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I.  OBJECTIVES

The objectives of this study are as follows:

The principal objective c c the research is to develop
the means to identify and optin ize practical systems  for
heating and cooling of buildings with solar energy in the
United States.  This will be done through simulation methods.

Secondary objectives are to:  extend and refine TRNSYS;
develop the means of supporting TRNSYS users in other labora-
tories; use TRNSYS (and other simulation programs) to develop
design procedures for solar heating and cooling processes;
design, and evaluate an experimental solar heating system
on a Wisconsin farm residence.

II. SUMMARY

In the past several years this laboratory has concentra-
ted its research effort on digital computer modeling of solar
energy thermal processes.  A modular solar energy system sim-
ulation program called TRNSYS has evolved to meet·the need
for a general, easy to use means of performance evaluation
in research and design, and in the classroom.  Due to a very
strong demand for the program outside this University, TRNSYS
has received a great deal of our attention during this re-
porting period. Recent improvements and expansions, ·exten-
sive documentation and support effort, and widespread utiliza-
tion of the program have made TRNSYS almost the "industry
standard" solar simulation program.

This report discusses some of the new features and compo-
nent models available in the program. These include the
capability to model air systems and heat pump systems. System
studies involving Rankine engines, open cycle cooling, and
solar drying are underway with TRNSYS compatible component
models, though these are not yet available to the public.

An important outgrowth of the computer simulation work is
the recent development of a design procedure for solar heating
systems. Simulations have been used to develop a relationship
between solar system and load parameters, the weather, and the
fraction of the load carried by solar.  This permits a straight-
forward estimation of system performance without the aid of a
computer.

Much progress on the design of the Arlington solar house
has been made, though administrative problems have forced de-
lays in the house construction. The house will provide data
on a unique air heating system using off-peak electric auxil-
iary and will be used to further validate our simulation *ech-
niquei
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III. PROGRESS ON OBJECTIVES

The development of the basic TRNSYS program for simula-
tion of solar processes is in a generally satisfactory state.
We use it routinely in the laboratory and classroom to simu-

late many different kinds of processes, and we are aware
that other holders of the. program are also using it. In

the following paragraphs we note further progress on TRNSYS

itself, on· component programs,   and on system studies.     Also,
we note the development of simplified design procedures for
solar heating systems, and progress on design of a unique
heating system for the Arlington farm building.

A.  TRNSYS*

The basic objective of this research has been to develop
a general and easy to use program for simulating a variety
of solar energy thermal systems. The result of this study
has been TRNSYS, a FORTRAN computer program for transient
systems simulation.  TRNSYS is described in a paper published
in Solar Energy (1)t in a forthcoming paper in ASHRAE Trans-
actions (2), and in the TRNSYS Manual (3).

The TRNSYS program listing, manual and tape (or card
deck at extra cost) have been provided to approximately 125
outside organizations, and several more requests are received
each week. (Until December 31, 1975, a charge of $100.00 had
been made for these materials to cover out of pocket costs.
The charge has been increased to $200.00 as of January 1,
1976, reflecting increases in the sizes of the program and
in our direct expenses in providing user services..)

Holders are kept informed by letter of chadges so that
all users are kept up to date with the latest version being
distributed.  As an alternative method of updating old ver-
sions, a current holder of TRNSYS can return his old tape
and  receive  a  new  tape  copy  for. $50.00.

Several modifications to the basic TRNSYS program have
been made since the last report to NSF/RANN.

l.  TRNSYS diagnostics have been further improved to make
debugging easier.

2.  A MAP option has been added which prints the compo-
nent hook-up in the reverse order from the normal input and
print-out order, facilitating the identification of inter-
connection errors.

3.  The TRNSYS component subroutine library has been ex-
panded as described in the next section.

*Inquiries regarding TRNSYS should be addressed to the TRNSYS
Coordinator, 1303 Engineering Research Bldg., University of
Wisconsin,·1500 Johnson Dr., Madison, WI 53706.

tReferences are listed in section VIII.
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B.  TRNSYS Component Models

During the period covered by this report TRNSYS has
been changed, refined and expanded. In addition to liquid
based heating systems and cooling systems based on LiBr-H20
absorption cooling, standard TRNSYS library components now
allow simulation of air-based systems and heat pump systems.
Table I shows the current list of component subroutines in
the TRNSYS library.  A short description of the major new
components follows Table I.

TABLE I

TRNSYS Components as of 31 December 1975

TYPE 1 Flat-Plate Solar Collector
TYPE 2 On/Off Differential Controller With

Hysteresis
TYPE 3 Pump
TYPE 4 Stratified Fluid Storage Tank
TYPE 5 Heat Exchanger
TYPE 6 On/Off Auxiliary Heater
TYPE 7 Space Cooling Load and Air Conditioner
TYPE 8 Three Stage Room Thermostat
TYPE 9 Card Reader
TYPE 10 Rock Bed Thermal Storage
TYPE 11 Tee Piece, Flow Diverter and Flow

Mixer
TYPE 12    Energy/(Degree-Hour) Space Heating Load
TYPE 13 - Pressure Relief Valve
TYPE 14 -  Time Dependent Forcing-FunctionTYPE 15 - Algebraic Operator
TYPE 16 - Solar Radiation Processor

: TYPE 17 - Wall
TYPE 18 - Roof
TYPE 19 - Room and Basement
TYPE 20 - Heat Pump
TYPE 24 - Integrator
TYPE 25 - Printer
TYPE 26 -  Plotter
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1.  The collector model has been revised to give the
user the choice of several options:  Fixing UL and Ta;
fixing Ta and computing UL as a function of conditions;
fixing UL and computing Ta as a function of angle of inci-
dence; or computing both UL and Ta.

