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Summar!

This document presents the detailed results of an evaluvation of

"all-day efficiency" computations for selected flat plate and

g <

evacuated tube colleciors (i.e., thc Sunworks Model LB5011 and
Sunmaster Model DEC 8A, respectively). The computations are based
on a modified version of the NBSIR 78-1305A procedure for "All-

Day Collector Efficiency'". The computations were perfcrmed month

" -PW_ TREw s

by month for actual solar-meteorological conditions at 36 sites

selected from the NOAA Monthly Summary-Solar Radiation Data. Section
I provides an introduction and background for the study. Section II
presents the details of the modified all-day efficiency calculation
procedulre (based on NBSIR 78-1305A). Section III discusses the

ASHMET and NOAA data bases for solar insolation and provides a
jJustification for utilizing the available NOAA data base. Section

IV presents details of the algorithm used to convert total (globel)
horizontal radiation to the collector tilt plane of the selected
sites. Appendix 1 presents a graphical representation of the monthly
all-day eificiencies for a typical year for ecach of the selected sites
and fcr each of the two selected collectors. Appendix 2 presents tables
of hourly insolation data for colar insolation in a horizontal and 45°
tilt plare for Huntsville, Alabama. This data is in support of the
algorithm described in Section IV. Appendix 3 presents tables of

the total monthly solar insolation available in the plane of the
sélected site collectors as calculated from the NOAA data base using
the algorithm described in Section IV, Finally, Appendix 4 presents
graphical comparison of the monthly all-day efficiencies for five

svelected sites using ditferent insolation references.
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Introduction

Solar thermal collectors have been routinely tested for
thermal performance at the Marshall Space Flight Center
Solar Test Facility and other test facilities using the
widely accepted ASHRAE 93-77 Standard Test Method (Ref. 1).
This standard is generally applicable to the following solar
thermal collectors: flat plate, evacuated tube, and low ‘
concentration ratio (i.e., less than 5 to 1) collectors such
as those using compound parabolic cusp (CPC) reflectors.

The performance of a solar thermal collector tested in ac-
cordance with ASHRAE 93-77 is exibited by data curve fits
and/or graphical presentations of the solar collection
efficiency (generally obtained at insolation levels of 200
BTU/hr-ft2 or greater at normal incidence), the collector
thermal response time constant, irradiation incident angle
modifier, and pressure drop. The results of the ASHRAE 93-77
collection efficiency tests are based on essentially in-
stantaneous data points taken under steady test conditions
near solar noon. Thus, an adequate comparison of one collec-
tor with another is extremely difficult since a comparison
of instantaneous points on an efficiency curve may be mis-
leading when applied to real, long-term solar meteorological

conditions at specific sites.

The need for rating the thermal performance of solar collec-

tors over usefully long time periods has been recognized and

I-1
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Introduction (Continued)

a procedure has been developed for generating the 'all day
efficiency" of solar thermal collectors for typical yearly
conditions at specific locations. The U.S. Department of
Commerce National Bureau of Standards (NBS) prepared an

""All Day Collector Efficiency'" methodology (NBSIR 78-1305A)
utilizing the ASHRAE 93-77 test results as a basis. The

all day collector efficiency methodology requires the follow-

ing information for computation:

e Hourly insolation available in the plane of
the collector

e Hourly ambient temperatures in the vicinity of
the collector

e Collector fluid inlet temperatures

@ Collector site and orientation (latitude,
tilt, and deviation from true South (i.e.,
azimuth))

e ASHRAE 93-77 test results

o Effective gross area of collector.

Prcperly forwulated, this information permits collectors of
various design and performance levels to be evaluated for
specific site application in a much more realistic manner,
Thus, one-to-one ('"apples and apples” ) comparisons may be
made between collectors over typical yearly operating con-
ditions. Although the computations may be made using desk-

top calculators, a computer program has been developed to




Introduction (Continued)

compute "average" all day collector efficiencies for typical

solar thermal collectors at specific sites in the Federal in

Solar Buildings Demonstration Program.




I1

Calculation Of All Day Performance

Calculation Methodology

The National Bureau of Standards (U.S. Department of Commerce)

developed a simple, step-wise methodology to calculate the
"all day performance" of solar collectors. The methodology
utilizes the ASHRAE 93-77 (Ref. 1) solar collector thermal
performance results for a given collector as the basis for
the calculation procedure. The NBS methodolegy has been
documented as NBSIR 78-1305A (Ref. 2) and is summarized in

the tollowing steps:

Step 1 - The following information must be assembled and
inserted in Table 1 to obtain the all day per-
formance of the solar collector for the time

period of interest:

e ASHRAE 93-77 Thermal Performance Results (First
order poststagnation thermal efficiency curve
(slope and intercept), and incident angle

modifier)

® Average hourly inlet fluid temperature to the

collector (place in line 1. of Table 1).

e Incident solar radiation in the plane of the

collectors (see note 2 below)

I1-1
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® Average hourly ambient temperature (see note 1 below)




I1 Crlculation Of All Day Performance (Continued)

Calculation Methodology (Continued)

Note 1:

Daily temperature profiles are not usually readily
available. Thus, an approach had to be developed to
utilize the available N.O.A.A. daily maximum and
minimum temperatures for each month (NOAA, Reference
3). Since the daily maximum temperatures generally
occur in mid-afternoon and minimum temperatures
usualiy oécur in the hours just preceding sunrise,

the following procedure was developed for creating

a reasonable all day temperature profile. Using
temperature data given in Reference 3 for the location
nearest to where the solar 3ystem will be installed,
insert the appropriate average daily maximum value

for each month in the 2:00 pm position of Table 1.

In the 6:00 am position insert the appropriate average
daily minimum temperature for che month. Subtract

the minimuw  emperature from the maximum temperature
value and divide by cight. Beginning with the 6:00

am minimum temperature add that calculated differential
value for each hour to find the temperature profile
values from 7:00 am to 2:00 pm. Use the calculated
1:00 pm value for the 3:00 pm position, the calculatcd
12:00 pm temperature for the 4:00 pm position, the
11:00 am value for 5:00 pm, and the 10:00 am value

for the 6:00 pm position.

1]-2




Note 2:

Step 2 -

Ster 3 -

ITI Calculation Of All Day Performance (Continued)

Calculation Methodology (Continued)

The incident solar radiation on the collector plane
is site specific and is dependent upon the hour of
the day, the tilt of the collector, and the typical
weather conditions of the site. Recommended solar
radiation data is available in Reference 3 and
Reference 4. Select the hourly data from a month

in Reference 4 which approximates the daily average
given in Reference 3 for applicable site locations.
This data must be resolved into the tilt plane of

the collector appropriate for each site and referenced
to solar time. Insert these average hourly values in
line 3 ot Table 1. Tota) the indiviaual values in

the far right haand column.

Subtract Ta (ambient temperature in OF determined

in Step 1) from Ti (inlet temperature in OF inserted
in Step 1) and divide by I (the incident radiation

on the collector plane found in Step 1) for each hour.

Insert this result into line 4 of Table 1.

Using the results of an ASHRAE Standard 93-77 col--

lector test mrde after the 30 day no flow degradation

test, coile.ror efficiency for eack hour can be ex-
tracted from appropriate instantaneous efficiency

curves using the operating point value detcrmined in

I11-3

o




éf
|
5
j

i
3

II Calculation Of All Day Performance (Continued)

Calculation Methodolcgy (Continued)

Step 4 -

Step & -

step 2. Repeat for each hour by substituting in
the appropriatequant ity from line 4 of Table 1. In-
sert the collector efficiency values calculated in

this step into line 5 of Table 1.

For situations where the collectors are oriented

within a few degrees of due South and are at a slope
approximating the latitude of the site, the solar

hour angle absolute value should be inserted into

line 6 of Table 1. The value for solar noon is 0°

with 15 added to each hour on either side of solar
noon (e.g., 15° for 11:00, 30° for 10:00, and 60°

for 16:00). For svecial situations where the collectors
are oriented well off due South or are at a slope
significantly different from the latitude, the angle

of incidence of beam radiation can be calculnted using
equation 2.5.2 of Reference 5. The resultart incidence

angles are inserted into line € of Table 1.

The incident angle modifier for each hour can be ex-
tracted from appropriate incident angle modifier
curves. Using the incident angle value in degrees
dotermined in step 4, deternmine the corresponding

incident anple modifier value. The values of the

-4
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II Calculation Of All Day Performance (Comtinued)

Calculation Methodology (Continued)

incident angle modifier are inserted into line 7

Step 6 -

Step 7 -

of Table 1.

Subtract one (1.0) from the value determined in Step 5.

Multiply that value
efficiency found at
of the ASHRAE 93-77
value to the step 3

resulis into line 8

Multiply the number

times the value of the collector

the intercept point, (Tj-Tgz)/I = O,
efficiency curve. Add the resulting
thermal efficiency. Insert these

of Table 1.

found in step 6 times the hourly

solar insolation value from line 3 of Table 1. Per-
form these calculatvions for each hour of the day.
Total the resulting hourly values in the far right

hand column.

Step 8 - Determine the collector "all-day" efficiency by divid-
ing the daily total in line 9 of Table 1 by the total
an line 3 of Table 1. This value should be inserted
in line 10 of Table 1 under the Daily Total heading.

Note 3: Once the average collector efficiency is derived for

|
,!

e sk n STE

each month for a range of inlet temperatures, this

value, multiplied with insolation from Reference 1

I1-5




11 Calculation Of All Day Performance (Continued)

Calculation Methodology (Continued)

resolved into the tilt plane on the collector pro-

duces the monthly expected energy output per square

foot from the collector array at each location.

A mathematical representation of each line in Table 1 ma, bhe

helpful in illustrating the procedure. The mathematical steps

are as

Line 1

Line 2

Line 3

Line 4

Line &

follows:

of Table

of Table

of Table

of Table

of Table

Insert fluid inlet temperature values, T;
(°F). Use the same value of Tj for each

separate case.

Insert ambient air temperatures, Ty (OF), as

determined from Note 1 of Step 1.

Insert i.cident radiation, I (%%%ftZ), as

determined from Note 2 of Step 1.
Compute (Ti' Ta)/l.

Compute efficiency 9= A + B [(ri- Ta)/I] ,
where A and B are the first order, post
stagnation thermal efficiency cturve para-

meters. Alternatively, the efficiency may

I1-6
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II1  Calculation Of All Day Performance (Continued) g

Calculation Methodology (Continued)

be determined from a plot 01'7 versus (T3-Ta)/I.

