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ABSTRACT

A 15-month performance evaluation was conducted on a solar system
designed and constructed to augment the industrial drying of soybeans at
the Gold Kist, Inc., extraction plant in Decatur, Alabama. The plant
employs three oil-fired, continuous-flow dryers of 3,000 bu/hr each.

The solar system consists of 672 Solaron air collectors that
temper the airflow into the existing dryers. Since the requirement for
energy exceeds the peak solar system capacity, no storage is provided.

The interface with the existing facility is simply accomplished by three
ducts that release the solar heated air directly adjacent to the'dryer alr

intakes, and no mechanical coupling is needed.

The solar system was operated for 1,752 hr on 290 days during the
15-month period without a single failure sufficient to cause shutdown.‘
No interference with normal plant operations was experienced, Maintenance
of the solar system,Aconsisting of service to the air handling unit, clean-

ing of collector glazing, and minor duct repair, totaled $1,564.

System utilization for the 15-month period was only 46.37%. This
was primarily due to daytime routine maintenance performed on the con-
ventional drying and processing equipment., The solar fraction was not

large enough to justify maintenance shift changes.

The 1,215 m?® (13,104 fr2) of collection area supplied 1.04 x 10'2 J
(986.54 x 10° Btu). At a more realistic utilization of 95%, the system
would have delivered 2.13 x 10'%2 J (2,024 x 10° Btu), representing 13,600
gal of No. 5 fuel oil.

An average collector efficiency of 26.2% was experienced. Con-
tamination caused by the local plant environment reduced the average col-
leetar ﬂfficiency by 9.3 percentage points. A prototype of an automatic
. cleaning system was constructed, tested, and proved to be an effective
method for removing the contaminant on a daily basis. An emission control
evaluation revealed that all plant emissions were within the limits pre-
scribed by the pérmits issued by local and stated authorities. Various

emission control devices specific to this industry were investigated.

ii



An economic analysis was conducted under ground rules provided
by DOE. Using a modified system cost of $405,615 and the actual owner-
ship, operation, and maintenance cost, the life-cycle cost per miliion

Btu of solar-derived energy was $48.10.
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MLt

K. H. McKechnie
Manager
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1. INTRODUCTION

1.1 GENERAL

About 407 of the total energy used in the United States is con-
sumed by industry. A considerable amount of this is used in drying or
dehydrating processes ranging from mining to the ménufacturing industries.
The use of éolar energy to supplement some of the fuels now being used
for these processes is being increasingly recdgnized, because of its wide-
spread and continuous availability and its clean, nonpolluting form. To
demonstrate the applicability of solar energy to industrial uses, the '
U.s. Depaftment of Energy (DOE) initiated a three-phase program 'to design,
test, and evaluate a solar system to collect energy for an industrial dry-
ing process and to provide an assessment of the economic and resource
benefits of such a system. Phase I was a 9-month program to design and
analyze a solar drying process; in Phase II, lasting 1 yr, the system
was fabricated and installed; and during Phase II1I, operational data was
acquired over a l5-month period to permit a comparison with a conventional

fuel-operated facility.

To contribute to DOE's ovefall objective of demonstrating and
evaluating the capability of solar energy for supplying industrial process
heat, the drying of soybeans at an industrial site was proposed as an
example that wotld be representative of other drying or dehydration pro-
cesses., The Gold Kist, Inc., extraction plant at Decatur, Alabama, was
chosen as the demonstration site., This plant employs three large
continuous-flow dryers to dry soybeans for storage and for processing.

The solar energy system consists of 672 Solaron air collectors to temper

the airflow into the existing dryers. The 1,215 m? (13,104 £t?) of col-
lection area provided 1.04 x 1012 J (986.5 x 10° Btu), representing

6,666 gal of No. 5 fuel oil. With 95% utilization, the system was capable
of displacing.13,600 gal of oil with the solar incidence that was available.

This report presents the final results of Phase III, "Performance
Evaluation", conducted by Teledyne Brown Engineering (TBE). The effort
was conducted under DOE Contract No. DE-AC05-76CS35122. In addition to



performance evaluation, Phase I1I included a task to conduct a conceptual
design of a glazing cleaning system and a task to evaluate the emission

control of the Gold Kist Facility.

1.2 CONTRIBUTORS

The success of this program is attributable in part to the‘coop—
~eration of the Marshall Space Flight Center (MSFC) for calibration equip-
ment and to The University of Alabama in Huntsville (UAH) for providing
solar radiation data for the area as well as assistance in pyrometer
calibration. The program 1s alsu indebted to GCold Kist, Inc., for its
excellent cooperation during system operation and for its inputs con-

cerning emission controls.

1.3 TELEDYNE BROWN ENGINEERING

TBE is one of a large number of advanced-technology companies
that are wholly owned by Teledyne, Inc. The family of Teledyne companies
provides goods and services to the aerospace, military, industrial, and
consumer markets. The productsioffered cover the spectrum from complete
- systems to the equipment and components that make up such systems. These
products are supported by the technical services required to create and

operate them.

Since its inception in 1953, TBE has maintained major capabilities
in electroﬁic, mechanical, and structural development and design; proto-
type fabrication; and testing. Since 1960, these capabilities have been
. greatly expanded to include areas such as systems engineering and applied
research in space and military related sciences; design, fabrication, and
test of electronic and mechanical hérdware; and the development of infor-
mation systems software., Today, TBE provides engineering support services
to NASA; it is contributing to a number uf U.5, Army, Navy, Air Force,
Department .of Transportation, Corps of Engineers, U.S. Department of
Energy, and Post Office Department programs; and it serves a number of

industrial firms with its specialized capabilities.

1-2



1.4 GOLD KIST, INC.

Gold Kist, Inc., a farmers' cooperative, was originally organized
in 1933 to market cotton for a local group of farmers near Carrollton,
Georgia. Today the company ranks among the top 500 industrial corpora-
tions in America with a 1975-76 fiscal year volume of nearly $1 billion.
Operations now extend throughout 11 states from Arizona to Virginia.

Gold Kist is the world's largest processor of peanuts and one of the
nation's largest producers of poultry. Other products include peanut

and soybean o0il and meal, pork, pecans, eggs, cereal grains, animal

feeds, seeds, plant food, agricultural chemicals, and animal health
products. Many of these items are sold in the export trade. Products
marketed at retail include fire logs, garden mulch, pecans, cat litter,
and processed pork products. In four states, the company operates over
125 local Farmers Mutual Exchanges. These centers are the source of
products and services for the farmer necessary to grow crops and livestock.
Savings made in the operation of the business are returned to the members
in proportion to participation. The continuing Gold Kist mission, then,
is to improve the economic well-being of its members of supplying products

and services for farm production and by marketing selected products.

The Gold Kist Soy Facility at Decatur, Alabama, after the solar

system installation, is shown in Figure 1-1.



FIGURE 1-1. GOLD KIST, INC., DECATUR PLANT WITH SOLAR SYSTEM INSTALL:D




2. SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

©.2.1. - SUMMARY
A brief summéry of the application of solar energy to industrial

drying of soybeans is shown in Table 2-1.
2.1.1 The Site

The seledétion of the Gold Kist Soy Facility as an experimental
site for a soiar energy program was made after a survey of various energy-
intehse industrial activities. 1In addition to consuming large amounts
. of fossil fuel, the Gold Kist facility served as an ideal test site to
satisfy the -objectives-of the DOE program. .

1 As a demonstration projecﬁ, it had good markéf visibility. The

" Gold Kist facility is .one of the largest, if not the largest, soy extrac-
tion plants in the world, Because of the nature of the process and the
size of the plant, the solar system for the &rying of soybeans had wide
industrial exposure. Its visibility to the farﬁ4market, both nationally
and internationally,. served well to spread the "word" on the applicability

_of solar energy to industrial processes.

TheAgeographical location of the Gold Kist facility enhanced the
Avisibiiity of a solar demonstration program. It is‘located on the Tennessee
ARiver, a major national waterway, and Interstate I-65 passes just east of
the site, a main road artéry from the grain area of the midwest to the Gulf

Coast and Florida resort areas.

2.1.2 The Solar System

A The solar system consists of the following major subsystems: the
collector, structural, energy transport, and controls subsystems.‘ It
baiso includes a data acquisition system to support the experimental nature
of the program. Since the soybean dryers are capable of instantaneously
using the entire solar system capacity, no thermal energy storage system

was provided.



TABLE 2-1.

SITE

Process:
Location:
Latitude:

Annual Insolation:

Altitude:
Plant Capacity:

SOLAR _ENERGY SYSTEM

Fluid:

Collector Mfg.:
Array Size:

Tilt Angle: -
Orientation:
Storage:
Transport System:
Ducting:

Duct ‘Insulation:
Blower:

SUMMARY OF APPLICATION OF SOLAR ENERGY TO
INDUSTRIAL DRYING OF SOYBEANS

Soybean drying in an oil extraction plant
Decatur, Alabama
34°40'

380 Langleys (1,420 Btu/ft2/day) horizontal
surface

575 ft
2,480,000 bu/mo

Air

Solaron

13,104 ft?2

15 deg

24 deg east of south

None ‘

Positive pressure

Medium pressure, sheetmetal using pocket lock
joints

Owens-Corning Type ASJ #25, 2-in. thick
30 HP Trane, 27,000 ft¥/min at 3-in. wg

Number ot Lollectors: 672

Flow Rate:
Air Filter:

27,000 ft3/min
Continuous roll, automatic advance

EXISTING DRYER PROCESS

Manufacturer:
Type:

Fuel:
Capacity:

Ferrell-Ross

Continuous flow

No. 5 fuel oil

Three dryers at 3,000 bu/hr each



SYSTEM INTERFACES

- With Dryer:

With Building:

With Site:

PERFORMANCE

Collector Efficiency:

Energy Collected:
Temperature Lift:
System Impact:

SYSTEM UTILIZATION

Daylight Drying:
Thermal Utilization:

Total Solar System
Operation Time:

Conventional Dryer
Operation Time:

SAFETY CONSIDERATIONS:

Transport System:
Fire Dampers:

Maximum Temperature
Limit:

Collector Array:

Lighting:

TABLE 2-1 - Contjnued

None (the solar heated air is entrained into
the dryer airflow)

(1) Penetration of the dryer house sidewall
by ducts

(2) Attachment of ducts to outside of dryer
house sidewall

Collectors are mounted on a 115- by 144-ft
steel structure over a parking lot

Annual efficiency = 25.1%
823.6 x 10° Btu/yr
40 to 60°F

The solar energy system provided 1.18% of the
energy requirements for one dryer (during an
8-month period)

- Drying occurred during 40% of daylight hours

Btu Utilized

Btu UtiTizable - °4-6% (annual)

1,534 hr/yr

Daytime - 1,794 hr/yr; n1ghtt1me - 2,768 hr/yr;
Total - 4, 562 hr/yr

LY

Positive pressure to minimize dust ingestion

Located between solar energy system and plant
(smoke activated)

“Alarm sounds when collector temperature

exceeds 250°F; operator turns blower on and
energy is dumped

Access ladder, handrails, and wa1deyb Lo
meet OSHA requirements

Twenty-four 400-W mercury vapor (vapor- and
duct-protected)



INSTRUMENTATION AND
MONITORING

Instrumentation:
Data Acquisition:

Data Display:
Data Processing:

Noninstrumented Data:

OPERATION

Turn-On:

Airflow:

CONSTRUCTION COST

Site Work:
Collectors:

Supporting Structure:

Ducting:
Instrumentation:
Controls:
Miscellaneous:
Total:

ECONQOMICS

TABLE 2-1 - Concluded

Eleven parameters; sensors selected according

to ERDA preferred list

Fluke Model 2240A data logger; one sample/
5 min

LED display at site; printed paper at site
Varian Model V-73 computer at TBE
Logs and rccorded operational data

When temperature differential between collector
and ambient air exceeds a threshold

Solar heated air can be directed to any desired
combination of three dryers by manual position-
ing of dampers on dryer house manifold

$ 43,660
168,500
173,642

94,275
6,649
6,000
93,380
586,106

Energy Cost for Process Heat

(1) Using Heat from Fuel 031 - $3.15/MBtu
(2) Using Combined Solar/Fuel 0il1 -  4.96/MBtu

(3) Solar Alone
MANAGEMENT APPROACH

Phase III

- 48.10/MBtu

(1) Gold Kist operated the facility
(2) TBE conducted data analysis and reporting
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The collector subsystem conéists of 672 Solaron single-glazed air
‘collectors (13,104 ft?) arranged'in 84 sets of 8-collector modules encom-
passing 4 two-in-series pairs of collectors. A cost/performance tradeoff_
-study conducted in Phasg I resulted in a 15-deg tilt for the array. To
align the array with a row of large silos nearby, it was oriented 24 deg

east of south.

_ Because of space availability constraints at the Gold Kist
facility, the solar array had to be elevated above an existing parkihg
lot. This required a structural subsystem to support the solar array in

such a manner not to interfere with plant operatiomns.

The energy transport subsystem delivers 27,000 ft3/min of ambient
alr to the collectors and carries the solar-heated air from tﬁe collectors
to the‘dryeré. This subsystem consists of cohventional air handling equip-
ment that encompasses.an automatic roll-type filter, commercial ducting
(insulated on the hot air portion), and the necessary fire dampers. The
blower is located on the upstream side of the .collectors to ensure a posi-
tive pressure in the collectors, which prevents ingestion of contaminants

at leakage points.

The solar heated air from the collectors is delivered from the
array to the dryer house through a 4- by 4-ft galvanized metal duct. All
hot air ductihg has ZZin.'of fiﬁergléss insulation coated with‘aiweather- ‘
.pfoof mastic. The tramnsport ducting conforms to SMACNA and ASHRAE criteria
for industrial ducting.

The enefgy transport subsystem supply duct terminates with three
inlets (with dampers) to the dryer house. Each inlet is located directly
in front of a dryer air inlet. . This type of interface provides minimal '

impact on the conventional operation of the dryers.

A standard Penn Control Delta-T type controller is used to con-
trol the system. One sensor is located behind and adjaéenﬁ to the collect~-
 ing surface of one collector, while the other sensor senses ambient

temperature. When the collector temperature exceeds ambient by 15°F,



the system trips on. Trip-off occurs when.the collector temperature is
within 7°F of ambient. The-solar system also has an electrical interlock
with the main conveyor, which delivers beans from all three'dryers. This
interlock makes the control system completely 1ndependent of operational

personnel

2.1.3 Data Acquisition System

The data acquisition system consists of eight RTD-type tempera-
ture sensors, a pyrometer, . a hot-wire anemometer, a watt transducer,
a relative humidity sensor, and a Fluke Model 2240A data logger. The
printed data was keypunched and fed to the performance evaluation.com—

puter program for processing'on.TBE's Varian V-73 computer. !

2.1.4 System Operation

Because of the working shift arrangement at the Gold Kist facility,
a 1arge portion of the routine plant maintenance occurs during the day. '
Many times, this affects dryer operation, either directly or indirectly
As a result of scheduled and unscheduled maintenance, the dryers operated
only 40% of the available daylight hours. Total (day and night) dryer
operation was'sufficient to have consumed 100% of the daylight hours.

2.1.5 Maintenance and Reliability

The solar system operated for 1,752 hr on 290 days during the
15-month period without a single malfunction sufficient for shutdown.
The only maintenance actions required were routine cleaning of the glazings,
fan belt replacenent filter change, luBrication, and one ﬁinor duct repair.
There is no reason to believe that the system would not 1ast as

long as the drying facility itself with only minimal maintenance.
2.1.6 ‘Economics,

‘The Lawrence Livermore Laboratories format for lifé?éycle cost
analysis has been followed in deriving the cost comparisens, The results
of the Plan A and Plan B calculations for the solar drying system are

summarized below:

2-6



LOCATION " SOLAR ALONE PLAN A% PLAN B* -

Albuquerque .> 542.19/M3tu $3.91/MBtu $5.05/MBtu
Omaha . $52.03/MB;u $3.90/MBtu $4,97/MBtu .
Decatur - (TRUE) $48.10/MBtu $3,15/MBtu $4.96/MBtu

"2.1.7 Performanée

- During the 15-month period, the solar system displaced 6,630 gal
of No. 5 fuel oil. Assuming a system utilization factor of 95%;.the
system was ‘capable of displacing 13,600 gal during the same period. .

' Collector efficiency ranged from 28.3% in September to 23.27% in
June, with an annual efficiency of 25.1%.. Contamination on the collectors
accounted for reduction of approximately 9.37% in efficiency, as evidenced

by the data before and after cleaning the glazings.

2.2 CONCLUSIONS

The principal corclusions resulting from Phase II, "Performance

Evaluation', are as follows:.

e Large-scale, air-based solar drying systems for indus-
trial applications are feasible, including retrofit
systems. :

e Conventional air transport equipment can be used
reliably in air-based industrial solar systems.

e Industrial process heat solar systems must Be suffi-
ciently large to justify changing plant maintenance
schedules to nondaylight hours, if required.

e The concept of colar industrial process heat systems
are readily acceptable by the industrial consumer.

e A direct impingement, oscillating water jet type clean-
ing system is effective for cleaning collector glazings
at sites with a particulate/chemical-laden enviromment.

*Plan A ;'Represents conventional process heat using fuel oil

*%Plan B - Represents aAcdmbined solar/fuel oil facility

N
]
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2.3 RECOMMENDATIONS -

The recommendations resulting from this performance evaluation are:

e Long~range,. limited performance evaluation is needed
- to determine:

A Performance degradation : :
A . Extended performance maintenance requirements
A Economic trends _

A Overall system refurbishment cycle

e A full-scale cleaning system based on ‘the prototype
installed should be designed, installed, and evalu-
ated during the long-range system performance evalu-
tion program.

e Larger systems that produce '8 to 12% of the industrial
_ process heat requirement should be used in future:
demonstrations. This is needed to justify, in many
cases, operational shift changes to take maximum
: advantage of the available solar energy.

e Continuing cost-saving innovations relative to system
installation, collector mountings, and ducting methods.

2-8



3. PROGRAN\BACKGROUND

‘.

3.1 PHASES I AND II

Phase I was initiated on June 25, 1976. Program ‘objectives were:
to identify and synthesize the most cost-effective solar drying system
and to prepare’detailed1design-and performance specifications, This

effort resulted in the current system configuration.

Phase II, initiated on July.12, 1977, consisted of component
procurement, fabrication, and system construction and checkout This

A phase was completed on May 31 1978

3.2°  PHASE III
The performanCe evaluation effort,'Phase IIIi:contfactually'began
-.on September 11, 1978; however, data acquisition and reduction activities
actually began on-June 1,.1978. Phase III consisted of the following
: . ot >

tasks:

e Task I - System Operation: Under this task, a System
Verification Plan was established (see Appendix A).
This plan detailed system operation procedures to mini-
mize plant operation impact, maintenance requirements

~ and schedules, data reduction methods, and the opera-
tional logs, forms, and reporting formats. The per-
formance evaluation computer program was developed
under this task.

e Task II - Data Acquisition: The preliminary measure-
ments list was finalized to determine specific parameters
to be monitored. All data acquisition system verifica-
tion, calibration, and repair was accomplished under
this task.

e Task III - Operational Analysis: This task included
the use of a computer program developed to integrate
various pertinent performance parameters and provide:
various summaries on a periodic basis. These summaries
' were analyzed to detect system anomalies and performance
trends.




Task IV - Cleaning System Concept Design: Several
- concepts for automated solar panel cleaning systems
were investigated. These concepts were based on the
cleaning requirements known to exist at the beginning
of Phase III. A preliminary design and prototype
fabrication and test program was accomplished in the
. .most promising design. .Performance and economic data
were derived for the system chosen.

Task V - Emission Control Evaluation: Using Gold Kist
engineering personnel as consultants, TBE conducted a
study ‘'of the emission control devices currently in use
or potentially applicable to the processes at Gold Kist.
Economics and efficiencies versus cost per cfm were
investigated for several types of filtration equipment..
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4. SYSTEM ~DESCR_I PTION»
A detailed description of the solar system is contained in the '
ERDA report entitled "Final Design Report for Application of Solar
Energy to Industrial Drying of Soybeans", dated'February 28, 1977, For

convenience, a summarized systemAdescription}is presented in this sec¢tion.

4.1 THE SOLAR DRYING SYSTEM

The solar drying system 1s an air-based concept designed to

- safety and efficiently collect,and transfer solar energy for use in a -
conventional'soybean drying process with minimum impact on ekisting facili-:
~ ties and operations. Functionally, the solar drying system consists of.

the following practical subsystems'

e .Collector

e Energy Transport
- @ Structural

e Controls.

Additionally, the solar drying system includes an instrumentationisubsys-
tem in support of the experimental nature of the program.. Although solar
energy systems typically employ storage to supply energy at night or during
cloudless days, none was required in ‘the selected solar drying system '
because all the energy potentially collectable could be used immediately h
in the existing drying.operations., These subsystem and system operations

are discussed below.

The solar drying system_is shown schematically (to the level of
principal components) in Figurenﬁfl. During Operations, approximately ’
12.74 m%/sec (27,000 £t3/min) of outside air is drawn through the collec-

4tors and dumped in a preheating mode into -the airstream entering the dryer
. house where the mixed flow is subsequently heated by the conventional dryer
equipment. '

The 12.74 m*/sec air flow corresponds to 0.010. %/ sec-m?

(2 ft’/min/ttz) for the gross area of the 336 pairs of Solaron collectors

arrayed in a basic two-in—series pattern.
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4.1.1 Collector Subsystem

The collector subsystem consists of 672 Solaron collectors'
arrayed in 84 sets of 8 modules encompassing 4 two—in—series pairs of
collectors. The layout of the 4 paired collectors is shown in Figure 4-2,
The collector array is.tilted at 15 deg and pointed some 24 deg east of

south

The colléctors ‘are about 0.914 m (3.0 ft) wide by 1.98 m (6.5 ft)
long by 0.183 m (7 in. )'deep. The design employs one glass cover
(3.175 x 1073 m thick) ‘and’ a nonselective absorber surface (a/e. R 1)
The insulation of the collector is shown in Figure 4-3. ‘ '

The 4 two-in—series pattern or module used in the collector array
requires some 16 collectot-to—collector joints (in pairs), as illustrated

in Figure 4-2. These joints are sealed with butyl tape.

4,1.2 Energz Transport Subsystem

The energy transport subsystem distributes the air to be heated
-to ‘the solar collectors and transfers the solar heated air to the conven-

tional drying process. The“principal components of the subsystem are:

Air filter

Blower

Inlet ducting

Outlet ducting

Dryer house manifold
Fire dampers. s

The relative locations of these componentsbcorrespond to the schematic

of Figure 4-1
\

An air filter is used in the system for two reasons. . First, the
immediate environment of grain elevators ‘and feed mills tends to be dusty
and the ingestion of dust into the system could.cause maintenance and
operation problems that can be'minimiied;by using a filter“at'the inlet.
However, the filters also serve an important-safety function by limiting
the amount of_dust.that.will enter the system and present the potential

for supporting combustion in the event of a fire in or near the system.
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The filter and blower are housed together as a prepackaged unlt

This type of assembly was selected on the basis of cost since it is ‘less
expensive than an on-site assembly of the filter/blower/housing and is .
easier to seal against air leaks. The assembly is a. Trane Company Model e,
PCC No.. 50 "Penthouse Climate Changer un1t with no coils. This unit has‘f
a roll-type automatic filter with a rated overall effic1ency of 85% at a. :
face velocity of 2.54 m/sec (500 ft/min) and a rated dust loading of ): .
L4.31 hg/m (400 g/ft?). The blower in the assembly is a forward-curved -
‘type with a rating of 13 m 3/sec (27, 000 ft3/m1n) at 746 4 Pa (3 in. H20).

The blower is positioned between the filter and the remaining
components, as shown schematically in Figure 4-1. Positioning the blower
upstream of the collector subsystem results in a positive pressure system
l'that provides several advantages.p First, it ensures system safety in the
'event of accidental or gradual failure of any of the air transport system
seals. Any such leaks will result in the loss of clean ' air as opposed |
to the ingestion of dirty'air into the'system, which could eventually

create an explosive mixture within the collectors;and ducting{

The inlet ducting (Figure 4-1) provides for the delivery of fil-
tered air to the solar collector. ~This'ducting wasodesigned for a pres-
sure loss of 0.571 Pa/m of duct length_(0.07 in..HQO/IOO ft) and maximum
air velocities on the order of 10.16 m/sec (2,000 ft/minz.' Technically,
these values are somewhat lower than would occur if'a%rigorOus tradeoff

between duct costs and blower power were considered:

‘Rectangular ducts are employed for trunks and branch lines to
simplify the duct inspection and maintenance tasks since the bottoms of

the runs are in the same plane despite area changes Also, sealing of

" - the "takeoffs" from the branch lines to the collectors was éasier for flat

ducts relative to round ducts, and the;takeoffs are more'nearly uniform
in length; thus reducing erection complexitw; The takeoffs are 0.254 m
(10 in.) round, semirigid aluminum ducts with galvanized "spin-in"
.type connections. Each of these inlet takeoffs has an integral (vane-

type) damper for flow balancing.



The inlet ducting is not insulated since the air temperature
in the ducts will be only slightly’above the ambient temperature. The
outlet ducting, in effect, recombinés the individual collector flows and
provides for the transfer of the collected energy to the manifold that
feeds the conventional dryers. The same design criteria used for the
inlet ducting have been employed for the outlet ducting, and the systems
are basically physically similar. The.najor exceptions are that the
outlet ducting is insulated and there'are no dampers in the collector-to-

duct takeoffs.

The dryer house’ manifold orovioes‘the interface between the
solar drying system and the conventional drying prdCeSses and is a .
critical component of’the system. Figure 4-4 depicts the dryer house*h
manifold, the design of which involved a number of important considera—'
tions. First and foremost of these considerations is that the interface
with the existing Gold. Kist dryer system has minimal impact on facilities
and operations during the construction, checkout, and operational phases.
The design'goal has been to achieve these minimum impacts and to design a
system that for all practical purposes operates in a fashion similar to

the conventional system.

The dryer house manifold is a 1.22- by 1.22=m duct that has six
0.61- by 1.22-m openings on the lower side with short extensions extending
through the face of the louvers. The six openings are placed such that
there are’two at each dryer position;.fThese openings contain baffle-
~ type outlet dampers such that any one dryer or combination of'dryers can

receive the solar heated air.

‘Basically, the solar drving system=Lu=~dryer interfacc utilizaes
the induced draft of the dryer blowers (some 70 m*/sec vr- 150,000 ft3/min
per dryer) to entrain the incoming solar heated air. The physical
principle involved is Lhat the greater momentum of the indnced. draft from
the dryer blower will entrain the smaller solar heated flow with no

significant influence.
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Normally, fire dampers are instailed in ducts only when a fire-
rated wall is pénetrated in order to maintain the rating of the‘wall. In-
the currént case, no such physical wall exists (either at the solar drying
system or at the dryer house). However, it was desirable to maihtain the
physical isolation of the two structures, which is compromised by the
outlet ducting and the dryer house manifold. Therefore, a fire damper
was installed in the outlet ducting to achieve physical separatlon in the

event of a fire at either location.

Physically, this damper .is located in the duct run at the south
- face of the ‘silos, which is a relatively shielded location with respect

to either the collectors or the dryer house.

4.1.3 Structural Subsystem

The structural subsystem serves primarily to support the collector

array above the parking lot at the Gol& Kist plant, This was. done in
such a way as to not interfere with the Gold Kist operations since the
parking lot was the dnly available space for the solar drying system.
In general, the noninterference requirement was that the low point of any
structure has a grade cleérance of 5.03 m (16,5 ft). However, the parking
. lot has a rise of about 1.0 m (3 ft) in the south-to-north direction, and
the clearance requirement was relaxed at the north end of the assembly to
some 4.11 m (13.5 ft). The'5.03—m requirement provides clearance for

tractor—trailer type vehicles.

The structure supports 672 Solaron collector panels, which repre-
sents 13 104 ft? of surface area and approximately 103,000 1b of dead load
Level walkways that are 3 ft wide are provided around the perimeter of the
solar array and between seven rows of panel modules to provide access for
cleaning and other maintenance. A permanent access ladder is located at
~ the east end to gain access to the 16-ft level, and walkways are protected
- with 42 high-level rails in accdrdance with OSHA. Gutters are installed
at the bottom of each row of panel modqles for the entire row length to
route water to downspouts and ultimately to underground drain lines. This
drainage system is necessary to protect the parking area and the support

foundations.
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~\The‘total structural area, including all walkways, is 150 ft long
by 120 ft wide, which 1s 18;000 ftz. '

4, l 4 Controls Subsystem (and System Operation)

The solar drying system controls are shown schematically in
Figure 4-5. These controls provide the’ following functions:

o 'Manual on/off control 'of the solar drying system
blower (pushbutton) A

e Smoke/fire sensing in the inlet ducting of the blower

~ discharge, in the outlet ducting at the north edge
of the collector assembly, ‘and -at the smoke/fire
damper location .

e Turn-on of the blower when either the temperature in
a specified collector or the air témperature at the
manifold exceeds some threshold differential with
respect to the ambient temperature. Turn-off of the
blower when both of the collector temperatures and the
manifold temperature fall below the threshold value.
Both on and off functions will have a 60-sec delay or
hold. (Turn-on is dependent on having the solar drying
system in the.on position ) :

e - Interlock with dryer operations is provided through a
~spare. set -of contacts on the main dryer conveyor.
AThe.principal'function of the smoke/fire damper is to provide"
isolation of .thé solar drying system and the dryer house, particularly
in the direction of the airflow. Three smoke sensors, as shown in Figure -
4-6, are employed. . The sensors at the blower, collector outlet, and
damper provide protection to the collectors (upstream events), dryer house
(upstream events), and collectors/blowers/filter/ducting (downstream

events), respectively.

4.2 - . DATA ACQUISITION

The data acquisition system, fabricated from off-the-shelf
components, ia illustrated schematically in Figure 4-7. Detailed infor-
mation concerning this system is contained in Appendix A. - A summary

‘description follows.
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4.2.1 Sensors

Twelve sensors, selected from'the ERDA preferred list of senSors*,
are interconnected to the data acquisition unit through a. function box.

Sensor locatioms are shown in Figure 4-8,

Twelve parameters are used to evaluate system performance. These

parameters. and pertinent sensor data are listed in Table 4-1.