2. ' A revised liquid storage tank model is now used
which treats stratification in a slightly different way than
the previous model. This is based on experiments of S.A..
Klein, et al. (4) in Australia.

3.  A detailed transient load model supplements the
degree-day heating model that already existed in the TRNSYS
library. Thermal capacitance m6dels commonly used in heat
transfer studies were developed for walls, roofs, ceilings
and rooms in the early simulation work done for Colorado
State University's Salar House I (5).  These models have
been expanded and are now available in the form of three
components which can be combined to model building heating
loads. The TYPE 17.wall model has several typical wall
construction modes.provided or the user may provide a wall
of his own construction by specifying conductances and capa-
citances as suggested by the ASHRAE handbooks.  The TYPE 18
roof and attic model represents a pitched or.a flat roof
with Or without a collector or can be modified by the user
to fit his own needs.  Roof and wall models provide heat
flows    to:a.TYPE   .1 9 room. The room model incorporates ther-
mal capacitance, infiltration and internal heat generation.

The load calculations using TYPES 17, 18 and 19 require
the solution of differential equations.  An effort is cur-
rently being made to develop a response-factor load model,
s.uch as suggested   in the ASHRAE Handbook of Fundamentals,
th-at is compatible with TRNSYS.     This new method would  have
two main advantages:

a.  It would employ algebraic equations which are less
expensive to solve than the differential equations.
This cost factor becomes important for long term
simulations where. computing costs become quite
large.

b.  Currently a user must have a basic understanding
of heat transfer analysis if the building does
not fall into one of the limited number of cate-
gories currently available. This may restrict
the number of users. It would be far easier
for a simulator to identify the wall or roof
of his choice from the types listed by ASHRAE
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and specify response factor coefficents from
the tables as input parameters. This would
expand use to anyone with access to and
working knowledge of the ASHRAE handbook.

In addition, an evaluation of various load models is
u4der way to determine under what conditions which load models
are appropriate (i.e., long-term simulations of adequate
accuracy at least cost.)

4.  The thermal behavior of practical pebble bed storage
units is adequately represented by a simple model used in a new
TRNSYS component.  Thia new cdmponent allows all systems to be
modeled as inexpensively as water systems. The model was de-
rived from the conventional packed bed equations by assuming
that the corrected number of Transfer units (NTUc), the para-
meter describing the operation of the bed as a heat exchanger,
is infinite. This assumption was justified using simulation
techhiques. The performance of a typical solar air system was
shown to be insensitive to NTU  larger than the practical mini-
mum.  The full development of fhe simple gravel bed model has
been documented in the form of a technical paper to be published
in 1976 (6).

5.  A TRNSYS heat pump model was described in our last re-
port. This model consisted of an analytical solution of the
highly interdependent thermodynamic processes in each of the
.components of the vapor-compression cycle. The model was used
to create 'performance maps' (families of predicted performance
curves) for several  real heat pumps. By appropriate choice  of '
various design parameters these predicted characteristics could
be made to agree with manufacturer's published performance data.

The performance maps generated by the model were then used
to simulate two different solar assisted air-to-air and water-
to-water heat pump systems. The "in-line" system consisted of
a solar collector and water storage system which served as heat
pump source in the heating mode but could meet the load direct-
ly by bypassing the heat pump when storage temperature exceeded
a minimum setting.  The "parallel" system consisted of a "con-
ventional" solar heating system operating in parallel with an
air-to-air heat pump using only ambient air as its source.
These. two systems were simulated in both heating and cooling
modes in Albuquerque for several different collector, load and
heat pump sizes. The resulting thermal performance predictions
were combined with cost assumptions and it was shown that the
"parallel" system was somewhat more cost effective.  A more
complete account of this study is given in (7,8).
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More recently, research emphasis was shifted to the de-
velopment of a more convenient heat pump model to be used in
TRNSYS simulations. This model was developed with two impor-
tant goals in mind. One was that it should be able to use
manufacturer's performance data to define the operation of any
desired heat pump. The second was that the model should be
unive Fsal, capable of simulating air-air, water-air, or a heat
pump having switchable evaporators   in the heating  m o d e,i.e. ,   cap-
able of using either storage tank fluid or outside air as the heat

source. This model,   now  part  of the TRNSYS library, includes
the capability of bypassing the vapor compression cycle to
heat the building directly with storage tank fluid.  Electri-
cal resistance auxiliary heaters are built  into the model.

6.  In addition to these major chahges, a number of other
components have been added to TRNSYS primarily to permit modeling
of air systems. These include a flow diverter, a flow mixer,
and a tee piece.

