nn 7..;,1 n.nn n .AR 171. ;,a 
AIJG n.nn ,.n n.nn n.<1,i, 1 "-7. 14 

ncr I .An ,.,1 n.nn 1 • ,4 , 1;, .nn • 
MllV R 0 7Q ?. • ;, l 7.7, 1. 7Q 1,n.nn 

TnTAI. c;7. 'l'I ;>f,.4<1 4R .n;, 1"' .,, 10,n.Rc; 
r:nsr nF I-IF/IT IJ/n <;nf_llll I~ l r.nsr nF l-1C:I\ T IJ/<;nJ I\Df « , nPFQIITTMr. r.nSTl«l 

JAN 4R.n'i 7. ,R 47.07 s:..o".\ , • 1n 
FFB '11 • 1 'i 7 .;>R ;>II., 1 ,; .Q 1 , .,i,n 

,\PR 1.,, 7.,R n.nR ,. · "'"' 1.,, 
MAY n.nn 7. ;>R n.nn .,_ 41 £..<lA 

JIil n.nn 7. ;>R n.nn '• Qn ,; • 1 ,. 
All<; n.nn 7. ,o n.nn , .11-. ,;.n1 

nCT c;.o, 7 .,A n.nn {. ·'• 1 "'· '"' ~1nv ;,0.n1 7. ;>A '"• 'in c;. AQ , .,i,n 

TnTAL tAo.10 R7. '17 ) 'iR. 47 11;-:t.i:;":I ,;7 .Q'I 
<;nt _/111 C:P.11('.TTnM r.Pn<:<; c; II II I •1r. <;I« l MFT <;11111 Mr,<;f «) 

WlPITII SJ> ~r.r I It T FD f.Al'f1 f 'IFA ~ J> ,, f. F IIOTFD 

JAM ~ .n4 p,.c;c; , .... , 1 n.oA 1 • 'I c; -n.,1 
FFB Q_ ,., IR. A, 1n.q1 ;> • R'i 1. '17 n. "'' 

APR qq ·"" 'l'i.Qi<, 1,7. 'i'I 7.;>4 '·"'' ;, . "" 
MI\Y 1nn.nn c;".;>1 ,;, .71 n.nn ,.R7 -1. 11 

JIil 1nn.nn 1,n. ,1 ,i,n. '1 n.nn 4 0 -=IR -n.7 'i 
,\JI(; 1nn.nn Al .11, Al . lf, n.nn 4.4,; -n.,;,i, 

ncr 1nn.nn 'IQ.41, ,,,,_ ,,, 
"· Q'I ,.q7 ? ., ... 4 

Mnv l , • 11 1 a.nA 1, .o;n '. c; l 1. ,Q 1. ,n 

TnTAl lA .;>4 ,'1.74 ,,.,4 ,n. 1;, ~~ .,u. ,, . ,,, 
FIIEI RATES I$ /BTII DEi JVEREDI SPACE a no WATER a on CO&! OM-I PAC DATC(S(UDJ a o, 

TABLE B.87 
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¥¥¥<;O[RR FkiFA: hf bl'QB[fSJ<:e** 

Hl'AT W/0 <;O I_ ARI MFr.ARTtl I HFI\T W / <;O I. AR I MF(; I\ R TIJ I <;OLIIR PIIMP ON-TIMF;(I-IR<;) 
'411NIR SPACJ! Qh(FQ SPili.i- WA IFR 
.IAN 2'1.nR 2.71 IR.;>;:, I. 7'1 f.n.nn 
FF:R 2n. t4 7..;,1 1 '1.4;> I. 1,5 'lR. 'i7 
MAR I 7. pa; ).)( A.44 I• c;t1 )a;).At, 
APR 'l.n.., ::>.?1 n.OQ n. q1, ::>'ln. c;7 
MAY "·"'" '-·?l n.nn n.n'I l::>R.RI', 
JiiN ii. a;, 2-'1 h.iih h. IHI I c;n.tnJ 
, llfL n.nn 7.. ?I n.nn n.on 1,;n.nn 
AIIG n. 11 '-· ?1 n.nn n.nn 1,;n.nn 
SF.P I .Ail ,?. ) ' "·"" "·"" l)ii.hh 
OCT 7 0 '\R ;>. ::>1 o.nn n.01 'ln.nn 
NOV 1c;.17 ,. • ?1 7. 5'1 '• c;n R'l.nn 
IIF.L ;; ·"., ,.,, t n. •fi I• /ii Kh.iiii 