Outputs from the following sensors were used as inputs to the .

Varian V-73 performance evaluation program:

TO00lL Ambient Temperature

T100 Inlet Temperature -

T102 Outlet Temperature

T103 Temperature in Duct

T003  Solar Insolation

V102  Air Velocity

EP104 Solar System Blower Power.

® ® 0 00 0 o

The other parameters were measured to assist in determining the source of

any data anomalies and equipment failures

4;2.2 Data Acquisition Unit

A Fluke Model No. 2240A Data Logger performs all the data acquisi-
tion unit tasks required in this system. Figure 4-9 illustrates the instru=
mentation rack containing the data logger and its associated equipment,

The function of the data‘logger is to automatically scan many analog
input signals, digitize these signals, ‘and output the data on printed
tape. The data logger system is represented in block diagram form in
Figure 4-10.

4.3 DATA PROCESSING AND ANALYSIS
. A

A detailed description of the analytical tools and processes is
contained in Appendix A. A summary of the analytical techniques is

presented for convenience.

*"Instrumentation Installation Guidelines for National Solar Heating and
Cooling Demonstration Program", SCH 1006
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TABLE 4-1.

SOLAR DRYING SYSTEM SENSOR DATA

Si-%

“23%3”1 PARAMETER RANGE é&"ﬁﬁ’c‘y SENSOR TYPE PART NO. | MANUFACTURER
1001 Ambient Temperature 1-17.4 to 44°c (0 to 110°F) 40.11°C (0.2°F) | .RTD 510788 Ninco
-T100 -Inlet Temperature ‘ -17.4 to 44°C (o.to' 110°F) . 10.5% . RTD .;sosz-tzi: Piatlmn Hinco
Taz2 . Outlet Temperature -17.4.to 44°C (0 to 110°F) 10.5% RTD $53-CP Platinum Binco
‘ _ < 100-24
1103 Temperature in Buct -17.4 to 121°C (0 to 250°F) 10.5% RID : isa-cp Platinum inco -
TIoq . Control Room Temperature -17.4.to 44°C (0 to.110°F) 10.11°C (0.2°F) |- RT1D TRSR-RHl;Z 3/4 Weather-Heasure .
1600 -Temperature at quuer'l -17.4 to 93.7°C (0 to 200°F) - 10,.5% RTO igg-g: Platinum 1 linco »
. 1602 Temperature .at Blower-2 - .| -17.4 to 93.7°C-(0 to 200°F) 10.5% . RTD $63-CP Platinum | Minco
‘ ‘ : ' . 100-24 :
1603, . | ‘Temperature at Blower 3 ° | <17.4.t0 93.7°C (0 to 200°F). | 10.5% &TD | ss3-cp Pratinum Minco
, ] o] . . e 100-24 — - . ,
1003 - Solar Insolation -} 0 t0 2,103 wym? (0 10.350 Btushr-ft?) +0.5'8/4n. - . Pyrenometer - PSP/WE] Eppley-
V2 - - Ale Yelocity 7.6 to 15:2.m/sec. (1,800 to"3,000: ft/min) |- £28 (+2.5% F.5.) | - Mot Wive Anemcmeter |-430/435- o a _km Instrunents
EP104. * | Solar System Blower Power O to 254N . - 128.(F:5.)" -Matt Transducer | PC 5-54; with Option € | Ohic-Semitronics
RG0S Relative Humidity lotares - 7. 238 - R.MH. Probe.

wi-p- .

Weather-Measure .
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Two types of performance evaluation factors are used: 1) a thermal
energy quantity defined by the lettere"QV and 2) a performance index defined
by the letter "N". ‘

The measured parameters are sampled at 5-min intervals if the sys-
tem is in operation. To determine hourly summaries of performance factors,
the measurements acquired over the hour are averaged and the appropriate
conversion factors are applied. Daily summaries are similarly determined

by averaging the hourly summaries over- the day.

Table 4-2 describes the measured variables,,their units as
recorded oﬁ the output tape of the data loéger, and'the‘data channel
number. In addition to thé measured variable, the date and time are
entered with each sample. Figure»d—ll is a samgle of a. tape obtained

from the data logger.

Tables 4-3 and 4-4 present the thermal energy parameters and per-
formance indexes used to evaluate system and subsystem performance for
hourly and daily summaries. The defining’equations.used to compute the
performance parameters and a description of the computer program used are

presented in Appendix A.
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TABLE 4-2. INPUT VARIABLES

DESCRIFTION

-Total Solar Incident
Collector Input Air Temperature

Collector Output Air Temperature
Blower Power

'Temperature in Duct
-Ambient Air Temperature

Temperature in Dryer No. 1
Temperature in Dryer No. 2

Temperature in Dryer No. 3

Relative Humidity
Air Flow Velocity
Fuel Flow to Dryer No. 1*

-Fuel Flow to Dryer No. 2*

Fuel Flow to Dryer No. 3*

- | "CHANNEL
UNITS VARI ABLE RANGE NUMBER
mv 1003 | 0 to M R
k| Too -0 to +170 | N
°F. |- moe2- | -10 to +300 12

v EP101 Otod 2
°F T03 - | -10to+200 | 13
°F 1001 10 to +110 1
°F ~ T601 =10 to +200 | - 17
°F T602 | -10 to +200 16
°F | 1603 | -10-to'+200 | - 1§

$ .| RHoo4 Otol00 | : 4

V102 |

v

‘0 to 6

3

*Not currently measured. Nili.be added at future tiﬁe.
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TABLE 4-3. DAILY SUMMARY OF THERMAL

ENERGY PARAMETERS

DESCRIPTION

-Total Solar Incident
Total Solar Incident
Solar Energy Collected
Solar Ehergy Collected
ECDS Operating Enerﬁy
Collector Efficiency - -

Average Ambient D.B.
Tempgrature

Collector Panel Efficiency 'i;-

Factor . . '

|- «VARIABLE

Qo3
. Q180
Q130

Q132 ..
N131:

N143"
N132- -

‘UNITS

BRITISH
SI ENGINEERING
J Btu
J/m? Btu/ft?
J Btu
J/m? Btu/ft?
J - Btu
% %
oc oF
°Cm? | °F ft?
- Btu

TABLE 4-4.  HOURLY SUMMARY QF?THERMAL,

ENERGY PARAMETERS

DESCRIPTION

“Total Solar Incident
Solar Energy Collected
ECDS Operating Energy
Collector Efficiency

Collector Panel Efficiency
Factor

Average Ambient D.B. .
Temperature

UNITS
- BRITISH
_ VARIABLE ; SI ENGINEERING
Qoo1 W/m? Btu/hr-ft2
Q100 W/m? Btu/hr-ft2
Q102 W Btu/hr
N101 % b
-2 N102 °C m? °F ft?
‘ o d Btu
N113 °C . °F
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5. SYSTEM OPERATIONS

5.1 GENERAL

._?erformance evaluation operations began on June 1, 1978, and
continued through- August 31, 1979. During-this period, the solar system
'operated for 1,752 hours on 290 days without a single failure sufficient
to cause system shutdown . There was virtually no interference with con-
ventional system operation during the evaluation period, A summary chart
of significant maintenance,. system modification, and instrumentation

. events ‘is presented_in Figure 5-1.

5;2« MAINTENANCE REQUIREMENTS

" There was no system downtime attributable to solar system main-
- tenance. During the five quarters of operation, maintenance consisted
of routine glazing, cleaning, air handler service, and the repair of one
" 10-in. collector supply duct. Maintenance cost totalled $1,564. The

quarterly distribution of maintenance costs is shown in Table 5-1.

TABLE 5-1. QUARTERLY MAINTENANCE COST SUMMARY

L - QUARTER
' MAINTENANCE ACTION 'A 1 2 3 -4 5
Clean Glazing $340 | $445 | $ 0 | $170 | $170
Grease Blower and Motor o 17 0 0 0
Replace Blower Belts 0] 85 0 0 0
Rep]ate_Fi]ter/C]ean Inlet 0 0 330 0 0
Repair Ducting : , 0 0 7 0 0
TOTAL ' $340 | $547 | $337 | $170 | $170 | $1,564
1 - June, July, August (1978)
2 - September, October, November (1978)
3 - December, January, February (1978-79)
4 - March, April, May (1979) .
.5_

June, July, August (1979)
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PROTOTYPE “LEANING STSTEN ‘:;ﬂgﬁ,ﬁ;ﬁg"m INTER) ¢ TEST CONPLETED
cowtcion V——WSTIRG STARTS kL . —3
SUBS®STEM PANELS -CLEAYED , 8/31
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FIGURE 5-1. EVENT SUMMARY CHART
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5% 2 1 Collector Glazing,Cleaning

At the close of Phase 1I, "Construction , it became apparent that

the contamination problem was’ more severe than had been anticipated.

'«‘With the assistance of- the Chemistry Department of The University of

'Alabama in Huntsville (UAH), a detailed investigation was conducted to
‘identify the nature of the contaminant. Results indicated the presence

of chaff and dirt particulates ‘and soybean oil The oil polymerizes under

' exposure to ultraviolet and serves as an adhesive for the very £ine particu-
lates.. It was determined that the polymerized oil can be chemically altered
by. the application of methylene chloride or chlorinated nophtenates. This
,replaces the oxygen bond in the chain with a chlorine bond resulting in

‘a more fluid compound that is readily removed by flushing. Because of
constraints of safety, cost, and environmental compatibility, a simple
detergent along with mechanical scrubbing was elected for the duration

of Phase IIT. ' P '

From operation of a prototype cleaning system (Section 8) it was

: ;determined that a direct impingement spray, with detergent applied briefly

each day easily removes the contaminant ..

The cleaning process used for the entire array during Phase IIT

'involved three men performing the following operations

' . Using a built-in high-pressure/detergent injection
spray system, one man sprayed the panels to loosen
~the contaminant. : _

) The second man followed the spray with mechanical
action, using a long-handle brush. .

e The third man followed with rinse water, . using a
hose and tap water.

'This process required approximately 6 hr (18 man—hours) to complete and
cleaned the panels very effectively. It was accomplished every 30~to
60 days (except during the winter) ' L

‘This contamination clearly affected collector efficiency This
"efficiency,is discussed in Section 7. 5
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5.2.2 Air Handling Unit Service

-The use of the commercial-grade air handling unit proved very
practical and posed no maintenance or operational problems. Only rotutine-
greasings, one filter change/intake cleaning, and one belt replacement

were required.

5.2.3 Air Transport Duct Maintenance

Prior to the start of Phase III, some problems were encountered -
concerning the 10—in. metal flex ducts connecting the cold air manifold
ducts to the collector modules. These llghtwelght,,uninsulated, aluminum
flex-ducts were fetigued by wind-induced vibration, particularly in the
higher locations near the grain silos. Several affected ducts were replaced
with heavier gauge rigid ducts prior‘ro the start of Phase III. Repair

of one additional duct was required during Phase III.

Water leakage was experienced in the mastic coating over the
insulation on the main 4~ by 4-ft supply duct between the collectors and
the dryer house. Investigation revealed the collection of soybean chaff
on top of this duct. When wet by rain, this damp chaff caused. permanent
impressions in the upper surface of the insulation. These impressions
held significant quantities of rain water each time if rained, allowing
it to seep through the mastic and wet the insulation. The design of this
duct should have specified a metal cap on top of the upper surface to pre-

vent leakage.

Analysis of duct losses caused by this portion of wet duct revealed
a loss of approximately 2.5% of the energy collected, independent of ambient
temperature (see Section 7.6.2). Placing a metal cap on the duct was not
economically feasible, considering deb leceived versus incrcnsed energy

saved.

5.2.4 Maintenance Furms and Logs

Forms were established for recording scheduled and unscheduled
maintenance. Figure 5-2 is the scheduled maintenance log depicting the

schedule and dates of accomplishment of all scheduled maintenance. The
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1978

1979

TEn KT A6 | sep Jocr [wov Joec FEs [WR [APR JWW | dun | aur | Ave

Clean-Collector Glazing ° . o] o ° [ '] ° . ° . 0 .

. ¢/10 8/t | 9o | vf 320 s/is) 7%

Lubricate Blower Bearings () o . . ® (] . e L o] o ) .

Check Blower Belt Tension e “,o 6 ¢ hWz/io . ) .

‘ Y . / ; A /1y 7

Lubricate Blower Motor . .. : ° e U b/ o'

: . S| e "hs W . § .
" |change 041 1n Cleaning - ° . .

System Pressure Pump

¢ = Month dus

FIGURE 5-2. - SCHEDULED MAINTENANCE LOG




frequency of equipment maintenance was lessened to corréspond to‘thé
lower-than-expected system utilization. Collector cleaning performed
by Gold Kist personnel was not kept on schedule either because of 'lack of.

personnel or inclement weather during the winter months:

Figure 5-3 preéents the ﬁéiﬁténance data forms used to record all
solar drying system maintenance. These forms were also in;ended for
recording'dryef maintenance; however, this was impractical because of
the various shifts during whicﬁ dryer maintenance occurred and the

frequency of occurrence.



1. DATE 2. PREPARED BY 3. MAINTENANCE PERFORMED BY

Clow/7p | - Mz Mpdison’
- 4. AREA OF MAINTENANCE -- SUBSYSTEM , L
coLLector O ENERGY TRANSPORT [0 CLEANING B
CONTROL a ~ STRUCTURAL o
— T T TYPE OF ACTION  L_TIME REQUIRED
COMPONENT/PART | (SEE CODES BELOW). |- hr | min
A Soup - ‘ N/ | /2 | —
B. |
C.

 TYPE OF ACTION CODES: ADJUSTMENT ADJ; REPAIR R; REPLACEMENT RPL

5. DESCRIPTION OF MAINTENANCE
| TYPE: SCHEDULED ® UNSCHEDULED [J

"A. PROBLEM:
_B. CAUSE: |
C. CORRECTIVE ACTION: (Z2eZiset”

‘6. SOLAR DOWN TIME (ESTIMATED SOLAR RADIATION TIME LOST DUE TO):

* SOLAR SYSTEM MAINTENANCE _£> _ hr; DRYER MAINTENANCE ___ hr
7. COST OF MAINTENANCE PERFORMED BY: IN-HOUSE GOLD KIST &0
' ‘ ‘ IN-HOUSE TBE O
CONTRACTED O
(INVOICE ATTACHED)
LABOR CATEGORY hr-  RATE ($/hr)  LABOR COST
Q- Opessty _ &  *_251 = _5)06é
. ) _
TOTAL LABOR COST 125. 10
PARTS COST - |
MATERIAL COST a5

TOTAL MAINTENANCE COST’L_ZQ 10

FIGURE 5-3. -MAINTENANCE DATA FORM
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1. DATE - ..~ |2. PREPARED BY

3. MAINTENANCE PERFORMED BY:

S’/Z /7f MRX Madison
4; AREA OF MAINTENANCE - SUBSYSTEM
COLLECTOR [J+ ~  ENERGY TRANSPORT (OJ CLEANING R

CONTROL a . STRUCTURAL

‘ L .| TYPE OF ACTION .
COMPONENT/PART . (SEE CODES BELOW)

TIME REQUIRED

‘hr min
A Qo0 | . V74 £ | —
B. ‘
C.

TYPE OF ACTION CODES: ADJUSTMENT 'ADJ; REPAIR R; REPLACEMENT RPL

5. DESCRIPTION OF MAINTENANCE

“A. PROBLEM:
_B. CAUSE :

C. CORRECTIVE ACTION: PaZie CZéZ;L.;‘;;},

IYPE: SCHEDULED PR, WUNSCHEDULCD (O

6. SOLAR DOWN TIME (ESTIMATED SOLAR RADIATLON TIME LOST DUE TQ){

" SOLAR SYSTEM MAINTENANCE -

‘hr; DRYER MAINTENANCE

hr

7. COST OF MAINTENANCE "~ 'PERFORMED BY: IN-HOUSE GOLD. KIST O
' ' - IN-HOUSE TBE O
CONTRACTED a
( INVOICE ATTACHED)
LABOR CATEGORY: hr - - RATE ($/hr) LABOR COST
8 0tevaloy L x_g&r = _&Lbb
8-ocoettlor )% X o 17 = _4.04
) ) i
TOTAL LABOR COST

PARTS COST
MATERIAL COST

in/_o

TOTAL MAINTENANCE COSEngQ 0

FIGURE 5-3 - Continued
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1-1. DATE - 2. PREPARED BY, 3.  ~MAINTENANCE PERFORMED BY
~ fa [z o o ( o '
S/lel78 May Viad.sen

4. AREA OF MAINTENANCE - SUBSYSTEM - : o
COLLECTOR O ENERGY TRANSPORT CLEANING &I
CONTROL a .~ STRUCTURAL
T . TYpeE @F AcTion | TIME REQUIRED
~ COMPONENT/PART: (SEE CODES BELOW) hr | min
A spAD N/A 2l
B. L
C.

TYPE OF ACTION CODES: ADJUSTMENT ADJ; REPAIR R; REPLACEMENT RPL

5, DESCRIPTION OF MAINTENANCE

A. PROBLEM:
B. CAUSE:

TYPE: SCHEDULED X] UNSCHEDULED O3

C. CORRECTIVE.ACTION: rout he cleaning

6. SOLAR DOWN TIME (ESTIMATED SOLAR'RADIATION TIME -LOST DUE TO):
SOLAR SYSTEM MAINTENANCE

O hr; DRYER MAINTENANCE

s hr

7. COST OF MAINTENANCE

PERFORMED BY:

IN-HOUSE GOLD KIST 00

IN-HOUSE TBE a
CONTRACTED O
(INVOICE ATTACHED)
LABOR CATEGORY ~ hr - " RATE ($/hr)  LABOR COST
7 x_%51 0= 5957 -1
14 x _CT: = 36 3% -
- ) |
TOTAL LABOR COST (45,95
PARTS COST '
MATERIAL COST a5z

TOTAL MAINTENANCE COST$[2f,d5

FIGURE 5-3 - Continued
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1. DATE - |2. PREPARED BY - |3. MAINTENANCE PERFORMED BY

>/2&/18 | - - | MaxMads
4. AREA OF MAINTENANCE - SUBSYSTEM, |
COLLECTOR O3 'ENERGY- TRANSPORT 0J  cLEANING OO
CONTROL (3 . ... . STRUCTURAL
.. | Tyeeqr AcTIoN | TIME REQUIRED
COMPONENT/PART (SEE_CODES BELOW) | hr [ min
e . . 0/ 4 Iy_- : ’
A Orease ; N/A /2
,C-

TYPE OF ACTION CODES: ADJUSTMENT ADJ; REPAIR R; REPLAGEMENT RPL

5, DESCRIPTION OF MAINTENANCE
' S - TYPE: SCHEDULED (3 UNSCHEDULED [J-

A. PROBLEM:
B. CAUSE:
C. comzscnve ACTION: scheduled qreabmfj o F blower§ meker

6. SOLAR ‘DOWN TIME (ESTIMATED SOLAR RADIATION TIME LOST DUE TO):

SOLAR SYSTEM MAINTENANCE ( “hr; DRYER MAINTENANCE ~  hr
e COST OF MAINTENANCE ~  PERFORMED BY: IN-HOUSE GOLD KIST OJ
: ' ' IN-HOUSE TBE -3
CONTRACTED a
(INVOICE ATTACHED)
LABOR CATEGORY =~ hr RATE ($/hr)  LABOR COST
/‘chLm(u . '/;L “x e = 4 2/
x : = '
X. . .= .
TOTAL LABOR COST 40l
PARTS COST ==

MATERIAL COST
TOTAL MAINTENANCE COST £, éz

FIGURE 5-3 - Contiriued
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1. DATE 2. PREPARED BY - - . . ]3. MAINTENANCE PERFORMED BY
26 0cT 78 5::; /1/1-// ' /‘/-a r,ﬂer
4. AREA OF MAINTENANCE - SUBSYSTEM. ‘ |
COLLECTOR (O : ENERGY TRANSPORT lE/ CLEANING D
CONTROL - (3 - STRUCTURAL
| | TYPE OF ACTION. | TIME REQUIRED
COMPONENT/PART : (SEE CODES BELOW) hr | min
A. Blower Belts ReL ! | o
C.

TYPE OF ACTION CODES:. ADJUSTMENT -ADJ; REPAIR R; REPLACEMENT RPL

5. DESCRIPTION OF MAINTENANCE - , -
TYPE SCHEDULED (J UNSCHEDULED (&~

A. PROBLEM: wWerw Belts
B.° CAUSE: Nermsa! Wear . .
C. coakscnvs ACTION: Replace § chaek 7"éw"”

6. SOLAR DOWN TIME (ESTIMATED SOLAR RADIATION TIME LOST DUE_'TQ)A:

SOLAR SYSTEM MAINTENANCE _ / hr, DRYER MAINTENANCE hr
7. COST OF MAINTENANCE ~ PERFORMED BY: IN-HOUSE GOLD kisT O
| | IN-HOUSE TBE
CONTRACTED a
(INVOICE ATTACHED)
LABOR CATEGORY hr . RATE ($/hr)  LABOR. COST.
Mech, Tech. [ %X _Ju.32 = _Ji 3T
TOTAL LABOR COST 4.3
-PARTS COST ' 70 wad |

MATERIAL COST
TOTAL MAINTENA'\ICE COST Jﬁ Té

FIGURE 5-3 - Continued
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1. DATE - 2. PREPARED BY ‘| 3. MAINTENANCE PERFORMED BY‘

l//9/7g . ' M. MAoI1SoN
4. AREA OF MAINTENANCE - SUBSYSTEM = | B o
coLLecToR O ENERGY TRANSPORT (3 CLEANING ugl
CoONTROL (O STRUCTURAL

| : , ‘ TYPE QF ACTION TIME REQUIRED
COMPONENT/PART ' (SEE CODES BELOW) hre .| min.

A. Sog_p. -H/AV { 30 | o
B.

C.

TYPE OF ACTION CODES: ADJUSTMENT ADJ; REPAIR R; REPLACEMENT RPL

L i b ol STRREPRE e

5. DESCRIPTION.OF MAINTENANCE - -
' TYPE: SCHEDULED & UNSCHEDULED O

A. PROBLEM:
B. CAUSE: | |
© C. CORRECTIVE ACTION: Poutwe ‘¢ leammg’

6. SOLAR DOWN TIME (ESTIMATED 'SOLAR RADIATION TIME LOST OUE TO):
SOLAR SYSTEM MAINTENANCE __ O  hr; DRYER MAINTENANCE hr

7. 'COST OF MAINTENANCE PERFORMED BY: IN-HOUSE GOLD KIST &
| ' ' IN-HOUSE TBE a
CONTRACTED 0
(INVOICE ATTACHED) -
. LABOR CATEGORY hr RATE ($/hr)  LABOR COST
A-Operyder _t10 = __8.51 = _85.10
C-Gperator _20 *x _64T = )Z23.40
TOTAL LABOR COST 208.50
. PARTS COST ‘ -
MATERIAL COST 2. 00

TOTAL MAINTENANCE COST 263 60

FIGURE 5-3 - Continued
512



Y. .DATE - |2. PREPARED BY . |3l . MAINTENANCE PERFORMED BY

I///5/7 8. |- - Mafl : g _i'//a//
4. AREA OF HAINTENANCE - SUBSYSTEM , L
COLLECTOR. O . ENERGY TRANSPORT (B CLEANING 0
JCONTROL O ' STRUCTURAL ‘
~ | | 1vee aF action [ TIFE REQUIRED
_ COMPONENT/PART __| (SEE_CODES BELOW) hr | min
A. Hgresse . -. : N/A- (s
. B.
.

* TYPE OF ACTION CODES: ADJUSTMENT ADJ; REPAIR R; REPLACEMENT RPL

5. DESCRIPTION.OF MAINTENANCE ~ e |
TYPE: SCHEDULED (A UNSCHEDULED (3

A. PROBLEM:

" B. CAUSE: | |
C. CORRECTIVE ACTION: rovtwe gressimy of Blower § Motor

6. SOLAR DOWN TIME (ESTIMATED SOLAR RADIATION TIME LOST DUE TO):

SOLAR SYSTEM MAINTENANCE - © __ hr; DRYER MAINTENANCE _hr
7. 'COST OF MAINTENANCE - PERFORMED BY: ' IN-HOUSE GOLD KIST O
| ' L ~ IN-HOUSE TBE o
CONTRACTED 0O
(1nvo1ce ATTACHED)
LABOR CATEGORY .  hr RATE ($/hr) . LABOR COST
55‘5"'. ; P2 | *.;+§4f"' = ligs?,
' x. . . - = :
x . = .
- | TOTAL LABOR COST  sz.56 |
- - . PARTS COST ‘ -
MATCRIAL COST —

- TOTAL MAINTENANCE COST 11,52 '

FIGURE 5-3 - Continued
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1. " DATE e ~|2. PREPARED BY 3. MAINTENANCE PERFORMED BY 4

z/mjze | Bz-HAW Goco KisT
4. AREA OF MAINTENANCE - SUBSYSTEM |
'COLLECTOR O AENE‘RGY TRANSPORT (@ cLeanine O
CONTROL a STRUCTURAL ‘
. R " TYPE QF ACTION TIME REQUIRED
COMPONENT/PART ‘ (SEE CODES BELOW) | = hr | min .
A.. CoLp Ar& FLEX SUPARY pucy {1 R ‘ 0 30
B. - o ) CL -
c.

— -

TYPE OF ACTION CODES: ADJUSTMENT ADJ; REPAIR R; REPLACEMENT RPL

—

5. DESCRIPTION OF MAINTENANCE ,
R ' TYPE: SCHEDULED (J UNSCHEDULED (E—

A. PROBLEM: FL6x DueT Grons 4 wiaw Flom MY SuPRY DUCT
"B. CAUSE: wimp .

" C. CORRECTIVE ACTION: RE-CLAMPED DoeT TO MAN PocT

6. SOLAR DOWN TIME (ESTIMATED SOLAR RADIATION TIME LOST DUE TO):

'SOLAR SYSTEM MAINTENANCE ©  hr; DRYER MAINTENANCE " hr
7. COST OF MAINTENANCE '  PERFORMED BY: IN-HOUSE GOLD KIST [B—
' ' IN-HOUSE TBE a
CONTRACTED a
(INVOICE ATTACHED)
LABOR CATEGORY hr RATE (S$/hr) LABOR COST
A-ofszaToR e x __g&l - = 424
C-OPSRATIZ - 'z, x @17 = 3.09
X : o= )
TOTAL LABOR COST 735
- PARTS. COST - : i '

MATERIAL COST =
TOTAL MAINTENANCE COST 7.35

———— e

FIGURE 5-37- Continued
| 5-14




“1. DATE 2. PREPARED BY 3. . MAINTENANCE PERFGRMED BY'
- METRO A CONDITIoNWG

2/23/79 B HALL | DsearTur, AL
© 4. AREA OF MAINTENANCE - SUBSYSTEM L
: COLLECTOR OO ENERGY TPANSPORT =g cLeanive O
CoNTROL O . STRUCTURAL R
| TYPE QF ACTION | TIME REQUIRED
COMPONENT/PART .| (SEE_CODES BELOW) | _hr | min
A. Roll-o - MATIc FM.'TMDIﬂ 4 { .}g
B. CLeAw inTAKE LovveEs = | | oo
C. | | -

TYPE OF ACTION CODES: ADJUSTMENT ADJ; REPAIR R; REPLACEMENT RPL

5. DESCRIPTION OF MAINTENANCE o ,
' ' TYPE: SCHEDULED [J UNSCHEDULED B

A. PROBLEM: pirTYy Fnrsa § INTAKE LovverRs
B. CAUSE: pusT

C. CORRECTIVE ACTION: REPLACE FATER; CL€AN INTAKE

6. SOLAR DOWN TIME (ESTIMATED SOLAR RADIATION TIME LOST DUE TO)

SOLAR SYSTEM MAINTENANCE 2.5 hr', DRYER MAINTENANCE | .h,_r_
7. COST OF MAINTENANCE PERFORMED BY: IN-HOUSE GoLp k1sT. O
' IN-HOUSE TBE 4
covtracten . R
LABOR CATEGORY hr RATE ($/hr)  LABOR COST

x . =

x Ct =

X =

TOTAL LABOR COST
PARTS COST -

MATERIAL COST (cont) ssoa—l "

TOTAL MAINTENANCE COST _330 %

FIGURE 5-3 = Contmued o
5~ 15



1. DATE 2. PREPARED BY 3. MAINTENANCE PERFORMED BY |

3/20/79 Madisow Gold Kis 1+

4. AREA OF MAINTENANCE - SUBSYSTEM. . -
COLLECTOR O3 ENERGY TRANSPORT OO cLeaning &
ConTROL O ~ STRUCTURAL
| TYPE QF ACTION - | _TLME REQUIRED

COMPONENT/PART .| (SEE CODES BELOW) | .. hr | min

A Soap I 7/ A2 i

—— ———— . B IEEE , =

C.

TYPE OF ACTION CODES: ADJUSTMENT ADJ; REPAIR R; REPLACEMENT RPL .

5. .DESCRIPTION OF MAINTENANCE _ | .
' TYPE: SCHEDULED (8 UNSCHEDULED (3

A.. PROBLEM: )
B. CAUSE:

C. CORRECTIVE ACTION: Rovimwe Cleswinv

6. SOLAR DOWN TIME (ESTIMATED SOLAR RADIATION TIME LOST DUE TO):

 SOLAR SYSTEM MAINTENANCE hr; DRYER MAINTENANCE _ hr
7. COST OF MAINTENANCE  PERFORMED BY: IN-HOUSE GOLD KIST B
' - IN-HOUSE TBE - a
CONTRACTED a
(INVOICE ATTACHED)
'LABOR CATEGORY  _hr RATE ($/hr)  LABOR COST
B =gpernter . b *x_ _K.5/ = .26
Cospereter ~ 12 __*x_6.17 = 7404
TOTAL LABOR COST 250 |
. PARTS COST ~ :
MATERIAL COST 4500

TOTAL MAINTENANCE COST4 72.s0

FIGURE 5-3 - Continued
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1. DATE - ''|2. PREPARED BY " |3. MAINTENANCE PERFORMED BY |’

5/15/79 - HRw | VM MApse
4. AREA OF MAINTENANCE - SUBSYSTEM | | -
COLLECTOR 3~ ENERGY TRANSPORT 0O cLEanING X
CONTROL O - STRUCTURAL -
| S TYPE QF ACTION | TMME REQUIRED
_COMPONENT/PART ... |(SEE CODES BELOW) | . hr |. min
A Somap . R . s
B. | |
C.