C.  System Studies

1.  We have modeled a Rankine cycle engine coupled to a
vapor compression air conditioner for residential cooling. This
model has been used with TRNSYS in a preliminary study of various
engine designs and long term performance of solar cooling sys-
tems.  A design study was undertaken to determine for a given
set of design restrictions the optimal set of Rankine engine
components. These components include; boiler feed pump, boiler,
shut-off valve, expander, condenser, and working fluid.  On the
basis of engine design, a control strategy was investigated for
various load conditions.

The system study considered a flat plate collector and ther-
mal storage tank, Rankine engine, vapor compression air condition-
er, cooling tower, and residential cooling load. Performance
"was based on meteorological data for Albuquerque. Effects of
engine size and collector area were investigated to determine
percent cooling  load and excess energy generated by solar means.
The results of the engine design and system performance study
have been presented in a thesis by Beekman (9).

Continuing research is in progress to eliminate many of
the restrictive assumptions made for the Rankine engine design
model. Further simulation studies are being made of the
Rankine engine and solar systern for uses other than strictly
residential cooling. (Mechanical energy that is used to
operate the vapor compression air condtioner for summer
cooling could also be used for electrical power generation
or other uses.)
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2.  Open cycle cooling systems employ combinations of
heat exchangers, humidi fiers, dehumidifiers,   and an energy
supply to produce cooling for air conditioning.  Since these
systems have not reached a highly developed stage, we are
studying the processes as combinations of their basic compo-
nents. To this end, TRNSYS component subroutines have been
written as described below. To date all the components
apply to a system using a solid desiccant and air-to-air
heat exchangers.

a.  A dehumidifier-desiccant wheel subroutine has been
written, assuming that the air flow rates and cycle
times for each of the heat and mass exchanger are
equal, and no mass carryover is included.  A set
of data for the absorbent material is required
which the user can supply. Presently the data set
is for silica gel operating at standard atmospheric
pressure.

b.  An evaporative cooler subroutine employs the
simplified relation

tout - tin
t         -t.  =1- exp (-NTU)
wet bulb in

This is thought to be adequate for use in cycle
studies where the small inaccuracy introduced by
it is not critical. The evaporative cooler is

- assumed to operate at standard atmospheric pressure.

c.  A heat exchanver-regenerator subroutine has been
written assuming that air flow rates and cycle
times for each side of the heat exchanger are equal;
however, carryover effects are considered. The
mathematical model parallels the model presented
in   Compact   Heat   Exchangers   by   Kays and London.      A
set of data describing the various physical proper-
ties and operational characteristics of the heat
exchanger matrix is required.  Presently, the data
is for an infinite parallel passage matrix con-
structed of polypropolene sheets.

Using ·these components in a TRNSYS simulation, we will examinethe interrelation between system and component behavior in-
cluding fan power consumption.  This is the beginning of aplanned major effort in examination of open-cycle solar
cooling.
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3.  A simulation study of solar drying by indirect means
(i.e., supply of solar-heated air from a collector and storage
unit) has been started. The first problem addressed is drying
of deep beds of grain. The approach is to add mass transfer
considerations to the pebble bed storage models, to simu-
late che "load", i.e., the material being dried.

D.  Design Procedure for Solar Heating Systems

One approach to the problem of finding the minimum cost
solar space and water heating system is to use computer sim-
ulations directly as a design tool. This application was
one incentive for the development of TRNSYS. The use of
computer simulations to aid in the design of every solar
heating application is, in general, unsatisfactory, particu-
larly for those architects and heating engineers concerned
with the design of small buildings who do not have access to
computing facilities. Consequently, the widespread utiliza-
tion of solar heating will require a simplified design pro-
cedure for use by the heating industry, particularly for
standard types of systems where costs of simulations cannot
be justified.

The 0-curve method described by Hottel and Whillier (10)
and Liu and Jordan (11) represents the only general design
procedure for solar heating systems up to this time.  With
the 0-curves, the monthly thermal performance of a solar col-
lector can be estimated. The difficulty with the 0-curves
is that they attempt to evaluate solar collector performance
without regard to the performance of the other components in
a solar heating system, such as the storage tank or the
heating load. As a result, the 0-curves involve several re-
strictive assumptions which reduce  their utility.

Our approach to the development of a general design
procedure has been to use many simulations to develop a re-
lationship among the characteristics of the building loads,
and  the fraction /,f loads carried by solar energy. An in-
expensive, special purpose simulation program capable of
estimating the long-term thermal performance of solar heating
systems was developed  for  a " standard" liquid-based heating
and hot water system. The amount of meteorological data re-
quired by the simulation in order to estimate long-term sys-
tem performance was studied using eight years of hour-by-hour
data for Madison; a "design year" has been specified which
adequately represents the eight years studied. The thermal

-
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performance results of many simulations have been correlated
and presented in a graphical form. The result is a simple
graphical method requiring monthly average meteorological
data which can be used to estimate long-term thermal per-
formance as a function of major solar system variables, andthus to design economical solar heating systems.  The design
procedure for liquid-based systems (i.e., systems using
liquids, either water or antifreeze solution, as the energystorage and transfer mediums) is described in detail in (12)
and (13).  The design procedure for solar air heating systems
is near completion. An abstract of (12), a paper presentedat   the Los Angeles ISES meeting, iS enclosed in Appendix   1.