TOTAL i;,n.t"' ,6.4R 64.07 Cl.OR 16'19. R5 
r.oc;T OF HF/IT w,n SOLI\R(SI r.nc;T OF HF/IT W/<;01_ .IIRI ~ I OPF:RIIT!NG r.oc;T1 i, 
,ifilNi A ~Phtt= CIBIFA SPRt..F WAIFk 
,)AN 71, •IA 7o7R 6n. t 'I c;.1n I• RO 
FER f'>f>.47 1.711 44.'IO 'i.44 '-· 91, 
iiihR a;n.n1 I.JR > I .R'i 4.4F, I• c;q 
APR ;>q. R'l 7.7A n.'ll 'I.IR ll. 77 
MAY ll.QR 7.?R n.nn n.nq 'I.R7 
JIIN I .R9 '. ,,, ii.Ith "·"" 4.'iii 
,IIJL n.nn 7.7A n.nn n.nn 4.5n 
AIIG Oo'IR 7.7.R n.nn n.nn 4.'in 
SF.P a:;.01 ,., ... 

fJ. "" "·"" "'· "'' ocT 24.'14 7. 7A n.nn n.n4 ,.1n 
NllV c;n.01 7 . ;>A i'4.R I, 4.'l ... '-· 67 
l)Ft, I)• I I I• )A C,1.44 ..,_.,q I. Pili 

TOTAL 'I'll, . •n R7.'17 '11 .4'1 ;;,q. 97 4'l.;>n 
<;OL~R FRA(:TlON GRO<;<; <;I\VJN(;<;( ~ I IIIF:T SAVING<;( $l 

fllii14TH ~P6(.I" ifliTl'III LiiMtlt I N,air -~"a'-" WATl'II 
. IAN 7l .07 21.77 71. t 'I 11,.nc; 1. 'iR 1'i.R4 
FFR 3'1. 'l'i i''i.'l'I 'li'.'i6 77.17 1.R4 71.nc; 
MAR iii.HJ SC I • Fi I 4M. fi'i >R • I 11 , ... , >:,•a, I 
APR 9Ao'l7 c; .... 'l'i qn.62 ;>'l. 'ill 4. ,n 74.97 
"4AY 1.nn.nn q ... 77 q9. c; 'I I I. 'lR 7. 1 'l l'i,'11 
.iiiN '·'"'·'"' l_iiti.lhf I 011.1111 I. HQ I. )A 4 . 61 

·""- tnn.nn 1.on.nn 1nn.nn n,nn 1.,11 7,7R 
Al fr, 1nn.nn 100.nn ton.no O.'IR 7.i'R "• I 6 
'Hi" l 1"111. ,,,, 1n.;.1,t1t 1 "". 111'1 '!. "" ,. '" '9. Iii 
OCT inn.no qq.4n 'l'l.1'16 i'4, '14 7. ;;,4 i'R. RA 
NOV c;n. 'l'i 3 1 .Al 4A.00 ;;,c;. 7l 7.'I, ,4.R6 
flff, ,r;. "'' ,,,,-r ,,,,,. 

1 "· 7,, '·"" lA,61'1 
TOTAL 41, ...... f'>'i.70 r;n.11 1 ll'i. 11 57.40 19'1. '11 

r1u:1_ RATF~ I• IPll'II R,:l_l\'FR,:RI c;Pr\f.F AaAA U l'tTFR llaAR r,, •• A~ TfllF AATF I •tllAI l'l.1'13 

TABLE B.88 
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•••SOLAR ENERGY ANALYSIS••• 

HEAT W/0 SOLARIMEGABTUI HEAT W/SOLARIMt6ABTU1 
MONTH SPACE WATER SPACE WATER 
JAN 23 0 08 . 2.21 18.20 1.73 

SOLAR PUMP ON•TIM£1MRSI 

90.00 
FEB 20.lq 2 • 21 13.32 1.66 
MAR 17.16 2.21 B.33 1.5q 
APR 9 • 6 2.21 0.09 1.00 
MAY 3.63 2.21 o.oo o.oq 
JUN 0 • 57 2.21 O.OO O.OO 
JUL 0 • 00 2 • 1 O.OO OoOO 
AUG . 0.11 . 2.21 O.OO O.OO 
SEP 1.eo 2.21 o.oo o.oo 