TYPE OF ACTION CODES: ADJUSTMENT ADJ: REPAIR R; REPLACEMENT RPL

5. DESCRIPTION OF MAINTENANCE
- 3 TYPE: - SCHEDULED (R UNSCHEDULED OO

A. PROBLEM:
- B. CAUSE: ‘
C. CORRECTIVE ACTION: ROUTINE CLEAN/ING-

6. SOLAR DOWN TIME (ESTIMATED SOLAR RADIATION TIME LOST DUE TO):

SOLAR SYSTEM MAINTENANCE - hr; DRYER MAINTENANCE ' hr
7. "COST OF MAINTENANCE ~ -  PERFORMED BY: IN-HOUSE GOLD KIST (&~
- ‘ IN-HOUSE TBE a
CONTRACTED g
(INVOICE ATTACHED)
LABOR CATEGORY  hr 'RATE ($/hr)  LABOR COST
 A-Operator 6 x_8&1 = _§lot
C-Operaber 12 % 6.7 - = 74.0%
: , . ' x ' = '
~ TOTAL LABOR COST 125.10
. PARTS COST -~ .- |
MATERIAL COST 2500

- TOTAL MAINTENANCE COST T70-/8_|

FIGURE 5-3 - Continued
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1. DATE - 2. PREPARED BY 3. MAINTENANCE PERFORMED BY

7/2/79 o Haw M. MRo1son
4. AREA OF MAINTENANCE - SUBSYSTEM
COLLECTOR O ENERGY TRANSPORT O cLEaNING B
CONTROL a STRUCTURAL
| TYPE QF ACTION TIME REQUIRED
_ COMPONENT/PART (SEE CODES BELOW) hr | min
A. SOAP . R ‘ N/A
B.
C.

TYPE OF ACTION CODES: ADJUSTMENT ADJ; REPAIR R; REPLACEMENT RPL

5. DESCRIPTION-OF MAINTENANCE - . _
TYPE: SCHEDULED B UNSCHEDULED O3

A. PROBLEM: CONTAMINATED G LA ZING
B. CAUSE: ' ' '
C. CORRECTIVE ACTION: WwASH

6. SOLAR DOWN TIME (ESTIMATED SOLAR RADIATION«TIME LOST DUE T0):

SOLAR SYSTEM MAINTENANCE ‘hr; DRYER MAINTENANCE hr
7. COST OF MAINTENANCE PERFORMED BY: IN-HOUSE coLD KIST KX
IN-HOUSE TBE - d
CONTRACTED a
(INVOICE ATTACHED)
LABOR CATEGORY hr RATE ($/hr)  LABOR COST
A -~OPERATOR. [7) x 851 = _Sloé
C - OPERRTOR 12 X 647 = 74.04
X = .
TOTAL LABOR COST 125.10
- PARTS COST : N |
MATERIAL COST 45,00

TOTAL MAINTENANCE COST[70./0 _

FIGURE 5-3 - Concluded
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6. DATA ACQUISITION OPERATIONS

6.1 -: INSTRUMENTED DATA

-6.1.1 General

‘r Tﬁe‘performance—critical channels of the data acquisition unit
‘bperatedeith good reiiability, and it is estimated that less than 2%
ofpthe data available was missed because of data'acquisition»unit or opera-
. tions problems. The data aequisition“unit was activated each morning at
‘_'approximately 6 a.m. and‘deactivated'after sunset each day regardless of
the weather or dryer operation. This was, placed on the routine of the
‘morning and night shifts of Gold Kist personnel and was accomplished
4;4daily., Gold Kist supervisors were trained to replenish the data logger
‘tape and to set the'ciock, when necessary, after a power failure. Data

. anomalies were reported to TBE by Gold: Kist persbnnel.

The data was picked up twice weekly by TBE during routine system
hcheeks and delivered to the Data Processing Department,

" 6.1.2 Instrumentation Calibration

641,2.1 Velocity Probe - The velocity probe was calibrated twice

| during the program, with the following results:
Date: . . July 13, 1978

Calibration Equipmeﬁt\ Portable KURZ hot-~wire anemometer and
and a pitot tube/manometer

Resnits: - Velocity channel output adjusted from
: '2.75 Vv (1,375 ft/min) to 2.49 V (1,245
ft/min) )
‘Date: . - May 17, 1979

Calibration Equipment: Portable TSI hot-wire anemometer
Results: ’ Velocity channel output adjusted from

2.82 Vv (1,410 ft/min) to 2.55 V
(1,275 ft/min).

6-1



6.1.2.2 Temperature - The ﬁerformance—critical temperature
channels were calibrated twice during the program, with the following

results:
Date: December 27, 1978

Calibration Equipment: Ice bath

Results:
CHANNEL - WAS NEW_SETTING
11 - Collector Input Air Temperature 31.9°F Not. Required
12 - Collector Output Air Temperature 33.3°F 32.0°F
- 13 - Duct Temperature _ 31.3°F © 32.0°F
14 - Ambient Air Temperatire- ' 32.1?F: Not Required
Date: ‘ ' May 17, 1979

Calibration Equipment: Fluke Model No. 2180A Digital Thermometer
and an icc bath and heated water

Results:

CHANNEL WAS NEW SETTING
11 - Collector Input Air Temperature = - 131.0°F .=  129°F
12 - Collector Output Air Temperature . 127.9°F Not Required
14 - Ambient Air Temperature‘ : : 75.7°F Not Required

Linearity was good on channels 12 and 14. Minor nonlinearity

exists on channel 11, as shown in Figure 6-1. . ~

- (Channel 13, duct temperature, is no longer used; see. Section

7.6.2.)

6.1.2.3 Pyrometer - One Juﬁe_lé, 1979, the pyrometer output was
compared with the output of an identical unit at UAH, approximately

25 min northeast of Gold Kist. Results were as follows:

>
3
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-
AR TN

' 'GOLD RIST

Sy

UAH
INSTRUMENT INSTRUMENT
SKY ~READING READING
 TIME CONDITION _ .(W/m?) (W/n?) DIFFERENCE (Z) -

10:12:28°  .Clear - . 815.2 - 806.4 1,0
- 1%:12:28 Clear 942.0 - 951.7: 1.0
12:12:28 "Clear ‘1011.4 1004.5 - 0.7
0.13+12:28 -Scattered . . 4420 953.4 -53i6
14:12:28 Scattered 902.5 940.8 4.1
R '~=.Clov.1'd_8‘ s EERIE PRI : .
15:12:28 Scattered 770.1 782.8 1.6

Clouds '
16:12:28 Scattered 524.9 580,1 9.5

Clouds :
17:12:28°  Scattered - ':372.9 .- 360.7- 3.4
o, . . - Clouwds _.. .. | TR R
18:12:28 Scattered . 174.4 . 171.1 1.9
' Clouds -

As a result of the extremely close comparlson, it was decided

not to remove the instrument from the Gold Kist facility for calibration.

«w

roe .

' NONINSTRUMENTED DATA

L

The following noninstrumented data was provided by Gold Kist

personnel on a monthly basis

Fuel costs ($/gal)

Electricity cost ($/kWh) °

Fuel consumed by each dryer (gal)
‘Dryer operations log " -

Maintenance man-hours, by type '
Maintenance labor cost, by type ($/man-hour)
Data Logger operations 1og

Hourly solar radiatinn dntn wae provided by UAH on a monthly
basis. Portions of this data came from the Marshall Space Flight Center

~ (MSFC) when the UAH equipment was not. operating.w
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7. OPERATIONAL ANALYSIS.

7.1 GENERAL o o

The :solar systeonperated for a 15-month period. The data con-
tained in this section'are-presented in two ways: 1) for the total period
and 2) for a 12-month period from September 1978 through August 1979.
This method presents the data for the entire operational phase and also

allows comparison with other systems on an annual basis.

Basic performance data for tﬁe entire 15-month period'are sum-
marized in Table 7-1. '

7.2 SOLAR INSOLATION

Table 7-2 presents the statistical and the actual solar flux
experienced in the operational phase. Note the significant reduction
(11.3%) in solar flux for the annual period.

7.3 "SOLAR SYSTEM UTILIZATION

System‘utilieation'is defineﬁ as the'fraetion that the utilized
energy is of the'utiliZable energy. .The values of monthly energy . utilized
are taken directly from system performance data printouts. Mbnthly energy

utilizable is derived as follows
e A clear day with full system run time'is selected'for
each month. - The energy utilized that day 1s selected
as typical "clear day' usable -energy. :

¢ Monthly system utilization'(S.U.) for the month 1s then
calculated as follows: o

monthly energy actually utilized - ' x 10(

S.U. f "Clear-day usable energy X cloud cover attenuation X no. days in month
EXAMPLE: Oetober 1978 ~ ' ’
"~ Julian Day No. 275 "had full run time, was clear, and
6.605 x 10° Btu were utilized,
6
103,58 x 10° Btu % 100 .= 62.5%

- 8.U. = 77505 x 10° x 0.809 x 31



TAB-E 7-1. PERFORMANCE DATA SUMMARY

=L

JUN JUL AUG SEP ocT NOV pEC JAN FEB ‘ ‘MAR APR MAY JUN JuL AUG
Q031 - Total 3olar konthly 13.53 10,1 | 15.0 8.9) 4.8} N0 4.3} 15.2 8.4 28.4) 3r.5] 24.7| 39.0] 23.4| 26.4
Incident (Btusft’ x 10°) Cumulatfve . 23.6 | 38,6} 47.5]| B2.3}| 93.3| 97.6|112.8]121.2 [ M9.6 | 181.1]205.8 | 244.8 [268.2 | 294.6
Q180 - Solar :nergy . | Nonthly 68.6'| 44,1 | 55.5| 33.2]106 36.4| 13.4) 54.8| 25.81-98.31111.8} 82.9]118.9} 76.9} 84.9
Collected (Bzs < 10°) . Cumulative - 112.7 ;168.2 | 201.4 | 307.4 ] 343.8| 3572.2{ 42 437.8 1536.1 {1 647.91730.8 | 849.7 1926.6 | V012

N " H ) T

Q233 - Total Solar , . | Monthly 66.9] 43.0 ) 54.0 1 32.4|103.6| 35.5| 13.1] 63.5] 25.2] 95.81109.01 80.9]115.9} 75.0 82.8
Utilized (Btu = 10%) tumulative 109.0 164.0 | 196.4 | 300.0 ] 335.5 ] 348.6 { 402.1 | 427.3 | £23.¥ | 632.) | 13 828.9 | 903.9 | 986.7 § -
N131 - Collector Monthly 38.71 3337 28,21 285} 23.2] 25.3] 23.4} 27.5) 23.4} 26.4 t2.7.1 25.6, ‘233) 50| 28
Efficiency kverage 36.4 33.3| 32.4) 28.5] 28.1] 22.9| 27.9| 27.6| 27.3§ 27.3] 27.1| 2.5]| 26.4| 26.2
N143 - Average Aubient Bonthly |83.8) 86.7 ; 86.1] 79.2§ 67.1]| 60.8]| s56.6| 33.1] 42.7 ) s6.6| 65.9| 7a.8]| 0.0 | 82.1] 83.9
Dry Bulb Temperature (*f) | average 85.0 1 8541 83.8§ 80.5| 77.2| 74.3f 69.1| 66.2 | 65.4) 65.5} 66.2] 67.3] 68.4| 69.4




TABLE 7-2. SOLAR FLUX FOR DECATUR-HUNTSVILLE AREA
Tilt = 15 deg
Azimuth = 24° East of South _
STATISTICAL* ACTUAL 1978-1979
CLOUD COVER , | cLoup cover
CLEAR SKY FLUX| (ATTENUATION| NET FLUX NET FLUX (ATTENUATION

MONTH . (Btu/ft2-day) FACTOR) ”A(V_th/ftz-day) (Btu/ft2-day) FACTOR)
Jun. 2,580 — 0.770 © 1,987 2,035 ~ 0.790
Jul, 2,550 0.779 1,986 1,962 0.769
Aug. 2,445 0.779 1,905 1,620 0.662
Sep. 2,250 0.775 | 1,744 1,404 0.624
Oct. 1,965 0.740 1,454 1,590 0.809
Nov. 1,665 0.658 | - 1,09 1,0 | 0.623
Dec. 1,465 0.527 772 864 0.590
Jan. 1,590 0.545 ,367 674 0.424
Feb. 1,905 0.589 1,120 842 0.442
Mar. 2,235 0.641 1,430 1,339 0.560
Apr. 2,445 0.699 1,710 1,450 0.593
May 2,550 0.732 1,870 1,575 0.618
Jun. 2,580 0.770 | 1,987 1,890 0.732
Jul. 2,550 0.779 1,986 1,455 '~ 0.570
Aug. 2,445 0.779 1,905 1,792 0.733

Average o o : o

(15 mo.) 2,215 0.717 1,588 1,435 0.648

Average '

(Sep.-Aug.) 2,137 0.700" 1,495 | 1,325 0.620

‘ ;5——N__?T§FE¥, "F1na1 Design Report for App11cat1on of Solar Energy to
Industrial Drying of Soybeans," TBE Report SD77 ERDA- 2078 February 28, 1977. .



System utilization for each month during operation is shown
in Table 7-3. The low overall and annual system utilization is
attributable primarily to daytime routine maintenance on the dryers.

Daytime dryer down-time has the following estimated distribution:

e Routine dryer maintenance o ' 94.52.

e Unscheduled dryer or plant maintenance - 5%

e Lack of raw product and miscellaneous 0.5%

The more experienced ﬁersonnel at Gold Kist work the day shift.
It is desirable to have these people perform the maintenance activities.
The solar fraction involved in this program was too small to justify

+

any major shift or operéEional changes.

Table 7-4 compares the daytime and nighttime drying operations
at Gold Kist. Note the close monthly correlation between daylight
utilization in Table 7-4 and system utilization i. Table 7-3. The
relative density of day and night operation can be seen in Figure 7-1.

These data were extracted from Gold Kist dryer operation logs.

7.4 ENERGY DISPLACED

The solar system displaced 986.54 X 10® Btu equivalent of fossil
fuel during the 15 months of operation. During the annual period
(September through August), it displaced 822.54 x 10° Btu equivalent.
The annual savingé.assuming 957 system utilization would be
1,430 x. 10% Btu. Monfhly‘distribution of these savings is shown in
Figure 7-2. ‘

The dryeré operated on fuel ‘0il from June 1,'1978,‘through
May 31, 1979. During June 1979, one dryer was operated on natural gas
and the other two on fuel oil. During the last 2 months of vperation,

July and August, the dryers operated exclusively on natural gas.’

Table 7-5 presents the solar fracrioﬁ for vne dryer (assuming
all solar energy was dedicated to the éame dryer). Figure 7-3 presents
the daily fuel saved by the solar system from September 1978 through
August 1979.
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TABLE 7-3. SOLAR SYSTEM UTILIZATION*

| ENERGY UTILIZABLE | ENERGY UTILIZED | UTILIZATION.
YEAR | MONTH (Btu x 10°) (Btu x 10°) (%)
F=1978 Jun. 272.2 | 66.88 - 24.6
1978 | oul. ~ 180.8 43.02 2.8
1978 | Aug. ;. 160.1. 54.10 33.8.
1978 | sep. 129.8 * 32.35 24.9
1978 | Oct. 165.9 103.58 62.5
1978 | Nov. 90.3 35.53 39.3
1978 | Dec. 45.2 13.08 28.9
1979 [ Jan. 65.6 53.46 81.5
1979 | Feb. 57.5 25.19 43.8
1979 Mar. 157.0 95.81 61.0
1979 | Apr. 1610 109.03 - 67.7
1979 | May 171.1 80.85 47.3
1979 | Jun.. 161.6 115.90 nr -
1979 | - dul. 122.9 75.01 61.0
1979 | Aug. 177.6 82.75 46.6
Total (15 mo.) 2,118.7 1989.54 46.6
Total _ ‘
(Sep.-Aug.) 1,505.6 822.54 54.6

1) collector tilt, 15 deg .
2) collector orientation, 24° East of South
3) collector area, 13,104 ft?'

. *ATl data normalized for
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TABLE 7-4. DRYER OPERATIONS

| DA?LIGHT**
USABLE* | NIGHT DAY TOTAL HOUR
| DAYLIGHT | DRYING -| ODRYING | DRYING | UTILIZATION
YEAR. | MONTH - the) | () | (hr) (hr) (%)
_#==?======

1978 | Jun. 372.5 37 | 96 | 43 25.8
1978 Jul. 375.2 190 56 | 206 | - 14.9
1978 Aug. | 355.2 261 81 42 | . 22.8
1978 | Sep. 311.3 197 | 73 | 260 23.5
1978 | Oct. 289.3 .| 340 173 | 513 59.8
1978 | Nov. 250.0 238 | 78 36 | 31.2
1978 Dec. 246.7 229" | - 69 ' 298 28.0
1979 Jan. 253.1 199 | 198 | 347 78.2
1979 Feb. 250.8 220 128 348 - 51.0
1979 Mar. | 307.4 237 | 87 | 60.8
1979 Apr. 331.2 199 189 | 388 |  57.1
1979 May 1369.4 187 | 170 | 357 | . 46.0-
1979 | Jun. 372.5 | 191 | 208 | 395 | 54.8
1979 Jul.. 375.2 282 T 7 456 | 46.4
1979 Aug. 355.2 259 151 | 410 42.5
Total (15mo.) |4,815.0 | 3,556 | 2,027 | 5,583 42.1
Total (Sep.-Aug.) | 3,712.1 | 2,768 | 1,794 | 4,562 | 48.3

* Assumes 1 hour after sunrise through 1 hour before sunset.

**Includes t1me that at least one of the three dryers is operated over
2 consectxve haurs.
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.TABLE 7-5. SOLAR FRACTION, ONE DRYER

" TOTAL ENERGY
FUEL OIL “SOLAR ENERGY | OIL EQUIVALENT | SOLAR FRACTION
USED PER DRYER | OIL EQUIVALENT PER DRYER FOR ONE DRYER

YEAR MONTH (gal x 103) (gal x 10%) {gal x 10%) (%)
1978 | Jun. * 0.449 | = *
1978 | Jul. * 0.289 * *
1978 | Aug. > ..0.364 ¥ *
1978 | Sep. * 0.217 * *
1978 | oct. 57.7 0.696 58.396 1.19
1978 | Nov. a4.2 0.239 44 .439 0.54
1978 | Dec. 43.8 0.:088 43.888 0.20
1979 | Jan. a2 0.359 41.559 0.86
1979 | Feb. N2 0.169 31.369 0.54
1979 | Mar. 30.7 o..s44". 31.344 2.05
1979 | . Apr. 21.3 0.733 22.033 3.33
1979 | May 20.7 0.543 21.243 2.56
1979 | Jun. o . 0779 e w
1979 | Jul. L 0.504 . e w
1979 | Aug. > 0.556 S ww e

290.8 3.47 294.271 1.8

Totals (Oct.-May)

* ¥

No dedicated fuel meter

**Natural gas used; no dedicated gas meters
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7.5 . COLLECTOR PERFORMANCE

Collector efficiency-was less than the 527 predicted by the per-
formance evaluation model constructed during Phaée I. During the perform-
ance year (September 1978 through August 1979), collector monthly efficiency
ranged from 28.3% to 23.2% and averaged 26.2%, as shown in Figure 7-4.
Analysis of a full day's operation immediately before and after each
cleaning reveals a collector efficiency increase of approximately 9.37%

after cleaning. Figure 7-5 presents the daily collector efficiencies.

" Not discernible in Figure 7-4 or 7-5 is the correlation of
efficiency with the time of day. Figure 7-6 shows the diurnal variation
'of efficiency for two August days. The profile of efficiencies indicates
some thérmal capacitance effects that cause artifically low steady-state
efficiency in the early hours and a higher value during the last hour. A
of operation as energy is removed from the collector mass and the

support structure.

- Typical peak temperature lifts for winter and summer are 40°F

and 60°F, respectively. This parameter is shown in Figﬁre 7-7.

The relationship of . the steady-staté efficiency of a flat pléte
collector to the envirbnmental_conditions can be approximated by a
)/I, AT/I. Figure 7-8 shows hourly

) outlet ~ Lambient: » .
efficiencies as a function of AT/I for a typical August day. It also

linear function of (T

presents theoretical predictions of the performance of a double-glazed

collector.

7.6 ENERGY 'I'RANSPORT SYSTEM
7.6.1 Air Flow.

Some concefn s;ill exists over the inconsistency of the velocity
data. They ranged from 1,245 ft/min to a high of 1,705 ft/min. Both
calibrations required 9.5% reduction in voltage outﬁut. The blower
speed was verified to be 585 rpm, the specificacion speed. No

significant flow éhahge occurred after filter changef
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Since no concrete reason could be found for an actual drift
in flow, it is assumed that the drift occurred in the velocity
instrumentation. This probe should be pulled and factory calibrated

across the entire operating temperature range.

Since the operational phase ended (August 31, 1979), it was
discovered that one of the three phase power leads from the Gold Kist
power distribution station was partially grounded. The resistance to
ground on the "bad" leg drifted and was 50% of the value on the two .
_good" legs. This problem is being corrected at the time of this
writing. Further tests should be run on the air flow in the system
after this electrical problem is solved ' R

7.6.2 Duct Thermal Lossesf

e The December .1978 data revealed a negative duct loss (gain).

This prompted a detailed study of thehduct temperature-sensing techniques.
Using calibrated thermocouples and read-out .devices from UAH, it was
determined that the temperature across the cross section of‘the‘duct
varied *1.5°F in a somewhat random manner. This condition existed near
the collector array output and near the dryer house. It was concluded
that the single RTD probe did not represent average duct temperatures
sufficiently close to determine duct thermal losses:v,An array of'

thermocouples would be needed at each”end of the duct. -

As a result, a detailed analysis o[ the ducL loss was conduetcd.

)

This analysis concluded the following

e Energy loss will approximate -a constant percent of
energy transported.

e Energy percent losses computed were: .
A Dry insulation - 1.2%
A 50 ft of wet insulation -4, 4/
A Entire supply duct with wet insulation (172 ft) - 12%

A Expected temperature drops in the duct for various
operating conditions are as shown in Figure 7-9,
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Since only about 50 ft. of the duct is subject to leakage
and only stays wet an assumed 50% of the time, a duct loss of

2.5% X energy collected was assumed and is reflected in all the thermal

data in this report.

7.7 PARASITIC ENERGY

The system blowef was the only parasitic energy required. It
consumed 21,638 kWh (73.8 x 10° Btu) of energy or 8.97% of the energy

utilized during the 1l2-month performance period.
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8. CLEANING SYSTEM CONCEPTUAL DESIGN

'8.1°*+  GENERAL
.. As’a résult of the contamination problem prior to the etart of
- Phase III, a task was included,ih the Phase III contract to examine
cleaning systems and conduct a’ conceptual design. The objeetive’of the
task was to concelve a system ‘that would minimize recurring panel
cleaning cost while meeting an acceptable compromise between capital

cost, reliability, degraded performance, ‘and maintainability.

After several concepts were“studied, a conceptual design was
conducted on the most promising, and a prototype system was constructed
and tested. A complete report on this activity is contained in
Appendix II. Following is a sumﬁhry of the activity.

8.2  DESIGN CRITERIA

To meet the obJectives stated above, the following design criteria

were established:
e Minimum shading by the mechanism
) Autematic operatibn
° ‘Freeee trotection
) Minimum‘moying perts and adjustments or alignment

e Minimum consumption of water, detergent, and
electricity.
-
8.3 DESIGN CONCEPTS CONSIDERED

Figure 8~ 1 presents a summary and comparison of the concepts
considered. The oscillating spray appeared to be the most promising
of all concepts studied. Therefore, a pilot and a prototype system

~ were constructed and tested.
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CCNCEPT

PROBABLE CLEANING
EFFECTIVENESS

RELATIVE COST

MAINTENANCE
REQUIREMENTS

FIXED SPRAY (FLOOD)

P00R - DIRECT IMPINGE-
VENT AT UPPER EDGE ONLY.
FLOGDING STREAMS

SPLIT AS WATER PROGRESSES
OVER GLAZING, LEAVING DRY
AREAS.

VERY LOW - SIMPLE FIXED
PIPING SYSTEM

VERY LOW - NO MOVING
PARTS

: O
AT
’ .

OSCILLATING SPRAY

GOOD --DIRECT IMPINGE-
MENT AND FLOODING
'ALONG FULL LENGTH OF
GLATING

LOW - MIRIMAL MOVING -
FARTS

LOW - FEW SLOW MOVING
PARTS. NO CRITICAL
ALIGNMENT REQUIRED

MOVING SQUEEGY WITH SPRAY

GOCD - DIRECT IMPINGE-

" MENT AND SQUEEGY ACTION

ALCNG FULL LENGTH OF
GLAZING-

HIGH - COMPLEX ROLLERS,
GUIDE RAILS AND DRIVE
MECHANISM

HIGH - NUMEROUS MOVING
PARTS; CRITICAL ALIGN-
MENT; SENSITIVE TO
FREEZING CONDITIONS ON
RAILS. SQUEEGY REPLACE-
MENT DUE TO WEAR AND

! BRITTLENESS.

FISURE 8-1. CLEANING CONCEPT COMPARISON
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CONCEPT

PROBABLE CLEANING
EFFECTIVENESS

RELATIVE COST

MAINTENANCE
REQUIREMENTS

“

'ROTATING/MOVING BRUSH
WITH SPRAY

EXCELLENT - BRUSHING
ACTION OVER ENTIRE
GLAZING

VERY HIGH - COMPLEX

“TRANSLATION AND ROTATION
MECHANISM. DYNAMIC WATER

SEALS REQUIRED

VERY HIGH - MOTION LIMIT
ADJUSTMENTS CRITICAL;
FREEZING OF BRUSH ELE-
MENTS; BRUSH WEAR AND
REPLACEMENT ; BRUSH PRES-
SURE ADJUSTMENTS

-

|

MOVING SPRAY

600D - DIRECT WATER
TMPTNGEMENT OVER ENTIRE
GLAZING SURFACE

HIGH - COMPLEX TRANSLA-
TTON MECHANISM. LONG,
FLEXIBLE FEEDER TUBES

HIGH - MOTION LIMIT
ADJUSTMENTS; CRITICAL

"ALIGNMENT: FREEZING OF

WATER ON RAILS AND
MECHANISM

IMPROVED MANUAL

(LONG SPRAY/BRUSH)

| GoOD - BRUSH/SPRAY

ACTION OVER ENTIRE
GLAZING SURFACE

LOW INITIAL COST -
SIMPLE FIXED PIPING
SYSTEM

HIGH LABOR COST -
REQUIRES APPROXIMATELY
12 TO 14 MAN-HOURS EACH
CLEANING

LON - OCCASIONAL BRUSH
REPLACEMENT

FIGURE 8-1 - Concluded




8.4 PROTOTYPE CLEANING SYSTEMS

To obtain a preliminary verification, a simple pilot model was
constructed and tested. This consisted of an inverted lawn sprinkler,
as shown in Figure 8-2. This pilot model covered four panels and
consumed épp:oxihately 5 gpm (0.063 gpm/ftz)}» After 2‘weeks of operation,
the cleaning effectiveness appeared excellent. As a result, it was
decided téfprepare a more elaborate system incorporating controlled soap
injection .and various jet -sizes and éﬁécings to determine the best

combinations.

The following prototype detailed design criteria were established
for the prototype systeﬁ: ”

e Several test sections to. evaluate different jet sizes and
o .spacings _ A

e An actuator with an adjustable stroke

e A variable soap injection system

o Sufficient line sizing to provide.at least 65 béi pressure
at a delivery rate of 25 gpm

e Manual control, without freeze protection
e Expandable to a full-scale system
e Minimum system cost.

The resulting system consisted of a 48-ft oscillating spray
bar coveringA32 collectors (16 pairs) The system was designed to be
constructed from off the-shelf hardware, requiring no special tooling

The system is shown in Figures 8-3 and 8-4

8.5 TESTING AND RESULTS

The prototype system was tested under the following conditions:

e One-minute wash, one-minute rinse, twice daily (early
morning and late afternoon)



FIGURE 8-2. OSCILLATING SPRAY TEST SETUP
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FIGURE 8-3. PROTOTYPE CLEANING SYSTEM
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e Two-minute rinse only (no soap), twice daily
e One-minute rinse only, once daily (early morning).

Several types and quantities of detergent were tested, and no

discernible difference was detected.

The most effective/economical cycle appeared to be the l-minute
rinse only, in the early morning. This procedure removed the contaminate

prior to extended exposure to ultraviolet.

The most effective jet sizing and spacing was the 0.037-in.
jet spaced at 4-in. intervals. The flow in this section was 0.055 gpm/ft2.

8.6 SYSTEM BUDGETARY COST

A budgetary cost estimate resulted in the following completely
automated system cost:

e Including engineering - $2.36/ft?

e Excluding engineering - $1.59/ft2.

It should be noted that considerable savings could be realized

if the mechanical fabrication and installation were conducted by Gold

Kist personnel.

Based on a 10% overall performance improvement, the system would
increase current annual fuel savings by $317. The eiperienced manual
cleaning costs were $785/year. The combination of these two is an
estimated $1,102 annual economic impfovement assuming approximately

equal amounts of water are consumed by either method of cleaning.



9. EMISSION CONTROL EVALUATION

9.1 .. -BACKGROUND °

Even before construction of the solar array was complete, it
was apparent. that contamination of the collector glazings by particulate
emissions from the plant would degrade performance. As. a .result, DOE.: -
authorized a study to identify emission sources and potentially suitable .
suppression, techniques. The complete report on this activity, conducted
jointly by TBE and Gold Kist, Inc., is contained in Appendix III. A

summary of the findings and results is presented here.

9.2 EMISSION SOURCES

The three sources of air pollution in a soybean processing plant

are:
e Soybean receiving, nandling, and dryingvoperations
e Soybean processing operations
e . Soybean meal loadout operations.

Table 9-1 presents the more significant.potential séurces in each

category.