E.  The Arlington House

Funding is provided in the current contract for design,
instrumentation and evaluation.of a solar heating system ona farm residence at Arlington, Wisconsin.   Funds  for 'con-
struction of the·house and purchase and installation of the
heating system have been obtained from the Wisconsin Electric
Utilities Research Foundation, and from the State of Wisconsin;
in addition, equipment for the heating system is being sup-
plied   at  no  cost by Johnson Controls,   Inc.   and  for ·the collec-
tors at nominal cost by Owens-Illinois.

The system has been designed, using TRNSYS as the tool.
The unique features are:

a.  The auxiliary energy supply will be off-peak
electrical energy, stored in the form of thermal
energy.

b.  An advanced, low-loss coefficient collector will be
used, i.e. the evacuated tubular collectors developed
by Owens-Illinois.

Several system configurations have been studied, based
on the 0-I collectors and on conventional 2-cover, non-selec-tive flat plate air heaters. The system configuration uses
a single pebble bed storage unit to store both auxiliary andsolar energy. The performance penalty associated with a
single storage unit is small with the 0-I collectors (but
substantial with conventional collectors).  This study is
described in detail in a thesis by Hughes (14).

Instrumentation and controls for the house have been de-
signed, and major items purchased. The planned measurements
will permit adequate determination of the energy balances onthe solar heating system and component per formance.
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IV. PROBLEMS ENCOUNTERED

1.  The most serious delays have been in the construction
of the Arlington house. For a variety of reasons, bids came
in higher than had been expected (for the house without a
heating system); redesign and rebidding under Wisconsin's
administration regulations will mean that data will not be
obtained until the winter of 1976-77.  We now hope to begin
construction in March 1976.

2.  We see no fundamental problems that will not yield
to effort as far as modeling and simulation are concerned,
and present and future efforts are aimed at improving several
component models for which present capabilities are not sat-
isfactory. Two examples are cited. 1) Our present absorption
air conditioner models do not adequately take into account
the kinds of transient performance characteristics noted in
CSU House I, and are being reexamined.  2)  The Rankine engine
model is representative of an engine "between" a reciprocating
and a rotary expander, and is being modified to make it more
realistic.

' 3.    We  have  had a problem in obtaining adequate meteorologi-
dal data. Most of our work during this report period has been
based on data for Madison, Wisconsin; Boston, Massachusetts;
Charleston, South Carolina; Albuquerque, New Mexico; and
Boulder, Colorado.

4.  Providing a service to an increasing number of TRNSYS
holders is requiring a significant level of effort, and we
are working on methods to improve this service.

V.  PLANS FOR THE COMING PERIOD

Plans for the: coming period are to continue work on the
following: TRNSYS components; control concepts and strategies;
design methods; simulation studies of.particular systems; de-
Sign and construction of the Arlington experiment; and TRNSYS
service. Plans are. substantially as outlined in the proposal
on which the current contract is based.
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VI. RESEARCH UTILIZATION
-

A.  TRNSYS Service

At present, over 125 copies of TRNSYS have been pur-
chased by persons and organizations interested in solar sys-
tem simulations. These users are from a broad cross section
of major industries, small consulting companies, architec-
tural firms, government laboratories and agencies, and the
academic community. Feedback from the large user base has
resulted in several innovations that have given the program
greater error checking and diagnostic capability, great flexi-
bility to simulate more unconventional systems, and little
or no computer dependency. Users are provided with a version
of the program on magnetic tape or punched cards, a copy of
the manual and a listing of the program. A limited amount
of free consultation by phone and mail is also provided to
users having special problems or questions regarding the
program's use.

On November 13, 1975, a TRNSYS user's meeting was held
at the Solar Energy Laboratory. In response to our invitation
to TRNSYS users, approximately 30 people from approximately
25 organizations outside the University of Wisconsin attended
the meeting. We discussed current developments in component
and system modeling at the laboratory, problems with numeri-
cal stability and control strategy, the purposes of simulations,
use of meteorological data, and methods of reducing costs of
simulations. 'In the afternoon, several TRNSYS users gave
short presentations on their work with TRNSYS, and an open
discussion of user problems and experience ensued.

-

The response from the people at the meeting and from
TRNSYS·users in'general is very positive. There have been
many requests to repeat the TRNSYS users meeting in the ·near
future and for the University to provide additional informa-
tion exchange services to TRNSYS holders. There have been
many inquiries ab6ut the availability of additional models
(like evacuated tube and focusing collectors, open cycle cooling
components, and Rankine engines) . Some users, have suggested
working with us on the development of TRNSYS compatible compo-
nent models (such as photovoltaics) that could be made avail-
able to all users.- In. summary, interest in TRNSYS-is sub-
stantial. It is constantly being used, tested, refined and
expanded.  A great deal of effort is being made to maintain
the Users Manual as an updated document of·maximum utility.
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B.  Professional and Technical Papers and Meetings

A major mechanism by which the results of this research
are disseminated to users is through technical meetings.
Since the beginning of this grant and contract, the.follow-

ing papers have been presented or published.  Abstracts of
the papers are included in Appendix 1.