Line 6 of Table 1 - Insert incidence angles,a , determined 4

in Step 4.

Line 7 of Table 1 - Insert incident angle modifier (Q‘f)

determined in Step 5.

Line 8 of Table 1 - Compute (K,o-1) A + JA + B (T;-Tg)/1%. E
% i“la

Line 9 of Table 1 - Compute I x [(1&1-1) A+ [A + B (Ti-'l‘a)/i]] . i

,§
Line 10 of Table 1 - Compute daily collector efficiency, é
Sum of Total Daily Energy Output (Line 9 j

total)

Sum of Total Daily Incident Radiation o

(Line 3 total).

Appendix 1. is a graphic representation of the results of the

A i B
s T EN T

"all day efficiency" calculations for thirty-one of thirty-six

sites for both the Sunworks and Sunmaster collectors. The in-

let temperature parsmeter was varied from 70°F to 230°F for each

monthly calculation,
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ITI Impact of Solar Insolation Reference T

Many analysis tools for sizing or simulating solar system
performance utilize solar insolation data developed by
ASHRAE. The ASHRAE data characterize clear day available
insolation in the horizontal plane on the 21lst day of each
month for several latitudes within the contiguous United
States. Many users of this data recognize that using the
clear day values for predictions always over predicts the
monthly output of the solar system, due to the occurrance of

clouds on many days each month.

The Solar Energy Research Institute (SERI) recognized the need
for a cloudiness index for various locations within the United
States to apply to the ASHRAE clear day data to make the pre-
dicted monthly available equal to measured data. SERI ac-
complished this noble task by developing a cloudiness factor
reference for approximately 200 cities in the United States.
The utilization of the ASHRAE clear day values multiplied by
the cloudiness factor for predictions always uanrder predicts

the actual monthly output of the solar system,.

The dilemma of over predicting or under predicting prompted
a study reported herein where predictions of solar system

performance are based on actual hourly data recorded by the
National Oceanic and Atmospheric Administration (NOAA). A

review of the SERI work for specific sites produced the typical

III-1
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III Impact of Solar Insolation Reference (Continued)

total available insolation in the horizontal plane for

each month based on a 25 year data base. The hourly and

daily NOAA data were studied to find an actual month which

had a total available in the horizontal plane which corre- .
sponded to the 25 yvear average for that month. Although NOAA

has only accumulated three years of hourly data, it was fairly

easy to compile a typical meteorological year for the NOAA

sites.

Before the total horizontal insolation can be used for pre-
dicting; the available insolation in the solar system collector
tilt plane, the percentage of direct and diffuse insolation

must be known. To do this accurately is a stand alone study

and is reported in detail in Section IV of this document.

For practical purposes a typical direct fraction protile for

the total solar insolaiion on a clear day was assumed. The
direct fraction profile was used to determine the direct and
diffusced solar insolation available for each hour of the day

and the classical Liu and Jordan method was used to convert

the horizontal insolation into thatavailable in the collector
tilt plane. Predictions were then calculated based on the
ASHRAE clear day values on the 21st day of each month with

daily interpolations, and also utilizing thce NOAA hourly data .
base, with the clearest day of the month repeated for the number
of cdays in the month. The results are shown in Tables 111-1

and 111-2 The results maicated, as expected, that if all days
are clear, the prediction v the ?21st day of each month is

111-2




I11

Impact of Solar Insolation Reference (Continued)

representative of the monthly average efficiency based on
NOAA ciear ‘ay performance. The predictions are for Bismarck,
North Dakota and Caribou, Maine respectively in Tebles III-1
and III-2. The number in the parenthesis indicates the dif-
ference from the NOAA clear day efficiency (maximum perfor-
mance for one day during the month). Data are presented for
three collector types and represent the highest possible all
day efficiency for these collectors. The efficiency based on
the average solar insolation (ASHRAE clear day times the cloud-
iness factor for each month) will be significantly less than
that for the clear day except in months which are nearly all
clear days. Tables III-3and 11I1-4present the predicted effi-
ciency for the ASHRAE average day and the corresponding NOAA
hourly-daily insolation, producing a typical month. Again,
the predictions are for Bismarck and Caribou respectively.
The number in parenthesis indicates the difference from the

NOAA typical month all day efficiency.

It is clearly shown that the performance prediction for the
four cases agrees very well for the evacuated tube type.

But performance is under-predicted for the flat plate and the
trickle types as a result of their higher heat losses. The
minimum solar radiation required to offset the collector heat
loss for a given differential temperature between inlet and

ambient, can be established for every solar collector. The

I11-3
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II1 Impact of Solar Insolation Reference (Continued)

three types of collectors under investigation have the

intercept and slope listed below.

M = .733 - .901 P Flat plate
7 = 411 - ,145 P Evacuated tube
7 = 755 -2.226P Trickle

where P = m:f_!\_a.@g

The minimum solar radiation required for each collector toc have
positive energy gain with the inlet temperature at 70°F and

ambient temperature at 20°F can be expressed as:

1 . = Tin - Tamb _ 70 - 20
L min pmax pmax

where P__ = intercept

ax slope
therefore
50 2
}? I .. =89 = 62 Btu/hr ft Flat plate
i - _50=18 Btu/hr £t  Evacuated tube
; min 2.53
; = _5..9- = r 2 1
Imin = 37 147 Btu/hr ft Trickle

The difference between the trickle type collector and the
evacuated tube collector is very distinct. The disagreement

- is greatest in the winter months with higher inlet temperatures,
i.e. higher value of the parameter P. For the trickle type

collector in Caribou, there was no energy gain with an inlet

I11-4




III Impact of Solar Insolation Reference (Continued)

temperature greater than 90°F from November through March,

based on the ASHRAE clear day times the cloudiness factor.

Figure III-1 shows a typical clear day solar radiation in Feb-
ruary. To determine the average solar radiation for the
month, the clear day radiation was multiplied by a cloudiness

factor obtained from ASHRAE. The cloudiness factors vary from

month to month and from one location to ancther. For instance,
assume a value of .67 for Caribou, Maine. The actual average
solar radiation for a day is shown by the dashed line in Figure

II%-1. Assuming the ambient temperature of 20°F and inlet tempe-

rature of 90°F.the minimum solar radiation, I is 206 Btu/hr

2 .

min’
» ft

Therefore, the collector system can not generate any useful
energy. However, in the real conditions, there werc some
clear days in the month for which the solar radiation is

greater than 206 Btu/hr ft2 to produce useful energy.

Appendix 4 presents a detailed graphical comparison of the

"all-day" efficiency for the same collectors dicussed above

at the same locations. (plus: Atlanta, Georgia; Nashville,
Tennessee; and Washington, D.C.) for operating temperatures
of 70°F and 90°F. The curves presented in Appendix 4 permit

a comparison of the effect of insolation reference on the




IIT Impact of Scolar Insolation Reference (Continued)

“all-day" collector efficiency. It 1is observed that the
clear day insolation will over predict and the cloudy day
insolation will underpredict the performance during the

heating season.

In conclusion, the ASHRAE's clear day solar racdiation can be

used to predict the highest possible performance for a collectcr

system during any month of the year. Unless the collector heat
loss co-efficient is low, using clear day radiation times
cloudiness factor to obtain an average solar radiation will
under-predict the collector efficiency. Therefore, this

method is not recommended for system evaluations. The only

accurate manner of predicting solar system efficiency is

utilizing actual hourly data which matches the average monthly

available insolation for each specific site. :

I11-6
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Figure 1ll-1 ASHMET Clear Day and Average Day Solar Radiation in
February on 60° Tilt Surface at 48° North Latitude and

the Minimum Solar Radiation Required for Three Types
of Collectors.
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IV Prediction Of Total Insolation On A Tilted Surface

The efficiency of a solar collection system is proportional

to its incoming solar energy. Therefore, the prediction of
the availability and quantity of radiation on the collector
surface is extremely important to an engineer, designer, or
researcher for their system design, evaluations or performance

simulations.

There are many weather stations in the United States; that
measure solar radiation. However, at most of them, only total
solar radiation on a horizontal surface is recorded. This
is the case for NOAA (National Oceanic and Atmospheric
Administration), which publishes a monthly summary of solar
radiation data for several sites. To convert these hourly
data from a horizontal surface to the collector tilt plane
is a State-of-the-Art Science. Numerous authors have pre-
sented their methods, among them, Liu & Jordan's method is
the most widely used. To apply Liu & Jordan's technique,
one must know the total and diffused solar radiation on the
horizontal plane. Unfortunately, the diffused solar radia-
tion on the horizontai plane is rarely available. In addition,
determination of the diffused radiation using a shadow band
reauires periodic adjustment of the altitude angle and addi-

tional equipment (pyranometer, recorder).

One of the purposes of a recent project at the MSFC Solar Test

Facility was to investigate a method to convert solar radiation

IvV-1
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IV Prediction Of Total Insolation Om A Tilted Surface (Continued)

irom the horizontal to the tilt plane knowing only the total solar

radiation. This algorithm will then be utilized in the
evaluation of system designs. Solar radiation has been re-
corded at two-minute intervals for 10-12 hours, depending

on the season. On a fixed surface, horizontal total and tilt
total (45 degrees) and on a tracking plane, direct, total and
diffused radiation were measured. These hourly data were tab-

ulated monthly.

Figure 1 shows a typical clear day where TOT (total), NIP
(direct normal), and DIF (diffuse) were measured in the track-
ing plane and HOR and 45T were the total radiation on the

horizontal surface and 45 degree tilt surfaces, respectively.

Liu & Jordan's equation to convert from the horizontal surface

toatilt surface is given below:

= cos@ 23 in2/8
Gy = (Gy - Dy) oo * Dy cos’(3)+p Gy sin’(3) (1)
where GT = Global radiation on tilt surface.

G Global radiation on horizontal surface.

i

n

D Diffused radiation on horizontal surface.

H

©@ = Solar incident angle.

X = Solar altitude angle.

Iv-2
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IV Prediction Of Total Insolation On A Tilted Surface (Continued)

s = Surface tilt angle.

/o = Ground reflectance.

From equation 1, it is obvious that Dy must be known to
determine Gy, the radiation on the tilt surface. The diffused
radiation on a horizontal surface, Dy, is seldom measured.
Without the diffused radiation data. Equation (1) can not be
utilized to calculate the global radiation on a tilted surface,

another measurement not normally taken.