9.3 EMISSION SURVEY AND IﬁENTIFICATION |

.On'July 24, 1978 the information contained'inxthe air‘quality
permit applications for each emission source was verified by inspection.
Each source has been issued an air quality permit by the Tri-Counties
Health Department. ‘Each emission source and its type of control device
are listed in Table 9-2. It was also observed that the bean dryers

may emit some particulate matter in the area of the solar power.

Certain other fugitive sources may also be influencing the
collector contamination. These are:
e Conveyers under the bean dryers (when covers are loose)

e Overhead conveyer No. D=-27
e Bean conveyer from storage to preparation.

9-1



TABLE 9-1. POTENTIAL SOURCES OF AIR POLLUTANTS' IN
~ SOYBEAN PROCESSING.PLANTS - -

e Grain Receiving, Cléaning, Dry1ng, and Storage

Grain Unloading ~Trippers Conveyor Transfer Po1nts

Elevator Leg Vents .. Grain Cleaner
Corner and Side Vents . Grain Dryer _‘

‘-‘_ .

e Soybean Process1ng

Cracking Rolls " Desolventizer-Toaster-
Dehulling System . Meal Dryer _

'Hull Toaster " 'Meal Cooler :

Hull Grinding * Meal Grinder

Bean Conditioner 4 So]vent Vapor Recovery System
Flaking Mills .

e Product Shipping

Meal Loadout

9-2




.~ TABLE<9-2:: PRIMARY EMISSION- SOURCES,
DECATUR OIL PRODUCTS FACILITY
DECATUR, ALABAMA

SOURCE |- | , A
PERMIT |. . B to AR v TYPE OF
NUMBER : : .. _.DESCRIPTION . ..~ CONTROL DEVICE
- 2001 Bean Receiving, Storage; Conveying; Fabric Filter
) Truck, Rail, Barge Loadout
. 2002 Bean Scalper,.Screener,ﬁHammer Mill _' Fabric Filter
2003 | Preparation Screenér S2EC 1" High Efficiency
' e ~ Cyclone -
2008 | Cracking Operation .=~ ** | High Efficiency
4 : o . : - Cyclone
2005 Dehulling Operation, Separator, . Fabric Filter
Cleaners, Aspirators High Efficiency
L o S . Cyclones -
2006 " Flaking Operation - A " High Efficiency
. . S o Cyclones
2007 - | - Meal Drying/Meal- Cooling. - - - - | Fabric Filter
2008 Meal Sifters/Grihders_A_ L . :', ~ Fabric Filter
12009 | Meal Handling/Transfer Fabric Filter
2010 Bean Drying . Perforated Column
. . Plates -
Z0N Toasted Hull/Grinders High Efficiency
. - ‘Cyclone

193




Evidence of oily materiei_on the panels was observed. The
sources of this material were not clearly apparent; however, they
probably are generated at process points where physical or chemical

changes to the soybean occur.

~ All emission abatement: devices were performing within the limits

-required by local and state authorities:
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~10. - ECONOMIC ANALYSIS -

The economic assessment of the solar system involves comparing
conventional life-cycle fuel cost with the additional first cost of the
solar -drying systems and its impact: ‘on operating: costs. The-actual
installed'cost of the solar system was $575;384. ..Because of the limited
space available at Gold Kist, the array had to be supported on a massive
steel structure erected over an existing parking lot. Since the solar
system has potential for industrial sites that do not have this limitation,
80% of the cost of this structure is removed for this analysis. The |
cost assumed for cnis study is $405,615.

Since system utilization was only 54.6%, the annual energy
savings used in the study was increased to a value corresponding to 95%
system utilization or 1,430 x 10° Btu. Likewise, the actual maintenance

and operating cost was increased to an estimated value of $3,257.

The system performance at Decatur lies between that for
Albuquerque and Omaha. The net results is a life-cycle cost estimate

of $48.10 per million Btu of solar energy.

This section presents detailed cost‘data, calculations, and
comparisons. The technique used follows the prescribed guidelines
contained- in the Lawrence Livermore Laboratory document 'Method of
Economic Analysis for Comparison of Solar Process Heat Systems', revised
August 1, 1976.
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INPUT PARAMETERS AND ASSUMPTIONS

Total Annual Energy Requirements: Albuguerque 55,050 MBtu
- | - Omaha 59,680 MBtu
Decatur 58,140 MBtu

Energy Dé]ive}ed by Solar Facility and Percentage of Tota]:
Albuquerque 1,629 MBtu. 3l0%
Omaha 1,321 MBtu 2.2%
Decatur 1,430 MBtu 2.5%

1nsta11ed‘Cost of Solar Facility (see page 10-3): $405.615

. Useful Life of Solar Faci1ity‘and Dryers: . 20 years'

5. Depreciation Method: Straight Line

10.
1.
12.
13,
14,
15.
16.
17,
18.
19.
20.
21.

Estimate Cost for Operation, Maintenance, Replacement Parts,

. and ‘Insurance (OMRI) of Solar Facility (see page 10-4): §3,257
. ]Combihed IﬁCOme Tax Rate: " 50% (actual: $0)

Investment‘Tag Credit: 10% (actual: $0)
Inflation Rate: Zero |

After-Tax Rate -of Return on Investment: 10%
De]iVeEed'Cost of Fuel 0i1: $15/bbl

Fuel Heating Value: 5.8 MBtu/bbl

Dryer OMRI (see page 16-5): $12,000

Fuel Qi1 Canersion Efficiency: 70%

Salvage Value of Solar Facility and Dryers: Zero
$ystéﬁ Utilization: 95% (actual: 54.6%)
Reduqéﬁ_Actua1 Structure, Foundation, and Site-Work Cost by 80%.
Electricity Cost: $0.03/kih |

Assume<no»Property'Tax (actual anticipated: $3,176)

~ Assume Labor Cost is $15/hr (actual: $6.95)

Assumé no Insurance Cost (actual anticipated: $324)

10-2



DETAILED INVESTMENT COST BREAKDOWN (WITH REDUCED STRUCTURE)

" Collector Array

.Panelé (672). .
. Installation and Assembly

Subport&ﬁg Structure

‘Sfte Preparation

Foundations

Ducfing

Major Mechanica]/E]ectrical,MatériaT

vMiscél]aneous Mechanical Cdmpohéﬁts

.'Electri§a1 System '

In§trumentatioﬁ and Controls Modifications

Startup and Checkout | o |
TOTAL

10-3

$168,500

- 22,000

$190,500

34,728
3,892
4,840
94,275
.14,840
© 20,959
'22,581'
6,000
13,000
$405,615



ANNUAL COSTS OF OWNERSHIP, OPERATION, MAINTENANCE, AND
REPLACEMENTS (OMRI) (ASSUMING 95% SYSTEM UTILIZATION)

Solar Facility

Labor: 105 man-hours @ $15/mhr $1,575
Electricity: 37,580 kih @ .030/kWh . " $i,127
Replacement Parts: . _ .- 555

; | LS

Ferre11iﬁoss Dryer

Assumed Costs:  $0.20/MBtu x 60,000 MBtu = $12,000

Actual Costs:

Capital Recovery (0.11746 x $125,000) $14,684
Property Taxes (0.783/100 x $125,000) | © 978
Replacement Parts . ' 610"
Labor (416 man-hours x $6.92/hr) ' L 2,878
Electricity (2,160,000 kWh x $0.018/kWh) .~ 38,880
Insurance ($0.08/100 x $125,000) 100

$58,130
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PLAN A - ANNUAL ENERGY COST
CONVENTIONAL FUEL ONLY

_ALBUQUERQUE. .  OMAHA

 Cost of Fuel 0il Energy -~ . . $203,388 . $220,494
“Dryer Operation and S 12,000 | 12,000
_ Maintenance L T T P
Deductible [Expenses :
Fuel Cost .. $203,388 . $220,494
Dryer . 12,000 o 12,000
| . ' . F2T5,388 $232,494
_ Income Tax .Deduction - -~ .. . . -($107,694) - .- ($116,247)
After-Tax Cost -~ : ... . .. $107,694 S $116,247
. Before-Tax Cost : . - $215,388 o $232,494
UNIT COST.PER.MBtu™ - '$215,388 _ | | $232,494
S 55,050 - - 3% "ﬁ??ﬁﬁi‘ ~§==22
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Repayment to Equity for
Solar Facility

Investment Tax Credit
Cost of Fuel 0il Energy
Dryer OMRI

Solar Facility OMRI
Deductible Expenses:

Fuel Cost
Dryer OMRI
Solar OMRI
Depreciation

Income Tax Deduction

After-Tax Cost
Before-Tax Cost

UNIT COST PER MBtu

PLAN B - ANNUAL ENERGY COST
CONVENTIONAL FUEL + SOLAR

AL BUQUERQUE OMAHA
$ 47,643 $ 47,643
(4,764) (4,764)
197,368 215,612
12,000 12,000
3,257 3,257
$138,158 $150,928
12,000 - 12,000
- 3,257 3,257
. 20,281 : 20,281
$232,906 $257,150
(116,453) (125,575)
139,051 148,173
278,102 296,346

$278,102_ . $296,346 _
~B5.050 . $5.05 T 59.680 - $4.97
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ANNUAL COST OF SOLAR'ENERGY ALONE

Repayment to Equity - ~ | $47,643
Inveétment Tax Credit- — : (4,764) |
COMRI | | 3,257

Deductible Expenses:

OMRI | $ 3,257

Depreciation _ 20,281
| - $23,538 |
Income Tax Deduction | ($11,769)
After-Tax Cost ' : 34,367
Before-Tax Cost IR _ . 68,734
ALBUQUERQUE | OMAHA
UNIT COST PER MBtu - = $68,73g S sa219 6813 gp 03

10-7



PAYBACK PERIOD FOR PLAN. B

Percentage of Energy Supplied
by Solar Facility

"Plan A Fuel Cost

Value of Fuel Saved

Solar OMRI

Annual Cash Savings

Added Income Befbre Tax
Added Income Tax

Net Incremental Cash Flow

Payback -Period

- 10-8

. ALBUQUERQUE

3.0

$203,388 - -

6,020

3,257

2,763
(17,518)

(8,759)

11,522
35.2 yr

OMAHA

-$220,494 -

S 4,882 -
3,257.

© 1,625 -

(]8,.656)

(9,328)

10,953
37.0 yr -



ANNUAL COSTS AT DECATUR

':Cthentional Fuel + Solar

Répayment'to Equity

- Investment Tax Credit
Cost .of Fué] 0il Energy
Dryer OMRI

Solar Facility OMRI

_Déductib]e Expenses:

‘Féel Cost - $207,478
Dryer OMRI 12,000
Solar OMRI 3,257
Depreciation 20,281

‘ §243,016

Income Tax Deduction:

After Tax Cost

. Before Tax Cost

UNIT COST PER MBtu $288,214 _ ¢4 o

58,140 ===

Solar Alone

Before Tax Cost (from page 16-8): $68,734

Energy Delivered: 1,429 MBtu

UNIT COST PER MBtu $ 68,734 _ o140 10

10-9

L § 47,643

(4,764)
' 207,479, ..
12,000 -

3,257

($121,508)
144,107
288,214
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ABSTRACT

This report presents the verification plan for a solar energy
system used to augment the conventional dryers of a soybean processing
Aplant. The project is funded under the Department of Energy's Solar
Demonstration Program for Agricultural and Industrial Process Heat. The
1,215 m®> (13,104 £t2) of collection area are expected to supply about
3.9 TJ/yr (3.7 x 10° Btu/hr), representing about 25,000 gal of No. 5.'
fuel oil curreﬁtly used in the drying operations. The systém is to be
operated for 1 year by Gold Kist? Inc., of Decatur, Alabama, as a part
of the drying operations required for storing or proﬁessing soybeans for
0oil extraction. Instrumented and noninstrumented data will be acquired,
processed, and analyzed to verify and évaluate system vperational and

technical features. Results will be issued in monthly reports.

Prepared By:

'- v
_ﬁ@}M
G. R. Guinn, Ph.D.
Program Manager
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1. INTRODUCTION

1.1 BACKGROUND AND OBJECTIVES

A major objective of the Department of'Energy's’(DOE's) Industrial
Proceéss Heat Program is to verify and evaluate the technical and opera- - .-
tional performance of solar thermal energy. systems for process drying.
For this purpose, a demonstration system using air collectors has been
constructed at the Gold Kist Soy plant in’ Decatur, Alabama.' The system -
is designed to temper the combustion air of conventional dryers. used to
dry soybeans prior to storage and as a first'step in the'extraction ,

process.

‘ Construction of the solar facility and data acquisition'has beenv
completed and operational status has been achieved. The system'will be
operated and maintained for 1 year by Gold Kist as a part of their drying-
operations.  Operational and technical data will be acquired analyzed
evaluated, and reported by Teledyne Brown Engineering (TBE) In this
System Verification Plan, the procedures for achieving these objeétives"”:
are described in detail. This report-is prepared under‘sponsorship of

the Department of Energy under Contract No. DOE-E-(40-1)-53122.

1.2 SUMMARY

This System Verification Plan encompasses a cOmpleteAdescription'
of the hardware systems, software. systems, and methods of analyses to
be used in evaluating operational and technical performance Operation
and maintenance responsibilities for the solar energy system ‘are assigned

to Gold Kist and the data acquisition system to Teledyne Brown Engineering

. The data base‘to.be'developed“consists of noninstrumented data
and instrumented data. The noninstrumented data consist of operator logs
and carefully prepared forms to report operational and maintenanceé
events and corrective procedures undertaken. Instrumented data consist
of measurements designed to eyaluate technical performance. The require-
ments for the instrumented data are based as closely as possible to those
that have been defined for the National Solar Heating and Cooling

Demonstration Program.

1-1
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The instrumented data will be analyzed to provide parameters
that indicate system performance and operational condition. The data
will be presented in monthly reports that provide daily, mohthly, and

monthly cumulative total and average values.
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%+~ 2. SYSTEM'DESCRIPTION = -
The *Solar Dryinngyétém'(SDS) is an air-based cbﬁcept"desiéned "

to collect and transfer solar éneigy‘fo’augmeﬁf a éonventional soybean

drying process. The system consists of the following principal

subsystems:

Collectors

Energy transport

Structure

Controls subsystem
Cleaning subsystem.

Additionally, an instrumentation, monitoring, and processing subsystem is

included in support of the experimental nature of the program.

2.1 SOLAR DRYING SYSTEM

The Solar Drying System is shown schematically in Figure 2-1,
Although solar energy systems typically employ storage to supply energy
at night or during cloudy days, none was incorporated in the selected
‘system approach because all the energy potentially collectable could be
used immediately in the existing drying operatioms.

2.1.1 Collector Subsystem

The collector subsystem consists of 672 Solaron collectors
arranged in 84 sets of 8 moduleé encompassing 4 two-in-series pairs of
collectors. The layout of the four paired collectors is shown in
Figure 2-2. The collector array is tilted at 15 deg and pointed 24 deg

east of south.

The collectors are 0.914 m (3.0 ft) wide by 1.98 m (6.5 ft) long
by 0.18 m (7 in.) deep. The design employs one glass cover 3.175 X 1073 m
thick and a nonselective absorber surface (a/e = 1). Figure 2-3 illustrates

the collector.

The design flow rate is 0.0102 m/sec (2 ft3/min/ft?) based on gross
collector area. Since each of the collectors has a gross area of 1.81 m?

_(19.5 ft2?), the design flow rate for the SDS is about 12.4 m3/sec

‘2.1
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(26,300 £t*/min). The 4 two-in-serie's pattern or module used in the col-
lector ‘array requires 16 colléctor-td-céllector joints (in pairs) The
collector porting arrangement is illustrated in Figure 2-3. These j01nts

are sealed with butyl tape.

. The modules consisting of eight collectors each have a pressure
loss of about 57.2 Pa (0.23 in. H0) at the 0. 0102—m/sec (2 ft /min/ftz)

volumetric flow rate.

2.1.2 Energy Transport4§ystem o

4 The energy transport system distributes the ambient air to the
solar collectors and transfers the solar-heated air to the conventional

drying process. The principal components of the subsystem are:

Alr filter

Blower
" Idlet ducting

Outlet ducting
Dryer house manifold
- Fire dampers.

The relative locations of: these components correspond to the schematic
of Figure:2-1. " .

An air filter is used in the system for two reasons. First ‘the
immediate environment of grain elevators and feed mills tends to be dusty
: and the ingestion of dust into the system could cause maintenance and
operation problems that  can be minimized by using a- filter at the inlet.
However, the filters also ‘serve an important ‘'safety function by limiting
the amount of .dust that will‘enter the system and present the potential

for supporting combustion in the event of a fire in or near the system. .

The filter and blower are housed together as a prepackaged unit,
which 15 a Trane Company Model PCC No. 50 "Penthouse Climate Charger"
‘unit- without' coils. This uAit has a roll-type automatic filter with a
rated overall efficiency of 85% at a face velocity of 2.54 m/sec (500 ft/
min) and a rated dust loading of 4.31 kg/m? (400 g/ft?). The blower in
the assembly is a forward-curved type with a rating of 13 m®/sec (27,000
ft’/min) at 746.4 Pa (3 in. Hy0). All equipment in the assembly meets
the requirements for a Class II, Division II, Group G .location. The
technical rating of‘the»air:handler isusummarized in Table 2-1.

2v4
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TABLE 2-1. SUMMARY OF AIR HANDLER RATINGS

RATING | | S

o 13 m/sec (27,000 ft3/m1n) at 746 4 Pa (3.0 in. WG external)
e Fan: 586 rpm o
e Motor: 30 hp/480 V/3 phase

INTERNAL LOSSES AT RATING

o Inlet hood/moisture/eliminator: 50 Pa (0.2 in. WG)
o Filter: 75 Pa (0.3 in. WG)
o Allowance (dirt load): 50 Pa (0.3 in. WG)

The inlet ducting (Figure'z—l) provides for the delivery of fil-
tered air to the solar collector, This ducting was designed for a
pressure loss of 0.571 Pa/m of duct length (0.07 in. Hp0/100 ft) and
maximun air velocities on the order of 10.16 m/sec (2,000 ft/min).

Rectangular ducts are employeddfor trunks ‘and branch lines to
simplify the duct inspection and maintenance tasks since the bottoms of o
the runs can be in the same planes despite area changes. fThe takeoffs
are 0.254-m (10-in. ) round, semirigid aluminum ducts with galvanized

"spin-in" type connections Each of these inlet takeoffs has an integral

-(vane-type) damper for flow balancing.

‘ The inlet ducting is not insulated since the air temperature in
the ducts will be only slightly above the ambient temperature.

The outlet ducting, in effect, recombines the individual collector
flows and provides for the transfer of the collected energy to the maniF
fold ‘that feeds the conventional dryers. The same design criteria used
for the inlet ducting have been employed for the outlet ducting and the
systems are physically similar. The major exceptions are that the outlet
ducting is insulated (Table 2~ 2) and there are no dampers in the collector-

to-duct takeoffs.

2-5
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TABLE 2-2. SUMMARY OF DUCT CONSTRUCTION

-} forcement

STRUCTURAL : .
- .oucT INSULATION
SIZE TYPE MATERIA. TRANSVERSE SUPPORT SUPPORT - . COBRNECTION HOT DUCTS ONLY . JOINT SEAL
10 in. Round/Flex | Aluminun Support only 4 ft or longer Manufactured AN hot ducts: 2-in. | ANl joints: Hard
. - .horizontal runs “Spin In® Gwens~Corning ] cast tape sealed
12 5y 24 in. 206 |ae in. <12 ft 1-in. Pocket Lock 5%53213'&:1"’" ’
: galvanized |1 by 1 by 0.125 Angle O.Sg»tin. rod |. : € 1/4 ¢ density :
24 py 24 in. 1 246 48 in. - <12 ft t-in. Pocket.Lock ~ 10-in. round: Owens- »
B galvanized |1 by 1 by 0.125 Angle | 0.5-in. rod N .. Corning type ASJ #25 :
- . Rectangular . :
40 by 24 in. : 226 36 in.. <6 ft 1:5-in. Pocket Lock,
- galvaniZed |1 by 1 by 0.125 Angle {0.5-in. rod .
T48 by 24 in. 206 24 in. <6 ft -1.5-4in. Pocket Lock
48 by 31 in. galvanized ]2 by 2 by 0.125 Angle | 0.5-in. rod |witk 1.5 by 1.5 by
48 by 48 in. - . 0.125 Angle Rein- -




The dryer house manifold, as shown in Figure 2-4, provides the
interface between the SDS and the conventional drying processes. it is
a 1.22- by 1.22-m duct that has six 0.61- byAl.22-m openings on the lower
side with short extensions extending through the face of the louvers. '
The six openings are plaeed such that there are two at each dryer posiﬁion.
These openings contain baffle-type outlet dampers such that any one dryer

or combination of dryers can receive the solar-heated air.

Induced draft of the dryer blowers (70 m®/sec or 150, 000 £t%/min
per dryer) is used to entrain the incoming solar-heated air. The physical
principle involved is that the greater momentum of the induced draft from
the dryer blower will entrain the smaller solar-heated flow with no

significant influence on the net dryer flow.

2.1.3 Structural Subsystem

The structural subsystem for the SDS serves primarily to support
the collector array above the parking lot at the Gold Kist plent. This
must be done in such a way as to not.interfere with the Gold Kise opera-
tions. In general, the noninterference requirement is that tﬁe l0w point
of any structure has a grade clearance of 5.03 m (16.5 ft). However, the -
parking lot has a rise of about 1.0 m (3 ft) in the south-t o-north
direction and the clearance requirement is relaxed at the north end of
‘the assembly to 4.11 m (13.5 ft). The 5.03-m requirement provides
clearance for tractor-trailer type vehicles. The total structural area
is 45.7 m (150 ft) by 36.6 m (120 ft) or 1,672.3 m? (18,000 ft?).

2.1.4 Control Subsystem

The contronl suhaystem, shown schematically in Figure 2-5, provides
the following functions:
| ® Key-operated master swiﬁch
e Push-button manual blowef-control
e Smoke sensing at the blower discharge; outlet ducting‘at
the north edge of the collector assembly and at the fire

damper location; automatic blower shutdown if smoke is
sensed at any location

2-7
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® Automatic operation whereby'the blowef turns on when the
collector temperature exceeds ambient by 22.2°C (40°F)
~and turns off when this threshold falls below 11.11°C
(20°F).

The principal function of the smoke/fire damper is to provide
isolation of the SDS and the dryer house, particularly in the direction
of the airflow. Three smoke sensors (Figuré 2-6) are employed.' The
sensors at the blower, collector outlet, and damper provide protection
to the collectors (upstream events), dryer house (upstream events),.and

collectors/blowers/filter/ducting (downstream events), respectively.

A layout of the control room 1is shown in Figure 2-7.

2.1.5 Cleaning Subsystem

The dispensing and cleaning system consists of a 3-hp pump
located in the Gold Kist break house, a mixer attached to the pump, pip-
ing from the pump to the top of the solar array, a manifold along the
east handrail which contains four quick disconnects, a 42.4-m (139fft)
hose with a disconnect attached to one end, and a 3.048-m (10-ft)
dispensing wand attacned to'the other end. In one pass across‘the array,
the operator sprays detergent onto the glazing that penetrates, softems, .
and lifts deposits. On the return pass, water is used to flush away the
detergent and the soil. Selection_of water or ‘detergent is accomplished
by rotating into place nozzles located on a rolloVer'valve at the end of
the wand. A pressure-sensitive switch at the“miier senses the change in
flow resistance and provides, accotoingly,ipure vater. or detergent ae -
the proper dilution ratio. Manual broshing5is used to enhance mechanical

removal of deposits.

Two different cleaning chemicals may be selected These are
manufactured by Cerfact Laboratories of Tucker Georgia, and have the :
trade names CERFOX and POLI-CERF. - They are. nontoxic, biodegradable,'

nonstreaking, and contain no harsh ulkalines.-
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POLI-CERF is a mild detergent that contains a surface-active
ingredient that deposits a mono-molecular film that acts as a polish and
soil barrier. POLI-CERF is used for routine washing of the collectors,
and each applicationﬁremoves'the previous film. CERFOX is an acidic

detergent.?”It is used only when excessive soil buildup occurs.

2.2 , INSTRUMENTATION MONITORING AND PROCESSING SYSTEM
5o T . T
The Instrumentation Monitoring and Processing System is illustrated

chematically in Figure 2—8 It is composed of four major functional

elements:
e Data Acquisition Unit (DAU) .
e Semsors . o

e: Sensor -interconnection.cables, grounding, and installation
hardware :

e~ Central Data Processing System (CDPng

. The sensors are interfaced'to the DAU. through the instrumenta—
tion. Junction box. The DAU is a commercial 2240A Fluke data logger with
supporting peripheral equipment. The sensor data are processed, printed,
and displayed " The printed ‘and displayed data are used for on-site test
and evaluation of the SDS. The recorded paper tape is hand-carried “to
TBE's_central data processing facility for computation of performance
and efficiency parameters and for further‘analysis The various subsys-

. tems are discussed in greater detail in subsequent paragraphs

2 2. l Data Arqnisltion Unit

. o e

, A Fluke Model 22404 data'logger'performs all of the DAU tasks
required in this system. It can easily be expanded to-handle more channel
capacity and different semsor types. Figure 2- 9 illustrates the DAU and
its location in the control house. The data logging system embodies the

following features:

e Complete 1nteractive keyboard programming of range, func4;
tion, skip, and limits ER : .

e “'Resolution of 1 uV and 1 deg’
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) Scans 1 to 1,000 points, up to 60 in the mainframe
(selected system has the 60-channe1 capability)

e Mixes voltages, thermocouples, and thermocouple types
.of adjacent channels

[ ] Multiple scan modes -- continuous limits monitoring
intervals scan, delayed interval scan, and monitor
channels :

e Keyboard-selectable scan interval (1 sec tod24 hr)

e Displays date, time, data, channel identification,
- function, and polarity

® Displaysbmuuitor channel witnout interrupting scan

] Internally selectable scanning rates (3. to 15 channels/
sec) :

° Thermocouple conditioning

e Complete program list printout

e Six-digit fixed data

e Field-expandable

e Reference voltages for self-check

e Switch selectable output formats =

e Clock: days,fhours, minutes, seconds.

The function of the data logger is to automatically scan many
analog input signals, digitize these ‘signals, and output the data on
printed tape. AThe 2240A data logger system is represented by the block
diagram in Figure 2-10. The 2240A data logger is divided into three

categoriesk input, control, and output. These categories are described

below.

2.2.1.1 Ingut - The basic system is required to accept the
following signal types

e 0 to 100 mVac"
e 0 to 25.2 mVdc

e O to 10 Vdc

e 0.5 to 5.5 Vde -

e Resistance Temperature Detector (RTD) probes.

2-16
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Inputs 1 through 4 are introduced to the DAU system through
an isothermal block connector. These 10-channel connectors plug inté
a low-level scanner via card-edge connectors. Input 5, the RTD probes,
interfaces with the DAU through special RID connectors. These connectors

plug into the RTD scanner via card-edge connectors.

The low-level scanner also plugs into the system motherboard
via 'card-edge conhectors. However, the RTD. scanner is a separate
chassis whose interface with the system'is through one of the low-level
scanner inputs. The scanner samples each channel and transmits the data
to the system's high-performance A/D converter. The A/D converter plugs

into the system motherboard via a card-edge connector.

2.2.1.2 Conrrol - The 2240A can be programmed to sean
sequentially between the first and last‘chénnel. Scan will automatically
stop on the last channel selected when the unit is in the single-scan
mode. In the interval-scan mode, the scan will repeat between the first

and last channel at a programmed interval.

The local data display on the face of the unit can be pro-
grammed to monitor a single channel continuously or to monitor all
channels sequentially between the first and the last channel. The display
can be dedicated to only monitoring the date and time.

The printer can be programmed to record all data readings, to
record data only when a limit has been exceeded, or to record one scan

periodically at preselected intervals.

Each channel is programmed for a function and a range. The func-
tion will be millivolts, volts, temperature, or a skip. The range will
be +40 mV, 44 V, or 40 V,

2.2.1.3 Qutput - The DAU data output can be displayed on the
front panel or priuted on the digital printer.

The front panel dilsplay is made up of large, 0.56-1ni, seven-
segment LEDs; three are dedicated to channel identification or days and
six to data, polarity, or time. There are also four annotation LEDs for
indication of display function, millivolts, volts, temperature, or

date/time.

2-18
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All scan data for each channel are automatically displayed when
the All-Channels'display format is employed. Only the Monitor Channel
is displayed when this display'format is employed. . Date/time is displayed
between scans, except in‘the'single—scan mode where the Last Channel is
~ displayed at the end of the scan, and when the Date and Time format is

' employed

The internal printer is a 16-column digital printer that has a

print rate of 2.65 lines/sec (channels/sec).

Every time a scan or series of readings is initiated, the follow-

ing data are printed ih the sequence indicated:
e Time of day/date

‘e Fixed data or header data entered from the keyboard
-scan counter- data :

'@ Digital input data.

These data are followed by scan data from the‘First Channel to the Last
Channel. The channel number, polarity, data, and function annoéation

appear on one line.

2.2.2 Sensors

The ‘'sensors were selected from the ERDA* preferred list of sensors

where accuracies énd environmental requirements allowed their use.

The sensors are interconnected into the DAU through a junction
box. The internal wiring of this junction box is as outlined in the

instrumentation installation guidelines.

It was determined that, as a minimum, 12 parameters are required
to accurately evaluate the ‘system's performance. These parameters anq

pertinent sensor data are listed in Table 2-3.