· -c-, • 8 2.21 .o .2 
NOV 15 • 17 2 • 21 7.51 1.59 
OEC 22 • 05 2.21 16.21 1.70 

. TOTAL 120 0 16 26.qe 63.65 . 9.q9 

158.57 
261.q:S 
o9.q 

1u.:n 
151.lq 
150.00 
150~00 
150.00 
1 q. 
191.q3 
120.00 
20611.1q 

COST OF HEAT W/0 SOLARCSI COST OF HEAT W/SOLARU I OPERATING COSTtll 
MONTH SPACE WATER SPACE WATER 
JAN 76 0 18 7.28 60.07 5 0 71 2 0 70 
FEB 66.q7 7 • 28 q3 ~96 5.q9 q.76 
MAH ~6.63 7.28 21.qe 5.oe 7.Bq 
APR . 29.a9 1.2a 0.2a !.3o 9.2a 
MAJ ·11.98 1.2e o.oo 0.13 q.85 
JUN 1 • 89 7.28 O.OO o.oo q.53 
JUL 0.00 7 • 28 0.00 o.oo 4o50 
AUG Oo38 7.28 o.oo . o.oo q~50 
SEP 5.93 1.28 o.oo · o.oo ,.so 
OCT 2q.3q 7.28 o.oo 0.75 5 • 24 
NOV 50.07 7.28 24.78 5.25 5.74 
OEC 72.77 7.28 53.q9 5.62 3.60 

f9TAL 396.53. 87.37 210.06 31.33 62.D• 
SOLAR FRACTION GROSS SAYINGS U I NET SAVIN&Scll 

MONTH SPACE ~ATER COMBINED SPACE WATER 
JAH 21.1, 21.,4 21.19 1,.11 1.sa 1,.,a 
FEB 33087 24~56 32.95 22 • 51 lo79 19.54 
MAR 51oq8 30.17 49~05 29.15 2o20 23.51 
APR 99.05 54.65 90 0 35 29.61 3.9B 24.lD 
MAY 100.00 98.24 99.33 11.9a 1.1s 14.29 
JUN 100.00 100.00 100.00 1.a, 1.2a 4.6, ---J-u~,~--1-o~o~.-o~a~--1-0-a-. -o 0--~1~0~0~.-a~a~--~a-. -oo----,~.2"e~----z<-'.-1~a~------'----
Au& 100.00 100.00 100.00 o.38. 1.2e 3.16 
SEP 100.00 100.00 100.00 5 • 93 7o28 8 • 71 
Oct t00o00 89.13 97.63 24 • 34 6.53 25.64 
Nov so.s2 21.87 47.6q 25.29 2.oa 21.5a 
ore 26.50 22.a8 26.17 1,.28 1.67 11.35 

IOfAL 4fo03 64.14 50.12 186.48 56.04 180.41 

FUEL RATESIS/BTU OELIVEREDI SPACE o.oo WATER o.oo FAN ON•TlME RAT[tl/HRI o.oa 

---- - ---- -

TABLE B.89 



COLLECTOR OAI ENTATION WORKSHEET I 

AVERAGE DAILY AADIATION ON TILTE.D SURFACES 

A. LOCATION EL PASO, TEXAS B. LATITUDE ct>= 31.5° C. INCL\NAT\ON S= 46.5° 

D. C 1-t- COS S) /2 . 8442 E. GROUND REFLECTANCE P=~_3_ F. P(I-COS S)/2= _.0_46_7 __ 

GI. G 2. G 3. G 4. 
M 
0 - KT Hd / H N H 

T 
J'/ DAY-M2 

H 

JAN 13.84 xlO ' .69 .2205 

FEB 18.07 xlO 
6 

. 72 .1944 

MAR 22.96 xlO 
6 

.75 . 1661 

APA 27 . 39 X 10 
6 

. 76 . 1561 

MAY 6 
29.90 xlO .75 . 1661 

JUN 6 
30. 53 xlO .75 . 1661 

JUL 28.02 ,dO 6 
.70 .2120 

AUG ' 26.72 xlO . 71 .2033 

SEP 
6 

24 . 05 xlO .74 .1758 

OCT E, 
19. 32 x 10 .73 .1852 

NOV 
E, 

15. 35 xlO . 72 .1944 

OEC ' 13.09 X IQ .70 .2120 

G 5. G 6. G 7. G 8. 