An algorithm has been developed which determines the diffused
fraction for each hour, based on hourly total horizontal radia-
tion only. A typical, hourly direct solar fraction, the ratio

of direct to total solar radiation, for the clearest day of a
month for the month of February through June in Huntsville,
Alabama are presented in Figure 2. Although these hourly direct
fractions varied from month to month, only one profile was usea to
simplify this algorithm. This general profile is the average

of these five month's values. Knowing the direct fraction for
each hour of the day, the diffused fraction may be determined

as follows:

(2)

This direct fraction profile will be varied from location to

location, but its deviation shall not be large because this pro-

IV-3
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IV Prediction Of Total Insolation On A Tilted Surface (Continued)

; file is based on the clearest day of that location. There-
fore, the profile listed below might be applicable to all loca-

tions in the United States. .

Time 7-8 8-9 9-10 10-11 11-12 12-13 13-14 14-15 15-16 16-17

3
L
;
A

Direct
Fract-
ion .80 .85 .87 .88 .89 .89 .88 .87 .85 .80

Rk oy T TR e T

The hourly profile was applied to one day of the month which has

' the maximum total solar radiation on a horizontal surface for that

hour. It can be demonstrated by examining Table IV-1, May 1981.

Comparing the total solar radiation on horizontal surtace for
( the same hour of each day of the month, indicated that the 21st 3
day of May has the maximum values. Therefore, the standard 5
direct fraction profile was assigned to this day. However, it
is not necessary that the profile be applied to every hour of
the same day. Therefore, any other day the solar radiation
for the hour did not reach the maximum indicated that the sky

is either hazy, intermittent or cloudy. Intuitively, under those

S

conditions the direct solar fracticn will decreasc, and the

diffused solar fraction increases,

i A detailed comparison of the hourly radiation values to the
maximum value of the month indicated an analytical relationship.
i Figures 3 through 6 show that for the month of April, 1981,

the diffused fraction versus the total radiation for every hour tﬁ
§3
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IV Prediction Of Total Insolation On A Tilted Surface (Continued)

of the day can be best fitted by a square function. For ex-

ample, at 11 am on May 31 the total solar radiation is 254

Btu/hr-ft2. Comparing this to the maximum of 293 Btu/hr-*t2,

the diffused fraction for this hour is determined as
_ - 254,2 _
fdif =1 - ,838* (555) .34

I L e AR

The diffused radiation is determined by multiplying the total

radiation with the diffused fraction:

Dy = Gy * fy;, + 254 * .34 = 86 Btu/hrft°.

Substituting Dy and Gy into equation (1) with knownd ,«, s, and

f" the global radiation on a tilted surface can be predicted.

Using the data obtained at MSFC, the February through July, 1981
data were evaluated. The results are shown in Figure 7 through
12. In general, it agrees fairly well with measured data for
all types of days (clear, partly cloudy and cloudy days). The
average deviation from measured values is within 15 Btu/hr-ftz.

The method does under predict the solar radiation on tilted

surfaces for higher radiation levels.

, ' Appendix 2. shows the measured day-time hourly total radiation
O QO L. . .
at a 07 and 457 tilt angle for Huntsville, Alabama from February

1981 thirouch June 1981,

; ' Appendix 3. shows the calculated average monthly insolation

in the collector tilt plane for thirty-one of the thirty-six sites.

1V-6




18-21-d3S LNIUWIJNSYIW NOLLYIAYy JyY10S

T-AI JUN91d4 .
L [ M oD °S1 o0 °t1l pO°11 P96 P0°C o 4
una./llff
[+ <]
S
—
Z
m
o Z
< w
. -
dIN ..
LOL J
>
a [ ad
L
e
w
-
: @ X
- - (3 w
'
: m
~
w.:.B =
: »
: °
. S

2Ldsnlgd 6¢t =-dJ1d 8Se2=-10L ¢S2-dIN 9= + 881 -J0OH ‘




S-Al JUNOId

08° S8° I8 88" 68 68" 88 L8 S8 OF
1 T I _ T T _ T 1
gL 2L 9L S vL €L 2L LI OFL 6 8 L

| _ _ _ _ _ | _ _ _ _
v
aunpr o
. 1z
Aep &
iudy v —1¢
=
yosew 0O Ly w
Asenuqadq o Im.m }
5 :
g w.
IN. A
m A A A A A A mlm.
"3 8§86 88 ° "I A&
o “_

TV ‘ITIIASLNNH NI HLNOW HJV3 40 AVQA
Hv319 1SO 3H1 H04 NOLLOVHd 103410

B o A L Al e R NPT Y S



adelng [ejuozlioH .:O uoejosuj jejolL €-Al JHNOIA # sw

0S¢t 00¢ 0S¢ 00¢ 0st (1,1) 8 0s 0
_ [ _ _ _ _ [ 0

— 0 ‘
=
pajoipaid -1 £
o \° >
abejuaniag jenjoy O Me
0
®
-
0r £
D

08

00}

L86L THdVY 40 HLNOW
9L-SL ANV 6-8 AvVA IHL 40 HNOH .




828{ING |BJUOZIIOH UO UOlIB|OSU| [B}O] ¥-Al JUNOIJ
0se 00t 0se 00¢ 0st 00l 0s co u
| | [ _ | | ]

=
<

pajoipaid ]

aBejuaosad jenjoy O

09

00t

oﬂcwla‘:,:f?g asnyjig

.

L86L 1itidVY 40 HLNOWN
SL-PL ANY OL-6 AVCT 3H1 40 HNOH




abejuadiagd jenjdy O

oSt 001 05 0
0
| | |
—{oz
pejoIpaid —ov

08

L86L 1iddV 10 HLNOW :
PL-€L ANV LL-0L AVA 3HL1 40 HNOH

0ot

eBejuadiad osnjIC

Iv-11




328LING |BJUOZIIOH UO UOIIEJOSU) |8}0) 9-A1 F¥NO1d

00t 0S¢ 002 (1341 § 001 0s 0
| | | Y I i
8 R
o
oo paydIpdid
o abejuadiagd |enjoy O
=
o
o

Ov

eBwiuadied esnjjia
IV-12

001

L86L TddVv 40 HLNOW .
€L-2l ANV eL-LL AV 3HL 40 HNOH




33043NS 930 S+ NO 3INTYN O3LI103dd £L7AT JUNOLL

j ‘o0t ‘oot ‘o9 ‘o0l i ) .
4 . |
b | |
m
D
" w
s cC
i 8
m
]
C
D
|
C
n m ”
L] -
; e _
,m [ 0
[ ]
@ s o]
? = !
1 s = |
‘ \
M p o
3
)
l
e
-
S
>

1861 -Ad03Ng34




‘oRt

37943NS 930 S+ NO 3INTYN J3LITJIAd 8~AT TUODIL

PR T IR R e R

‘pbL ‘PR ‘ool ‘e
! _ |
[ m-.-“
:m% : ]
I/
1861 -HJJAVU

L w a ke

e

o

‘oo%

‘003

‘oot

120

Inun d3¥NSY3U

2L4-3H/nLE

Iv-14




‘o0t

32533NS 930 S+ NO 3NTYn 03131033d

‘o0t

‘o0l

‘R0l

[

S

_

|

1861-Tlady

6-Al FUNOIA
‘e

2 B

2

m

D

ﬁ U

0

o]

[

D

T

C

rn m
— ©
g

W w

—q —

g c

N

pa

A

1

-n

—

o
Y
®
>

IV-15

E;
[




33Y43NS 930 S+ NO 3INTYN J3L0103dd OT1-AT JUNODIL

1 1A ‘one ‘Rl ‘Q
| _ _ ;
-~
L}
T
3! ]
..uu
ll.
|Al
rE
-
A
X3 N
LY 4
T -
Cd *.
(3 of
- LY
~
——

1861-1YU

ooy

‘003

‘oot

124

3NTYn d33NsY3H

2.14-dH/NLE

IV-16

[ T S S T Sy I S S S T




- AR el TR TR TR M

33V43NS 930 S+ NO 3INTYn 03LIL0IJd  I1-AI TUNODIL

‘004 ‘o0t "202 "o01 L .
,, |
2
m
D
ﬂ 157]
s =
3 -
U y
[
_ 5 :
: p ,
,"‘ c ,
: n m
; —4 t~
° —
* !
-
- !
@ 3
1s ¢
p s
7
T
l&
n
A
-
LS
®
186 1-3NNT

e o R cma g,




|
32443NS 930 S+ NO 3INTYN O3LI103Ad T1-AI 581514
m, ‘004 114 ‘PR ‘ol 'R o Mw
| [ [ | . |
“
W m
. ,
,, m
) D
ﬂ w
. 18 S
m
O
C
A D
P
e C
QI.\ ] “ 3 m
£ © 1
( - L w
L. )
W w
1s _
\
pet
P
: 4“
a 1
-
[}
o ;o
1861-410C -

f
ﬂ,
ﬁ
r
[
i
m




V)

(1)

(2)

(3)

(4)

(5)

REFERENCES

.. Y

ASHRAE STANDARD 93-77. ‘"Methods of Testing To
Determine the Thermal Performance of Solar Collectors".
This standard is available from the American Society
of Heating, Refrigeration and Air Conditioning
Engineers, Inc., Publications Sales Department, 345

E 47th Street, New York, NY 10017.

NBSIR 78-1305A, '"Provisional Flat Plate Solar Collector
Testing Procedures: First Revision'". This document
can be ordered from the National Technical Information
Service (NTIS), Springfield, Virginia, 22151.

SERI/SP-755-789, "Insolation Data Manual' which
provides monthly average solar radiation, temperature
degree-day and a global cloud factor. This document
can be obtained from the U.S.Government Printing Office,
Washington, DC 20402.

"Monthly Summary Solar Radiation Data'" for hourly
insolation data. Subscription available from the

US Department of Commerce, National Oceanic & Atmo-
spheric Administration, Environmental Data & Information
Service, National Climatic Center, Asheville, NC 28801.