1.  Beckman, W.A. and J.A. Duffie, "Solar Heating and

Cooling of Buildings," published in Proc. 20th Annual Meeting
of Inst. Environmental Sciences, Apri 1974.

2.  Butz, L.W., W.A. Beckman and J.A. Duffie, "Simulation
of a Solar Heating and Cooling System," Solar Energy, 16, 129,
1974.

3.  Gutierrez, G., F. Hincapie, J.A. Duffie and W.A.
Beckmah, "·Simulation of Forced Circulation Water Heaters;
Effects of Auxiliary Energy Supply, Load Type and Storage

Capacity," Solar Energy, 15, 287, 1974.

...  4:   Klein:, S.A.., W.A. Beckman and J.A. Duffie, "Transient
.-Considerations of Flat-Plate Solar Collectors," Trans. ASME,
.J..Engr. Power, 96, Series A, 1974.

5.  Abdel-Khalik, S.A., "Heat Removal Factor for a Flat-
Plate Solar Collector With a Serpentine Tube," presented at
1975 ISES meeting, Los Angeles.

6.  Freeman, T.L., W.A. Beckman, J.W. Mitchell and J.A.
Duffie, "Computer-Modeling of Heat Pumps and the Simulation
of Solar-Heat Pump Systems," presented at ASME meeting,
Houston, 1975.

7.  Klein, S.A., W.A. Beckman, J.A; Duffie, "A Design
Procedure for Solar Heating Systems," accepted for publica-

tion in the Solar Energy Journal, 1975.

8.      Klein,   S.A., T.L. Freeman, P.I..Cooper, D.M. Beekman,
W.A. Beckman and J.A..Duffie, "A Method of Simulation of SolaI
Processes  and Its Application," Solar Energy,  17,  29,  1975.

9.   Klein, S.A., "Calculation of Flat-Plate Collector
Loss Coefficients," Solar Energy, 17, 79, 1975.

10. Oonk, R.L., W.A. Beckman and J.A. Duffie, "Modeling
of  the CSU Heating/Cooling System, " Solar Energy,   11£   21,
1975.

11.  Report #38, TRNSYS - A Transient Simulation Program,

prepared by the Solar Energy Laboratory, 1975.
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12. Cooper, P.I., S.A. Klein and C.W.S. Dixon, "Experi-
mental and Simulated Performance of a Closed Loop Solar Water
Heating System," presented at the 1975 ISES meeting, Los
Angeles.

13. Oonk, R.L., W.A. Beckman and J.A. Duffie, "Compari-
son of Simulated and Measured Performance of the CSU Solar
House I Heating System," presented at the 1975 ISES meeting,
Los Angeles.

14. Beckman, W.A., J.A. Duffie and S.A. Klein, "Simula-
tion of Solar Heating Systems," to be published as Chapter 9
in the ASHRAE book, Applications of Solar Energy for Heating
and Cooling of a Building, 1976.

15. Klein, S.A., W.A. Beckman and J.A. Duffie, "TRNSYS-
A Transient Simulation Program," to be published in ASHRAE
Transactions, 1976.

16. Klein, S.A., P.J. Hughes and D.J. Close, "Packed
Bed Thermal Storage Models for Solar Air Heating and Cooling
Systems," submitted to ASME Journal of Heat Transfer, 1976.

17. Duffie, J.A. and W.A. Beckman, "Solar Heating and
Cooling," Science, 191, 4223, January 16, 1976.

Also, members of the laboratory staff have been active
in organizing and conducting technical meetings; J.A. Duffie
was general technical program chairman for the 1975 ISES
meeting in Los Angeles.  W.A. Beckman was a session chair-
man for the session on Flat Plate Collector Fundamentals,
and is a member of the Division Committee of the Solar
Energy Division of ASME.

C.  Education

We continue to hold to the idea that University research
and education are inseparable, and our research provides the
major educational tool for our graduate students. In addition
to working with graduate students, we teach a course in Solar
Energy Technology to seniors and graduate students in engi-
neering.

In January 1975, we repeated for the third time our
short course entitled, "Solar Energy Thermal Processes."
Again the enrollment limit of 50 was reached. Appendix 2
includes a list of attendees and a copy of the announcement.
This short course is to be repeated again January 19-23, 1976.
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J.A. Duffie, with G.O.G. LBf of Colorado State University,
has provided three, two-day seminars for American Institute
of Chemical Engineers, and J.A. Duffie and W.A. Beckman pro-
vided a two day seminar for federal agency personnel, under
the sponsorship of the National Bureau of Standards.

The principals in this program (including J.W. Mitchell)
have given many lectures to public, technical and industrial
groups.  W.A. Beckman and J.A. Duffie have written a general
paper on Solar Heating and Cooling which will be published
in Science in January 1976, and will serve to outline the
principles, problems and opportunities in this field for a
broad spectrum scientific audience.  In November 1974 the
book Solar Energy Thehnal Processes by Duffie and Beckman
was published by Wiley.

The educational activities (except for those described
in the first paragraph) are not supported directly by ERDA.
However, they would not be possible without the research
program supported by ERDA.