I - Hd / H Rb BE.AM DIFFUSE 
( I - G 4.) (G5. x GG.) ( D. xG 4.) 

. 7795 1. 904 1.4842 .1861 

.8056 1.549 1.2479 . 1641 

.8339 1.2007 1.0013 . 1402 

.8439 .9057 .7643 . 1318 

.8339 . 7228 .6027 .1402 

.8339 .6486 .5409 . 1402 

. 7880 .6809 .5365 .1790 

.7967 .8228 .6555 .1716 

.8242 1. 074 .8852 .1484 

.8148 1.4267 1.1625 .1563 

.8056 1.804 1.4533 . 1641 

.7880 2.0212 1.5927 .1790 

TABU B,90 

G 9. 

R 
(G7.-tG8.+F.) 

l . 7170 

l .4587 

1.1882 

.9428 

.7896 

.7278 

.7622 

.8738 

1.0803 

1.3655 

1.6641 

l . 8184 

G lO. 

HT 
J"/DAY-M 2 

(G9 ... G 2 .) 

23 . 76 ,clO '-

6 
26 . 36 xlO 

27 . 28 xl0
6 

' 25.82 xlO 

23 . 61 xl0
6 

22.22 xt06 

21. 36 xlO 6 

23.35 xlO 
6 

6 
25. 98 ,dO 

26.38 xlO 
6 

' 25. 54 "10 

23.8_0 ,clO 
6 

I-' 
----.J 
I-' 



M 
0 

N 
TH 

JAN 

FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 
SEP 

OCT 

NOV 

DEC 
TOT 

F-CHART WO RKSHE.ET I 

HEATING LOA OS 

_ DESIGN SPACE HEAT\NG LOAD[W] _ 467.0 [W oc] 
A. UA- DESIGN TEMPERATURE DIFFER£NCE [°C] ___ ___,;,,______ / 

6 
8. WATER USAGE= 400.0 [LIT,ERS/DAY] x4190x(Tw-TM)[J/LIT£R]= 82 -1 xlO [J/DAY] 

CI. C 2. C 3. C 4. C 5. 
DAYS HEATING DEGA£E SPACE. HEATING DOMESTIC WAT£ R TOTAL LOAD 
pi;_ R DAYS [°C - DAY] LOAD [J/MONTH] LOAD [J /MONTH] [J / MON, H] 

MONTH (86400)(A. x C 2.) (B. it C 1.) (C 3 .... C 4.) 

31 381 15.373 xl09 2.55 x109 17.923 x109 

28 247 9.966 x109 2.30 xl09 12.266 x109 

3l 177 7. 142 xl09 2.55 xl09 7.692 xl09 

30 58 2.34 x109 2.46 x109 4.80 xl09 

31 0.0 0.0 2.55 x109 2.55 xl09 

30 0.0 0.0 2.46 xl09 2.46 xl09 

31 0. 0 0.0 2.55 x109 2.55 xl09 

3 \ 0.0 0.0 2.55 x109 2.55 x109 

~o 0.0 0.0 2.46 xl09 2.46 xl09 

~I 47 1.896 xl09 ., 2. 55 x109 4.446 x109 

30 230 9.28 x109 2.46 x109 11. 74 xl09 

31 360 14.526 xl09 2.55 x109 17.076 xl09 

365 1500 60.523 xl09 30.00 xl09 90.523 xl09 

TABLE B.91 

I-' 
-..J 
I\) 



M 
0 
N 

T 
H 

J"AN 

FEB 

MAR 

APR 
MAY 

JUN 

JUL 
AUG 
SEP 

OCT 

NOV 

DEG 

F-CHART WORKSHEET 2 

ITEMS MAKING UP X ANDY 

C. FR UL ( FR / F R) : 3 • 64 [ W / M 2. - ° C] 

D. FR(1'o<)h(F'R/(:'R)= ·66 [UN\TLESS] 

C 6. C 7. C 8. C 9. 
SECONDS X/A [\/M2] ( rrcc.) I ('l' oe.) n 

PER (100-T a) [°c] (C.)"(C7.)x (CG.) 
MONTH (C 5.) = H 10. 