The characteristics of each of the selected sensors are described

below.:

* ' Instrumentation Installation Guidelines for Natiomal Solar Heating and
Cooling Demonstration Program', SHC 1006.
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TABLE 2-3. SDS SENSOR DATA
MEASUREMENT SENSOR ' ‘
E}S\VMBOL PARABETER RANGE ACCURACY - SENSDR T/PE PART NO. MANUFACTURER
1001 Antient Temparature -17.4 to 44°C (0 to 110°F) 10.11°C (0.2°F) RTD $10788 Hinco
T100 Inlet Temperature -17.4 to 44°C (0 to 110°F) $0.5% RTD $53-CP Platinum Minco
- 100-24
1102 Outlet Temperature -17.4 to 44°C {0 to 110°F) $0.5% RTD $53-CP Platinum Hinco
. 100-24 :
103 ‘Temperature in Duct -17.4 to 121°¢ (0 to '250°F-) +0.5% RYD §53-CP Platinum Minco
’ 100-24
1104 Control Roor Temperature .17.4 to 44°C {0 to 110°F) £0.11°C (0.2°F) RTD TRSP-RM1-23/4 - Weather-Heasure
1601 Temperature at Blower } 1-17.4 to 93.7°C (0 to 206°F) +0.5% -| RTD $53-CP Platinum | Minco
i e ’ N 100-24
1602 - TYemperature c-it Blower 2 :-17.4 to 93.‘7°C (0 to 200°F) 10.5% RTD §$53-CP Platinum Minco
. ) 100-24
1603 Temperature at 8lower 3 -17.4 to 93.7°C (0 to 200°F) 10.5% _RTD $53-CP Platinum Minca
. . : . ) 100-24 :
1003 Solar Insolztion 0 to 1,103 ¥/u? (O to 350 Btu/hr-ft?) 0.5 ¥/in, Pyrcnometer pSP/HG? - lepprey -
V102 Al Velocity | 7.6 to 15.2 m/sec (1,800 to 3,000 ft/min) | 2% (:2.5% F.S.) Hot Wire Anemometer | 430/435 Kurz Instruments
EPI04 Solar System Blower Power ‘| D to 25 ki ' ' +2% (F.S.) Watt Transduzer PC 5-54, with Option C | Ohic-Semitrenics
RHOO4 Relative Humidity 0 to 100% £3% R.H. Prabe HMIT1-P ’ Wicather Measure




2.2.2.1 Resistance Temperature Detector (Type S53) - The $53

RTDs -are tip-sensitive, accurate probe-type resistance temperature detec-
tors designed for industrial uses. They are used for‘temperatdre measure-
ments within the 1.22-m (48-in.) square ducts. In particular, these

sensors will be used for the following system parameters:

T100 Air temperature

T102 Air temperature

T103 Duct temperature
T601 Dryer hot air plenum
T602 Dryer hot air plenum
T603 Dryer hot air plenum.

Eachlof these measuxeﬁents requires an S53 type RTD with a case
length of 24 in. and a case diémeter of 0.25 in. The three.lead elements
are used- to acquire ﬁhe‘desired accuracies. These sensors are'also
housed in thermowells and have weatherproof connection heads. They

penetrate the duct wall through a metal plate;

The RTD resistance element is of CP platinum material &ith a
100-ohm resistance at 0°C (32°F) and a calibration accuracy of +0.5%.

Dimension drawings and schematic diagrams of the S§53 résistapce
thermometer are shown in Figures 2-11 through 2-13. The atcurécy of
these RIDs over the ~17.4 to 44°C (0 to 110°F) range is approximately
+0.3°C (#0.54°F). The accuracy over the. 0 to 150°C (0 to 300°F) range
1s *0.7°C (*1.26°F). ‘ '

2.2.2.2 Relative Humidity Probe (HM111-P) - The HM111-P is a

solid-state relative humidity probe. The sensor operates on the capaci-
tance change of a polymer thin-film capacitor. A l-um-thick dielectric
polymer layer absorbs water molecules through a thin metal electrode and
causes capacitance change proportional to the relative humidity. The
thin polymer layer reacts very fast and therefore the responsé time is
very short. The HM111l-P :elétive humidity probe specifications are
given in Table 2-4. ' o
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SCHEMATIC DIAGRAMS

- — - . 106
l 8 & . ‘ A ~ 1 2-LEAD MODEL 3-LEAD MODEL
= ¢ =T £{ ,MINCO S53- ﬂ) 250"DIA. m l—AWI\
/ ~ . / 7 : \/L 31° RED  WHITE RED  WHITE (2}
sLeeve -/ - £ MANUFACTURER'S
e TN . IDENTIFICATION

22-2

SPECIFY LEADWIRE LENGTH, NUMBER OF LEADS, CASE LENGTH
AND MISSING ELEMENT VMHEN CRDERING. BELOW IS AN EXAMPLE
OF MODEL NUMBEZR MAKEUP.

F5C124Y 24
LLEADWIRE LENGTH 8 IN INCHES

- NUMBER CF LEADS: Y - 2-LEAD MODE;
Z - 3-LEAD MODEL

- CASE LENGTH A IN 0.1” INCREMENTS.
124 = 12.4% MINIMUM A 1S 28 (2.8")
MAXIMUM A IS 480 (48.0°)

-— .._;___.____..._..4
—

- SENSING ELEMENT. C FOR COPPER; F IFOR
NICKEL-IRDN; P FOR PLATINUM; OR N FOR NICKEL

~- SPECIFICATIONS DRAWING NUMBER

FIGURE 2-71.

. IF CUSTOMER LISTED ON JOB ORDER IS TABULATED ON SHEET 2

OF THIS DRAWING, SPECIAL. HANDLING AND/OR OTHER REQUIREMENTS
OF SHEET 2 ARE APPLICAELE,

. CASE MAY BE CUT TO SHORTER LENGTH: USE CARE NOT TO DAMAGE

LEADWIRE INSULATION. LOCATE THE SLIP-FIT TEFLON SLEEVE IN END
OF CUT-OFF CASE TO PRCTECT LEADWIRE INSULATION AT POINT OF
EMERGENCE. MINIMUM A FOR CUT-OFF IS 28 (2.8")

. CASE: STAINLESS STEEL, COPPER ALLOY TIP.

TOLERANCE ON LEAD LENGTH: 28" AND UNDER: +1/0"; 24" T0 7"
+2/0"; 72" TO 119"; +4/-0'"; 120" AND OVER; +6/-0"

. LEADS: AW.G. NO. 22, STRANDED, TEFLON INSULATED, LEADS

RESISTANCE OF APPROXIMATELY .016 OHM/FOOT IS INCLUDED (N
ELEMENT RESISTANCE OF 2-LEAD MODELS FOR ANY COMBINED

LENGTH OF CASE AND LEADS TO 48" (A + B 48”). THE CALIBRATION
TOLERANCE IS INCREASED B8 0.03 OHM FOR EACH 12" INCREASE BEYOND

-48"”. LEADS RESISTANCE 15 NOT INCLUDED IN ELEMENT RESISTANCE

OF 3-LEAD MODELS.

. INSULATION RESISTANCE. 1.000 MEGOHMS MINIMUM AT 500 VOLTS D.C,

LEADS TO CASE.

. TEMPERATURE RANGE: -‘3°c I° 2so°c {-100°F TO 500°F), EXCEPT

NICKEL-{RON ELEMENT TD 232°C (450°F)

. RESISTANCE: COPPER - 11.00 OHMS +.2% (10.02/9.98) AT 28°C,

RII TABLE NO. 16-9; NICKEL-IRON - 676.0 OHMS +.5% (670. 3/672.7) AT

"25°C, R/T TABLE NO.14-634; PLATINUM - 100.0 OHMS +.5% (100.5/99.5]

A(;I'O C R/T TABLE NO. 1-100; NICKEL - 1200 OHMS +5% (120.6/119.4) AT
C, R/T TABLE NO: 7-120

. ELEMENT WIRE WOUND COFPER, NICKEL-IRON, PLATINUM OR NICKEL.

RESISTANCE THERMOMETER PROBE TYPE
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i mé- DIMENSION U IN A% INCR'E'MENTS‘

7/8 HEX — 55 REF. —

SEALING NUT

t— 2.00 REF. —Popag———A~——— “U"” +.03 -

.255 DIA. REF. J

1/2 HEX

1/2 - 14 NPT (2) 25 REF. —p

MANUFACTURER'S NAME AND\

| | B—g 375 DIA.

L\_.__m;.m |

E:: L2

MODEL NUMBER, SEE NOTE 6

SPECIFY DIMENSION U WHEN ORDERING. BELOW IS AN EXAMPLE
OF MODEL NUMBER MAKEUP:

124 = 124"
MINIMUM U 1S 6 (5"), MAXIMUM IS 480 {48.0").

== —~ SPECIFICATIONS DRAWING NUMBER.

FIGURE 2-12.

NOTES:

1.

2,

WELL IS EQUIPPED ‘WITH A BRASS COMPRESSION RING TO SEAL
AROUND A 250 DIAMETER PROBE.

TO INSTALL PROBE, REMOVE THE SEALING NUT AND SLIDE THE
SEALING NUT AND COMPRESSION RING ONTO THE.PROBE.’ INSERT
THE PROBE INTO .THE WELL TO FULL DEPTH MAKING CERTAIN . ..
PROBE IS SEATED AT TIP. 'APPLY A THIN COAT OF THREAD
SEALANT TO THE SEALING NUT THREAD. TIGHTEN -SEALING NUT . -
SUFFICIENTLY TO COMPRESS RING AND LOCK PROBE IN POSITION.
DO NOT OVER TIGHTEN. PROBE MAY BE REMOVED BY FIRST
REMOVING THE SEALING NUT.

. SHEATH MATER(AL: STAINLESS STEEL FITTING AND SEALING

NUT MATERIAL: BRASS. ASSEMBLY NICKEL PLATED.

. TEMPERATURE LIMIT: +500°F. MAXIMUM.
. PRESSURE: WELL IS CAPABLE OF WITHSTANDING 1,000 PSI

PRESSURE AT THE MAXIMUM TEMPERATURE LIMIT.

tF CUSTOMER LISTED ON JOB ORDER IS TABULATED ON SHEET
2 OF THIS DRAWING, SPECIAL MARKING AND/OR OTHER
REQUIREMENTS OF SHEET 2 ARE APPLICABLE.

WELL FOR RESISTANCE: THERMOMETER
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GASKET SEAL

3.31 MAX, ———————=

.00 MAX. , ~\
G)_ o 1.22 REF.
, |
\ \
45° RE J \ AN / \ Vo ‘ :
F. \ 2.31 REF. . -1-7/8 FLATS \ o
\ : ) / ' .
~ / \ -/ :
~_-" PIPE THREAD B \\_/ PIPE THREAD A .

WHEN INSTALLING: THE MOUNTING FITTING FOR THE PROBE TYPE " REMARKS

RESISTAMCE THERMOMETER OR THERMOCOUPLE NORMALLY ATTACHES | MODEL | PIPE THREAD PIPE THREAD R

TO >IPE THREAD A. CONDUIT ADAPTER OR PIPE FOR EXTENSION NUMBER - A B A

WIRES NORMALLY ATTACHES TO PIPE THREAD B.
. TEMPERATURE LIMiT: 750°F. (399°C) MAXINUM FOR F102-1 3/4 — 14 NPT | 1/2 — 14 NPT

CONNECTION HEAD WITH WIRE NUTS; 600°F. 1260°C) MAXIMUM .

FOR CONNECTION HEAD WITH TERMINAL BOARD. : F102-1T | 3/4 — 14 NPT 1/2 — 14 NPT TERMINAL
. TEFMINAL BOARD: CONNECTIONS CAN BE EITHER SCREW-TYPE OR BOARD

SOLDERED. SUITABLE FOR CONNECTING PROBE LEADWIRES TO

EXTENSION WIRES RANGING IN SIZE UP TO AW.G. NO. 12, ’ F102-2 3/4 — 14 NPT | 3/4 — 14 NPT
. WIFE NUTS: PORCELAIN, SUITABLE FOR CONMECTING PROBE : -

LEADWIRES TO EXTENSION WIRES RANGING IM SIZE FROM AW.G. F102-2T | 3/4 — 14 NPT 3/4 — 14 NPT TERMINAL |.

NO. 14 TG AW.G. NO. 22. ’ T . BOARD -

CORNECTION HEAD IS SUPPLIED EITHER WITH 4 WIRE NUTS OR :

WITH A 3-CONNECTOR TERMINAL BOARD (MODEL NUMBER WITH “T* F102-3 1/2 — 14 NPT 1/2 — 14 NPT

SUFFIX} FOR MAKING CONNECTIONS 3ETWEEN PROBE LEADWIRES

AND EXTENSION WIRES. . . F102-3TA 1/2 — 14 NPT 1/2 — 14 NPT TERMINAL
. CONNECTION HEAL PROVIDES A WEATHERPROOF ENCLOSURE IN BOARD

WHICH LEADWIRES FROM A PROBE TYPE RESISTANCE THERMOMETER 1 ‘

OR THERMOCOUFPLE CAN BE CONNECTED TO EXTENSION WIRES F1024 %/2 — 14 NPT | 3/4 — 14 NPT

LEADING TD REMCTELY LOCATED READOUT OR CONTROL :

INSTRUMENTATION. F1024T - | 1/2 — 14 NPT | 3/4 — 14 NPT . TERMINAL

: BOARD

FIGURE 2-13. WEATHERPROOF CDNNECTION HEAD




TABLE 2-4. MODEL HM]]]-P'RELATIVE HUMIDITY
: PROBE SPECIFICATIONS *

Sensing Element

Range

Operating Témperature
‘Response Time -

Probe Accuracy
Sensitivity
Hysteresis
Temperature Cdefficieﬁt
Weight

Power Consumption
Qutput

Input Power

0.07%/°C

Thin-film capacitor
0 to 100% relative humidity
-40°F to 175°F |

10 to 20>sec R

f £3% N - | y
Js0.5% R
. < %1%

1 b
10 mA

0 to 100 mv

Regulated 3.6 Vdc

*Manufacturer's Data
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2.2.2.3 Flow Rate Measurement - An anemometer probe, manufactured

by Kurz Instruments, Inc., is used to provide a measurement of velocity
at a point location in the duct. With a predetermined knowledge of,
average velocity across the duct, the air flow rate can be monitored

continuously.

The probe consists of two integral sensors: a velocity sensor
and a temperature sensor. The:velocity sensor is a constant-temperature
thermal anemometer which measures "standard" velocity referenced to
70°F and 760 mm Hg. Velocity is related to the cooling effect of the
moving éirstream as it passes over the heated sensor. The sensor is
heated electrically by control circuitry in the electronics package.

The temperature sensor accurately compensates for temperature variations

over a wide range.

_ ‘The sensor system is linear between 0 and 2,500 ft/min, with a
full range output of 5 Vdc. Accuracy is *27% of reading plus 0.5% of
full-scale over a range of -20 to +60°C..

To extract flow rate from a measurement of velocity at a single:
point, the average velocity across the duct must be known. The basic -

equation for air flow in a duct is:

Q =AV ft/min
where
Q - air flow rate in standard cubic feet per minute
A - duct cross-section area in square feet
V - average velocity in standard feet per minute.

With the selected system, the standard velocity is measured at
only one point in the duct. If the velocity distribution across the
duct is assumed to be constant with time, then the measured standard

flow rate is:

<<

1) ft3 /min

Q=V1A<

2-26
A-36



where

TV/VI - normalized average velocity across the duct

A2 - velocity at the point of measurement,

To obtain the weight flow rate we have:

W =.60 * Pgra’ Q 1b/hr
= '0 L] . d —V
60 pstd Vi * A (V/Vy)
where p_ . is the density of air at standard temperature and pressure

. (= 0.075 1b/ft?).

"The area of the duct at the velocity measurement station.is:

>
1]

(4 £t - 7/8 in.) % (4 - 1 1/16 in.)

16.65 ft2.

[ I

The procedure for detérmining the average velocity in the duct
‘involves the division of the flow area into several equal areas. ’Velocity
readings are taken at the center of each érea and averaged arithﬁetically
to obtain the average velocity. Figufe 2-14 illustrates the horizontal..
and vertical probe traverses for equal area readings. Figure 2-15 pre-
sents the measured'résults of the traversés. Since there is considerable .
scatter of the.data, a line was faired through the data and the points
used in the averaging proéess were obtained from that curve. The

average velocity was determined to be:

= 1.011

St

" when V, is referenced to the center of the duct (point 1). Thus the

flow rate can be computed as follows:

W

(60) (0.075) (1.011) (16.65) V, 1b/hr

75;75.V15
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FIGURE 2-14. EQUAL-AREA TRAVERSES-FOR OBTAINING AVERAGE VELOCITY .
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‘.2.2.2.4t Watt Transdﬁcer ?6565;-;'The~watf fransducer utilizes
Hall effect multipliers to provide aﬁ outpuﬁ that is proportional to the -
electrical power delivered to single-phase 6r three-phase loads. The
‘multipliers ﬁrovide instantaneous mul;iplicationjof'the voltage times the

current on a continuous basis. Output of the unit is 0.25 kW per volt.

The PC5-54 is a three-phase, three-wire 42-kW transducer. Option
. C provides an output of 0 qaflO Vdc through the use of an internal -signal
conditioning amplifier. The performance specificatloﬁ and dimensional

dfawing are shown in Figure 2-16." . .-~

L

2.2.2.5 Resistanéé"TemperaturéAﬁetéctof'(TRSP-RMl) - The RTD 1is

located in the instrumentaﬁionicontrol building to monitor the room
ambient temperature in the data logger environment. The TRSP-RM1 is a
shielded platinum bulb with a 100-ohm resistance at 0°C (32°F). It has
a response time of approximately 40- sec'in still air and is accurate to
$0.11°C (0.2°F) over the range of ~30 to +130°C (-22 to +266°F). Figure
2-17 shows the TRSP—RMl specificatiéns and assembly drawing.

2.2.2.6 .Resistance Tehpera;ure Detector (SiO?SB) - ThéiSlO7BB is

a precision platinum résistance thermometer.. Accuracies greater than

0.11°C (0.2°F) are obtainable. The sensor provides a three-wire termi-
nation for;more accurate measurements. It is-protected from shock and

' vibration and is hermetically sealed. Sensor specifications are given

in Figure 2-18. - ‘

2.2.2.7 Pyronometer (Type PSP) - The Mcdel PSP'is an improved

model of an earlier Eppley instrument. It comprises a circular multi-
junction Eppley thermopile of the wire-wound type. The thcrmopilc has

the added advantage of withstanding severe mechanical vibrationiand shock.
Its receiver is coated with Parsons' black lacquer (nonwéﬁelengtﬁ-

selective absorption). This inscruﬁént is supplied with a.pair'of removable
,preCigion,ground and polished hemispheres of Schott optical glé}s (the

inner of clear WG7 glass, the outer of WG7 glass). Also supplied is a
spirit level and a desiccator that can; be inspected readily. The instru-

- ment has a cast bronze body with a white enameled guard disk.
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SPECIFICATIONS
INPUT

Overioad (Continuous):
Voltage, 1.25 X Rating
Current, 2 X Rating (5, 10 and 15A Models)
.10 X Rating (50A thru 2000A Models)
Burden (At Max. Rated Input):
Voitage, 1.25 VA.
Current, 1.25 VA
. Amplifier, 2VA .
Power Factor Range: 0.5 lead t0 0.5 lag
Frequency Range: 50 to 70 Hz
Dielectric Test (Input/Output/Case):
. 1500VRMS -
Models PC5-28 through PC5-48 are complete
with O.S.1. Current Transducers.
Models PC5-49 through PC5-102 are supplied
with current transformers. )

OuUTPUT .
Output Load: 100 ohms
. Adjustment Range: +=10%
" ' Response Time (Base Unit): 5 Milliseconds
: (With Options): 400MS
Temperature Effect (— 10°C to +60°C): " -
+  #=1% FS from the Calibrated Vaiue.

- ACCURACY AT 25°C . :

. Including Power Factor Error, Linearity,
Repeatability, and Initial Calibration Set Point
Error: ‘ . : A

" 'PC5-54 +2% FS . !

- PC5-54 EXTERNAL TRANSDUCER SIZES

e
A
t —— Ll W H \
Hle——w—>| | 3%} 4n]n
l WATT TRANSDUCER

. CASE SIZE

FIGURE 2-16. WATT TRANSDUCER SPECIFICATIONS AND OUTLINE DRAWING
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' ' LEAD USABLE
- PROTECTIVE TUBE LENGTH | TEMPERATURE -
MODEL NO. ~ LENGTH (in.) DIAMETER (in.) | (ft) | RANGE (°C)

Ly

1e-2

TRSP-RM-1 2-3/4, 6-3/4, 8;3/4,‘10-1/2 -9/64 0 -30 to 130
TRSP-RS-1 2-3/4, 6-3/4, 8-3/4, 10-1/2 1/4 0 -200 to 500

SENSORS: RM-1: 0.1 in. 0.D. BY 0.8 in. LONG, SILICONE RUBBER COVER, 3  COPPER LEADS
RS-T1: 0:18 in. 0.D. BY'1.06 in.  LONG, HARD GLASS COVER, 3 SILVER LEADS
RB-1: 0.12 in. 0.D. BY 1.22 in. LONG, HARD GLASS COVER, 2 SILVER LEADS. " .

 CONFIGURATION

GENERAL PURPOSE
— RSP Houd

: = Stainless Stee! (188
WE@ A
B Y
”’"‘Fr‘——ﬂ‘
‘Alembnemn .

FIGURE 2-17. RESISTANCE TEMPERATURE DETECTOR (TRSP-RM-1)



SPECIFICATIONS

Temperature Range: —100°C. to +204°C. (—148°F. to
© 4+ 400°F.).

Calibration Accuracy: Available in  =.10%, .25%, .50%
calibration based on normnal resustance at the ice
point (0°C.).

Time Constant: Typically 1.3 to 16 seconds in agitated
water or comparable heat sink.

" Linearity: Deviation from absolute linearity less than 1% ‘

of full range. Nominal resistance versus temperature
curve and measuréd Ro (ice point resistance) are in-
cluded with each thermometer.

Calibration Data: Additional measured points or individ-
ual coefficients to 5-place accuracy to customer specifi-
. catiun are .avdilable al ealia charge.

Dielectric Test: 500 volts rms minimum, leads to case.

Insulation Resistance: 1000 megohms minimum at 100

volts D.C,, leads to case.

Sensmg Element: Straln-flee assembly of chemlcally pure
reference-grade platinum. Vibration - shock protected

Case: Gold-plated meal

Leads: 3-terminal lead resistance-cancelling configuration
is standard. Available with 2 leads on special request.

Mounting: Normal mechanical mounting, clamping, ce-
menting, potting, or lead suspension may be used.

. Self heating of models with either the “B" or “C" suffix
is less than 0.1°C. at 0°C..if current is less than 3 ma
in still air or 5 ma in liquid. Current of 1 ma or less will
rrod:ce negligible heatmg effect in either still air or
iqui

Immersion: Gold-plated metal case, epoxy lead anchoring,
and gilass-to-metal hermetic seal permits models with
insulated leads (S31-6, S31-10, S31-20 and S31-21) to

* be immersed in most etectrically conductive or non-
conductive liquids. The Model S31 having uninsuiated
Iea'ds can be immersed in most non-conductive liquids
only.

Custom Variations: Special resistance, different lead
lengths, special mounting or case conhguratuons can be
supplied to your specifications. Please contact the fac-
- tory or engineering representative.

ELEMENT RESISTANCE — 100 ohms AT 0°C
OHMS PER °C CHANGE — 0.392/°C
OHMS PER °F CHANGE — 0.217 ohms/°F

o8

05

RESISTANCE T'EMPERATURE RATIO

To obtain .the resistonce ot any given tem.
percture shown on the bottom margin, mulli-
ply the resistonce ot 0°C. by the foctor

indicated in the left margin.

pd

—100°C. —S0°C. 0°C. +30°C. +100°C. +150°C. +200°C.

‘FIGURE 2-18. - TEMPERATURE-DETECTOR (S1078B) SPECIFICATIONS
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The WG7 clear glass is
285 to 2,800 um.

A specification sheet £
Table 2-5.

~

‘transparent from a wavelength of about

or the Model PSP pyronometer is given in

TABLE.Z-S. MODEL PSP PYRONOMETER SPECIFICATIONS

Sensitivity

9 uV/w-m‘z,(epproximatelyS
Impedance 650 ohms (abproximate]y)
Receiver " Circular 1 cm™2, coated with Parsons

black opt1ca1 lacquer

Temperature Dependence

+1% over ambient temperature range =20

" to +40°C

Linearity

+0.5% from 0 to 2,800 W-m=2

Response Time

1 sec (i/e signal)

Cosine +1% from normalization 0 to 70 deg
zenith angle
~+3% 70 to 80 deg zenith ang]e
Orientation No effect on instrument performance -

Mechanical Vibration

Tested‘up to 20 g without damage

Calibration

Integrat1ng hem1sphere (approx1mate1y

1 cal cm~?min~!, ambient temperature
+25°C): calibration reference Eppley .
primary standard group of Angstrom
pyrheliometers reproducing the Inter-
national Pyrhe]ionetric Scale

Readout Potentiometric in preference to microam-
meter devices
Range 0 to 2,800 W-m2
0 to 887.6 Btu/hr-ft2*
Output 0 to 25.2 mV . |
*1 W-m? = 0.317 Btu/hr-ft?
©2-33
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Shortwave solar radiation comprises the direct éomponent of
sunlight and the diffuse component of skylight. When measured togethef
as the total shortwave flux on a horizontal surface, this integral is
referréd to as the'global radiation. The other shof;wave component of"
the radiation budget is that reflected from natural surfaces. The wave-
length range of these components is usually taken to be 0.3 to 5 um but
is about 0.3 to 3 um in practice.

Longwave terrestrial radiation comprises the incoming atmospheric
component (i.e., downward emission by the gases of the atmosphere,
especially water vapor and carbon dioxide) and the outgoing terrestria;
component (i.e., upward emission and reflection by natural surfacesland
atmospheric gases). The wavelength range of these components is usually

taken to be 3 to 100 um ideally but is about 4 to 50 um in practice.

' There are two main operating requirements for the PSP pyronometer:
1) periodic verification of pyronometer calibration and 2) application of
cofrections, where judged necessary, to take account of instrument obstruc-
tion to a free horizon. Calibration of the instrument against the Eppley

group of reference standards indicates 9.69 x 1'0'3,W/m2 per mW output.

The pyronometer is mounted on a bracket attached to the handrail
on the southwest section of the solar panel support structure. The
mounting surface.of- the bracket and tﬁe pyronometer is in the same plane
as the upper surface of the solar panels so that the solar panels do not
cast a shadow on the pyronometer. The pyronometer is oriented so that

the electrical connector is located north of the receiving surface.

2,2.3 Sensor Interconnection Cabling, Grounding, and Installation

All sensors used in the SDS are located to provide easy access
for cﬁeckout, maintenance, and replacement. A flow diagram (Figure 2-19)
indicates the points at which the various<ty§es of measurements are
taken. A sensor leocation and mounting dréw;ng (Figure 2-20) showe the
installation of sensors used for measuring air temperature and local

environment, including incoming insolation.

2.34
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Cables selected to interconnect sensors and instrumentation record-
ing equipment are audio and instrumentation grade UL-approved foil—
shielded, plastic-jacketed, multiconductor cables having 18 AWG stranded
tinned copper conductors. Temperature rating is =20 to +60°C, and the
max imum Operating voltage rating’is 400 V. The number of conductors and-
the color coding of each conductor are shown 1n the wire ‘Tun list
(Table 2-6).

All instrumentation wiring is run inside a rigid steei conduit

installed exclusively for instrumentation use.

Wire nuts are used to connect sensors with cables except in the
blower motor and soybean dryer area.  Because of vibration in the sensor

installation area, a butt splice was made.

Thelsensors used in the air system have &eatherproof neads and
are installed in thermowells. The weatherproof heads are arranged to
minimize accidental damage. Dow Corning DC-340 heat transfer grease is
applied to the bottom of the RTD probe prior to insertion into the
thermowell. Pipe thread sealing compound is used to connect the conduit

to.tne weatherproof heads in accordance with local codes.

.2.2.4 Description of Central Data-Processing System

The solar soybean dryer evaluation program is a computer code
used to calculate perfornance and efficiency factors of the solar dryer
utilizing data acquired from sensors located within the system (see
Section 5). These factors are convVeniently summarized in reports that
can be reviewed on an hourly, daily, monthly, .and yearly basis to

evaluate the system performance and operational characteristics.

The program is executed on Teledyne Brown Engineering's Varian 73,
a minicomputer. The. Varian operating system and the Varian FORTRAN
compiler are the only software used other than the program itself. The
Vortex II operating system is described in the Vortek IT Reference Manual
(98 A 9952 245, July 1977). o

The FORTRAN compiler used by the program is describediin the
Vortex FORTRAN IV Reference Manual (98 A 9952 041, December 1976).

