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PREFACE

This report was prepared within the Department of Civil Engineering, Dean of Faculty
(DFCE), United States Air Force Academy for the Air Force Engineering and Services
Center (AFESC) under work unit 2054 5005. This work was accomplished during the
period May 1978 to January 1980. Prior to 15 March 1979, this work was accomplished
for the Civil and Environmental Engineering Development Ofiice (CEEDO) which became
the Engineering and Services Laboratory 6f the Air Force Engineering and Services Cen-
ter.

This report has been reviewed by the Public Affairs Office (PA) and is releasable to the
National Technical Information Service (NTIS). At NTIS it will be available to the gen-
eral public, including foreign nations.

This technical report has been reviewed and is approved for publication,

Dooen /8 a
FRANCIS B. CROWLEY, III, Colf USAF
Director, Engineering and Services Laboratory

B Dusas B

H. DEAN BARTEL, Major, USAF
Director of Research
Department of Civil Engineering
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FOREWORD

This report discusses work conducted by the Department of Civil
Engineering, U.S. Air Force Academy, Colorado, under Project Order
. DTC-9-32 issued by Detachment 1, ADTC/PRF at Tyndall AFB, FL 32403.
Although funding stopped on 30 September 1979, project work continued
until January 1980,
All project investigators helped author this report. The Project
Director was Colonel Wallace E. Fluhr, Professor and Head of the

Department of Civil Engineering.

The authors are indebted to many people. Particular thanks go to

personnel of the 7625th Civil Engineering Squadron who accomplished the

——

major work of changing collector systems on the ground array in September

of 1978 and 1979. Mr. Jack Whelton and Sgt Bobby Sanders also helped to
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insure that these modifications were accomplished correctly and on schedule.

We are also grateful to Captain Dennis R. Topper and Captain Ralph C.

o

Rhye for valuable assistance in the preparation of this manuscript. Last,

but by no means least, we wish to sincerely thank Mrs., Carmen Villines and

Mrs. Penny Grayson for their dedicated efforts in typing the report.
Mrs. Grayson's editorial assistance was particularly noteworthy; she is

a true professional in every sense of the word.
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CHAPTER 1

INTRODUCTION

1.1 Introduction

This report is the fourth and final in a series of interim reports
which describe the performance of the USAFA Solar Test House. This
report covers work done from May 1978 to January 1980. The data which
summarizes the home's performance terminutes in April 1979. The cessa-
tion of data gathering was made necessary by the removal of the research
instrumentation and control system and installation/testing of the mini- .
microprocessor controller (reference Chapter 5).

This report increases the knowledge base established by the first
three interim reports (1, 2, 3). Emphasis in this report is given to
evaluation of evacuated tube collectors and measures taken to convert the
home from a research laboratory to a normally occupied military family

housing unit.

1.2 Objectives

The objectives of the research during this period were:

a. Install and monitor the performance of evacuated tube

collectors on the ground array.

b. Determine the environment which would exist in the home if

it was solely dependent on the solar system for energy.
c. Continue to monitor the system's performance with regard to
previously implemented operational changes and maintenance considerations.
d. Install and test a locally designed and fabricated mini-

microprocessor system controller.

1-1
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e. Prepare the home for termination of the research project and

return to normal occupancy.

1.3 Contents of the Report

Data is preseuted and analyzed from May 1978 to April 1979. This
analysis includes discussion of the system's performance compared to
prior year results. Separate chapters are devoted to analyzing the
performance of evacuated tube collectors and the home's reaction to sole
dependency on solar energy during a selected winter period.

Considerable attention is given to actions that were taken to prepare
the system for return to normal occupancy. An accounting of the efforts
which were made to insure the solar system was as maintenance free and
dependable as possible is presented.

A chapter concerning the perceived need for development of an opera-

tions and maintenance manual and a "homeowner's'" manual is included.

Complete copies of these manuals are included as appendices to this report.

Finally, brief conclusions reached during this period of operational
research are listed for easy reference.

Scientific International (S.I.) units are primarily used but are
generally followed by parenthetic English equivalents. Some data is
presented in mixed or pure English units if it is thought clarity will

be gained.

1-2
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CHAPTER 2

FINAL YEAR DATA ANALYSIS .AND RESULTS

2.1 Introduction

This chapter presents and discusses the performance data from May
1978 to April 1979. The tabularized data for this period constitutes
Appendix A of this report. Collector performance is covered but detailed
comparison of the evacuated tube collectors to the flat plate system is
reserved for Chapter 3. Comparison of the total system's performance to
previous years can be found in this project's summary report {(4). Since
the home was unoccupied, a section is devoted to comparing the energy
demand of the structure in this status to when it was occupied. Also
included are results of an investigation on the safety of urea formalde-

hyde (UF) foam insulation.

2.2 Collector Performance

As forecasted by the last interim report (3), evacuaied tube collec-
tors were installed on the ground array in September 1978. Twelve General
Electric TC-100 collectors with a total area of 1i7.8m? (192 ftz) were
installed. The total area of the previously installed flat plate collec-
tors was 25.4m2 (273 SF). The evacuated tube collectors began operation
in October 1978 and remained installed until September 1979. The roof
array configuration continued to be 25.4 m2 (273 ftz) of flat plate collec-
tors. Both arrays were inclined at a 52° angle from horizontal.