2.68 ,d06 
93 . 051 1.00 

2.42 1' lO' 91 .065 1.00 

2. 68 "Io' 87 . 110 1.00 

2.59 x 10' 83 .163 1.00 

2.~8 l( to' 78 .298 1.00 

2. 59 ,dO" 73 .280 1.00 

2.68 X 106 
73 .279 1.00 

2.f> 8 X (06 
74 .283 1.00 

2.59 xlO' 77 .295 1.00 

2.68 X IQ' 82 .180 1.00 

2. 59 X 106 89 .071 1.00 

2. 6 Bx 106 
93 .053 1.00 

TABLE B.92 

C \0. 
DAILY RADIATION 

ON COLLECTOR 

[J/M~DAY] = GIO. 

23.76 ,do' 

26.36 ,dO' 

27.28 ')(to' 
25.82 1'10' 

23.61 xlO' 

22.22 xl06 

21.36 xlO' 

23.35 x 10• 

25.98 X 106 

26.38 ,dO' 

25.54 ,dO' 

23.80 xl06 

C I \. 
Y/A [l /M 2] 

(D.h{C9.}k(C 10.).(CI.) 
(C 5.) 

.0271 

.0397 

.0726 

. l 065 

. 1894 

.1788 

• 1714 

. 1873 

. 2091 

. 1214 

.0431 

.0285 
~ 
--..J 
\....,) 



F-CHART WORKSHEE, 3 
SOLAR HEATING LOAD FRACT\ON 

E. AREA= 25 . 0 [M2] 

F. STORAGE SIZE CORRECTlON FACTOR (X/Xo) ~ _1_.o __ _ 

G. LOAD HEAT ,EXCHANGER CORR£.CTION FACTOR (Y/Yo)= _l_.o __ _ 

C 12. C 13. C t4. C l 5. C \6 . . 

Mo CORRECTED CORR£CTEO 

NT X/A Y/A X y F 

H (C8.)x(F.) ( C 11.) )( ( G .) (C l2.) x(t:.) (C 131x:( E.) 