Duffie, J.A., and W.A. Beckman, "Solar Energy Thermal
Process', John Wiley and Sons, New York, 1974,




APPENDIX 1
MONTHLY ALL - DAY EFFICIENCIES

for

SOLAR THERMAL COLLECTORS
at

SELECTED SITES

V-1

S M.WMNfQ
P e T o L T o T T T WALV T RCRL. 7 7 ST L Y TG 4 i e . WS




PO

.....

oz

e
=
IS SRR T
RERdE FRUNS Saht
: ‘" . :
TEriorte sk
Taiid L.
. .
Jri . e
SSXTLS S
Te i
> 4 -

ot -
S1sdmoy 3a71u]

ol

fe

&

P
r
>
g

a4 o
4 a o

0 Do 4 4 a ot

oo o

o 00 4d-
606 9 4 ao
o D <>‘ 4 4 a o

‘L€ 3TTL

~_(pICcyYUuERR TRUIDIU[)
3J 89°8T ®B2I¥ 3anjrady

»33 TL°0Z ®dIYy SSO01H
1%0cgT 1epom Syzomung

4

O 0O 4 g ao¢o

O 0o 49 a4 ¢

O o O 4 4 acv¢

O o ¢ 4 4 a ¢

0T

4 O

d

D2

1 4 g ¢ k.

pE

pv

a <

a ¢

DS

VIidV SSOy¥9
AONIIOIALT AVA ‘TIV HOLOJTTIOD

09

o

DL

D8

D6

POT

VINYOJIIVO ‘ODSIONVHA NVS

e




Gl G0RED
L o080
SEER (1

PR S

%

L 08
B St
Sk 2020
_...8ah
-.m i
o !
: i ¢
e S

HLNORW

hrd

RSN .
P 2
Ju..ﬁi. -
S I :
R P
D : :
SN S, I
- I3 4
oY |
SESUE SRS SN
. i
- ——— - B
. H
: . ¢
.. .
T S lﬂ

1381edway, 30101

(4

I3

(4

‘Le 1L

(ProjTUER TEBUIB3UT)
0PI ®aay aanjaady
1F LI LT ®¥day Ssoah
V8 J03Q Id3seuwung

DT

D2

PE

EHBa
o] 4Q¢

Py

DS

viauy ssoud
AONIIOIZdd AVA TIV 4OLOTT1T0D

DI
DL

P8

b6

DOT

VINYOJIIVD ‘ODSIONVHA NV3

EIS
LITY

ORIGINAL PAG
OF POOR QUA




yeleg

e iar i
]

Hmcmma 19PON SsjIOMUNG

B} h HLNON
, a N O § VvV r f R V¥V W 4
.w AV AV ° Tﬁ
M O O & ¢ 4 © ©
H T G
B 9 o ¥ ¢ * ¢ o ® o ° Y 8
L . 2
o o ¥V g % oo 0© 9 v Y 9 pe 3
; N 2
_ \v AN V| AY v wnd
N o o V VY O [ gE
_ o v v v VY o ¢ ¢ g psgS
O " g
a O O O o a H D9 m
o (I o O 0 Q o
o O O @) @) O m
o o i
. o0ET & © © -
* Sooz o O P8
- ooL1 O o
Sort
. N“M,. "€ ITTL e
" aanjufedwa} jorul (PTOFTUB) [BUIAIUT)
- 317 89°8T ®3ay aanijzady Por
€ 33 1,702 ®weay ssoan

VNOZ1dV XIN3IOHd

Vi -4

M



o0t¢ -5
000z O
Q0LT 7
Qo¥T 7
ooTl

206

o 3
aanyed

‘EE ITTL

(PTOJTUBK TBUI3IUT)
3 O0°¥1 eoay aanjaady
Num LT°LT e3aay ssoxn
V8 J3a J3jseuwung

adwo], jayu]

1)
D2
@]
o]
g
b
pe &
3
QO
DY B>
wr
o
S %S
i<
>
(o]
po
m
p. 2
2
D8
D6
PO T

VNOZIY¥Y °‘XINIOHd

P




HLNOW
a N 0 S v r r " v N 4 r
o ¢
w o ¢ ¢ J bt
g g o ° e ¢ % WO
. <V
; 9 9 U Y < o © o g Vo bz
W O 0
0 3 |
v 7 0 < v < e
o AV 9 9 < g 7
v v O ov
a < v v} >
v v o O
g © O cC o Ps
0 o O g O
o O AV AV ) ) o) D9
O o g o ©
O 3 ® DL
odse & O O
002
Mouanu D8
,_, OO‘H
| . oOTT .
| 03¢ ‘98 1L
ohzaWuuaawa jatul (p1ojltueR 1BUIa}UT)
Nuu 89°81 ®aly axnjiady PO1

WEFF, Sk il ..

1] 1L°0Z ®31y SS019H
1%059T 19PON Syiomung

TPV TG W k” TP

VIadv SSOYO
AONFIOI443 AVd TIV ¥GLOATI00

VINHOJ I'IVD ‘ONS3™d

VI-6




pS

vIYVY SSO¥O
AONIID1443 AVA TIV HOLO3ITI0D

T@

DL
o06Z &
0002 O D8
o0LT
°0Tt
Moa D6
oL "9 (1L
aanifredwdy jatup (PIOJTUEH TBUIIIUT) hoT
; 3] 0Pl ®waIy adanjaady
w € 33 L1°L1 ®aay ssoay
: ¢ yg 03q 1231svwWUNg

VINYOd I'TVD ‘ONS3ud

VI-7




i
{
]
I

o
L+ £y
& &>
o $ O <> o O ot
o ¢ s @ ¢ 0
o o Y 0 o N 0z o
N q © o o qQ | S
Q \ 9 g v og o |
v N 9 % v/ w _
v v
v Y vV 9 2
o v v \v] O cvmwwu
Z 0 o 3
¢ o o < 0o 0 © o 0s > © s
s O O 0 o m <
O g g B 0 O 09 = |
a a a o - M
o0 5 o 0 O O O 2 .,
| O o O O oo 3 |
,‘ o0ET S 9
M - 09020
: o041 08
f Q0BT
: oOTT
. 026 w ‘g€ ITIL 06
(17
. O.ﬂ—uaawaﬂv.—. jequg (PTOJTUBN [BUIIIUI)
V Nuu 89°'81 ®aay aanjaady 001
33 TL°02 ®aJv SS01D

ﬁmcmmd [3pON SyJIomung

VINYOdI'TVO ‘SHTIONV SOT1 .




o Bt il emsomman et -
i HLNOR
b N 0O s VvV r ¢ W V¥V K 4 T
- D1
i - D2 Q
; o]
N -
- J -
o ” m y A \ “ < ") M he w
: S m _ -
w m . 2 . o®
1 B B B8 8 B B g 9 8§ §F pra:
wer
B
>
m
o1 T
S
e 8
o0%2 ¢ Q
o002 D)
o021 P8
Py
01T
06 D6
, %z 'e) €€ ITTL
Oh—u#dwwﬂs.ﬁ II9TU] :uﬁo.«wndi Teuaajuy)
Nu,« 0PI ®Oay aanjaady ho T
33 L1°LT ®day SSoan

(4

V8 0dd Ja3seuung

VINYOJITVD ‘STTIONV SO1

vI-9

e s e AR AL M b b e -8



T
o
Lol HLNOM ,
2 a N o § VvV ¢ £ R ¥ AW 4 r |
: 0 M
AT O O o 5 & & ° g 9 o |
B o v © v, N .
o N 9 O C o O N L
...... t o O o 9 g 9 0z 4
t v v S S N v Vv >
N v L
o V] v v V o O \Jm
<& v VvV vV & < 0 ov 2.
O O o 0O hE
) o ¢ g F s 2O
°© _ o O ¢ O o o s © © 52 w
m
0 0 0O o O o9 3
o O 5
\ 2}
C o o oL Z
o0E3 mw =<
o o
sor: X
206 3 06
oo O 0% ITTL
mhsacwmaamk joruy (pTOJTURY [BUIdIUI) 001

13 89°81 ®aay aanjaady
13 12°02 ®day SSoah
amcmmq 19pOK SyI1omung

A
Oavdo100 ‘d43a1inog




A 49450 I S - !
1 [ ; !
P ~
e HLNOKW ;
w a N o s v r r | v N d r
0
|
r ,
- o1 |
e e : 02 o i
i o
: @ o¢ MW
| 1
O O
, >
0S >0
B 3
> Y
09 o
-
(@]
Pt
o 2B
02 2
200z & o8 !
o021 N B
P17 m
owWH 06
%L w "ObF ITL
chzudwo.uewn. jJatu] (PIOFTUBN [BUID3UT) 001
Na.« 0°¥P1 ®aay aanjaady )
z¥# L1°L1 ®a1y SSolp
V8 D3g 193sewung
oavyo100 ‘¥3ainod




S e ———
P s *
. o

. . .y

HLNOW
a N O 8§ V¥ r ¢ R Vv W 4 r
@ >
o < ® O .
: 9 O ¢ . 5 o M o x [
N © ¥ ¢ ¥ 5 O© N 9 bz
v g O Y 8
O O N/ 7 3
AV v N < \V] AV DE M
v O 2%
AV \Y v AV o
g v v O d 'e) 73
o % O = DS %8
<
oo o o0 © 450 4 0° >
0 DO =
o O DL m
. 0E2
woo«mw O O <
oOLT ps
o0bT
ooﬂw
006 D6
or O "6E ITTL
aaniBaaduway joTuU] (p1oj1uey TRUJIDIUT)
33 89°8T ®aay aanizady 00T
€ 13 1L°02 ®say ssoip

10597 19POK Syaomung

OQvy0T10D ‘NOILONAL ANVYD

Vi-12




E
1 r— :
!
{
!
b HLNOW
a N o S v r r R v N d r
. 0]
. 01
Mt, <L - ON o
,, & S
: g > =
| J ° 3
? -3
, : ! Q=
. mw or 3.
. 73>
w
Vmu g
09 =
2]
or 2
02 2
0020
MOb.n 08 N
o0¥%1
o0t
006 e
oL O "6€ ITTL
oksauwoaawa 191U (proJTUuERl [eBUID3UT)
, g3 0°pT ®a1y aanizady TOH
. 23 L1°LI ®3aly Ssoly
V8 03d 193sewung
: OdVvVHOT0D ‘NOILONAFf ANVUD




I R T T B - . .