2.37°
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TABLE 2-6. SENSOR WIRE RUN LIST

“a

SENSORS JUNCTION BOX
MEASUREMENT T ' : CONNECTOR "]

NAME NUMBER WIRE COLOR | TERMINAL STRIP | WIRE COLOR PIN LEVEL
Pyranometer 1003 Black’ - TB1-1 ) Black J1/A LO :
(Total Sun and : TB1-2 Red Ji/B
Sky Radfation) \ Shield -, TB1-3 Shield J1/C. el

White T81-4 White J1/0 HI
. I81-5 Green J1/E .
Flowmeter V102 Black TB1-6 Black J1/F L0/-10V
" (Air Velocity) C Red T81-7 ‘Red ' J1/6 .
Shield T81-8 Shield JI/H
White 781-9 White Ji/d SHI/+10v
T81-10 Green J1/K
Relative Humidity RHO04 Black T81-11 Black Ji/L -3.6 Vdc
Red T81-12 Red J1/M +3.6 vdc
Shield T7B81-13 Shield J1/N
White T81-14 White Ji/p HI
Green T81-15 Green J1/R Lo
Blower Motor ER104 Black 7821 Black J1/s Lo
Electrical Red T82-2 Red JU/T HI
Power TB2-3 Shigld J1/U
T82-4 White Ji/y
TB2-5 Green J1/u
Oryer No. 3 T603 Black TB2-6 Black JI/% Lo
Ai{r Temperature Red 182-7 . Red Jizy HI
" Shield T82-8 Shield J1/1
White T7B2-9 White J1/a L0
T82-10 Green J1/b
Oryer No. 2 7602 Black T82-11 Black J/¢ L0
Air Temperature Red 782-12 Red J1/d HI
Shield TB2-13 Shield Jl/e
White 782-14 White J1/f L0
T82-15 - Green J1/g
Dryer No. 3 T601 Black 783-1 Black Ji/h L0
Afr Temperature Red TB83-2 Red JI/i HI
Shield T83-3 Shield J1/5
White T83-4 White J1/k L0
T83-5 Green Ji/m
Temperature Ti03 Black TB3-6 Black JI/N Lo
fn Duct ° Red T83-7 Red J1/p HI
Shield T83-8 Shield JI/Q
White T83-9 White JI/R ]
T83-10 Green Nz
Collector Output T102 Black T83-11.. Black J2/A L0
Temperature Red T83-12 Red J2/8 H1
Shield 783-13 Shield J2/C
White 783-14 White J2/D Lo
T83-15 Green J2/E
Collector Input T100 Black T84-1 Black J2/F L0
Temperature Red T84-2 Red J2/6G H1
Shield T84-3 Shield J2/H
White T84-4 White J2/4 Lo
TB4-5 Green J2/K .
Ambient T001 Black TB4-6 8lack J2/L L0
Temperature Red 184-7 Red J2/M HI
Shield T84-8 Shield J2/N
White T84.9 White Ja/p Lo
TB4-10 Green J2/R.
Instrument/Control T004 siack 784-11 8lack J2/$ L0
Building Red T84-12 Red J2/7 H1
Temperature Shield TB4-13 Shield Je/u
White TD4-14 White Jz/y LO
184-15 Green J2/M
2<38
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The software architecture that coordinates the dataAfiow of
Figure 2-21 includes 12 FORTRAN subroutines, 5 external fi}es; éhd~9.
internal common blocks. The FORTRAN subroutines are-independenfiy
compilable modules.  Each module is listed in Table 2-7 with é bfief
statement of its purpose. The external files i@entified in Table‘2-8 {
include one user input file and four mass storage recOrdkéeping files.
The definition of common blocks is ‘given via Interﬁal Parameter Tables’
(IPTs) in Table 2-9. | '
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" TAB

LE 2-7.

yMODULE IDENIIIICATION
MODULE - PURbos:
" AVERAGE. - | Calculate, sum, and average data for
- hourly and»daily reports.
DATCHK | Read 1nput data and choose appropriate
‘ “’ prOCESS1ng method.
JULDAY . | Check for. new month or year.
MAIN. Driver fbf type of reports desired.
- MNTHLY Calculate monthly averages.
© PARM Calculate parémeters;
PRINT Print reports and create data buffers
.and create data. files. . :
TEST Test 1nput data for va11d1ty
YEARLY- Ca]cu1ate year]y averages
:HEAb ' | Hourly report heading.
DHEAD Daily report heading. ‘
NAMNTH | Data statementiwith names of months.
TABLE 2-8. IDENTIFICATION OF EXTERNAL FILES 1
3 - | MoDULE INTERFACE -
DEFINITION | R FILE TYPE
'BUFF |User Card Input| DATCHK | Card deck -
MNFLI a2g2;1§igﬁﬁ:?f; " DATCHK | Print |Mass storage
YRFL; $2§g%ngl:Sf?r'{i,Year1y PrIpI Mass storage -
MBFFZ agﬁgg%yfglgszr' DATCHK | Print |Mass storage
YRFL4  3::2?5 23;§ for Yearly | Print Mé;s storage
2-41
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TABLE 2-9. INPUT PARAMETER TABLE
(:l?lp . PARAMETER NAME MNEMONIC VALUES UNITS/VALUE MEAN'NG
PARAMETERS USED IN EQUATIONS PARAM
INPUT VARIABLES INPUT
INTERNATION VARJABLES USED WITHIN PROGRAM INTERN
OUTPUT VARIABLES QUTPUT
BUFFER USED TO STORE HOURLY ANb DAILY
QUTPUTS BUFFER
INFORMAT ION REGARDINGlTIME DAY
CARD READER AND LINE PRINTER TST
COUNTERS FOR BUFFERS COUNTY -
INFORMATION REGARDINGIDAY DATE-
F.ILE NAMES FILE
NAMES OF MONTHS A MONTH
NEH OUTPﬁT FOR REPORTS _ NEW ‘
NEW MONTHLY Ud}PUTS.FDR REPORTS NEW MONT.
|
\SSUE COMMON ___ DATE 6/12/78 iD SEC PAGE
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3. SYSTEM OPERATION AND MAINTENANCE

3.1 RESPONSIBILITIES

The solar energy system"and,its'ancillary systems are conveniently
delineated for purposes.of‘operation'and maintenance,' Teledyne Brown
Engineering will be responsible for maintaining the control subsystem
and the‘instrnmentation monitoring and processing system. Gold Kist will
be responsible for maintaining and operating,thefsolar system (with the
exception noted above) and for minor operation and maintenance\requiree
ments of the Data Acquisition Unit. These latter functions primarily
consist of refilling the printer tape and control of the DAU when the

dryers are not operating during repair and maintenance periods

It is the responsibility of TBE and Gold Kist to properly log and
fill out.the appropriate operation and maintenance log and forms.. The -
following sections describe the significant operation and maintenance

requirements.

3.2 . SYSTEM OPERATION

3.2,1 Solar Energy System

System operation is performed by Gold Kist dryer operators. Con-
trol of the system 1s extremely simple, there are only two operations
that must be considered: controlling the blower and positioning the

louvers in the dryer house. ﬁ

Prior to operation'of any electrical‘subsystem, the proper
switches must be activated to provide power. Figure 3-1 illustrates the
main power panel, main subpanel, and air handler - control panel. The
location of'these panels ‘in the control room‘can be identified in Figure
2-7. Table 3-1 presents the power-on sequence and the normal position

of all switches.

The air handler blower can be controlled in either of two modes:

manual or automatic. ‘Table 3-2 presents the manual start-up sequence.

3.1
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O START-UP SEQUENCE

(@) CONTROL PANEL 0 .
TRANSFORMER I LIGHTS
~ CII | vieHTS
SPARE —p— U m ) LIGHTS
: CII3: | uieHTs
® Aammnanorer 4—| O CII3 | sPare
MOTOR

[lﬂ ‘ . MAIN BREAKER (D)

A MAIN POWER PANEL

FILTER MOTOR o I | ROOMLIGHT. -
10 vHuMioITY - | (I 110 V OUTLET - DATA LOGGER
CONTROL -
" @® amrnanoer | C CII3 | VeNTFANNOTOR
CONTROLS - : g
MAIN SUBPANEL
RED Tﬁ'ﬂ‘
FILTER CHANGE ® D AIR HANDLER “ON" LIGHT
LIGHT - o L
OFF
' START . HAND jAUTO} .
@ HAND START O \d 3POSITION HAND/OFF/ (D
BUTTON : : AUTOMATIC SWITCH
o OPEN cLose
"®° MAINTENANGE g
OVERRIDE SWITCH e '
(KEY OPERATED) |

i

AIR HANDLER CONTROL PANEL
. FIGURE 3-1. CONTROL PANELS
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TABLE 3-1. PONER-ONWSOLAR SYSTEM SEQUENCE

1% 7:‘, i.Ma1n Breaker - On ) R RS
2 " Control Panel Transformer - 0n

3 » A1r_Hand1er Motor -_On‘

4 Filter Motor - On .

5 Air Hahd]erhcontroTsle On
!6 Vent Fan Mo{orw-'0n=w

*Operation number is keyed to “switches in
Figure 3-1.

TABLE. 3-2. - MANUAL START-UP SEQUENCE

A AR §-Position Switch - to "Hand? o

8 Maintenance Override Sw1tch -
Key to "C]ose"

9 - Hand Start Button - Push to Start

*Qperation number is keyed to switches in
Figure 3-1.

, An automatic system is proyided as the primary mode of operation.
This system turns rhe hlower on when the temperature in the solar panel
reaches about 40° above ambient and shuts it down when the temperature
drops to 20 F above ambient. Table 3-3 illustrates ‘the sequence for
automatic start-up. This ‘mode would be interrupted for two reasons:
A'l) shutdown for maintenance of the conventional grain drying system and

2) shutdown for maintenance of the solar facility.

The solar tacillty is checked at least twice daily, morning and
night, by’a Gold Kist dryer operator.: If the system is being operated
manually, the blower is turned on. Regardless of the mode of operationm,
he checks .the filter light to determine whether filter roll refill is
required.

3.3
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TABLE 3-3. AUTOMATIC START-UP SEQUENCE

7%* ~ 3-Position Switch - to "Auto"

8" Maintenance Override Switch -
Key to "Close"

- *Operation number is keyed to switches in Figure
3-1

The operator is‘also reéponsible for positioning the three louvers
that control the flow of solar-heated.air to the dryer house. The louvers
are simply positioned open at the dryers that are in 6peration and closed
at the dryers that are not in operation. Louver position is checked each

time dryer operations are changed.

3.2.2 Data Acquisition System

During normal operation, the Data Acquisition Unit presents mini-
mal operational requiréments. These are: 1) halt printing when either
the conventional grain dryérs or the solar facility are not operational
and 2) rése; the clock if power is interrupted. The former is accom-
plished by pressing the SINGLE'button under SCAN CONTROL. To restart
data recording, the MONITOR button is pressed.

All tbe data are keyed to the clock provided in the logger. Table

3-4 presents the clock reset operations after power interruption.

3.3 SOLAR ENERGY SYSTEM MAINTENANCE

Maintenance of the solar facility is conducted by Gold Kist mainte-
nance personnel, - There are two areas of maintenance that require regular

attention: 1) panel cleaning and cleaning system and 2) the air handler.

Scheduieq maintenance should be accomplished according to the

 appropriate equipment manufacturers' instructions as follows:

3-4
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Maintenance Item. . Frequency
Clean Collector Glaziﬁg.“" Monthly .
Lubricate Blower Beariﬁgs Monthly
Check Blower Belt Igns?pn"t B _ Quarterly
Lubricate Blower Motor .. .. Quarceriy
Change 0il in Cleaning Subsystem | Semiénnually

Pressure Pump

'TABLE 3-4. CLOCK' RESET PROCEDURE

-0
7
5

—

(8]

0

N o o

- PRESS BUTTON -

DAYS (under TIME ENTRY) -

This is' the day of
the year; for example, -
the 75th day is March 11.

ENTER/STEP (undér DATA ENTRY)
HR .MIN SEC S

Put in the hour of the day

from midnight; for il
example, the 15th hour is
3 p.m. (12:00 + 3:00).

Put in the minute of the
hour;- for example, the
time is 3:05 p.m.

Put in the second'of the
minute; for example, the
time is 3:05:52. S

ENTER/STEP (under DATA ENTRY)

DISPLAY

Light (POWER FAILURE REENTER TIME)

1

15

150
1505
10555
105552




‘All- scheduled maintenance interrupting system operation should be
performed during night shift operation to minimize the interruption of

solar energy collection.

3.3. 1 Panel Cleaning;and Cleaning~§ystem

Limited experience has shown that cleaning the collector panels
at monthly intervals will maintain a qualitatively acceptable level of
contamination. Performance tests will be conducted on individual panels
to quantitatively determine whether performance loss is acceptable with
‘this cleaning frequency. During ‘Phase III, cleaning frequency will be
adjusted to provide a balance between cleaning costs and performance

" degradation.

Operation of the high—pressure cleaning system is described in
Section 2.1.5. Three men are required to effectively accomplish the
cleaning exercise. One man applies the soap from the high-pressure dis-
pensing system and onedman follows with a brush, scrubbing up accumulated
deposits. The third man follows with a water hose to flush off soap and
" deposits. .Approximately 6 hours are required for a cleaning, although

‘with experience this time may be reduced somewhat.

The washing system requires little maintenance. ‘The'pro_cedures
are detailed in the instruction and operation manual provided with the
system. " The major‘item requiring attention is semiannual oil change of

1.

" the pump..
3.3.2 Air Handler

Detailed maintenance instructions are contained in the installa-
"~ tion manualbprovided with the unit. The primary item that must be con-
.sidered is replacement of_ the rolldfilter medium when the need for a new
filterAis indicated hy a red warning light that appears on the air
handler control panel (Figure 2-7). -

3.4 DATA ACQUISITION SYSTEM MAINTENANCE

The data acquisition system requires little scheduled maintenance.

It primarily involves refilling the printer with paper tape as required and

3.6
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periodic calibration.of critical sensors. Each morning as the dryer
operator makes his scheduled ;round to. the control house, he will check

the paper level in the printer and refill as necessary. . He also cleans,
the outer hemisphere of the pyronometer ‘at least once a day. This is
accomplished with a lint- free soft cloth ‘to avoid scratching the surface
and consequently altering the optical properties. The dessicant installed
in the pyronometer casé will be inspected .quarterly and dried out if

required... - * o e

' Measurement of ‘the solar energy system performance is critically
dependent oni the measurement of temperature and air flow rate. ‘Thus
instruments providing these measurements will be calibrated quarterly
against standard references. Calibration of temperature probes in an
ice bath is an effective means ‘of providing.a.0=C (32°F) temperature

reference.

The flowmeter will be field calibrated against a pitot tube and
inclined manometer reference. The range of the manometer is 0 OS to
O 25 in. of water with a minor scale division of O 005 in. of water
(283. ft/sec at standard temperature and pressure) This scale provides
a reading accuracy of about 34, enough to assess any large drift in )

flowmeter accuracy.

. It is recommended that the pyronometer be checked at least once
a year which is beyond the term of Phase III. However, to assure quality
of data being collected, it will be removed and transported to The
University of Alabama in Huntsville where it will-be checked against

H

carefully maintained units., s
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4. NONINSTRUMENTED DATA ACQUISITION

A complete system evaluation program must contain .a thorough and
systematic acquisition and analysis procedure for noninstrumented data.
These data consist of manually recorded information associated with system

maintenance, operation, and owning costs.

The nature, cost, and system down time associated with scheduled
and unscheduled maintenance will be recorded on prepared forms. Figure 4-1
is a sample of the Maintenance Data Form to be filled out at the . comple-

tion of each maintenance action, scheduled or unscheduled.  Each completed

- form should indicate the subsystem on which maintenance was- conducted. For

recording purposes, the fdllowing subsystem categories will be used: .
. e Collector Subsystem | |
A Collectors
e Control Subsystem

A Sensors
A Sensor interconnections

e Energy Transport Subsystem

A Air handling unit
A Duct and dampers - -

e Structural Subsystem -
A Steel members and fasteners
A Foundations
A Walkways, handrails, and  gutters
A Llightning protection

e Cleaning Subsystem

A Pump

A Piping

A Hose/nozzle -
A

Chemical injection equipment

4-1
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MAINTENANCE DATA FORM

1. DATE - 2. PREPARED BY . . [3. MAINTENANCE PERFORMED BY

’17,/,/ “ ,/;”Cf "I‘!” o’ @M‘ /:2;0/(_ ,C-’,ﬂh,(;/r_/«

4. AREA OF MAINTENANCE - SUBSYSTEM .
COLLECTOR O ENERGY TRANSPORT B~ cLeanIng O
CONTROL O . STRUCTURAL
. o | Tvee 1F acTion [ TIME REQUIRED

COMPONENT/PART (SEE CODES BELOW) | hr | min
A A Handlig ot Bels) | RePL |30
ct

TYPE OF ACTION CODES: ADJUSTMENT ADJ; REPAIR R; REPLACEMENT RPL

5. DESCRIPTION OF MAINTENANCE - . _

: TYPE: SCHEDULED (3 UNSCHEDULED
A PROBLEM: 'Fl‘;yea:/kb\eiffs ' ‘
~ B. CAUSE: 'I"é/m»'/‘ epr
C. CORRECTIVE ACTION: R-,)/;we// a1l 4 Sefts

6. SOLAR DOWN TIME (ESTIMATED SOLAR RADIATION TIME LOST DUE TO):

SOLAR SYSTEM MAINTENANCE [__hr; DRYER MAINTENANCE hr
7. COST OF MAINTENANCE PERFORMED BY: IN-HOUSE GOLD KIST O3
: : IN-HOUSE TBE a
CONTRACTED
{ INVOICE ATTACHED)
LADOR CATTGORY hp RATE ($/hr)  18ROR CNST
[ Rd3 73 x .l = =2
T2 / x D.o47 = 5. /5
x =
TOTAL LABOR COST 7 75
PARTS COST . Zw.73

MATERIAL COST .
TOTAL MAINTENANCE COST 33,9/ |

FIGURE 4-1. SAMPLE MAINTENANCE DATA FORM
4-2
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IMPORTANT: Item 6 on the Maintenance Data Form is for recording solar

collection hours lost due to maintenance. A Maintenance Data Form should

also be filled out when the solar system is operational and the conventional

dryer system is down for maintenance.

The labor rate used on the Maintenance Data Form will include

3

all benefits, overhead,. and Social Security costs.

Figure 4-2 is an example of the Scheduled Maintenance Log. This
form will be kept in a secure location in the instrument building. When
tne items of scheduled maintenance are accomplished, the'appropriate
block will be initialed and dated.- Scheduled maintenance w1ll also be

recorded on the Maintenance Data Form.

The cost’cf energy and insurance is recorded mcntnly on the Energy
and Insurance Data form shown in Figure 4-3. Thesé data will be obtained
by TBE from the Gold Kist accounting department The electricity and
insurance data are associated with owning and operating the solar system
and must reflect a value for cash flow analysis every month. Therefore,

the insurance premium must be shown as a monthly distribution of cost.

- . 4.3
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SCHEDULED MAINTENANCE LOG

ITEM JUN - | JUL AUG SEP OCT ] NOV_ | DEC . JAN FEB MAR APR MAY
Clean Collector Glazing ° « ) ° ° ° . )
Lubricate Blower Bearings ° ¢ . ® '3 . e e
Check Blower Belt Tension | i ) ] °
Lubricate Blower Motor ° s .
Change 0il in Cleaning '~ | ) )
System Pressure Pump
e = Month due

 FIGURE 4-2. SAMPLE SCHEDULED MAINTENANCE LOG
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INITIAL SUPPLY

JUN

JuL

AUG

SEP

ocT

NOV

DEC

JAN

FEB

MAR

APR

MAY

{rueL o1L

| Date of Last Purchase

Gallons Purchased

Rate ($/9al)

ELECTRICITY

kWh Used

Rate ($/kWh)

‘fvalue'(s)

INSURANCE -

Date Paid

" predtun ($)

Monthly Distribution ($)

_FIGURE 4-3. ENERGY AND INSURANCE DATA SUMMARY -
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5. INSTRUMENTED DATA ANALYSIS

5.1 DESCRIPTION OF ANALYTICAL PROCEDURES

This section describes the analytical procedures used to deter-
mine. thermal effectiveness for hourly, daily, and annual operating'periods.
Performance evaluation factors and nomenclature have been selected to con-
form as closely as possible to the requirements imposed on the National

Solar Heating and Cooling Demonstration Program¥,

The performance evaluation factors are of two types: 1) a thermal
energy quantity defined by the letter "Q" and 2) a performance index
defined by the letter "N'". Figure 5-1 illustrates the location and type

of measurements used in determining performance evaluation factors.

The measured parameters are sampled at 5-min intervals if the
grain drying system is in operation. Whenever grain drying operations
are not in progress, then the Data Acquisition Unit is inactivated. To
determine hourly summaries of performance factors, the measurements
acquired over the hour are averaged and the appropriate conversion factors
are applied. Daily summaries are similarly determined by averaging the
hourly summaries over the day. Figures 5-2 and 5-3 illustrate the index

notation used in describing the hourly and daily summaries.

Table 5-1 describes the measured variables, their units as recprded
on the output tape of the data logger, and the data channel number. In
"addition to the measured variables, the date and time are entered with
each measurement sample. The units are:

Date - Julian days
Hours - military hours

Minutes
Seconds.

Figure 5-4 is a sample of a tape obtained from the data logger.

National Solar Heating and Cooling Demonstration Program', National

*"Thermal Data Requirements and Performance Evaluation Procedures for the
éfiau of Standards, BNSIR 76-1137

B
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FIGURE 5-1. SENSOR LOCATION
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HOUR (n)
n | n+1
J - = "jth:SAMPLE IN THE nth HOUR INTERVAL
n - nth HOUR IN THE DAY

j(n) - NUMBER OF DATA SAMPLES IN THE nth HOUR

" FIGURE 5-2. INDEX- NOTATION FOR HOURLY PERFORMANCE FACTOR SUMMARIES
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§ - jth HOUR IN THE DAY
N - Nth DAY OF THE YEAR

FIGURE 5-3. INDEX NOTATION OF DAILY PERFORMANCE FACTOR SUMMARY
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TABLE 5-1. INPUT VARIABLES

DESCRIPTION

Total Solar Incident

Collactor Input Air Temperature
Col1ector}0u§put Air Temperature
Btowzr Power

Témpérayure in. Duct

| Ambiznt Air Temperature

Temperature in Dryer No. 1

' Temperature in Dryer No. 2

Temperature in Dryer No..3
Relative Humidity
Air Flow Velocity
Fuel Flow to Dryer No. 1*
Fuel Flow to Dryer No. 2*
Fuel Flow to Dryer No. 3*

CHANNEL
UNITS VARIABLE RANGE NUMBER
mv 1003 0to N 1
°F T100 -10 to +110 1"
oF T102 -10 to +300 12
v EP101 0tod 2
- °F T103 --10 to +200 .| 13
oF - T001 210 to +110 | 14
°F T601 -10 to +200 17
°F T602 -10 to +200 16
°F .T603 =10 to +200 15
% RHO04 0 to 100 4
v V102 0 to 6 3

*Not currently measured. Will be added at future time.




13 923 %
17 192
16 ‘ 1144 %
15 leg3 %
14 . Gy %
13 ) ‘1:_4 g U b3
12 Lo leYys
11 STOR IR
b l4aes v
3 35158 v
B 2350 v
1 O B621 mV
- 39959y
190015015038
ls - 932 %
17 1927 %
16 R ST 3
15 16644 Y
14 L B%Y
13 - 1a72 %
12 1450 9%
11 ‘ 09S %
6 3453¢  mv
. 3921 v
-2 450 v
1 Buie v

Y59N Yy
159113316336

- 18 31 %
117 - 1vy30 ¥
. 1o 1157 %
15 1L51 %
14 - OR SE
13- 1egae %
12 lags %
11 : S
4 S l4ge2  mv ‘
3 - 398G v
2 2647 v
1 g8ue mY
39959y

S 1%0:13:0% 236
FIGURE 5;4. SAMPLE OF TAPE QUTPUT FROM DATA LOGGER -
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Tables 5-2 and 5-3 present the thermal energy parameters and per-
formance indices used to evaluate system and subsystem performance f&t
hourly and daily summaries.

The following-sections'Stééent the definingiequations used to -

compute the performance parameters.

5. l l Climatié Performbnce Factors

5. l 1.1 Total Solar Incident - Direct and diffuse incident solar

radiation is measured by a sensor.mounted in the plane of the collector

array. The instantaneous total radiation samples are used to determine

.
+

the hourly value by the following. equation

1 J(a) ‘
Qo01 = - ' >, 1003(j) Btu/hr-ft?
9.69(107%) x 3.153 x J(n) j=1 ‘ )

where the constants are as‘follows;
Conversion of sensor output to engineering units

laV = N — W/m?

9,69(10"%)

Conversion from SI units to British engineering units

1 W/m2 Btu/hr-ft® .

—
3.133

The daily summaries are computed as follows:

. :
Q08I = Q031 A. Btu

where H is the integer number of hours in which data samples occur.

. 5.6
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- TABLE 5-2. HOURLY SUMMARY. OF THERMAL ENERGY PARAMETERS

©OUUNITS
' ‘ T - BRITISH
DESCE;EIION ' VARIABLE . | SI ENGINEERING
Total Solar Incident ' Qoor: . W/m%. | Btu/hr-ft? |.
~ Solar Energy Collected . | Q100 W/m? Btu/hr-ft2
ECDS Operating Energy ' Q102 | W " | Btu/hr
Transport Heat Loss s Q103 - | w 7| Btu/mr
‘Total Solar Energy Utilized |- Q203 W | Btu/hr
‘I Colléctor Efficiency ‘N101 /N I
Collector Panel Efficiency | “N102° | °Cm? | °F ft?'
Factor _ o : J Btu
ECDS Coefficient of .
Performance : : N1l | % - %
ECDS Conversion Efficiency NI % %
ECDS Utilization Efficiency | N112 % %
Dryer Load Q402 W " Btu/hr -
Fossil Energy for Auxiliary |. Q410 = [ w - Btu/hr
Average Ambient D.B. - N113 °C °F
Temperature S S
Solar Fraction of Energy S
Consumed ' . . N410 % %

5.7
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TABLE 5-3. DAILY SUMMARY OF THERMAL ENERGY PARAMETERS

B : UNITS
| | | BRITISH
' DESCRIPTION - - |- VARIABLE SI ENGINEERING

Total Solar Incident Qo8l J Btu
Total Solar Incident ‘ Q031 J/m? Btu/ft?
Solar Energy Collected Q180 J Btu
Solar Energy Collected | Q130 | J/m? Btu/ft?
ECDS Operating Energy Q132 J Btu '
Transport Heat Loss Q133. J . Btu
Total Solar Energy lUtilized Q233 J Btu
Fossil Energy Saved’ Q243 liters gal
Collector Efficiency N131 % %
Dryer Load © K 32 | Btu
Fossil Energy for Auxiliary Q450 J Btu |
Average Ambient D.B. | |
Temperature N143 °C °F
Solar Fraction of Energy '
Consumed N441 % .4
Collector Panel Efficiency | N132 ©o¢ m? °F ft2
Factor J Btu

5.8
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5.1.1.2 Average Ambient ny Bulb Temberature - Average ambient

dry-bulb temperature isla significant parameter in determination of system
performance and comparison of alternative solar energy systems in different

gl;matic-iegions. The hourly averagéd dry bulb temperature is:

' o W@ L °
- N113 = Ty j§=:l,_T901(3) °F

The daily average ambient’dry‘bulb temperature is:

g T
N143. = 5oy j§l T001(j) °1~* ,,

5.1.2 Energy Collection and Distribution Subsystem .(ECDS)

5.1.2.1 Solar Energy Collected - The amount of energy collected

in the hourly interval is:

, I(n) . .
QU0 = —3~— 3 W100(j) x C100(j) * TD10O(j) Btu/hr-ft?
Ag J(p) = . - 7 |
where
A. -~ total collector area defined by the collector
' aperture, ft? o ' : ‘
W100(3) - air flow rate, 1lb/hr
C100(3) - specific heat of air at temperature TA100(j),
Bt;u/lbf°F
TA100(j) = [(T100 + T102)/2 + 460] 5/9 °K
TD100(j) = T102 - .T100 °F

The daily summary of solar energy collected is

J(N) |
30 = a5 j§1 moqg) x C100(j) x TD100(j)  Btu/ft?
Q180 = Q130 A. Btu/day

529
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5.1.2.2 (Collector Efficiency - The ratio of the solar energy
collected by the array to the total solar energy incident on the array
is termed the collector efficiency. It is a measure of the ability of
the solar collector to convert incident radiation in;o thermal energy,
which is subsequeﬁtly transported to the dryer. The efficiency is calcu-
lated by: | .

_ 100 x Q00
N101 2001 %

The daily summary of collector efficiency is:

a7 . 100 x Q130 .
N131 051 % .

5.1.2.3 Collector Panel Efficiency Factor - The efficiency of a
flat-plate collector operating under steady-state conditions can be
approximated by a linear equation with the following independent '

variable:

fluid temperature leaving collector - ambient temperature
total incident radiation -

This variable is calculated by:

IM  1102(¢5) - T001(§) °F hr

1001(3) Btu

1

- N102 = J_(_n_)-

Lt
The daily averaged efficiency factor is.

T102(3) - TO01({) °F hr
L00LC(3) BEu

N132 = ~—=—==
J(N) j=1



5.1. 2. 4 ECDS Operating Energy The blower electrlcal energy con-

sumption is measured by a wattmeter with an output of 0.25 kW/V Hence

the equation for thermal energy introduced into the system by the.blower is:

J(n)

- 3413 X 4 |
Q02 = 5= :E: §P101(j) Btu/hr .

The daily summary of ECDS operating energy is:

J(N)
_ 3413 x4 X H.
Q123 = O :E: EP101(j) Btu.ﬂ

j=1

The constant, 4, convertsithe linear output of the wattmeter from

volts to kilowatts.

-5.1.2.5 Total Solar Energy Utilized - The solar energy used

is that which is injected into the dryer house and measured relatiﬁéjto

the air conditions entering the collector. Since there is not a tempera-
ture measurement of the solar-heated air at the dryer house, the tempera-
ture at the. exit of the SCDS must be estimated based on extrapolations from

measurements of air temperature at upstream locations in the duct.

" The duct, which is immersed in ambient air, behaves as a heat
exchanger in which one medium is at constant temperature.' Thus the
air temperature varies according to the exponential relationship. The

equations for this extrapolarion .are:

K = —L_ g, TL02 - TOOL

X103 T103 - TOOl

and the temperature at the dryer house is extrapolated to be:

TI04 = TOOL + (T102 - TOOl) exp (-X104 * K)

5-.11
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The solar heat injected into the dryer house 'is therefore:

Q203 = 7= . WL00(3) x CL04(J) XTDL04(3) Btu/hr .

where
WlOO(j)n;;tfair flow rate, 1b/hr »
Cl04(j) - specific heat of air at temperature TA104(j):, Btu/1lb-°F
TA104(j) = [T104(j) ; TlOZ(J) + 460 3 k. e Lo
TD104(j) = TLl04(j) - TL00(j) °F .
X103 = 152 ft
x104 < 222 £t B

The daily summary -of total solar-energy.utilized is:

. Q233 = Ty ,;Z% W100(j) * Cl04(j) x TD104(j) Btu .-

5.1.2.6 Fossil Energy Saved - The fossil energy saved is computed
for the daily summary only. It is the fuel oil equivalent cf:the solar

energy utilized. ' Hence: v
L Q233 - . h s
ve) x TRy 84

Q243 =

where _
HVF -~ heating value of No. 5 fuel dil-(élag;QOO), Btu/gal
NHTF - thermal efficiancy of fossil cnmhu@tors ( N.99).

5 1.2.7 Transport Sub;ystem Heat Loss - The transport subsystem

heat loss is the difference between the energy collected and the energy

“at the dryer house. Hence:

‘ 5 12
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Q103 = Q100 A; - Q203 Btu/hr .
The daily summary of transport subsystem heat loss is:
Q133 = Q180 - Q233 Btu.

5.1.2.8 'ECDS Coefficient of Performance - Energy conversion

equipment uses electrical energy or thermal‘energy to raise heat from a
low-temperature source to a higher-temperature sink. It is rated by the .
ratio of useful heat transferred to the energy input. Thus the coeffi-

cient of performance is:

_ Q203 _ o i
N0 = o5 - .