VII. PERSONNEL

A.  The professorial staff responsible for this project is:

W.A. Beckman, Professor of Mechanical Engineering
J.A. Duffie, Professor of Chemical Engineering
J.W. Mitchell, Professor of Mechanical Engineering

B.  Visiting staff during the reporting period:

Dr. S. Abdel-Khalik, Post-doctoral Fellow (9/74-2/75)
Dr. D.J. Close, Visiting Associate Professor, from James

Cook University of Northern Queensland (8/75-1/76)

C.  Profession staff:

T.L. Freeman, TRNSYS Engineer (7/75-to date)
N.A. Duffie, TRNSYS Engineer (9/74-4/75)

D.  Research Assistants (graduate students) and research topics:

D.L. Beekman, (M.S., Mech. Engr., 1975) Solar-Rankine
engine air conditioning system: now with Trane Company.

L.W. Butz, (M.S., Mech. Engr., 1973) Simulation of a heated
and cooled house: now with Trane Company.

M. Eberlein, (M.S., Mech. Engr., 1976) High performance air
heaters: now with Ametek.
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D.  Research Assistants (continued)

T.L. Freeman, (M.S., Mech. Engr., 1975) Solar heat pump
systems: now TRNSYS Engineer, Solar Energy Laboratory.

H. Grunes, (M.S., Mech. Engr., 1976) Manifold design for
evacuated tube collectors.

Hanson, M. (M.S., Ch.E., 1976) Grain drying with solar
energy.

P.J. Hughes, (M.S., Mech. Engr., 1975) Off-peak electric
auxiliary solar system: now with Solar Energy Laboratory.

V. Karman, (M.S., Mech. Engr., 1976) Solar augmented heat
pump studies.

S.A. Klein, (M.S., Ch.E., 1973; Ph.D., Ch.E., 1976) A wide
range of studies on simulations, primary authoriof TRNSYS.

D. Morrison, (M.S., Mech. Engr., 1976) Heat of fusion stor-
age study.

J. Nelson, (M.S., Mech. Engr., 1976) Open cycle cooling.

J. Olson, (M.S. Mech. Engr., 1976) Solar-Rankine cycle
study.

R. Oonk, (M.S., Mech. Engr., 1975) Simulation of CSU
House I: now with Solaron Company.

M. Pawelski, (M.S., Mech. Engr., 1976) Load calculation
studies.

J. Roberts, (M.S., Mech. Engr., 1976) Cold side storage.

E.  Special Project Students

J. Dekker (B.S., Chem. Engr., 1975) Use of design charts
in regional feasibility study.
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(11
SOLAR HEATING AND COOLING OF BUILDINGS

W.A. Beckman and J.A. Duffie

ABSTRA(T

This review paper notes many of tile v:,rious bililding heating and cooling systems thathuve I,ee„ 1,r(,1,(,setl. alialyzed and/(,r testeil silice  1937.   It is noted th:,t solar lieating sys-
te,lis 11:lve  |,eel,  widely studied :111(1  t,sed  t'(,1  s(),ile  lilile.  1,ut  ct,1,11,ined systems fur |Ie.,ling
anil c(,(,ling 11:,ve iic,t yet received tlie same :ilte,11,„,1.

A majc,r 11(,rlic,11 (,1' the paper cliscusse  1, sit,1,11:,lion Inetllod for solar cooling anil/or
heating.   Tile  Nimulatic,ns ca,1  be  used  to  ev:,luate   ystenis. prellict their thermal  perforniallve.
and evaluate the e#Tdcts of design clianges; 1 lie rest, lts of a particular ,simulation are used to
illustrate a method of ccoriomic analysis.

*.*

(2)

SIMULATION OF A SOLAR HEATING AND COOLING SYSTEM
L.W. Butz, W.A. Beckman and J.A. Duffie

Abstnct-This paper preunts thermal and economic analyses of a solar heated and air conditioned house in the
Albuquerque climate. The system includes the following components: water heating collector, a water storage unit. a
service hot water facility, a lithium bromide-water air conditioner (with cooling tower). an auxiliary energy source,
and ass(,ciated controls. The analysis of the thermal performance indicates the dependence of output on collector
area (considered af the primary design variable) and shows. for example. the manner in which annual system
efficiency decreaae, as collector area increases. Based on the computed thermal performance, cost estimates are
made which show variations in annual cost as functions of collector area and costs of collector and feel.

*.*

(3)

SIMULATION OF FORCED CIRCULATION WATER
HEATERS; EFFECTS OF AUXILIARY ENERGY SUPPLY,LOAD TYPE AND STORAGE CAPACITY*

0. GUTIERREZt F. HINCAPIE.t J. A. DUFFIEM and W. A. BECKMANO
(Received 19 March 1911, in revisedform 19 July 1913)

Abatrict- A hybrid computer  was  used to simulate forced circulation solar water heater systems usingstratifled storage.  A single month of hourly meteorological data was used to examine the effects of threetypos of auxiliary heating systems and three different sized tanks. Various time distributions and mo aitudesof the  load  were  studied.  Results  are  shown  in  terms of the ratio of au*Illary ene:sy 1,94,vmmts to totalload and indicate best methods for adding auxiliary energy to maximize solar energy gain.
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(4)

: A KLEIN    Transient Considerations of hat.Plate
Graduate Student.