The total amount of solar energy available to the collectors for the
record period is shown on Figure 2-1. Figure 2-2 shows the instantaneous
efficiency achieved by both collector arrays. You will note that the
ground array consistently out-performed the roof array during the time

2-1
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that both arrays possessed flat plate co'lectors. This coincides with L)
past years' results. This situation changed dramatically when the ground
array received the evacuated tube collectors. The flat plate roof array
achieved better performance than the evacuated tube collectors for this
application and location. Detailed discussion of this result is in
Chapter 3.

The increased collection efficiency for both arrays in February
1979 needs further explanation. During the last 18 days of this month an
experiment which we called the Loss of Energy Situation Simulation (LESS)
was conducted. The auxiliary energy was shut off and the home was solely
dependent on the solar system for heat. In effect, the interior tempera-
ture of the home was allowed to '"float". This experiment resulted in the
drawdown of the storage tank temperatures, and in turn, of the collector
fluid temperatures. Since the collectors could run cooler, their effi-
ciency improved as shown. It is theorized that the flat plate roof array's
efficiency improved more than the evacuated tube collectors due to the
tubes' greater resistance to thermal loss and insensitivity to working
fluid temperature changes. The LESS experiment is discussed in detail
in Chapter 4.

The overall efficiency of the flat plate system from May-August 1978

6

was 33.1 percent - with 23.264 GJ (22.1 x 10~ Btu) collected from 70.286

GJ (66.7 x 106 Btu) available. The efficiency of the evacuated tube
collectors (October 78-March 79) was 25 percent with 13.6 GJ (12.5 x 106
Btu) collected from 52.688 GJ (50 x 106 Btu) available. The flat plate

roof array efficiency during the same period was 38.3 percent with 23.938

GJ (22.7 x 10° Btu) collected out of 62.494 GJ (59.3 x 10° Btu) available.
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The overall efficiency of the combined collector systems during

;; October 1978 to March 1979 was 32.2 percent. The flat plate collectors

on the roof array contributed 64.5 percent of the total collected energy;
they represented 58 percent of the installed collector area. The flat

plate collectors were operated at a working fluid flow rate of .015 m3/min

(4 GPM). This represents a rate of .0006 n3/min per square meter of area
(.015 GPM/ftZ); the researchers believe this rate to be optimum for this
installation (3). The evacuated tube collectors were operated at .009 ms/min
(2.4 GPM). This is a rate of 5x10-4 ms/min per square meter of collector
area (.013 GPM/ftz) which is within the manufacturer's recommendations.

It is believed that the previously mentioned LESS experiment did not

greatly affect the overall efficiency results discussed above.

2.3 System Performance

¢
3

The solar system continued to perform well during the last winter of
the research work. Figure 2-3 shows the monthly degree days and the

corresponding energy demand of the home. The demand and degree day plots

ST St et

oy B
o

ey

correspond extremely well. Prior years' data, although generally corre-

ponding, never exhibited this high degree of correlation. Typically,

January vas the coldest month and produced the highest energy demand.
Figure 2-4 displays the total energy demand and the fraction con-

tributed by the solar energy system. When viewed with Figure 2-1 it

shows that the solar system contributed a sizable amount of energy to
%f the home even when solar availability is at a minimum. The lowest solar

3 fraction was reached in December when the solar system provided only

if 27 percent of the total demand. The reader is once again reminded of

i, the LESS experiment (see Chapter 4) conducted in February. This experi-
5% ment resulted in an artificially high solar fraction for this month.

2-5
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Figure 2-3. Monthly Degree Days and House Heating Demand
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The monthly solar fractions are shown in Figure 2-5. The unusually
low solar contributions in May ard June of 1978 were due to unseasonable
spring snowstorms combined with operational problems of the system. They
were nonetheless low-demand months and consequently did not greatly affect
the annual -performance. The exact figures on the monthly performance are
given in Table 2-1. The total annual solar contribution of 55.4 percent
is less than the 61.8 percent reported for the corresponding period in
the last interim report (3). This decrease in performance is attributable
to three factors:

a. This year's weather was more severe. The home's energy
demand increased by nearly 4% percent when compared to May 1977 through
April 1978.

b. The system's collector area was reduced from 50. 8m? (546
ftz) to 43.2 m? (465 ftz) as of October 1978. This 15 percent reduction
was due to the installation of the evacuated tube collectors on the
ground array. Collector area is the primary parameter which influences

the solar fraction.

¢. The evacuated tube collectors also vperated at lower
efficiencies than the flat plates (ref Section 2.3 and Chapter 3).

As a result of the latter two items, the total amount of solar
energy provided to the home was 6% percent less in 78-79 than in 77-78
(30.57 GJ vs 32.676 GJ). It must be pointed out, however, that the
available solar insolation also decreased approximately 8 percent during
the high-load months of October through April. (64 MJ/mz-day in 78-79
vs 69.6 MJ/mz-day in 77-78). The LESS experiment in February affected

these cumulative results somewhat but not greatly.

2-8
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Table 2-1

House Energy Demand and Solar Fraction

Month Demand Solar % Solar
(GJ) (GJ)

May 1978 3.38 1.59 47

June 1978 .63 .35 56

July 1978 -- -

August 1978 .45 45 100

September 1978 1,23 - 1.23 100

October 1978 3.55 3.34 94

November 1978 6.91 4.08 59
December 1978 9.39 2.55 27
January 1979 10.77 3.11 29
*February 1979 7.51 6.19 82*
March 1979 7.49 4.75 63

**April 1979 3.83 2.93 16

Annual 55.14 30.57 55.4%

* LESS Experiment

**x pPartial Data
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