PO v

5.1.2.9 ECDS Conversion Efficiency - The ratio of total solar

energy actually used to the total solar energy incident on the collector
array is termed the solar enbeySCemjconversion efficiency and is a '
measure of the ability of the system to convert incident radiation into-

useful thernal energy. The ECDS‘conversion efficiency is calculated by:
100 x Q203
N111 Ac X.QOO1 .

5 1.2, 10 ECDS Utilization Efficiency,- The ratio of total solar

energy actually used to the solar energy collected is termed the utiliza-
tion efficiency and is a measure of the ability of the system to utilize
collected energy. - The ECDS utilization efficiency is calculated by.

N1y - 100 x Q03
" Ae X QLOO

5.1.2. ll Solar Fraction of Energy Consumed = The fraction of

solar energy consumed by the drying process is:

- IOO'X'QZOB

5-13
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5.1.3 Conventional Grain nging,System

5 1.3.1 Fossil Ene_gy for Auxilia;z,— The fossil energy used for

drying will be accurately measured by flowmeters to be installed at a later
date. The relationship for computing the. energy added 1is

: ' J(n)
Q410 = 293%5§Y%. ‘jéa | F4OL(3) + F402($) + F403()) Beu/hr .

Since the flowmeters are not yet installed, fossil energy used must be
approximated from the energy in the air flow. This estimate is an
approximation only because measurements and accurate data are lacking on
combustion efficiency, heat loss in dryer hot air plenum, blower electri-
cal energy*, and most importantly, ait.flow rate. Hence, for the time

being:
Q410 = Q402 - Q203 - Q102 Btu/hr .
5.1.3.2 Dryer Load - The dryer load is determined indirectly

from the temperature in the dryer hot air plenum and an estimate of the

" dryer standard air flow rate. Thus:

3 1
Wl = Ty jé: ;.08 x 150,000 X TD601(J)
o J(n) '
Q2 = ) ;é% ~1.08 x:1507,000 x TD602(j)
U Lt X
W3 = T 1.08 x 150,000 x TD603(J)

=1

Q402 = Q41 + Q42 + Q43 RBtu/hr

*Blowers in the grain dryer house.
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where

TD60L(j) = Tsol(j)'- TOOlﬁj) °F

and so on for 602 and 603.

The daily summary of dryer load is

, g @ . o
Q41D = —x== 3, 1.08 x 150,000 X TD601(3)"
NI T
S ) ;é% 1.08 x 150,000 x TD6OL(3)
: () ) S
Q43D = —hv ) 1.08 x 150,000 x TD602(3)
SO
= Q41D + Q42D + Q43D Btu .

Q432

5.1.4 Special Parameters

5.1.4.1 Air Mass Flow Rate - The equation used to compute.air

mass flow rate is

W100(3) 73.65 V102(j) .

This equation was derived in Section 2.:2:2. .

5.1.4.2 Specific Heat of Air - The specific heat of air is based.
on a polynomial relationship provided by Obert and Gaggioli* For éthple:

6.713 + 0.4697(10 %) (TA100) + 1.147(107%)(TA100)% - 0. 4696(10")(TA100)3

C100 = 78.967

where

wljwn

K

TAL00 = [leOO > 1oz 460]

*E. F. Obert and R. A. Gaggioli, "Thermodynamics", Second Edition;lMéGraw
Hill Book Company, New York, 1963 :
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The equation is valid within a range of 273 to 1,800 K with a maximum
error of 0.72%. " '

5.2. DESCRIPTION OF COMPUTER PROGRAMS

In the computer program used to evaluate the equations described
in the previous section (5.1), the user 1nputs the data that were. col-
1ected and punched on cards, as described in Section 2.2+ The, program.
allows the user to choose the type of output report he desires, or the
program automatically chooses the necessary type‘of report using the
date or time. Within the program, datawanalyses_ane perforned.and averages
or percentages arefcalculatedAas_described in.Section 5.1. ,The“follouing

subsections describe in greater detail the inputs; processing,?and outputs.
5.2.1 Inputs

The inputs necessar§ for'the program to be;executed are numbers
to identify the input and output ‘files, a number to describe the type or
types of reports de51red and the data cards that contain the instrumented
data from the data logger. Numbers must be input to specify the FORTRAN
units from which input data.files will be read and the FORTRAN units onto
which output‘data files will be written. These.four'external input and
output files are described in Table 2-8. and the FORTRAN unit numbers that
are input are described in Table 5-4, GRP1l. Defining the number that
signifies the type of report is the input variable IBUF. Three numbers
describe the type of report. A "1" signifies that hourly and daily
reports are to be printed if the date of any data sample is the first

'day of the month of the first day of the year. A "2" read into IBUG
signifies that a monthly report is to be printed, and a "3" read into
IBUF signifies that a yearly report is to be printed. IBUF is described
in Table 5-4, GRP2. Up' to 10'ya1ues for IBUF may be input at one time
so that‘multiple executions of the program may be made. There are three
data cards for each data sample for the test equipment. These inputs

- are described in Table 5-4, GRP3.

5-16
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TABLE 5-4. SOLAR SOYBEAN DRYER EVALUATION PROGRAM,FORTRAN INPUTS
?l’:)' PARAMETER NAME MNEMONIC VALUES * UNITS/VALUE EMEANING
1 | MONTHLY INPUT FILE. “IFILE 8 or 9* INTEGER FOR FORTRAN DISC UNIT -
1 | MONTHLY QUTPUT FILE OFILE 8 or 9* INTEGER FOR FORTRAN DISC UNIT
1 | YEARLY INPUT FILE CIYFILE 10 or 1* INTEGER FOR FORTRAN DISC UNIT °
1| YEARLY QUTPUT FILE . OYFILE 10 0or M1* | INTEGER FOR FORTRAN DISC UNIT
2 | REPORT-NUMBER IBUF 1t3 1 - MONTHLY AND YEARLY REPORTS
o MILL BE PRINTED IF A SAMPLE'S
- . DATE SIGNIFIES BEGINNING OF
MONTH OR YEAR. OTHERWISE, |
HOURLY AND DAILY REPORTS WILL
T BE PRINTED. '
2 - MONTHLY REPORT WILL BE PRINTEp. .
3,- YEARLY REPORT WILL BE PRINTE
]3| TotAL souar InCTOENT 1003 0to N My
‘3| COLLECTOR INPUT AIR TEMPERATURE - 1100 “|-10 to M0 °F
3 | COLLECTOR QUTPUT AIR TEMPERATURE 102 -10 to 300 °F
3-.| BLOWER POWER EP10) ' VOLTS °
3 .| TEMPERATURE IN DUCT 1103 -10 to 200 °f ‘
* These file numbers are‘ switched from run .
to run so that the output from one run
becomes the input for the next run.
DAYE 6/12/78 1D SEC
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TABLE 5-4 - Concluded

(:::)P PARAMETER NAME MNEMONIC VALUES UNITS/VALUE MEANING
3 | AMBIENT AIR TEMPERATURE T001 0 te 110 °F

3 TEMPERATURE [N DRYER NO: 1 7601 °f

3 | TEMPERATURE IN DRYER NO. 2 1602 0 te 200 °f

3 | TEMPERATURE IN DRYER NO. 3 1603 -10 to 200 F

3 | FUEL FLOW TO DRYER NO. 4 F40 :

3 | FUEL FLOW TO DRYER NO. 4 F402

3 | FUEL FLOW TO DRYER NO. 4 F402

3 | TEMPERATURE DIFFERENCE ACROSS ARRAY 9104

3 | RELATIVE wmioIY - ' RHODA . 0 to 100 3

3 | AIR FLOM VELOCITY V102 ‘900 to 2500 | woTs - :

LR
1D SEC PAGE
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5.2.2 - Processing .

‘ Prog'ran; w}éri_aBJ.es_ are caIcula;ed using program constants 'and )
input data.” These program;variables“ére‘then used to calculate the out-
pﬁts as described in'Section 5.1. Outputs are then sﬁmmed and averaged
if necessary. The caiculations, summing, and averaging are done in fhree
separate steps. In:some cases where the output data are a percentage, no

- summing or averaging occurs.

For example, the mathematical equation used to express Q100 (solar

energy collected) is:

1 O, i@
QloQ"')_"collector area No. samples ;24 Qeo11 (3)

where j(n) is number of samples.

This equation in the computer is accomplished in the following

steps:
1. Q00 = Qcéll(j) =: W100(j) x Cl00(j) x TD100(j)
2. Sum-of Q00 = sum of QL0 + QLOO

3. Q100 = (i/colléctor‘area)(llNo; samples) (sum 6f 0100).

The sum:of Q100 1is inifialized‘to zero. Fot each sampie4in a
given timeframe (daily or hourly), the first and second steps are repeated.
At. the end of. the specified time,'the third step is performed to calculate
- Q100 for that period. The hburly and daily calculations are summed and
averaged separately‘so tﬁgl the daily calculations are not based on the
hourly calculations but on individual data samples. ‘

Monthly averages are based on daily averages. The sums of the
days' averages are stored on a disk file. This file is input to the’
program each time it 1s run. When'a daily average is made, the daily
average is added to the respective averége on the monthly file. When the
first day‘of a new month is. input,.the program averages theé sum of the

daily averages and produces a monthly average.
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Monthlyiayerages are stored on a disk file. When a new month's
average is calculated, the new month"s average is then added to the
monthly average file. When the first day of a'new’year is input,?this
file is read and the yearlyhayerage 1s calculated hased‘on the previous

monthly averages.

5.2.3 Output

There are four groups of outputs.' These groups consist of hourly,
defined in Table 5-5, GRP1; daily, defined ir Table 5- 5, GPR2 monthly,
defined in Table 5-5, GRP3; and yearly, defined in Table -5-5, GRP&

Five types of reports are provided as required. hourly, daily,
daily summary, monthly, and yearly. The hourly report gives a table of
all the outputs for each hour. Outputs are given in both SI units and
British engineering units if applicable. At. the end of each 24-hour
period, a daily report is printed - that summarizes the daily outputs for
that period. The daily summary report includes outputs for each day in
tabular form. At the end of each month a monthly report is written, and

at the end of each year a yearly. report is written.

There are four pages in each hourly report. An example of the
hourly report is. shown in Figure 5-5. The daily report provides the param-
eters calculated for a 24-hour period from 0100 to 2400 hours. The
example daily report is shown in Figure 5-6. The monthly reports:and the
yearly reports will contain the same information as the daily report
(Figure 5-6). ‘
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TABLE 5-5. 'SOLAR SOYBEAN DRYER EVALUATION PROGRAM, OUTPUTS

(:l'(‘; " PARAMETER NAME MEWNIC VALUES UNITS/VALUE MEANING
V| TOTAL SOLAR INCIDENT. © QOOIHA WATTS/m2 (Btu/hr/ft2)
1 | SOLAR ENERGY COLLECTED QIO0HA WATTS/m2 (Btu/hr/ft)
1 | ECDS OPERATING ENERGY QlozﬁA WATTS . (Btu/hr)
1 | COLLECTOR TRANSPORT HEAT LOSS - Q103HA WATTS  (Btu/hr)
1 | ToraL soLar eneray uriLIZED Q203HA WATTS  (Btu/hr)
1 | INSTANTANEOUS COLLECTOR EFFICIENCY NIOTHA % (%)
v | coLiecror paneL EFFIcIEncy FACTOR - N102HA % (%) Jo
1 | ECDS COEFFICIENT OF PERFORMANCE NVIOHA 3 (%) o
1| Ecos cowversion EFFICIENCY - NI THA £ @) i
1 | Ecds uTILIZATION EFFICIENCY N112HA $. - i?)
1 | DRYER LoMD Q402HA WATTS  (Btu/hr) 1
'} | FOSSIL ENERGY FOR AUXILIARY Qa10HA WATTS  (Btu/hr)
1| AVERAGE AMBIENT 0.B. TEMPERATURE NY13HA °C. 7 (°F) -
1 | ECDS COEFFICIENT OF PERFORMANCE NAT0HA . (%)
ISSUE . DATE 10 SEC PAGE
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TABLE 5-5 - Continued

fene

NO. ‘ ~ . ‘PARAMETER NAME FORMAT "'MNEMONIC VALUES ~  UNITS/VALUE MEANING
2] TOTAL'SOLAR INCIDENT £12.5 Q0310 JOULES/m? “BRITISH ENGINEERING
2 | - TOTAL SOLAR INCIDENT 612.5° .| -qosioA JOULES  (BTU)
2 | SOLAR ENERGY COLLECTED £12.5 Q180DA JOULES  (BTU) .
2 | . souar Enerey coLLECTED £12.5 Q13007 JOULES/m2 (BTU/FT2) .
2 | Ecos OPERATING ENERGY £12.5 Q13204 JOULES  (BTU)
2 | COLLECTOR TRANSPORT HEAT 10SS  E12.5 Q13208 JOULES  (BTU)
2 | TOTAL SOLAR ENERGY UTILIZED £12.5 Q2330A _ JOULES  (BTU)
2 | FOSSIL ENERGY SAVED £12.5 Q243DA JOULES  (BTU)
2 | COLLECTOR EFFICIENCY £12.5 JOULES  (BTU)
2 | ODRYER LOAD £12.5 Q4320A JOULES  (BTU)
2 | FOSSIL ENERGY FOR AUXILIARY £12.5 - | . Q4500 JOULES  (BTU)
2 | SOLAR FRACTION OF ENERGY i
CONSUHED £12.5 N441DA 1 (z)
2 | AVERAGE AUBIENT D.B. TEMPERATURE E12.5 N1130A °c (°F)
2 | COLLECTOR PANEL EFFICIENCY
FACTOR £12.5 N1320A oCm?/WATYS (°F FT2 HR/BTU)

ISSUE DATE
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Table

5-5 - Continued

GRP

NO. PARAMETER NAME MNEMONIC . VALUES UNITS/VALUE MEANING
3| ToTAL soLAR INCIDENT Q08IMA JOULES (Btu)

3| vora souar mcioent Q03IMA JOULES/m?  (Btu/ft2)
3| SOLAR ENERGY COLLECTED e JOULES (Btu)

3| SOLAR ENERGY COLLECTED Q13aMA JOULES (Btu)

3 | ECDS OPERATING ENERGY Qi32MA JOULES (Btu)

3| COLLECTOR TRANSPORT HEAT LOSS Qam JOULES (Btu)
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6. REPORTING

Reporting of technical, economic, and opéfational data will be
provided at monthly intervals. Some analysis and evaluation will be
pérformed for the monthly reports, and a complete evaluation, including

life-cycle cost, will be provided in the annual report.

6.1 TECHNICAL REPORT

The technical report will consist of computer-prepared performance
summaries, some.manually prepared analyses, and a month-by-month log of

important performance parameters,
The computer-prepared reports will cénsist of:

e Hourly summaries
e Daily summaries
e Monthly summaries
for the reporting month., The format for these summaries and a sample

copy are presented in Section 5.2.3.

" The manually prepared report will deal primarily with the presen-
tation of collector performance in familiar formats and with data that
are not readily extracted by computerized techniques. One of these is

discussed in the following paragraphs.

The performance of flat-plate collectors operating under steady-

state conditions can be described by the following equation:

%f = FR' [Ip (1@)q - UL (Tg - T,)]
where
Qu - rate of useful eﬁérgy extracted by the
collector
‘ Ac - collector aperture area
Fr - ratio of useful energy.coliected to

useful energy collected if the entire
collector surface were at the average
fluid temperature Tf

6-1
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T4 + Tf o .
Te = 55— .- Ta.

IT- - total incident solar radiation

(t)e =~ effective transmission absorptance product
' - of collector

UL, - heat transfer loss coefficient for the
: ‘collector

Tgi . = fluid'tem?eaa;ufeﬁentering:cellector
Tf,o " = fiuid temperagute leaving eollec?or
Ta ‘e - ambient‘temaeratufe.A |
Thus the insﬁaaeaneops‘(houfly)’effieiencyjis:

P Qn . : (Tf - Tq)
‘N101 ‘T iAQ;;T:= FR ‘(Ta?e - FR UL.“—_fEfff'

The solar grain drying system uses 100/ ambient air; therefore,

to a close approxlmation Tf i = Ta ~Now the average temperature becomes:

T A:::Tfia +'TE,G
and the telatieﬁshiﬁijf!iﬁsgaﬁtaaeouejefficieacf is'

P! UL (T£ - Ta) -
. “2.' . IT

NIU1 = Fg'- (w)e =

AIHe‘term_FR'(Ta)e is'relatea{ﬁefghe.bpticalAafopegtfes of the g;azihg
and hence te.sﬁrface7contamigatidﬁ.ofigina;ing from plant processes.
Each month the plots”presehte&~in Figure 6-1-will Be‘mAﬁﬁdlly prepared
Afor both: hodrly Suﬁﬁaries and daily summaries. Lihear curve fits to the
data will be developed by the ‘method ol least qquarca. - The Y intercept
point -of the linear relationship is the term F' (Ta)e, which w111 be
determined from the plots and tabulated monthly "

6-2
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HOURLY SUMMARIES DAILY SUMMARIES

FIGURE 6-1. EFFICIENCY VALUES FOR COLLECTOR ARRAY

To provide a convenient historical record of performance during
the entire evaluation phase, a . monthly: Performance Data Summary table
will be provided of important performance parameters. Figure 6-2

illustrates the proposed format.

System behavior and trends are sometimes more readily discerned
visually from plots than from tabulation. Hence several important parame-
ters will be plotted on a month-by-month basis and updated in each report
period. Some of these are: ‘

Q031 - Total Solar Incident
Q130" - Solar Energy Collected
Q233 - Total Solar Utilized"

Q243 -~ Fossil Energy Saved:
N131 - Efficiency.. )

Others will be presented if it is considered desirable.

6-3
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~ PERFORMANCE DATA SUMMARY

‘ . | JUN JUL'_AUG SEP | OCT~ NOV{ DEC | JAN | FEB | MAR | APR | MAY|
Q031 - Total Sotar Monthly |
Incident (Btu/ft2). CumuTative
Q180 - Solar Energy Monthly ‘
Collected. {Btu) = Cumulative |-
Q233 - Total Solar Monthly
Utitized (Btu) Cumulative
N131 - Collector Efficiency | onthly
: " . , Average -

N143 - AverégeﬁAmbient\ Nonthly

Dry Bulb Temperature (°F) Rverage
Y Intercept Point L Monthly

) Everage

FIGURE 6-2. PERFORMANCE DATA SUMMARY FORMAT




. 6.2  FINANCIAL REPORTING

Monthly reporting of the flnancial aspects of system operation

‘ will consist of data summarized from the instrumented and noninstrumented
data. The quantity and value of fuel saved and the cost of owning, main-
taining{ and operating the system will be reflected on the Financial Data
,Summar&, shown in Figure 6-3. These data are further summarized into a

monthiy Cash Flow Impact Summary, shown in Figure 6-4.°

At the conolusion on one year's operation,la life-cycle cost
snalysis will be conducted‘in accordance with the specific goidelines
provided in the Lawrence Livermore Laboratory report; ”Method of Economic
Analysis for Comparison of Solar Process Heat Systems', prepared by W. C.
Dickinson ‘and J. N. Shearer.

6-3
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FINANCIAL DATA SUMMARY

JUN

JuL

AUG

SEP

ocT

NOV

DEC

JAN

FEB

MAR

APR

MAY

FOSSIL FUEL SAVED

gal

$/9al

$

COSTS

CLEANING

hr

Avg $/hr

Labor Cost

Material

Total

MAINTENANCE

* OTHER

hr

Avg $/hr

Labor Cost

Material

Parts

Total

TOTAL MAINTENANCE

PROPERTY TAXES -
INSURANCE

ENERGY

kWh Used

$/kwWh

Cost

TOTAL COST

-

FIGURE .6-3.  FINANCIAL DATA SUMMARY
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FIGURE 6-4. CASH FLOW IMPACT SUMMARY
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APPENDIX B. TBE SPECIAL TASK REPORT
CLEANING SYSTEM FOR SOLAR PANEL GLAZING
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'SPECIAL TASK REPORT
SD78-DOE-2276

SPECIAL TASK REPORT FOR CONCEPTUAL DESIGN bF AUTOMATIC CLEANING
SYSTEM FOR SOLAR PANEL GLAZING-SOLAR DRYING OF SOYBEANS

October 31, 1978

Prepared For

U.S. DEPARTMENT OF ENERGY

Contract No. EY~76-C~05-5122
(Mod. A003), Task No. 4

Prepared By
-SYSTEMS DIVISION

TELEDYNE BROWN ENGINEERING
HUNTSVILLE, ALABAMA
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ABSTRACT

. During the installationKandfcneckout'portion of the Department of
Energy's prognam on the Application.of Solar Energy to Industrial Drying
of-Soybeans, it became evident that a significant solar panel cleaning
problem existed. The problem stems from soybean oil droplets and
pafticles in the environment of the plant site. A conceptual design has

been prepared for an automatic cleaning system for the solar panels.

Investigations into the nature of the contaminant revealed that
the soybean oil polymerizes with extended exposure to ultraviolet rays.
This polymerization is accelerated by the presence of ozone. It was con-
cluded that the most practical method of panel cleaning would involve

daily removal of deposits before significant polymerization could occur.

Several cleaning system concepts were studied. An oscillating
spray bar promised the optimum cleaning action/initial investment ratio.
A 48-ft-long prototype of this type was constructed and a test program
initiated. This test program will continue throughout Phase III. To
date, the prototype has operated daily without incident and has performed
a credible cleaning job. '

A preliminary design of a control system is presented. This

system is completely automatic and incorporates freeze protection.

Excluding final design costa_the cleaning system cost will be
between $1.00 and $1.59/ft2;'depen3ing on whether Gold Kist labor is
used. The economic improvement in system operation is anticipated to be
$2,790 annually. This includes the reduction in labor now used for

manual cleaning and a 15% estimated.performance improvement.

Recommendations include continuation of testing on the prototype
and a final design—and-build program with emphasis on using Gold Kist

labor to a maximum extent.

Program Manager ..~ R.A Rieth

‘Vice President
Systems Division

APPROVED:
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1. INTRODUCTION =

1.1 BACKGROUND AND OBJECTIVES

A major objective of the Depaftment of Energy's (DOE's) Induatfial
Processing Heat Program is to verify and evaluate the technical and opera-
tional performance of solar thermal-energy systems for proceSS'drying.

For this purpose, a demonstration system using air cdlieétoré has been

constructed at thé Gold Kist Soj plént in'Decatﬁr, Alabama. The system
1s designed to temper the combustion air‘of‘éonVentionaI‘drYers used to
dry soybeané prior to sﬁorage,énd as ‘a"first step in the ektrac;ion

process.

Construction of the solar facility and data acquisition have been .
completed and operatiqnal.status has been achieved. The system will be
operated and maintained for liyéar:bf Gold Kist as a part of its.d;ying.w
operations. Operational and technical dataAwill be acquired, anélyzed,
evaluated, and reported by Teledyne Brown Engineering (TBE).

- The environmental conditions at Gold Kist have presented a
significant problem in main%aining clean glazings on the collectors. As
a result, DOE has authorized a task to perform a conceptual design of a
cleaning system for the soiar array. This report, prepafed undef Contract’ .
' No. EY—76-C—05-5122; presents the;resﬁits of this conceptual design
effort. | o

|

1.2 SUMMARY

This report'encompasses a definition of the cleaning problem,
conceptual approaches to automated cleaning systems, results of a protd-
type cleaning system test, and recommendations for the design of a full-

scale automatic cleaning system.

1-1
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2. PROBLEM DEFINITION

2.1  .SOLAR ARRAY DESCRIPTION

The solar array in the Gold Kist project consists of 672 single,'
glazed Solaron collectors. The arrangement of the llA.Siby-i44-§t afray'
is shown. in Figure 2-1. The enﬁire array is tilted 15 deg from horizontal
and is supported on a steél structure. The low end of the array is]lé.ijt

from ground elevation.

There are seven double rows of collectofs, with each double:fow.
‘containing 96 collectors. A walkway and handrail are provided at the -

bottom and between every other double row.

2.2 NATURE OF CONTAMINATION

ASamples of the contaminated glazings have been examinéd<by ﬁgrsonf
nel in the Chemistry Department at the University of Alabama in ﬂﬁn;éville
(UAH) to determine their nature and to obtain recommendations fb:'cleanihg
solutions. UAH has determined that the contamination begins as a coating
of soybean oil settling on the glazing. .This 0il polymerizes wﬁgp exposed
to ultraviolet'and'oiqne and hardens very much; like ;-varnish. Dﬁriﬁg the
process, sbybean husks and flakes are deposited on and then bqnde& to the

“surface by the partially polymerized soybean oil.

2.3  CURRENT CLEANING TECHNIQUES

The current cleaning technique requifes three men working 6 héurs
to clean the entire array. The first man uses a hand wahd.to éppiy a .
'detergent solution (concentrated carwash solution) under 6606psi pressufe.
This is followed';mmediately with scrubbing using a long handled'brpsh. '

The third man uses a hose to apply rinse water.

This cleaning process is accomplished on approximatély éi4d-day_

schedule. . From the performance data obtained through August 1978,Fthe
efficiency improvement following cleaning is approximately 10.to,l5%'

2-1
B-113



‘blLce

-2

115 ft6in.

SR

WALKWAY (TYPICALI]

144 ft

FIGURE 2-1. SOLAR ARRAY ARRANGEMENT




‘(Figure 2-2). Plans are underway to perform comparison testing of con-

taminated versus clean glszings. These tests will be performed by UAH.

Results. will be included in the monthly progress report following test
A completion. ' ' ‘

- The cost of the current cleaning technique is approximately
$l 800 annually including labor snd mgterials. '
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3. CLEANING SYSTEM CRITERIA

The objective.of-the'cleaning system design is to minimize recur-

ring panel cleaning,costs while.meeting an acceptable compromise between

capital cost,}reliability;4degrnded performance, and maintainability. To

meet this objective,'the cleaning system must incorporate the following

features:
°

Minimum shading by the cleaning mechanism

Automatic control system to cycle the cleaning action
with a frequency sufficient to prevent excessive poly-

merization and deposit
ﬁFreeze'protection'““;”;w
- Minimum moving parte and adjustment or alignment

"Minimum consumption of wetet, detergent and electricity.

Since the optimum cleaning frequency and detergent concentration

requirements must be determined over-a 1ong period of operation, these

'.functions should have a wide latitpde for experimentation.
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4. DESIGN CONCEPTS CONSIDERED

Using the criteria presented-in~Section 3; TBE'étudied several
cleaning system concepts. During these studies, cleaning equipment
vendérs and specialists were contacted in an effort to establish a data
base to use in evaluating various concepts. Because of the unique nature
of the contaminant and the physical layout and size of the solar array,
Ano significant data base was established. As a result, tﬁe evaluafion of
each concept had to be subjected and an a relative basis rather than

absolute.

Figure 4-1 presents a sketch and comparison of the major cleaning

concepts considered. A brief discussion of each follows.

4.1 FIXED SPRAY (FLOOD)

This system is simply a fixed piping syétem that directs a spray
" at the upper edge of each collector row. Because of its attfactive low

cost and simplicity, a simple prototype was constructed. -The performance
was poor because of splittiﬂglof the flooding into small streams, result-

ing in dfy areas.

4.2 OSCILLATING SPRAY

This system incorporates a pipe (with a row of small orifices)
supported a few feet over the collector and an actuator to provide rota-
tion.. This system appeared to be the most promising of all concepts
studied. Therefore, two prototypes were constructed and tested. A
detailed description of this system and the test results are preéented

in Sections 5 and 6.

4.3  MOVING SQUEEGY WITH SPRAY

This system éonsists of a‘fleiiﬁle squeegy and spray bar that
translate the length of é‘collector. The. effectiveness of this type of
system was considered gdqd because of the mechanical action of the
squeegy. However, it was ‘considered impractical because of the cbmplexity

-and consequent poor reliabiiity.

4-1"
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CONCEPT

PROBABLE CLEANING
EFFECTIVENESS

RELATIVE. COST

HAINTENANCE -
. REQUIREMENTS

‘.| POOR - -DIRECT IMPINGE- -~

FIXED SPRAY (FLOOD)

) FLOODING STREAMS ]
SPLIT AS. WATER: PROGRESSES |

MERT AT UPPER EDGE ONLY.

OVER GLAZING, LEAVING DRY
AREAS.

'VERY.LOW - SIMPLE FIXED.
PIPTIG § -

YSTEM

VERY.LOW - NO MOVING
PARTS

,&"’-‘;\_
’ .

OSCILLATING SPRAY

| RENT AND FLOODING

-

GOOD - DIRECT IMPINGE-

ALONG FULL LENGTH OF
GLAZING

PARTS

LOK - MINIMAL MOVING

LON - FEN SLON MOVING
PARTS. NO CRITICAL
ALIGRMENT REQUIRED

MOVING SQUEEGY WITH SPRAY

GOOD: -- DIRECT IMPINGE-
FENT AND SQUEEGY ACTION
ALONG FULL LENGTH OF
GLAZING

HIGH - COMPLEX ROLLERS,
GUIDE RAILS AND DRIVE

MECHANISM

HIGH - NUMEROUS MOVING
PARTS; CRITICAL ALIGN-
MENT; SENSITIVE TO
FREEZING CONDITIONS ON
RAILS. SQUEEGY REPLACE-
MENT DUE-TO WEAR AND
BRITTLENESS. :

FIGURE 4-1. CLEANING CONCEPT COMPAF:!ISDN
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-
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MOVING SPRAY

GO0D - DIRECT-WATER
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" GLAZING SURFACE
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FLEXIBLE FEEDER TUBES
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HIGH - MOTION LIMIT
ADJUSTMENTS; CRITICAL
ALIGNMENT: FREEZING OF
WATER ON RAILS AND
MECHANISM

IMPROVED MANUAL
(LONG. SPRAY/BRUSH)

GO0D - BRUSH/SPRAY

| RCTION OVER ENTIRE
| GLAZING SURFACE

LOW INITIAL COST -
SIMPLE FIXED PIPING - -
SYSTEM

HIGH LABOR COST -
REQUIRES APPROXIMATELY
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CLEANING

LOW - OCCASIONAL BRUSH
REPLACEMENT

¢

FIGURE 4-1- Concluded = -




4.4 ROTATING/MOVING BRUSH WITH SPRAY
This system bears a resemblance to equipment used in the carwash
industry.A It would certainly offer a better cleaning effectiveness than

all methods considered ‘However, the initial cost and maintenance

penalties were too severe for further serious consideration.