J. A. DUFFIE Solar Collectors'
Profissor and Dir•ctor.

W. A. BECKMAN The efects oj  thermal cat,acitance in the modeling oj  the  performance of a fiat  Plate solar

Profissor.  Mem. ASME coltector have often been neglected because of the computation involtecL   Bui because
the solat collector is inherently exposed to continuously pariable Weather condmons,

Solar Enorgy laboratory, capt:citt:nce e gects mny be sinnijicant.  To investigate these dects, tiwee diferent
14 Unlvenity of Wisconsin,

Madison, Wis.
motle.Is of jlt:t-pkite collectors have been investigated.   The Arst, a quasi-steady-state
mottel, simulates the performt,nce of <i collecto, oj zero capacitance.    The seco,ul model
accounts for ct:pacitance efects by,issuming tha, a single value of thennal capacitance
can   be  determined  :toy   the  collector  as  a  unit.      The   third   model  divides   the  collector
into many isothermal segments, or nodes.   For all three models the heat transfer co-
dicient: ars co|adated as n function 01 ope,ating. conditions.    The ,en,Us shom thal,
when hourly metemological data are used, the zero-capsguance mod,/ is ockewk.

***

(5)
HEAT REMOVAL FACTOR FOR A FLAT-PLATE
SOLAR COLLECTOR WITH A SERPENTINE TUBE

S.I. Abdel-Khalik

Abstract

The performance of a flat-plate solar collector is inves-
tigated. The collector is of the sheet-and-tube design and the
tube is bonded to the absorbing plate in a serpentine fashion.
Equations describing the variation of the fluid temperature in
the different segments of the serpentine are derived.  These
equations are then.used to determine the heat removal factor,
FR, for the collector.

It   is   shown  'that   for the general  case  of an N-bend serpentine,
the heat removal fact6r depends on three non-dimensional groups
containing the different operational and design variables of the
collector.  A generalized chart for estimating FR fir collectors
with serpentines of arbitrary geometry and number of bends is
presented.
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(6)

Computer Modeling of Heat Pumps and
the Simulation of Solar-Heat
Pump Systems

T. L. FREEMAN W. A. BECKMAN J. W. MITCHELL J. A. DUFFIE

ABSTRACT

A generalized digital computer model
of a residential size lieat pump is de-
scribed. The modeling strategy  is  to  "dz-
sign" or "size" the four major components
in the vapor compression cycle to yield
any desired design condition performance.
Chce the system has been defined, the pro-gram is able to compute a "performance
map" of heat added and heat rejected at
all possible combinations of inlet flow-
stream conditions.

The model is applied to the thermal
performance simulation of several differ-
ent solar-heat pump heating and cooling
systems using the modular simulation pro-
gram, TRNSYS. Performance of "in-line"
heat pump boosted solar systems which use
solar energy storage as the heat source
arc compared to "parallel" systems where
the heat pump acts only as an auxiliary
and ambient air provides the source.
Finally, a simplified economic analysis
is undertaken in which it iS determined
that the parallel system is the more cost
effective configuration.
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(7)

A DESIGN PROCEDURE FOR SOLAR HEATING SYSTEMS

S.A. Klein, W.A. Beckman, and J.A. Duffie

University of Wisconsin
Madison, Wisconsin

ABSTRACT

This paper is concerned with the design of solar space and

water heating systems for residences. A simulation model capable

of estimating the long-term thermal performance of solar heating

systems is described.  The amount of meteorological data required

by the simulation in order to estimate long-term performance is

investigated.  The information gained from many simulations is

used to develop a general design procedure for solar heating

systems.  The result is a simple graphical method requiring monthly

average mete,rological data which architects and heating engineers

can use to design economical solar heating systems.  A method of

estimating the monthly average radiation on tilted surfaces is

given   in    the Api endix.
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(8)
A METHOD OF SIMULATION OF SOLAR PROCESSES

AND ITS APPLICATION*
.

S. A. KLEIN. P. I. COOPER,t T. L. FREEMAN, D. M. BEEKMAN,

W. A. BECKMAN And J. A. DUFFIE

Solar Energy Laboratory. University of Wisconsin, Madiwn, Wisconsin, U.S.A.

(Rereiwil 20 August 1974)

Ab nct-TRNSYS, a program for simulating the dynamic thermal behavior of transient syste¥ns. is a general
program for solving tets of diRerential and algebraic equations which describe solar.energy systems. It is based ona
modular approach which enables the user to readily simulate a wide variety of ayitems. The program consists of
component models (for collectors, controls. storage tanks. heat exchangera, furnkces. building loads, integmton,
recorders. etc.) and an executive routine.

The designer selects both hif component, and the design parameters describing the components and specifies, in a
simple fa,hion. ihc way in which the components are interconnected. The whole process·i, anatolous to specifying
an exporimental system. The designer also selects the information he wants from the simulation, * bamanaor
emlogoue to a physical experiment. Rad Includes the appropriate instrument components In 1,18 :imeld .

The use of thi prognm li iHustriId by a compari,on of method, of o,erati  a solar heat  sys:Im.