-

rads FEEF SRR EONNE G IR
%?. AV S .
b el Sl SO URE o

38 S _

Q
=
o]
42}
<
o]
=
=
<
=
<]
e}

T
4

-
%

0]

. Lk .o -

e ..;I‘.:W' 2 -

mrda bl h g
PRESNMEIM

<
G
L2
LS
>
)
>

0z

a
4 @

. < T 9 Y g 0« oc

q
4

_ v
7 v v 0%

Va4V SSOUOD
AONFIOIL4d AVA T1V HOLOITTIOO

wm._.m.t.k.wm;..ﬁ. O O | OO 0S

VIi-14

s o 09
- D p O p g o C O o

L
- A o 0o o 0L
T Q08T C o ©O ©

« ' @) O O 08

g

Q0T Y
j -~ ofIT _WM 06

| -8

e "Gz ITTL
eanjBradwey joruy (P1OJTURY TRUIaIUY) 001

b w Num 89 81 ®eaay aanijaady

e h : 1] 1L°'0Z ®aay ssouap ’

b 1%05aT 19pon siaomung

VAI1HO1d ‘IMVIR

i i
[ERSA H
| S ORNES I _




”, T HLNOKW
, a N 0 8 v r r H v 1 r
W - D
M..
- bt
. Dz
!
w S 8 5 ¢ ©  be
mw < mm
8 8 g b
DS
w b9
| DL
%002 3
ooLY hs
plii gt
o0TT e
006 .
oL O SZ 11l
ouaumuwnswa ja1uy (p1OjJluel [BUIDIU])
Nw.« O 'PT B34y 2anjaady DO1T
2} L1°L1 ®31y Ssolp
¥8 D3Q a23seuwung
VAT1d0T1d ‘IRVIK

VIdv sSsOo¥d
AJNIIOId4d AVA TIV dYOLOITIOO

VI-15

T T ST BTy TL. S S S

o




2
HLNOW 2z
=
a N O s Vv ¢ £ ®m Vv R & T .u“w
: <
| , m £
< $ ) ') m‘m
T _ - - 2 e T >
< s ¢ Y & & ¢ T 0 i
mEh © O Y 4 0 r
R R N g - O - © O O o U ‘ 9 R , 2 g
T | ) 9 N | 3
i \VJ v v w Q
o v - v | g%
_ O v v v o | BE
i ( > -
0 g @ o o © © 5 o B9 | g3 z
O o9
] . u -
| o o: %
. .AO“MM¢ . O o o o m mm
o ot S o © 08
wny \ |
k) 0
”own,o "0€ I¥L _3
. -eamjfasdwey 107uI (PTOJTUBH [BUIDIUI) :
. g?3 8981 waiy aaniady 001

13 1.°02 vaay SSOIH :
1fosa1 19PON SiHIomuUNS | !
VAI¥O1d ‘FASSVHVIIVL ]




. aeme—y
‘

o ) v r

oomw.@
oooﬂnu
OOhﬂAu
OOGﬂAN
OOﬁﬁ
oom
oL O
uuzuwuuaaua ja1ul

(4

@A

(4

oaOQ4Aa

"0E ITTL
(PrOJTUEBN [BUIDIUI)

17 0°pI eday axnjaady

1 LI°LT B3Iy SSOIH
v8 03a Iaisewung

HLNOHW
r

L3
u

QONC

QAR

mmt')

v3dvy SSO¥d
AONFIDI443 AvVd TIV HOLOIT100

06

. 00T

-

VAIHOTd ‘JASSVHVTIVL

-y
.

Vi-1




HLNOW
0 5 v r r " v n d r
o
. 0 § 3
BRI S - . Av & o N ot
'O ¢ & & > 9 g
U w B . Q0 VY. g : oz
v o R g
-0 0 9 & >
T . e B
v S v/ v O DY m“”
O 2R o oD o gE
O - AV 0 A a o bs mmm~
Q OO a ‘o) >
s O . o po 3
i o g o o o
e e © b 3
1 DR © O Q
b el . o900 P8
P .OOh
co o0 -
L o0t D6
2 008
i oL ‘€v 3111
w,szaQuQQBDB joTu] (PTOJTUuel [BUIdIUY) bot
: Nuw 89°'8T ®aay aanjaady

13 1I.°0Z ®Baay SS80IH
t¥osaT 13pon sxaomung

e —— - -

OHVQl ‘3siod

Vi-18




CRARTEIAET AR e T T e T e R R e b et S T

HLNOR
a N 10) S v r r r
01
W...
e z
8 w M 8
| m @ g >
“ ﬂo¢ 8 »
; @ &
M 0S5 3
! m <
; >
\ 1
) o9 3
. >
a
oo %
)
9oLt 08
%6 06
o
oL ‘P ITTL
aanifiedwey 3otug (PTOJTUBK T®UIdIU])
37 0°pI eaay aaniaady 001
¢ Nau L1° L1 ®3ay Ss01H
v8 Jdd 1931sewung
OHVal ‘dsiod

Vi-19

L TR e

Y




(14
00t
QOLT
oid:
%06

%02 O
ou:«muonawh jatu]

=
o
(7]
<
]

<

)

e}

0 O 9A994@ e

o o < 4a¢
Jd4 4 4 ¢

o

o 0O ¢ 9 4g4a ¢
o

‘6 1L

(P1OjTuUeRN [BUIDIU])

1] 89°81 vaJay aanijaady
33 IL°02 ®3ay Ss0JdH
ﬁmonma [9PON sSjIomung

(4

a o

4

a < 4 4 a ¢

O

O & 4 aave

O 0O 9 4a4a¢

O 0 O d 4a¢

o o 94af

VNVIANI

0
(1) 4
(174
m
(11
3
%
aE
0s 53
: o <
: >
m
‘09 o
Lo
a
o 2
(]
<
08
06
001

'SI'TOdVNVIAN1




1

i

HLNON

o rmmtn o]
,

r N v N d r

!
o

SRS SRS SO FTONRIPOUS S
' . nj

=

©

2]

<

b

LTS

[]
o~ {
oD@
oI ®
(=] [=] (=]
L [y¢] N

i
1
:
o
n
vayv SSouo
AON31D1443 Avad TV ¥OLOI1T0D

i
=4
©

\ o0tt ©

P . oOLTY

. 0P

I O“

° 086
saxnjiviadmal 191Ul
‘6 ITTL
Nuu 0" %1 ®aay axnjxady 001

, Nuu LT LT ®al1y SS0XH
H L v8 D30 Ja3sswung

VNVIGN1 °SI10dVNVIANI




|
HLNOHN
a N 0 S v r r N v K d r
——r e - ——- - ..Iloyltlll.l\,!lv!l..\l\xlnlva ;#
>
O <> . JV
‘ . & T 0 ot
o < R
N ¢ 5 o ¢ o © _
9 C c C 9 N 02 o
v | N N o v : >
O v v Vv o O i a3 A
v v Y o " 2z i
o O o v o © o © s mm
o O o 0 o | 2% k) m
~ o O O O > m > ,
o d O "
O 0 09 u ,.
a O A
0£Z o o oo % !
000z o O ~ |
001 08
ool
O”M.H y
%L O L€ ITHL 06
0&596&0&8&. 31U (pPrOojtuexy [BUJIDIU])
g z} 89781 ®auay aanjaady 001
% 1] 1L°0Z €31y SSOUdY)

t¥ose1 19pon suiomung |
SVSNVI ‘AL1D 3IDA0d !




mw ww

=

T

AR

L

L

 o0EZT O
0002 O
oOLT
o0%1
o01T
006

: oL
oh=p¢moaswa joTu]

HLINOW
N 0o S v r r N v n r
0

o1
02 m
[
§ § ¢ o §
§ o 85

i} 4
T 8
w -
0S » 0
B
>
09 3
-t
0
b=
oo 2
A
<l

08

06

‘LE ITTL )
(PT1OJTUBKN TBUXD3UT) A
Npm 0° ¥ ®9ay aanijxady 001
Num LI LT B2ay SS0I))

V8 03d J93sewung

SVSNVI ‘ALID I95a0d

VI-23




i
Lol
o |
b | H.LNOW
Lo a N O s Vv ¢ £ ® ¥ W 4 h
M. £ .nw| y ¢z G 0 m
Ty G - w.\.w. ' Je 4 e« @ m
L - -
= A B ©o p o 2 9 g 7 ot |
P v N g U g AV AN \ |
o v < 2 7 |
| © v v N 9 N I SRV P oz .
. O ]
b g <O a , >
“ 2 5 @ Y9 3 |
™ . ov QD
Lod AV O U w >
) & o Q0 1 QO A3
- o ] > )
. > B
QO ) O oo 3 :
-~ ' !
J a
. 2 or =
02 b . Z
200z O 2
D QLT , | 08
SOFT S/
| oQITO 06 .
| I oom D . ,,
b g0 O ‘op ITTL _
i w.h:»ﬂhwasma 391Ul (P1OJlUEB [BUJIDIUI)
oo 13 89°8T eaay ainjaady oot
P ¢ 13 1L°0z ®aay ssoup
- .nmom.mq 12PON Sjaomung
” INIVIU ‘nogruvo

r- s e
H
. 1.




'
i
. .
= S —
H
! 3
H
‘
b
>
!