JAN .051 . 0271 1. 275 .6775 . 5114 

FEB .065 .0397 1. 625 .9925 . 7001 

MAR .110 . 0726 2. 75 1.815 1.0 

APR . 163 . 1065 4.075 2.6625 1.0 

MAY .298 .1894 7.45 4.735 1.0 

jUN .280 .1788 7.0 4.47 1.0 

JUL .279 .1714 6.975 4.285 1.0 

AUG .283 .1873 7.075 4.6825 1.0 

SEP .295 . 2091 7.375 5.2275 1.0 

OCT . 180 . 1214 4. 5 3.035 1.0 

NOV .071 .0431 1. 775 1.0775 .7415 

DEC .053 .0285 1. 325 - .7129 .5339 

ANNUAL FRACTION BY SOLAR (TOTAL,Cl7.)/(TOTAL1 C5.)-:: .719 TOTAL 

C \ 7. 
HEAT \NG LOAD 

SUPPL\£D 

[J/MONTH] (CIG.)(csJ 

9.1658 xl09 

8.5874 x109 

7.692 xl09 

4.80 xl09 

2.55 xl09 

2.46 xl09 

2.55 xl09 

2.55 xl09 

2.46 x109 

4.446 xl09 

8.7052 xl09 

9.1169 xl09 

65.0833 xl09 

...... 
---J 
~ 



F-CHART WORKSHEE1" 3 
SOLAR HEATING LOAD F RACT \ON 

E. A R E A = 50. o [ M 2] 

F. STORAGE SIZE CORRECTION FACTOR (X/Xo):: _l_.o __ _ 

G. LOAD HEAT EXCHANGER . CORR£.CTION FACTOR (Y/Y0 )= 

C 12. C 13. C 14. C l 5. 
MO CORRECTED CORR£C"fEO 

NT X/A Y/A X y 

H. (C8.)x(F.) (Cll.))((G.) (C 12.) x(£.) (C 13~x ( £.) 

JAN . 051 .0271 2.55 1. 355 

FEB .065 .0397 3.25 l . 985 

MAR .110 .0726 5.5 3.63 

APR .163 .1065 8. 15 5.325 

MAY .298 .1894 14.9 9.47 

jUN .2ao .1788 14.0 8.94 

JUL · .279 . 1714 13.95 8.57 

AUG .283 .1873 14. 15 9.365 

SEP .295 . 2091 14.75 10.455 

OCT .180 . 1214 9.0 6.07 

NOV .071 . 0431 3.55 2.155 

DEC .053 .0285 2.65 - 1.4258 

ANNUAL FRACTION BY SOLAR (TOTAL,C 17.) / (TOTAL, C 5.)-; .9227 

TABLE lJ . 94 

1.0 

C 16. 

F 

.8439 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

.8718 

TOTAL 

C \ 7. 
HEAT \NG LOAD 

SUPPL\£.D 

[J/.MONTti] (Cl6.)(C5~ 

15.1252 xl09 

12.266 . xl09 

7.692 xl09 

4.8 xl09 

·2.55 xl09 

2.46 xl09 

2.55 xl09 

2.55 xl09 

2.46 xlOY 

4.446 xl09 

11. 74 xl09 

14.8868 x109 

83.526 xl09 

1--' 
---.J 
\J\ 



----- SESP INPUT DAl"A 

LO CAT I ON : EL PASO, TEXAS 

C \ C2 C3 C4 cs 
C 1.0 1.0 12.0 1.0 0.0 

I 2 3 4 5 6 7 

DD 685.8 .444.6 318.6 104 . 4 . 001 .001 .001 

I 2 3 4 5 G 7 

HBAR 1218.61 1591. 06 2021.63 2411.69 2632.7 2688.17 2467 .16 

I 2. 3 4 5 6 7 

TAMB 44.6 48.2 55.4 62 . 6 71.6 80 . 6 80.6 

I 2 3 4 5 6 7 

2.0 0.0 0.0 0.0 0.0 0.0 1.4 
GAL 

13 14 15 16 I -, • 18 \9 
3.5 5.3 2.5 2.3 2.0 3.8 6.9 

STO A CH cc TILT VOL 

8267.8 538.2 620.4 661.0 46.5 990.75 

UA X.M B Ac. DENH DENC SPHTH 

4262.5 .66 .68 0.0 8.89 8.34 .8 

&W RLAT T\ TLIM &FAN UATOP UABOT 

3.3 31. 5 70.0 68.0 .03 1.41 1.41 

TABLE B .9 5 

8 9 10 

.001 .001 84.6 

8 9 10 

2352.7 2117.6 1701 . 13 

8 9 10 

78.8 73.4 64.4 

8 9 10 

4.8 7.3 8.4 

20 2\ 22 
11.8 9.6 6.9 

• 

SPHTC THOT TCOLD 

1.0 140.0 51.8 

UASEG ETA GPH 

. 141 .7 480.0 

I I 
414.0 

I l 
1351.57 

I \ 

51.8 

I I 

6.9 

23 
5.4 

RLOSS 
21232.9 

ETA2 

.6 

\'2 

648.0 

12 

1152:6 

\2 

44.6 

12 

4.6 

· 24 
4.7 

ss 
3.3 

GP\-\2 

------ f-' 
-..J 

°' 
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•••SOLAR ENERGY ANALYSIS••• 

' HEAT 
MONTH 

W/0 SOLARCMEGABTUI HEAT W/SOLARCMEGABTUJ SOLAR PUMP ON•TIMECwRSI 

JAN 
FEB 
MAH 
APR 
MAY 
.iUN 
JUL 
AUG 
SEP 
OCT 
111011 
DEC 

TOTAL 
COST Of 
MONTH 
JAN 
FE!i 
MAH 
APR 
MAY 
JUN 
JUL 
AUG . 
SEP 
OCT 
NOii 
DEC 

TOTAL 

MONTH 
JAN 
FED 
MAR 
APK 
MAY 
JUN 
JUL 
AUG 
SEP 
OCT 
111011 
DEC 

TOTAL 

SPACE WATER SPACE WATER 
14.56 2.21 6.32 1.11 
,.4• 2.21 0.51 o.63 
6.76 2.21 o.oo 0.06 
2.22 2.21 o.oo o.oo 
o.oo 2.21 o.oo o.oo 
o.oo 2.21 o.oo o.oo 
o.oo 2.21 o.oo o.oo 
o.oo 2.21 o.oo o.oo 
o.oo 2.21 o.oo o.oo 
1.80 2.21 o.oo Oooo 
8.79 2.21 0.11 0.50 