4.5 MOVING SPRAY

This system consists of a spray bar that translates the length of
the collector 8 4 offersrvery little performance improvement over the
oscillating spray and has the same disadvautage of the other eyctems

incorporating translation.

4.6  IMPROVED MANUAL METHOD

lhe current manual cleaning technidue involves a separate spray
and brnshing operation. A high-flow, long-handled, spray/brush was found
in the market survef. This method offers the sameucleaning‘effectiveness
as the method now employed and the initial cost is low. However, it is a
estimated that it would take 12 to 14 man-hours _per cleaning as compared
to the 18 man-hours now required. As a result,_the concept was not. given

further consideration.
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5. PROTOTYPE SYSTEMS

A Before‘finél'selection of i concept, two test setups weie made
and"a prototype cleaning’é§sten was constructed and tested. One test -
setup was used to examine the effectiveness of the fixed spaybar concept:
The other test setup and’ prototype were used 'tc detérmine the effective-

ness of the oscillating spray concept.

5.1.~ . FIXED SPRAY TEST SETUP

" The low initial cost and reliabiiity of this concept prompted
the construction of the test setup’ shown in Figure '5-1. The testing of -
this system revealed.good cleaning effectiveness’dnly in the area of-
direct water impingement. Below this area, the water formed a random

pattern and offered no cleaning effectiveness.

i B ol

5.2 OSCILLATING SPRAY TEST SETUP .

A sinple test setup using éniinVertEH standard lawn. snrinkler
was installed to verlfy the cleaning effectiveness of the- oscillating
Aspray concept.v This setup 1s’ shown in Figures 5-2 and 5-3. ' This System
was installed on August‘4 and tésted until” August 31, The' ‘system’ was
operated once in the morning and once in the late afterndon. ' Each éycle
consisted of 1 min of cleaning with detergent injection and 1 min of
rinse. This system incorporated an inexpensive syphon-type soap injector
with no accurate method of determining concentration. The system covered

four panels and had a flow rate of approximately 5 gpm (0.063 gpm/ft?).

Although no'specific performance testing was performed, the
cleaning effectiveness appeared excellent. As a result, it was decided
to prepare a more elaborate system incorporating controlled soap injec-
tion and various holevspacings and sizes to determine the best combina-

tions of each of these variables.

5-1
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5.3 OSCILLATING SPRAY PROTOTYPE

A 48-ft-long oscillating spray prototype has been installed and
partially tested. The testing of this system in continuing. Figures 5-4

and 5-5 present an overall view and photograph of the system.

5.3.1 Prototype System Design

The basic design criteria used in this system were as follows:

® Several test sections to evaluate different hole
spacings and diameters

® An actuator with an adjustable stroke
e An accurate, variable soap feed system

e Sufficient line sizing to provide at least 65-psi
pressure at a delivery rate of 25 gpm

e Manual control system without freeze protection
e Expandable to a full-scale system
e Minimum system cost.

The prototype system that was designed is a 48-ft oscillating
spray bar. The system covers 32 collectors (16 pairs). A discussion of

the design follows.

To ensure adequate délivery and to incorporate sufficient
structural rigidity, a 0.75-in, type K, rigid copper pipe was chosen as
the spray bar. Through experimentation, it was determined that this
pipe required support at least every 12 ft. This led to the four-section,
48-ft spray bar shown in Figure 5-6. The spray bar is fed from both ends.
The various hole sizing and spacing will allow evaluation of these param-
eters through testing. These are critical parameters since they are
directly associated with the total water consumption required for each

cleaning.

Each spray bar support is made up of inexpensive, off-the-shelf

hardware. Figure 5-7 shows delails of the supports.

5-5
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The actuator assembly is shown in the drawing and photograph of
Figure 5-8. The motor is a standard 2-rpm, 25-in.-1b gearmotor. For
rigidity, a cast aluminum box was chosen to house the motor. The linkage
system consists of crank arms and a push rod that are standard in the

heating, ventillation, and air conditioning industry.

The detergent injection system (Figure 5-9) was chosen to provide
a variable injection rate of various chemicals. It is located in the
supply line immediately upstream of the first spray tube supply feeder.
This system is capable of injecting 0.008 gpm of detergent at a line

pressure of 70 psig.

5.3.2 Prototype System Testing

To have a realistic test, all panels should be thoroughly cleaned
initially. The prototype became operational (with the exception of the
soap injector) on August 31, at the midpoint of a routine manual cleaning
cycle. However, it was operated for 2 min. twice daily until the next
scheduled panel cleaning. The accumulation of contamination at startup
was heavy and its effectiveness was difficult to evaluate during this

preliminary test phase.

The entire array was cleaned on September 20, at which time a
test program was started without the use of a detergent. Figure 5-10
presents a comparison of panels with and without daily rinsing with the
prototype cleaning system. This comparison is more vivid in the overall

view shown in Figure 5-11.

After approximately 2 weeks of testing a number of the orifices
were plugged by debris. It is suspected that this debris came from a
repair operation by Gold Kist on a nearby water main. It does establish

the need for a filter in the final design system.

It is still too early in testing to properly evaluate the effects
of different detergents and concentrations. This testing will continue
beyond this writing until freezing conditions dictate draining. Results
of this further testing will be contained in monthly and quarterly con-

tract status reports.
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FIGURE 5-9. DETERGENT INJECTION SYSTEM
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a. PANELS WITHOUT PROTOTYPE CLEANING SYSTEM

b. PANELS WITH PROTOTYPE CLEANING SYSTEM

FIGURE 5-10. COMPARISON OF PANELS
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FIGURE 5-11. CLEANING SYSTEM EFFECTIVENESS
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6. SYSTEM DESIGN CONCEPT

6.1 SPRAY BAR ARRANGEMENT

The spray bar syetem is conceived as being 21 modules, 48 ft
long. Each module would be similar to the prototype described in
Section 5. The support system will require some modification to accom-
modate the intersection-of each module. A design concept of this

modification is shown in Figure 6-1.

As in the prototype, standard materials may be used throughout
the spray bar system. The actuator assemblies are conceived as being

identical to the prototype, requiring one per module.

Each module is fed from both ends. This ensures maximum delivery

pressure for good water impingement cleaning action.

Although not yet conclusive, testing to date indicates optimum
hole sizing to be 0.037 in., spaced at 4-in. intervals. This provides

a flow of 0.055 gpm/ft?. Therefore, flow of 34 gpm is anticipated.

6.2 PLUMBING

A study of oﬁtimum pipe size has resulted in the choice of
1-in. PVC main runs and 0.75-in. feeder runs. To minimize total flow,
éach module is isolated with a solenoid valve and will be operated in

series by an automatic.control system,

Figure 6—2fpresents a layout of the typical plumbing proposed.
Careful design and installation will be necessary to ensure proper

gravity draining for freeze protection.

6.3 DETERGENT INJECTION

The detergent injection system used in the prototype'is suf-
ficient for use in the full-scale system since only one module will be

» operated at any one time.

6-1
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6.4 CONTROL SYSTEM

‘The control system will manipulate the system to apply a detergent
solution to. each module for a duration of 1 min. each. With 21 modules,
this will allow a 20-min. "soak'" with the detergent solution. The soap
injector would then be turned off and a 1 mi@. rinse applied to each

module.

The control logic, shown in Figure 6-3, also provides for freeze
protection. If, at the end of each rinse cycle, the temperature is below
33°F, the main water supply valve is positioned to "drain" and all control

valves are positioned to "on" to allow the system to drain..

' The system will be designed to use ré;ay logic, a time clock,‘
and a thermostat. System packaging will ddnsist of a power panel and
a control panel housing’ the relays and the time‘clock. A block diagram

of the control system is presented in Figure 6-4.

6.5 'SYSTEM LAYOUT

For weather protection, the control system, main water valve,
and soap injector will be located in the building adjacent to the solar
array. This location has the necessary water and power requirements and

offers full-time freeze protection for ‘this part of qhé system.
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FIGURE '6-3. CONTROL LOGIC
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1. SY'STEM BUDGETARY COST

for the full-scale cleaning system.

ing documentation.

Based on experience gained during the fabrication and installation
of the prototype cleaning system, a budgetary eétimate'has been prepared
The results of this estimate are

in Table 7-1. Engineering estimates shown are based on ninimum éngineer—A

TABLE 7-1. BUDGETARY COST ESTIMATE -

ENGINEERING

Mechanical

E]ectrica1/E1gctrbnic‘j

$5,000 -

5,000

R

FABRICATION LABOR- - -
Meéﬁénica]

Electronic

MATERIAL

Mechanicé] i
Electrical/Electronic

INSTALLATION

" Mechanical o
~ Electrical/Electronic

$3,700
2,600

$5,400

1,500 -

$5,500

2,200

. TOTAL

o
. B-145. -

$10,000

~$ 6,300

$ 6,900

$ 7,700
$30,900

It should be noted that the mechanical fabrication and installa-
tion could be accomplished by Gold Kist personnel at significant sévings.'



Based on a715%_overall perfqrmance improvement? the cleaning

system would inérease annual fuel savings by $992 (based on June -

August 1978 data). The manual cleaning cost, based on the first three
months of operation, is projected to be $1,800 per year. The combination
of these.two is an eétimated $2,792 annual economic improvement, assuming
approximately equal quantities of water and détergent are consumed by

either method of cleaning.
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8.1

. study:

8.2

study:

8. CONCLUSIONS AND RECOMMENDATIONS

CONCLUSIONS

?hevfol}oying ?éng}uai°g§‘are.drawn from this cbnceppual:dgéign‘

e For this application, no translation or direct
mechanical cleaning action is practical.

e Good cleaning action results from a direct water/
detergent impingement on the face of collector
glazings. :

e The mechanical portions of such é system can be con-
structed using standard off-the-shelf hardware.

e An accurate economic assessment of an automatic
cleaning system can be made only after specific
performance testing on identical collectors in the
contaminated condition and then in the cleaned
condition.

RECOMMENDAT IONS

The following recommendations are offered as a result of this

e Testing of the prototype system should continue (except -
during freezing weather) to determine the optimum clean-
ing agent and concentration and the best nozzle size
and spacing.

e Tests should be performed to accurately determine the
performance degradation as a result of the contamination.

e Based on results'of the above, it is recommended that

the system be designed and constructed in the following
manner:

A Design - TBE
A Fabrication

- Control System - TBE
- Mechanical - Gold Kist

8-1
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A Installation

- Control System - TBE
- Mechanical -~ Gold Kist
- Electrical - Gold Kist.
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ABSTRACT

As part of DOE's Industrial Process Heat Program, a demonstration
solar collection system has been constructed at the Gold Kist soybean
plant in Decatur, Alabama, to augment the fuel used in the soybean drying
process. Even before construction was complete,. it was apparent that
‘contamination of the collector by plant emissioné would sé@erely degrade
performance. As a result, DOE authorized this study to identify emission
sources and potentially suitable suppression techniques. This study

was conducted jointly by Teledyne Brown Engineering and Gold Kist, Inc.

A survey identified 11 sources of emissions. Permits exist for
all identified sources. Also, all suppression devices were found to be
operating within permit specificaﬁions. The source(s) of the oily

material was not identified and needs a more detailed investigation.

Basic types of emission abatement equipment are compared. Speci-
ficially, bag filters and high and 1ow-effi;iency cyclone type equipment -
are presented. The bag filtration systems were found to range up to
99% collection efficiencies at a cost of approximateiy $5/cfm, compared
with cyclone equipment, which ranges up to 95% efficient at an approxi-
mate cost of $4.25/cfm. V

Data on specific operations within the grain and soybean processing
| industry and their associated flow ranges are presented. Installed cost

ranges of equipment peculiar to each type of emission are also included,

PREPARED BY: R APPROVED BY:
4 X , ‘) s // ) . o .
Jog b | A S
G. R. Guinn K. H. McKechnie
Energy Program Manager

Systems Engineering Department
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1. INTRODUCTION

1.1 OBJECTIVES

A major objective of the Department of Energy's (DOE's) Industrial
Process Heat Program is to verify and evaluate the technical and opera-
tional performance of solar thermal energy systems for drying and dehydra-
tion. For this purpose, a demonstration solar c¢ollection system using
air collectors has been constructed at the Gold Kist: soy plant in Decatur,
Alabama. .The.system is designed to temper the combnstion air of:conven-
tional dryers used to dry soybeans'prior’tovstorage and as”a first step

in the o0il extraction process.

Even before construction 5k‘cﬁé"éoiaf erray was'complete; it was
apparent that contamination. of the collectors by particulate emissions .-
from the plant would severely degrade performance. Much oﬁ‘the early con-
tamination experienced during construction was subsequently eliminated by
the installation of a baghouse to the seed cleaner located on %ob of the
grain elevators. Although contamination had been significantly reduced,
it was still severe enough to warrant a study to‘identify emission sources
and potentially suitable suppression techniques. To accomplish these
objectives, DOE authorized the study reported'herein and prepared under
Contract No. EY-76-C-05-5122.

1.2 BACKGROUND

Dust presents an important environmental consideration that'must
be addressed for any process heat application of solar energy. It enters
into the design from two standpoints: 1) safety and 2) performance degra-
dation due to deposits on the glazing surfece. The safety hazard posed
by fine organic particulates suspended in air has been dramatically illus-
trated by the recent explosions and fires at grain elevators. The concern
for safety was a key consideration in the design of the Gold Kist solar
drying system and eventually ied tp the selection of a positivefpressure

air distribution system. Althougﬁ leakage of air potentially reduces the
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collection efficiency of such a system over a negative-pressure system,
it minimizes the possibility of dust ingestion into the collector and
transport system. It also facilitates the filtering of the incoming

air, which can be accomplished at a single location.

The effect of dust deposits on the flat plate collector glazing
enters into the design from three standpoints: 1) reduction in perform-
ance and hence reduced fossil fuel savings, 2) increased operating costs
resulting from panel cleaning labor and materials, and 3) incfeased invest-
ment cost attributed to panel cleaning or emission control equipment A
The potential for collector contamination exists in any application of i
solar energy to industrial processes because l) either the plant will
produce emissions that will contaminate the collocated solar collector,
as in the case at Gold Kist or 2) the plant will be located in an area of
industrial activity producing condensables and particulates. capable of '
contaminating collectors located at great distances ftom the point of dis-
charge. The effects of contamination cited above ptovide a clue to poten-
tial solution approaches: | L '

e Allow the collector to contaminate and thereby live with _
the reduced capability.

o Periodically clean the panels, thereby improving per-
formance but with increased maintenance costs.

* e Install automated techniques for panel cleaning or
‘ suppression devices at the point of emission (both
techniques increase vaplial costs and add some operat-
ing and maintenance costs).
In a previously reported task (Ref. 1), the feasibility of automated
cleaning systems has been examined. In this task, issues related to

emission control will be examined.
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2. 'PROCESSES-AND EMISSIONS

LThe'sources of air pollution‘in a soybean processing plant can'{
be grouped into three board categories: 1) soybean receiving,'handling,
and drying operations; 2) soybean processing operations; and 3) soybean
mealfloadout operations. Table 2-1 presents some of the more significant

potential sources in each category.

) Emission sources associated with grain receiving and handling
operations are similar to those involved in all grain handling storage'
operations " The grain cleaning and grain drying operations are the most
significant emission sources in this part of the soybean processing
facility. The particulate matter may ‘contain 60 to 90% organic material.
of the_inorganic matter, 3 to 20% may be free silicon (sand from entrained

‘dirt) Specific'materials in the particulate matter include particles of
grain kernels, spores of smut and molds, insect debris, and pollen and
dirt from the fields. Soybeans contain more dirt than corn, wheat, and
milo since they grow close to the ground and the harvester may scrape
up the earth as it cuts the plant off. As evidenced by the red color of
the deposit, it was dirt emitted from the seed cleaner that contributed

to the heavy accumulation. experienced before installation of the baghouse

In addition to the emissions typical of the grain elevator, the
Gold Kist plant is potentially capable of producing emissions from the
crushing and extraction processes. The major sources of emissions in the
soybean processing section of the plant“are tne product recovery systems
used on the dehulling equipment and the hull grinders and meal dryers and
coolers. These emissions add ‘to the severity of the problem because they
may contain condensables or aerosols that act as'a binder and provide
adhesion of particulates to collector surfaces. Thus particulates that
would normally be removed by wind or rain may be difficult to remove by

strong mechanical action in such a case.
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TABLE 2-1. POTENTIAL SOURCES OF AIR POLLUTANTS IN
SOYBEAN PROCESSING PLANTS

Grain Receiving, Cleaning, Drying, and Storage

Grain Unloading Trippers, Conveyor Transfer Points
Elevator Leg Vents Grain Cleaner

Corner and Side Vents ~ Grain Dryer

Soybean Processing

Cracking Rolls Desolventizer-Toaster
Dehulling System Meal Dryer

Hull Toaster Meal Cooler

Hull Grinding Meal Grinder

Bean Conditioner Solvent Vapor Recuvery System
Flaking Mills . :

Product Shipping

. Meal Loadout
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3. EMISSION SURVEY AND IDENTIFICATION

lGOn July 24, 1978, the information contained in the air quality
permit applications‘for each emission source was verified by inspection;
" Each source has been issued en air quelity permit by the Tri-Counties
‘Health Department. Each emission source and its type .of control device
are listed in Table 3-1. During the inspection, evidence of satisfactory
operetion of each contfol device was. apparent. Also, it was .observed
that the bean dryers may emit some parficulate matter in the area of the

-solar panels. oo

In addition to the-sources listed  in Table 3-1, eertain other
fugitive sources may be influehcing the'accumulation‘qf dust on the '
solar panels. The conveyors under the bean dryers may occasionally emit
- fugitive dﬁeﬁ when conveyor covers are loose. The bean conveyor from
storage to the preparation building formerly emitted fugitive particulate
" matter. However, this conveyor has been replaced with a.covered conveyor
- to eliminate the fugitive dust. Light chaff and dust have been observed
. falling from overhead conveyor D-27. mhe head of this conveyor is equipped
with aspiration dust control, and the discharge end of this conveyor is
equlpped with a scraper on the underneath side of the belt. Dust emis-
sions from this eonveyor should be negligible or eliminated with proper

operation of the aspiration dust control syetem for. this source.

Evidence of edheelon of proteinaceous or oily material to the

~ solar panel surfaees was observed. The source or sources of this material
. are net clearly apparent. This material may be generated at process points
where physlcal or chemical changes to the soybeans occur. Thue one or
more‘emission sources in the bean preparation or oil extraction areas

‘may be concributing small amounts of adhesive material.

As a result of the emissions source inspection, the following

conclusions were obtained:

e Sources of particulate emission have been accurately
‘ identified by the air quality permit applications. Also,
- a visual inspection indicates that the particular collec-
tion devices are performing within or better than limits
‘required by local and state authorities.
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e Further reductions of particulate emissions may not be
achievable without’significant modifications. The fol-
lowing section des¢tibes - techniques used in emission

..control, .

e Sources. of fugitive particulate emission are being con-; '
trolled by the installation‘of improved conveying equipf
. ment and. by proper use ofsexi§ting ;agpiration systems.A ‘
. Sources of proteinaceous or" oily material Cif any, are
not clearly established.” Th”“adhesion nature of ‘this
) material may, be, causin the severe cleaning problem
‘currently experienced o ‘'the “8o1lat" panel-surfaces.’

“The - following actions are recommendéd

. Ensure proper operation and maintenance of the dust con-
©trol’ ‘system on overhead conveyor' D-27 including the ' .
belt Ioader hood and the belt scraper hood.

Ensure~that all convey@rs under’ the bean dryers are
tightlv covered.

. Ensure the proper operation ana maintenance or aii dust
-control ‘systems on top of the preparation building

. Perform a detailed stack survey to establish the source(s),
S U any,'of proteinaceous or' ofly matérial’ eiiissidns that -

may contribute to the adhesion of particulate material to,
 the golar panels. w

6
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TABLE 3-1, PRIMARY EMISSION SOURCES, .

DECATUR OIL PRODUCTS FACILITY
~ DECATUR, ALABAMA

SOURCE
'NUMBER
2001.

2002
2003

2004

2005

2006

2007
2008
2009
- 2010

PERMIT |

o

. DESCRIPTION =

Bean Receiving, Storage, Conveying;
Truck, Rail, Barge Loadout .

Bean Sca]pe?} Screener,”ﬁémMer‘Mill'

Preparation Screener 52EC .
Cracking Operation

Dehulling Operation, Separator,
Cleaners, Aspirators

Flaking Operation

Mea]~0ny1ﬁg/Me§1 Cooling
Meal Sifﬁgfs/GEinders
Meal Handling/Transfer
Bean Drying

'ToastedgﬂulT/Grinders

TYPE OF
CONTROL DEVICE -}

Fabric Fi]ter'_i I

"Fabrid Filter

High Efficiency
Cyclone

High Efficiency

- Cyclone

Fabric Filter.

High Efficiency
2Cyc10hes o

High Efficiency

_ Cyclones

Fabric Filter
Fabric Filter

Fabric Filter

Perforated Column
Plates

"High Efficiency

Cyclone. -




4. ABATEMENT EQUIPMENT

4.1 - INTRODUCTION

Emissions can be controlled at two different points in the process.
The emissions can be eliminated at the source, or a hooding and aspiration
system leading to a dust collector can be employed to capture emissions.
Techniques that eliminate the sources of dust emission or that retain it
are the most effective. The grain and feed industry typically employs
collection devices such as cyclones or fabric filters. Since elimination
of sources involves techniques that apply only to the specific processfx
involved, such as enclosures or covers on bins, tanks, and hoppers, dis-
cussion of abatement equipment is limited to collection devices that have

general applications.

The physical and chemical characteristics and properties of ‘
‘particulates, including size, play an important role in the design and
selection of dust capture equipment.f Also of significant importance are
the particulate concentrations in the gas, along with gas temperature and
humidity

Design and performance are'also influenced by other parameters of
the process such as total flow volume, temperature, and pressure of the
carrier gas and its entrained particulates Other factors to be con-
sidered ‘Include pressure drops in the system, site limitations affecting
the accommodation of removal equipment, utility requirements, availability,
and cost. Finally, the comparative maintenance and economics form the over-
riding consideration in material selection. It is especially important
that this systém be designed as an integrated unit with adequate capacity

for current and planned production.

Standards of performance are designed to reflect the "best avail-

able technology'. Generally, control of particulates in efticient gas

streams is accomplished in the grain industry using cyclone separators
and fabric filters.
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4.2 CYCLONE

Cyclones are classified according to efficiency. High-efficiency
cyclones are characterized by a narrow inlet opening, long hody length
relative to body diameter, and small outlet diameter (see Figure 4-1),

The higher gas velocity results in a collection efficiency of about 25

to 957 and a pressure drop of 3 to 5 in. of water. This is the most com-
mon control device used at elevators. low-efficiency cyclones‘have large
inlet openings, large-diameter bodies, and large outlet diameters. "The
slower gas velocity results in collection efficiencies between 60 and 85/

and pressure drops of only 0.5 to 2 0 in., of water.
§ .

The principal advantage of the cyclone is that it offers mechani-
cal simplicity and high reliability along with low capital cost and energy
consumption. Because of these features, they have been used extensively
to control grain receiving and shipping operations, as well as a variety
of grain processing emission sources. For units that are not properly
maintained (e.g., dust accumulations on the walls, air infiltration through

the dust discharge), the efficiency will decrease dramatically vidible

emissions can be quite noticeable even for the best operating ‘units.

tt

SOURCE: " REF. 2

A

HIGH-EFFICIENCY DESIGN : HIGH-THROUGHPUT DESIGN

FIGURE 4-1. CYCLONE DUST COLLECTORS
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. Figure 4-2 shows the typical. collection efficiency, for bp;h‘phé
high-throughput and high—efficiencngyqlones for wvarious particle  diam-.
.eters.. Since both types of devices are inefficient for .collecting ,small.
particles, and it is the smaller particles that scatter light mos#;gﬁfec-
tively, it is apparent that even the most efficient cyclone willwgﬁe;ate .
with some visible emigsipn‘ifzphg‘incomﬁgg grain has a significan;‘amount
of fine dust or the emission is from a process that has emission of |
particulates with small;mean diameters. S

Doy

100 —— —= =

> - | — '

= A AIGH-EFFICIENCY ™ | -

E 80 : P : : - . -

e - AfHiGH-THROUGHPUT | ¢ | | SOURGE: REF. 2

& 40 e '

2 //, '

w FRTO '.‘

b 20 . Yt :

°\° .

04 — T T T T
o 10, 20 fv doj soijeq i @ s 100

[ '; ) HE HE ! :

" PARTICLE SIZE (um)

N

FIGURE 4~2.° TYPICAL COLLECTION EFFICIENCY CURVES FOR HIGH-THROUGHPUT
AND HIGH-LFFICIENCY CYCLONES -

oo

4.3 FABRIC FILTERS =~

Fabric filter systéms typically -consist of cloth bags or envelopes
suspended in such a way that thé collected particles will fall into a
hopper when dislodged from the fabric. The pafticle;iaéeh aiffGSually'w v
flows from inside the bagoit;-envelopes from the'outside in. The accumu-
lated material can be dislodged by such devices as:bag shakers, the reverse

jet from a ring-slit-jet (which moves along, the bag), and a pulse-jet
J -,bgﬁ R o AN bt ¥, R ,,..:‘ s, R ™
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_reverse gss flow. 3The-dislodged material orops into a bin for disposal.
Fabric filters can be used to- remove smaller perticles than cyclone sys-
tems, but their costs for installation, operation, and ‘maintenance are ‘some-
what higher. Bag rupture can result in discharge ‘of particulates until
repairs‘ere made. Fabric filters are’ capable of over 99% collection effi—
ciency of fine particulates. Figure-4-3 presepts-some ‘basic baghouse ‘

capture systems .

- QuTSIDE . . INSIDE
FILTERING  FILTERING

NORMAL

“(UPWARD)
FLOW
SOURCE: - REF. 2
d Al
A S 0
DOWN . - Ty . ‘
FLOW - . ; . |
N E : ‘ a
T | ol B
" (TUBE TYPE)
FlGURE 4-3. FABRIC FILTER CONFIGURATION
4.4 CONTROL DEVICE COSTS

The total installed cost for a given installation is highly

variable depending on such factors as: -
e Type of instellation,'new or existing:plsnt:
o Type of labor used, plant or contract-

‘'@ Type of process controlled, -amount of ductwork required
- and geographical location.

1
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Figures 4-4 and 4-5 present capital cost as a function ofhcapacity
for various types of control devices used on grain processing emission
sources (Ref. 2). These figures represent the cost of the control and
those appurtenances usually considered a part of the control device.but
not such items as ductwork, fans, starters, and motors whose costs vary
considerably from one installation. to another; nor:do they include the

installation costs.

Gold Kist has recently conducted a study ofﬁtheAinspalled costs of
collection systems and has found that the fol;owiﬁg'valueq general;y apply:

Cyclone System - $4.25/cfm . o ,
Baghouse System =~ $5/cfm.

Table 4-1 (Ref. 2).liéts'tﬁé approximate cost range for controll-
ing specific types of emission sources. These figures represent only ' -
the normal cost range that would be applicable to pefhaps 90% of the
various source types. The lowér cost figures are for cyélone systems.
Because of the large variability in costs, the cbst.;p control an
individual facility must be determined by ca;eful“egaiuation'of the

particular requirements of that facility.

12
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CAPITAL COST ($/cfm).

3.00p
2 o ‘
2. SOURCE: REF. 2
11.00
0.50
0.20L " © 2.5 in. Ha0 PRESSURE DROP
» O 6.0 in. H20 PRESSURE DROP
0.10 S TS UV TR N T 1 5 DN SN S RO
1,000 2,000 5,000 10,000 20,000 50,000
AIR HANDLING CAPACITY (cfm)
FIGURE 4-4. CYCLONE COLLECTOR (EQUIPMENT:COST INCLUDES BASIC UNIT,

DUST HOPPER, SCROLL OUTLET, WEATHER CAP, AND SUPPORT
STAND) | .
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" CAPITAL-COST ($/cfm)

. Lo
e .. SOURCE: REF. 2

- 2,00}

1.00= " N

lllil

0.50

I

0.20 -

0.10L—. Y T T B ".j 1 1-;-1"1'1_ _ N I B B
1,000 2,000 5,000. 10,000 20,000 .. 50,000

_ AIR_HANDLING CAPACITY (cfm) -

FIGURE 4r5; FABRIC FILTER: (EQUIPMENT COST INCLUDES BASIC UNIT COMPLETE
- . WITH AIR PUMP AND ROTARY VALVES MOTOR STARTER) ‘ ‘
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TABLE 4-1.

APPROXIMATE RANGE OF CONTROL COST

(TOTAL INSTALLED COST)

TYPICAL RANGE

INSTALLED COST

Grinder

OPERATION (cfm) ($/cfm)
| | GRAIN HANDLING .-*

Receiving L :
Truck Dump 10,000 to 20,000 1.75 to:4.00
Boxcar Receiving  ..-|” 10,000 t0 20,000 1.75 to 4.00
Hopper Car Reggivfhg 10,000 to 20,000 1.75 to :4.00
Barge Recefving 10,000 to 20,000 1.75 to"4.00

Drying 30 to 100 cfm/bu/hr 0.25 to:0.75

Cleaning 5,000 to 15,000 (each) 2.00 to 3.00

Transfer Operations J:
Scale and Garner - 1,000 to 10,000 1.50 to 3.00
Transfer Depends on plant con- -=

figuration ‘

Loadout (Truck, Boxcar, 5,000 to 20,000 (each) 2.00 to.4;50-

Hopper Car, Ship, Barge) | - L : ‘

SOYBEAN PROCESSING ;
 Receiying :and Transfer “(see ara1n Hand11ng :

: .1',’:,, e ~: n .._;ﬁ A s, s above) PRSI . ~-'v A v oo 2 d
Cracking Mills, 5 000 to 15 000 (each) 2.50 to 4.50
Flaking, Conditioning,.- et : ‘
Dehulling, and Screening
Meal Drying 8,000 to 12,000 2.00 to 6.00
Meal Cooling "1 ‘w1’ 10,000 t5.20,000 " " .. | 2.00 to 3.00
Hull Toaster and 5,000 to 20,000 (each) 2.00 to 3.50
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