‘9v ITTL

0wwumwoaaw9 ja1ul (P1OJTUBH [BUID3IUI)

233 O°PT e3day aanjxady

| €733 L1°L1 93y SSOIY
P v8 Ddd J93seuang

100

0

ov

o
re
vayvy SSOouv

ADNFIOId4d AVA TIV HOLOAT

08

06

00T

ANIVN ‘nodI1dvd

VI-25




(o 7 Gy it L s - RS AT T T A T T T it

HLNOKW
a N 0 S v r iy N v n d r
<L . mm
> el < o ‘e
( - <> <& L - )
N J . o ~ < @ O O 9 S DT
- S = 2 O 9 v
v v g ) < . bz g
v N 9 N v ’ 3
O . < v . pE m
K v v R o
i 0 % v v/ < - o=
, v < O pY m >
3 W o O =) O n =
| = & O . ») ps % 3 8
| 0 = AV ) O > W.
] . 7 - ho ..M
5 B ) =
. I~ 3
. 0ET > . =
| %002 O o) - b, 2
i . r ) ~
! OONAM p) - 3
i ovl
T ooTT P8
{ 006 ,
. 0L
m ouaanwvnahw jatul D6
. ‘8¢ 311l
; (PTOJTUER TBUIDIU]) o1
V z}3 89°81 ®auy aanjaady

13 TL°0Z ®3ay SS0JH
amommq 19POH SyIOMUNS
IHNOSSIN ‘VIGNNI0D




Lo HLNOW

T | a N O s V¥ £ £ W VYV H 4
b1
|
¢
mm ;
M._. - 1 v UN m
S & . e
_ 0 @ v @ m @ e B
d < = 3 _ -
i hv WM mm o
: . QX
ot . MM WM DY Wuv
b wner
: e
DS & 5 8
@ = m
> try
w 11
: Q
R
(@]
00EZ & ¥
002
o0LT 8
o0%1
oOTT b6
o086
oL ‘8¢ 3ITTL
chsvuhwnEWB 191U} (PTOJTUBK [BUIDIU]I)
Nau 0°pT eaay aanlaady pot
13 L1°L1 ®aay ssouap

| (4 V8 D4d J231Ssewung

IYNOSSIN ‘VI1ENNT100




HLNOKW
a N O s VvV r £ K V W 4 r
& P P D
" 34 -.U e €
U 5 « T
< S - N
L - -
- <P ~, - ¥, ) 1)
k G AL - .d N
v N 2 ) J T o Peo3
C - =1 AN v Vv =
< 9 v ~ O 1 Pt g
0 v v > 7 oS
. - N7 , S .
a5 VoY O a 95 prEs
. . o~ 7=
O /\u .u. I O [/, 8 =
G0 S0 0 O DS % 5
a a =
o 3
® c a O p9 3
3! © 2
Q O rh M
OOMN “ <
002 ()
oOLT P8
oO¥T |
oOTT D6
OOQ .
oL LY ALL
@h:umhwaewk ja1u] (PLOJ1URB) [eBUIDIUL) o1

13 89°'8I ®oay auanijaady
13 12°02 ®aay Ssoady
1%0cHT 19PON syaomung

(4

VNVLNOW ‘STIVd LVIud

S

Vi-28




A A A P L e Gl T

= -
) HLNOW
) a N 0 S v £ r R v N Jd r
]
SR &
: W : T
SR Dz q
L 2 9
. < 2
IR . m . b &
} - . q
] N mw =
i v v, a2
5 . ) by ) \J Q¢ w >
: . «.J " =
- ot
_U ps 3 S
| E 2
: > g
o
(]
JA
9]
002 s
ooLT M .
P g
OWMuAV . D6
0L w ‘L% ITTL
wuaunmmaswa 31Ul (P1OJTUBK [BUIdUI) DOT
Nem 0'vY eaay aanjaady

IF LI LT eaay ssoan
V8 0dd IXd3sewung

(4

VNVINON ‘STIVd lLvIyo




TR SESEETEREE

o0EZ &

002
oLt
oovT
Q01T

o006
oL
wua&wuwaﬁo.v 131Ul

a N o s v r r K v n 4 r
D
M@ C I T Y
o
< s © L L s @ . O O p DT
Aoooooooaaawu
A\
N N 9 g N - N
v ¥ v/ DE
v v
O v g 17
¢ v v g g V S O ¢
DG
O 0o o  ¢©o o O O
o o o
<O 0 h9
o O O o O
o 0 m] o
a a o DL
O @)
O O
O O P8
b6
‘ge ITIL
(PIOJiluBy 1eUIIIUL)
13 89°81 vaay aanjaady DO 1
¢ 13 1L°0g ®aay Ssoudy
1%05a1 1oPOI SyI0MUNy

VIYV SSOHY
AONJID1443 XAvd 171V HOLOATION

VNITTOUVD HLYON °

HO131VH

VI-30




T ot . ey

02
00020
o0L1Y
p3 444

o1t
006 m
oL

3h5~dwwn8@k jatul
c

COOAAQ
CBY aAe
aBIas

"GE ITTL

(projtuey (BUId3UL)
1] 0°pI eaay aanjugady
N#w L1°LT ¥3dy SS01H
vg DdQ a23seuwung

R R N T st T e

a0

A

@EXRA

e
— - o
L (]

—p
0
V3NV SSOUD
AONIID 1443 AVA TV HOLOITT0D

DO T

VNITOHVYD HLIYON ‘HOIIFIVYH

VI-31




- -
i HLNOW
¥ @« ¥ 0 s V¥V ¢ £ H V¥V WK 4 ¢
moi Ilﬁm . - 7. Hq'w
. O N nuu a“\ .ﬁu Lt L .\U O
SN A b rﬁu 0 .an O O
P 0 0O O 9 9 ¢
: 9 Cos Y N 9 v .
) v J 9 V.o pz g
¢ v ' 9 o o
i o N | 9 \V/ v 7/ O “
. < £
: O v R g V . e 9
v o Y o oq g
- 0 7 v 014 >
D O O =
\u . D O cn “
3 (] - A\. O | ») o
- -t o | e -]
B : - O 2]
¥ D =
> D o
£ oOEZ 3
00z
o0LT o8
o0t
i - Jos mm p6
-y ‘9p 1114
¢+ 9Iny Jaduw] 391U] (pPIOoj1UeR [BUQD]IU])
R z33 89°8T ®a1y arniady pO1
i 33 TIL°02 ®©3dy sSsodn
k 1fosa1 19POH SHIomung
“fc - VIOMVA HIYON ‘MO¥viSIg
¥

V1-32




i
|
|
i
i

£

I
4

L}

1 .
v 4 5
3 L b

. P

o i bt
' : R .
( ,

oF POOR QUALITY

URIGINAL PAGE IS

RS0 T SO ,, L T L 2

vy 2
; o P @]
H : (7] :
1 H H i ' w !
o . T 1. m ) " i : _ — . n * i A. " - m 3
i ! H : : Ler e e - o - - e . -, : . > !
e d ... -'w...oM.. - ‘- .- . . - “ . v. - ' . : : “ “ gw “ W 4
HE RN DR T ] m S

~ : . .. “ . : |

S AR I D "

ADNE (D144 AVQ TIV ¥OLOITI0D

L oDEZ :
e woua : I o T : p8 - :
T ooTT | : S
- 008 . ‘
. Yo O ay ITTL
. danjeradunl I91U] (PTOJTUBK [BUIIIV]) ”
e A 1} 0°'vl ®aay oanjxady - , : - PO T
P . g g} L1°LT ®aly ssoip _
o vg D3q J93seuung

s

v103Vd HIYON ‘MDYVASIE = -




1%osat [9PO} sjaomung

N T -all” e

t HINORN
a N (0] S v r r n 4 N g r
3 ~° o . 2 0
N 0 O o - > & mw 0 < b1

ﬁ \v/ 0 o O <3 7 bz

v q - J 0 7 o 8
__,« <o 4 VIRV v e 2
o vV O g 3
m a & = . 7 O QD
| ¥ N7 S 0 DY S >
w o B8 O o O Y 0 O Qe
W, o 0 o s =5
O O > 0 o) O =
O g o ® 5 © P9 3
3 .~ o
0 0 pr 2
W_W_ o0EZ 5 20 2
,,. OSN 0O D8

| Q0LT:

, 4

_ 006 m “Ip 1L pe

oL

f 0&=unwwnﬂ09 jatu] (P1OJTURN [BUAdUL)

J 1J 89°81 ®Ba4y daniaady 00T

! €33 1.°0Z ®e3ay ssoan

VISYYE3AN ‘VHVNO




o085 &

0002
o0LT
o0vt

01T

006
oL
thuuwonswb jaquy

199 c

Y
z

Iy 3ITTL

(Ppiojyuey [eUldjU])
0 °¥1I Ba4ay aanjaady
13 LT°LY ®3aJY SS01H
¥8 D03Qg i93isemung

DT
DT

DE

@A

DY

DS

v3yv SSO0HO
ADN3ID1443 AVa TTV HOLOITTI00

D9

DL

D8

be

DOT

VSVYE3INR ‘VHVRO

V1-35




HLNON
a N 18] s v r r n v | d r
5] -
v > DT
v <5 . A D A O
e+ O 0 \JV .,\s s G
. ~ > < ) T bz
o O G m
- 0 O O . N >
\V4 O o AU v 5 =
G N N | AV} £ m
< q N v
N At v -, a9
¢ v v Vv .Y p¥ 8 >
O v v D e @ e
v ¥ o : O .
ﬁ o - .\lv D Uﬂ 2>
— 0 3 m <
0 \/V N 'S O 0 O > -
- ~ v o
- g 4o 49 O a
> © TH-
9 @) a
o0t .- O O <
001 bg
j 021 Q
_n oO%1
ﬁ 001l w D6
m 0oL ‘ee ITTL
m ouaunhmaawa laqu] (projiuey [euUIdIU]) o1
_ Nau 89 °81 ®vaay Ianlaady

1) 12°0Z2 Baiy SSOJ1H
«monnd 19PON . “oaung

Winy C ST WO - N

OOIX3IN A3N ‘3INdyandnav

V1-36




AGBG
PG
EAC

OOMN.V
o002 0

0LT<
movﬁmw
01T

006 O
oL Q ‘GE HTL
onzuwaonemh jarul (p1ojtuen 1ruUIaluUl)
31J O0°PT esay aanjasdy
¢ 1F LI'LT ®3ay SS0dH
2 V8 D03Q a23svuung

S

1

DT
414 o
G
-
&
o1 o
-3
o
@
Db 3>
wnc
wne
~
ps 3 3 5
< >
bo
3
2
b T
(@]
o]
"
D8
DG

OODIXIK MIN ‘INOYILLOTTV




: a N o s V¥ r r W ¥ W 4 ¢
, <2 - ”-
s I X ‘- a =
o B , s w - O 9 D1
N g 9 v« - o ° O < !
: Y 7 (4 o)
v O o 7 9 v 2
v A\ \vJ &
9 g \\ \V; O DE D
v - v < X
Y Vio¢ v o © g O P 2=
o < O 0 -
C O o 0O ¢ o ¢ o P 2%
o U 5 O o ° o
N s o) po
O O b 2
S0ETP 2
0020
o0LTS D8
; OWMaﬂ
| o011
U o0 o ‘68 ITTL 06
sanjufadwoy 101Ul (P1OJTuUR Teulalul)
Num 89 81 B394V 8anilaady voa