13.76 2.21 5o52 lo12 
57o33 26048 12052 3 ... 9 

120.00 
180000 
210000 
211.00 
210.00 
210000 
l80oOO 
1ao.oo 
1ao.oo 
180ooo 
150 0 00 
120.00 
2130.99 

HEAT W/0 SOLARCSI COST OF HEAT W/SOLARCS I OPEKA TIN& COSTcSI 
SPACE WATER SPACE WATER 
48oD5 7o28 20.8• 3086 
31015 7o28 1068 2o09 
22,32 7o28 OoOO Oo20 

7o32 7o28 OoOO OoOO 
OoOO 1.2a OoOO OoOO 
OoOO 7o28 o.oo OoOO 
OoOO 7o28 OoOO OoOO 
OoOO 7.28 o.oo OoOO 
0,00 7.28 o.oo OoOO 
5o93 7.28 O.OO OoOO 

29.01 1.28 o.56 1.66 
45.•o 1.28 1e.23 3.69 

189.19 87.37 ~ •1.31 11.50 

SPACE 
56.62 
9q.,2 

100000 
100000 
100000 
100.00 
100.00 
100.00 
100.00 
100,00 
,a.011 
59085 
78016 

SOLAR FRACTION &ROSS 
WATER COMBINED SPACE 
.. 6.97 55.35 21.21 
11021 90.19 2, •• a 
97.2~ 99.33 22.32 
99.96 99.99 1.32 

100.00 100.00 o.oo 
100.00 100.00 o.oo 
100.00 100.00 o.oo 
100.00 100.00 o.oo 
100.ou 100.00 o.oo 
100.ou 100.00 5.93 
11.19 93.89 280•5 
q9.30 58.39 21.17 
86.83 80.90 1•7.87 

3.60 
50•0 
6030 
6,33 
6030 
6030 
5.•o 
5.•o 
5.•o 
5,qo 
.. ,50 
3.60 

63.93 
SAVIN6SUI 

WATER 
3o .. 2 
5o19 
7,08 
7.28 
7o28 
7o28 
7,28 
7o28 
7,28 
7,28 
5.62 
3.59 

75,86 

NET SAVIN&SCSI 

27.03 
29.26 
23,11 
8,26 
o.,a 
o.9a 
1088 
1088 
1,88 
7081 

29.57 
27016 

159081 

FUEL RATESII/BTU DELIVERED) SPACE OoOO WATER 0,00 FAN ON•TIME RATEfl/HR) 0,03 

TABLE B,96 



---- SESP INPUT DATA 

LOCATION: EL PASO, TEXAS 

C\ C2 C3 C4 cs 
C 1.0 1.0 · 12. 0 1.0 0.0 

I 2 3 · 4 5 6 7 
DD 685.8 444.6 318.6 104.4 .001 .001 .001 

I 2 3 4 5 S 7 

HBAR 1218.61 1591.06 2021.63 2411. 69 2632.7 2688.17 2467 . 16 
, 

I 2. 3 4 5 6 1 
TAMS 44.6 48.2 55.4 62.6 71.6 80.6 · 80.6 

I 2 3 4 s 6 1 

2.0 0.0 0.0 0.0 0.0 0.0 1.4 
GAL 

13 14 lS lS 11 18 \9 
3.5 5.3 2.5 2.3 2.0 3.8 6.9 

' 

STO A CH cc TILT VOL 

4133.9 269.1 310. 2 330.5 46.5 495.4 

UA XM B A1:. DENH DENC SPHT\-\ 

4262.5 .66 .68 0.0 8.89 8.34 .8 

~w RLAT Tl TUM &FAN UATOP UABOT 

3.3 31.5 70.0 68.0 .03 l. 41 1.41 

8 9 \0 

. 001 .001 84.6 

8 9 10 

2352.7 2117. 6 1701. 13 

B 9 10 

78.8 73.4 64.4 

8 9 10 

4.8 7.3 8.4 
, 

20 2\ 22 
11.8 9.6 6.9 

. 

SPHTC THOT TCOLD 

1.0 140.0 51.8 

UASEG ETA GPH 

. 141 .7 480.0 

I I 

414.0 

' \ 
1351.57 

I I 

51.8 

I I 

6.9 

23 
5.4 

RLOSS 

21232.9 

ETA2 

.6 

12 

648.0 

12 

1152.6 

\ 2 

44.6 

12 

4.6 

24 
4.7 

ss 
3.3 

GP\.\2 

------ I-' 
--.J 
0) 



•••SOLAR ENERGY ANALYSIS••• 

HEAT W/O SOLARIME&ABTUI 
MONTH- SPACE WATER 
JAN lq.56 2.21 
FEB 9.44 2.21 
HAR 6076 2o21 
APR 2.22 2.21 
MAY O.OO 2o21 
JUN O.OO 2.21 
JUL OoOO 2.21 
AU& o.oo 2.21 
SEP 0,00 2.21 
OCT 1o80 2.21 
NOV 8079 2.21 
DEC 13.76 2.21 

TOTAL 57.33 26.48 
COST OF HEAT W/0 SOLARISI 
MONTH SPACE WATER 
JAN 48.05 7.28 
FEB 31015 7.28 
MAR 22.32 7.28 
APR 7.32 7.28 
MAY OoOO 7.28 
JUN OoOO 7o28 
JUL OoOO 7.28 
AU& 0,00 7.28 
SEP OoOO 7.28 
OCT 5,93 7.28 
NOV 29001 7o28 
DEC 45040 7.28 

HEAT W/SOLARIME6ABTUI 
SPACE 
0.15 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
c.oo 
o.oo 
0.15 
COST OF 

WATER 
0.25 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
OoOO 
OoOO 
o.oo 
ooo3 
0.21!1 

HEAT W/SOLAR CS 
WATER 
o.e3 
0.01 
o.oo 
o.oo 
OoOO 
o.oo 
o.oo 
OoOO 
o.oo 
o.oo 
OoOO 
0.09 

179 

SOLAR PUMP ON•TIMEIHRSI 

120000 
180 000 
180 0 00 
210.00 
180.86 
180.00 
158014 
180 000 
180o00 
1eoooo 
150000 
120o00 
2018.99 

I OPERATIN& 

3.60 
50110 
5.40 
6030 
5 ... 3 
!5.40 
llo 711 
50110 
!5olt0 
5.110 
4o50 
3o60 

COsTcSI 

TOTAL 189.19 87.37 
SOLAR FRACTION 

SPACE 
0.48 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.48 o.92 

&ROSS 
SPACE 
q7.57 

60.!57 
SAVIN&S(SI NET SAVIN6S(SI 

50.112 
MONTH 
JAN 
FEB 
MAR 
APR 
MAY 
JUN 
JUL 
AUG 
SEP 
OCT 
NOV 
DEC 

TOTAL 

SPACE 
99.00 

100.00 
100.00 
100.00 
100000 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 
100.00 

'J9.75 

WATER COMBINED 
88.61 !H.63 
99.89 99 . 98 

100.00 100.00 
100.00 100.00 
100.00 100.00 
100.00 100.00 
100.00 100.00 
100.00 100.00 
100.00 100.00 
100.00 100.00 
100.00 100.00 
98.80 'J9.83 
98.9,. 'J9.49 

31.15 
22.32 

. 7.32 
o.oo 
OoOO 
o.oo 
o.oo 
o.oo 
5.93 

29.01 
q5.qo 

181!1.70 

WATER 
6011!5 
7,27 
7.28 
7o28 
7o28 
7.28 
7o28 
7o28 
7,28 
7o28 
7,28 
7ol9 

1!16044 

33.03 
211.20 

8030 
1,86 
1081!1 
2.51t 
1.81!1 
1.a8 
7081 

31.79 
49.00 

214,58 

FUEL RATESIS/BTU DELIVEHEDI SPACE O.OO WATER 0~00 FAN ON•TIME RATEcS/HRI 0.03 

TABLE B.98 



r.1 J 

[.21 

[Jj 

(41 

[51 

[6:J 

(7 l 
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