13 1L°0Z ®a1y SSOIH
1%0597 1ePON Syaomung

vavaiaN ‘13

Vi-38




BRI it ok et e Ll e e R Lt N T

-
m i
: w W HLNOK
A a N O s VY £ £ W ¥V KWK 4 T
- — o
]
| b
| D2 o
o
k - 2
2N - . . m @ Wm by
m > 3 R b m w
i m. ‘ ' [ 3]
ﬂ @. & & by DY B
T Ry J N V; u 0 =
, o
f=2
DS 5= %
= g
=
o B!
3
b 2
0
o0E% 2 2
002 b
monﬁmw
o0P1
o017 e
006
oL ‘6t ITTL
anuaswonawb jajujg (PIOJ1Uely TeULDIU]) A
qu 0°'FI Eaay aanjaady DO
33 L1°LT ®3ay SSoun
¢ V8 J3d J93seulung

| VAVAAN ‘A13




a N O S VvV rf P K ¥V ®n 1 r
S w
< -
o ) Hoow O 01
c ¥ & O O
N o L O N b 3
v < £ g
o 9 S
OV o>
O v v V 73
O vV 7 v % ¢ 0 ps 29
o o © ¢ ¢ g o o e
|
o - S o o © q O o po 3
r} 0 O 2
o 2 o O , © T
o0EC{ ~ O )
°8N N m O D8
o0LT ”
oOFT
oOTT D6
OOQ .
oL 9¢ 3ITTL
san3fraduby 101Ul (P1ozTuUen reUIL3uU) 001

(4

13 89°81 ®aay aanjaady
3¥ TL°0C vaay ssouay
ﬁmommq I9pPON sSyaomung

VAVAIN ‘SVDIA SV1

Vi-40

|
_

el g e sl L ® L o o . .



g

HLNOR

V’

Q74 Q>

o0€Z 47

o002

o041

oovI!

o6 O i

oL O 9¢ Tl
0&:&&&&&5@& ja1u] (P1OjTIUB) TeBUIB]IU])
33 0°P1 Ba4yY aanjaady
Num L1°LT B34y SsOJY

v8 D23dQ Ja331sswung

(4

0] ¢

0¢

ot

oy

0S

vady SSOodYy
AONIID1443 Ava TIV HOLOITIOO

09

0oL

08

VavAdIN ‘SvOIA SV

Vi-41




| |
B
HLNOW :
a N 0 S v r r N v K d r _
& - 3
o ¢ e O ﬂ
9 0O < -0 9 | ;
v YO ¢ & o o7 5 M NV *
v 9« 0O g o O v O DZ o ]
o O ¥ v £
AN | N >
C v < pE .
O N \% & a -3 !
7 v \V v O - Q > w
0 9 v < e 1S
AV O hg > 9 N
o 04 % O 0O s . O m = m
w] O o] 2]
4 'e) D9 oy i
0 O o © 5 ]
o 9 4 b, 3 ]
oOET & < i
%00z D8 |
, J0L1Y l
Q0¥
seirg | .
%, O 2y 1L
o.u:amuwaava jatujl (projruey T1eUId]U]) b
2?3 89°8T ®aiy ainiiady 01
33 IL°0Z eaay Ssouan
1%0G8T 19POK SiIoMuUNg
NODJHO ‘QHO4a3N




JOET &
o002
oLt
Sov1 Y
%011
06 0
oL O
aaniBaadway 3ayul

000 QA

(4

@D

eV ITTL

(P1OJ1uBl Y(euxajujg)
1¥ O°PI eaay aanjaady
3 LT LI e8Iy SS0J4Y)

4 v8 Ddd l1931Ssewung

ext Taay
aao<iacy
o 4G%

QAT

ot

(014

o€

ov

0¢

VaYv SS0HY
AONAIDIJ4T Avad 11V HOLOATT0D

09

oL

08

06

Dot

NODJUO0 ‘quodqaiai

VI-43

L e e




e

o0€2H
00020

LT
wovﬂw
0TI

o006
oL
wuaunwwnawa 39Ul

i Y
HLNON
a N (o} S v r r W V' N d f
0
&
M < > "ot
O o - o O
N o g o g © e
A\
\V © O O N N \v (] m
AV \\ N ! 3
v N g 9 N v ' o
v O oy B2
i 0n >
1\ v v g v V v v O : %mu -
© <o o 0SS B o M
- o % o S O g O * > % >
o)
O O )
o o o B 45 o *2 5
o] O ! 2
© o i08
06
‘T8 3ITTL
(pProjtuel (euaajuy) 001
Num 89°81 ®aay aanjaady

17 IL°02 ©oly SSO0IH
ﬁmommq T9PON sjaomung

SVX3l ‘osvd 13




HLNOW
i a N o S v r r n v W d r
=0
m
Co {1)¢
{
.
0¢ i) “ |
o j
[ [
~ o¢ £ “ |
z @ m i ,A
o% ,
oy B,
A |
0s 33 2 |
= N
m
09 3
oz g f
! Q -
o002 . < !
o002 o8
o021 | .
o0v1 |
o011 ;06
o06 )
oL 1€ 111l \
aaniBiadwdl 101Ul (PTOJTUEN TBUIDIU]) 001 1

13 0°¥y1 eaay 2aniraady
¢ 13 L1°LT ©3aY SS0J9H
v8 Ddd a93isewung

(4
SVYX3alL ‘Osvd 13




-
e

e mrm e m e e e
. ’

i

[SER

. %00ed
y - .0 O
f o0LY

[ oovﬁ
L. . . oOIT
w 008
|

, oL

—..l :1.

b -4

o OO 4 4-a ¢

_eanjefodway j07uU]

<
VN 0 5, o O©
AV
v N 9 N
v/
o vV o ¥
a
<O o o
a
o 0 g
O
O o
"I€ 3L
(PTOJTUEK TBUIDIU])
Num 89°81 ®aay aanjaady

33 T2.°02 ®vaay ssoan
1%0ca1 1oPON SHIOMUNg

a
a e

4
4

O
O 4
o a o

O 0o 4 4 a <
o 0

oo O 4 4 a ¢
O 0o 9 4 g ¢

O 0
O O ¢ 4 4 QO ¢

DT
TN
pE
DY

DS

VIYY SSOHO
AINIIDI44d AVA 1TV HOLOITI0D

D9

DL

D8

D6

POT

SYX4dl GNVIAIN

E
2
(= 4
[+ 3
g
&

Aa
(&3]
]
«<
A
-3
<
Z
—
)
x

)

P e

Vi-46




T T e T ey

HLNOR
a N (4] S v Iy r d
D
DY
4
e 3
ﬂl‘
. . ¢’ S s Uﬂ m
i 5
9 g 3
)Y Y] ) P o®
e o
ps %3
$E
>
o
D9 =
2
J
oBed :
oLt pe
P14
%6 b6
o
oL D "IE 1L
0&:&&&0&5@9 EX R D (PIOJTU®RK [BUJIDJU])
Nuu 0°F1 ®aay daniaady wOa
g}3 L1°L1 ®aly Ssoxy
v8 Ddd JI931seuwung
SVXAL‘ANVIAIR
B N Com o g L L L P T et — T

Vi-47




adway 381Ul

N o© s v r v N d r
L
< o @ O
O ¢ & O N Pt
% O
Ay <
o Y v
O nu S O O O AN ] he
v N o U qQ 9 A v v 0 i
N
o v 9 N OQOOD
v v DY
o v Vv OOD_uo
O O DG
a 0]
ODOOODD o
a O vw
o O o o}
o o D2
O o
D8
D6
‘oF ITTL
(projruen jeuaajujl)
31} 89°81 ®Baay aanjaady DOT
¢ 33 12°0Z @91y ssoip
1f05a7 19PON SyIomMung

HVLIN ‘ALID ANV LIVS

vVIYv SSOYd
AONIID1d4d4d AVd TIV HOLOITIOO
Vi-48




0te
o0z &
oOLT
o0v1
o01t
o086
oL
ousunuwﬁnwh jatug

a40¢

aace

0% ITTL

(prOoJIURN TRUJIBIUT)
3 0Pl eaay 2anjaody
Nu« LT LY Bday SSO0I9H
V8 Ddg l193Ssevuung

r
0
o1
02
a
=]
m o B
3
-~ Qx
G lovgl
@ &
0s 29
@
>
<
09 -
L)
o]
oo
2
08
06
001

HVLA °‘ALID MAVT 11VS

VI-49

e L

I




R
<)

C

s
<

o 140% -

~/

0 O A4
0

O O 443K

4 4 3
4 4 Q
9 4 Qa ¢
O 9 4 o
O

g o 9 440

o

&
0

o oo 44a9¢

g o
g o 49 4 a¢
o

Li

O

02
aanjedadwoy 327U (PIOJTUEBN [BUIIIU])
3} 89°81 ®aay adanjaady

1] TI2°02 B3Iy SSOdY)

tfosa1 1apojt sxyiomung

DT
114
DE
DY
DS
D9
D2
h8

]

Wo~

INORHIA °NOLONITHNEG

VIHV SSOHO
AONJIOI4d43 AVA TIV HOLOATIO

Vi-50

et .




1
t.
'

R e

ROk
, ﬁ.ln
SRR HLNOW
,m a N o) S v e r | v n d r
L 0
|
AT
SRV . : (1} 4
: m c ’
T o
. 2 & wv 02 = 3&
! X @ @ oe 3 \ |
a .
m ; B g% J
m 0 5=
73]
> o
,ﬂ.v osEH= 2
1 > &
-y
o9 =
2
3
oL %
<
o0ET &
002 , 08
oOLT
oOv1 Y
o0TT 06
006
0L ‘Hp ITT
ou—-vdmmn&ob Ul (P1OJTUERl leuaalul ot
Npu 0°PT eaay aanjaady
z3¥ L1°LI ®31y Ssoap
V8 0dd 123sewung ,
LNOWY3IA ‘NOIONITHNG ¥
E
4




T
»w, “
P -
R ,
S |
[ SR )
L. 50824

.‘..Hu....w ot
bp@ry.Oh
w.“@m,__-.«o

T
b
-
‘

o
- |0||1>~ .
.0 i
Pea. Tl .
PRIl e =
.y . :
I 4
. PR )
,Lvll.l}.. “v.‘ﬂl:lﬁ T
S
[
- I‘cv“ .
- 1. b
r H
.h.,..*a?. .-
LI
geid 3
SEPTI
i '
S .
= - - P
! 1
! H
-4 s
;
‘ .
bt - ¢ -+
i .

'r [ U

|

-]

a1, 3010]

i

1

4

4
a <
>

d
4 4 4 ¢

‘8¢ ITL

(p1ogTuUel [EBUIDIUT)
13 89°81 ®oay aanixady
13 TL°0Z ®day Ssodh
1%f0sa1 19PON syIOmuUNS

(3

4 4 3¢

4 44

J 43 -

‘01

.o o. .
() N

gy
© n <
vIdy SSOoHO
ADNIIOI443 AVA 1TV YOLOITTIOO

(=
e

08

06

001

*0°d NOLONIHSVA

VI-52

P




HLNOK
a N 0 ] 4 r f N ) N d r
o
o1
. 0 o |
o] |
@ D - ~ " R . ® M“ m
SEEEREEEEE RN
. 3 8 3 3 3 8 33 aE
A). . [/, B -l 4
- oS53 a
S m e
N > 1 ;
b 09 3 |
b or Z .
v °
t. . °8N Q = {
|-, o0LE 08 |
- OOﬁ ]
. Jotx “
. 3 ‘8€ ITTL 06 .
L.
. e humnuasa 3atug (proyruey [BuID3U]) i
w ﬂ Nuu 0°pT ®oay aanjzady 001 i
SR SN , z3¥ LI°L1 ®al1y ssoly !
1- L v8 0dq I93svuung
- b | D' ‘NOLONIHSVA
| S




i ) HLNON w
e _
s a N o 8 VvV £ £ H ¥V W 4 r
R ‘ M
S &

; g @ ¢ O
- o V) O
| - AV O o 0O O O g I Vo ooz 3
AR .a AN A._ a q 0¢ m
P O 3
b - v v v Q 2
i ; 0 be o
b o v g v V c QO ov mqu
{ . wr
B o © o o ¢ o o o |, - . |
L qa o ©° O - B = :
: o] O o © o9 3 “
|- © o oo 2 m
| ..”wwwm & © 5 o °© = |
R 13 S 08 _
i (o) 4
e os
L a0k - QO ‘9¢ ITTL u
.nhﬂumhonlwa jatug (PTOJTUBK TeUId3UT)
et TN 37 89°8T ®aay aanizady 001
Y LI ! ¢ 37 IL°0Z ®day SSsSo0an !
TR 1¥oca1 topon syiomung |
Ty d4SSANNAL ‘ TTTIAHSVN
RS S

IR T T




DR o Bl L R

NI

r

(4

V8 044 J191Seumg

JISSANNIL ‘ITTTIAHSVN

: HINOH
) a N o s VvV ¢ r R V ®” 4 F
,M DT
5
E - ey UN 0
O v) S
. n " 2 B
@ ) - Pd m .r r( @ Um m
B g . 3
|- : mw muu
kB ; | ¥ 3 % 2 9 PP 8s
w ! (77 N
g s 53
, =1 -~
~ . >
e be 3
b o
“, . B
. omu.v Q
~ o0z =
F o Seur DS
' o0FT
i 0017
[ Q08 p6
b %02 ‘9g ITTIL
Gthwumnswa 3OTU]I {p1ojluey TeUIBIUT)
- z3F 0°%1 ®aIy ainirady DOT
~ 13 L1°L1 B8y Ssoap
.
.

VI-55




_..m a N o s V ¢
SERT o
‘,“.uh.A “ a ¢
A v g g ®°?
ol o v C O
L v N
oV 9 v
ﬁ?.“ (0] 0 |
| o ©
“ fo 0
. 0 5 4
2 o 9 o o
L g0eT
. 00020

001

pi 48

o0t
. oge "Ly ITTL
ﬁWﬁﬂuﬂ%@ﬂﬁwa joatu] (P1OJ1UuEK 1eUIDIUT)
;o Nuu 89°81 ®Ba2ay aanjaady

13 TL°02 B3ay SSOJY)
ﬁmonma I9POH Sjaomung

4 4 a¢

O ao <o

4 4 a¢

o a ¢

|«

‘
’

O O O 9 4 ag¢

o ¢ Q< 4q¢i=

O

‘08

09

oL

o8

06

001

VIYY SSOHO
AONI1D1443 AVA TIV HOLOITTIOO

NOLONIHSVA ‘VNOOVL/TILLV3S

VI-56




Rt s L

DT .ﬂ
e |
> N pz 4
\V/ mw mw mw mw mu v 2 b
O Mw mw C Mw mw pE m C
o H @ © 9 |
O t by =
] o g%
% -
o o -
w » O 5
S B &
g
D9 H
o
[ ]
pe z
- 5
- conﬂ }
s w
| dout
oo¥T
Sot1 . |
ooclf . h
oL Le ITTL ¥
axniedadmoy 127Ul (PIOJTUBN T®BuUId7U[) o1 !
13 0°pT eoay danizady |
€ "33 L1°LT ®AIy SSOay ;
(4 Ve 240 Jx93sevuung ;

NOLONIHSVA ‘NOOVL/A1LLVIS




S a N 4

V.WW.‘H. m ) m NM ¢

BRI 9 w e < M & & O m

B0 b o g9 O v e @ o O 0 N v pT
e v 5 © 5 a

atel . S : O N v pT
R N ; q O Q
i O Q N v o
ST . O v \ v S o B
S . G q O e D
J..l.m“ H D q Q 0 D O num
Fe - o) <o v 0 y 3,
: | o © o % o 0 " gE
W A (] a a ®) v.“
(o) ') a
_ . o O DL m
- o088 2
[ e0e g ]

T QOLT N P

- Qv ¥

e g e

P oL O ‘€% ITTL

{ axniSxadmey 101U (PTIOJTUBR TeBUIIIUL)

R . 1} 89°8T ®aay aaniiadg DOT

P € 37 1L°0Z ®aay ssoan

- 1f0ca1 repPoN syzomung

NISNOOSIA °NOSIAVRN

e S e e L L

VI-58




T R T e TR AR TR

(@ ¢ 2% B L0

AV

o> I
<A
@P<LL:

o011

06 (j .
[e)
o) ey I1TL

0L
san3¥radwey 1a1ug (ProjTURN [RUI3}U]I)
1} 0°FI eday aaxnjaady
Num LI LT ®341y SS049
v8 034Q 1931seuung

(4

ayIas

@Eo>

o4

DT

D2

pE

DY

———-
©

~

6

Tcﬁ

- T""G ’

V3dv SS0HY
AONJ 101443 AVA TTV HOLOITIOO

NISNOOSIA ‘NOSIAVN

Vi-59

P -



4
| -
o ET
R HLNON
: W.Mw a N O s Vv r f ®mN ¥V N 4 r

Lo . o

y < ¢ o)

o o & s o O

AN O » . o O 01

e N e o @ ¢ O \

i 9 o L o Q

| DA

by v © g o ° °© N o, v g

- Vv T g x« VS 9 3
: M O v v/ v v O Q=
w : o v Vv o O 9} o>
S o ¢ ¢ o O & F R
w ; o % <& O o 3% ©
- o O SARY O g o O - B= =
i : O w ﬂ
, : 0

m °© o o o 3

S+ X 2

o OSNM 08

h oLl

© oobT

- - oOTT . b6

: 208 ‘gF ITTL

c 0L O

; eanyefodma 101up (P1OJTUeK TEUId3uT) o1

i Nuu 89 °81 €dJay aanjaady 1

33 1.°02Z ®aay Ssoxn
1%0ca1 19PON SyIomung

ONINOAM ‘YIANV




i

T

[P

R

- b s
1

S

S wm s e o kel
v - .

R At ¥4 1

i U A amr-Sohgr =
T',;r.".‘!_‘

aouae
(o T ool 4]
AT

2y 11Tl

(proJrUEBN [EBUI33UT)
3F O°%T ®a1y 3anjaady
Nvu LI LTI ®aay SS0I9H
V8 J03Qq Io3svumung

ER

A anm iy
-

DT

14

DE

DY

DS

14
©

j=
b~

o
-]

2
o

DO T

ONINOAR ‘YHANVT

vayy ssoud
AON3I101443 AVU TV HOLOATT00

Vi-61




a

=
-

~

a 4a

R
o

e

+

- 10082 G

[

. .:,.A..1 _..:A-_'r.. R

‘0L
odwe] 307U]

wlun.u\.o..
o a.
oooo
9
9 9
v/ @ Y
vV v
v Y
a
|
0
o o Q a
O o0 o
gt LYy,

(PTOJTUBK [BUIIV])
33 89°81 ®aay aanixady
13 1.°0Z ®ady SS0ID
1fose1 19pon sazosung

z

d 4 a4
q a O Ay
4 4 Q-
d 4 3¢

O
()

ot

02

oe

ov

0S

09

0L

08

06

001

VIDYOID ‘VINVILY

I8
R QUALITY

B
s

INAL PAGE

{Te Fu,‘x

URIG

Y34V SSOHO

ADNJ 101443 AVA T1Y¥ HOLOITTOD

Vi-62




sraliee L 4ti¢ T
ﬁﬂwwh Wom -» - ; []
> o4 Lrcoruusde Soag Aay o

.ﬂﬁm o3 Te e .

AL 7L0R SIS N SUCN
TLAERen LR I .
ety _._. -

s R T
238 SR M ; a
- :

o — e .-
.

ol
(FRvaer

\ . ;
. .
[ S !
| P »
. . .
i
[ PR .
- ) \
-
- - .
L}
e .

L . o0BT R

i 1000Z O

IS .“.OON.H

b MOOV.H

— . nOLE

[T 008

| ‘sun38iededy retuy

le cem s
..

... .
N E
SEION
Ewrpv C b
- v
T T
+ . ..
L]
Ny .

. )
_v. [
-SSR

Q40
00 QL%
@ KT
A K@

‘2t Il

(projyuey (BUIB3UY)
3 0°p1 uvOaYy dxnizady
3J LI LTI ®Baay 88049
4 V8 Ddq 193Ssewung

(@ mEd. £ ¥

a0 Q4>

Q@

@ x>

OBl 8K

Q@ e

VIOHO3D ‘VINVILY

bz

Pt

by

vauv SSOHO
AONIIOId4d AVA TV HOLOTTIOO

Vi-63

© e




BT, -
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for
HORIZONTAL & 45° SURFACES
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APPENDIX 3
TOTAL MONTHLY SOLAR INSOLATION AVAILABLE
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COLLECTOR PLANE
for

SELECTED SITES
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APPENDIX 4
ALL - DAY COLLECTOR EFFICIENCIES BASED

on

ACTUAL NOAA INSOLATION COMPARED
to

ASHMET CLEAR AND CLOUDY DAYS
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