..*

(9)

CALCULATION OF FLAT-PLATE COLLECTOR LOSS COEFFICIENT
S.A. Klein

(No Abstract)

***

(10)
MODELING OF THE CSU HEATING/COOLING SYSTEM*

R. L. OONK, W. A. BECKMAN *ld J. A. DUFFIE
University of Wisconsin, M:,dison, Wisconsin, U.S.A.

(Received 20 August 1974)

Abstract-This paper resents a thermal simulation of the ('a,lorado State University Solar house. A computer model
of the solar energy system was developed and computer r,Ins were made using one year of meteorological data to
determine the important design features. The syste,n consists of a flat plate solar collector, main storage tank. service
hot water storage tank, auxiliary heater, absorption air conditioner with cooling tower and heat exchangen between
the collector and storage, storage and service hot water ti, nk and storage and residence. This system very closely
models the CSU house in operating mode one.

The results are in the form of monthly integrated values for the pertinent energy quantities. In addition, mults are
preknted which show the effect on the,yatem performance of the collector tilt, collector area and number of covers.
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(11)
REPORT #38

TRNSYS - A TRANSIENT SIMULATION PROGRAM

(No Abstract)

***

(12)

EXPERIMENTAL AND SIMULATED PERFORMANCE OF A CLOSED LOOP
SOLAR WATER HEATING SYSTEM

By P.I. Cooper, S.A. Klein & C.W.S. Dixon
CSIRO Division of Mechanical Engineering, P.O. Box 26, Highett, Victoria

3190, Australia

A prerequisite to the overall economic design of solar processes is a
satisfactory mathematical model of the system thermal behaviour.  Mathemat-
ical analyses of most of the usual components in a solar energy system have
been available for some time, but in general only simple system configurat-
ions have been considered.

A closed loop solar water heating system was designed, constructed and
carefully instrumented to provide meaningful experimental data on the system
performance. It consisted of a bank of series-connected, single-glazed, flat
-plate collectors coupled to a fluid thermal storage tank. Pumped circulat-
ion was controlled by a simple but effective controller which approximates
the performance characteristics of a differential controller. The load on
the tank was an ambient air cooled heat exchanger, chosen to approximate a

solar space heating system in which the energy dissipated is dependent on
ambient conditions.

A flow diagram of the experimental system is shown in Fig.1. In con-
junction with the experimental system, a mathematical model was constructed

using TRNSYS [1], a program for simulating the dynamic thermal behaviour of
transient systems. It was necessary to experimentally determine various
component characteristics  of the system for  use,  in the simulation model,   such
as the gain and loss coefficients of the collectors and the effectiveness of
the heat exchanger. It was envisaged that series connecting the collectors
would greatly aid in determining their operational characteristics.

Initial experimentation indicated that the stratified storage tank model
of Close [2] was possibly not sufficient for comparison of experimental and
simulated performance on an instantaneous basis:  Examination of the measured
storage tank temperatures suggested that a more representative 'black-box'
model of the tank could be devised and used in TRNSYS. This model was found
to more closely approximate the short-term performance of the storage tank,
though it is suspected that a simple, unstratified model will be sufficient
for long-term performance predictions.

The most critical parameters required to simulate the systdm performance
are the thermal characteristics of the flat-plate collectors. These are the
local efficiency no at the inlet when the inlet fluid temperature is equal to
the effective temperature of the surrounds and the overall thermal loss co-
efficient. Spectral measurements were available from laboratory tests which
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quantified the optical parameters of the collector type and internal measure-
ments under controlled conditions had indicated the magnitude of the overall
loss coefficient. These values provided a guide  as  to the accuracy of. exper-
imentally determining the characteristics from external'measurements taken
while the system was in operation.

Basically, two methods were used to determine the collector characteris-
ties.  The first involved plotting the efficiency of each collector for diff-
erent values of AT/G (where AT.is the potential for losses and G is the aver-

age radiation rate over a period of time).  Analysis indicated that for an
assumed linear system, the ordinate intercept of efficiency would be no while
the slope would be U. Though this method gave :satisfactory values of the
parameters for the simulation, they were not directly comparable with the
values expected from internal measurements.  This is due mainly to non-
linearity in the behaviour of the collectors.  The second method consisted
of plotting the instantaneous inlet and outlet water temperatures of each
collector against the progressive collector area of the bank.  Two such
curves for different radiation levels but approximately the same wind vel-
ocity and ambient temperature allow  no to be inferred.  The heat loss co-
efficient Uo is then found as a function of conditions from heat balances at
different times, on the assumption that no is unaffected by conditions.
Values found initially in this manner agreed well with those expected, but
subsequent attempts at reproducing them indicated that this method can be
subject to a large degree of error.

Comparison of simulated and measured values on an instantaneous basis
when the solar radiation is not varying rapidly indicated that the mathem-
atical model was able to closely follow the experimental performance of the
system. The agreement   was   not as close   on   days of rapidly varying insolat-
ion, because of inadequacies in the collector model and the difficulty of
accurately measuring and deriving the: system performance under these cond-
itions.

Storage Tank  

...fill ..4/"I

*Of, Heat
Exchanger

.

P .--ill -=.=.-6-         -
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FIG. 1
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(13)
COMPARISON OF SIMULATED AND MEASURED PERFORMANCE

OF THE CSU SOLAR HOUSE I HEATING SYSTEM

R.L. Oonk, W.A. Beckman and J.A. Duffie
University of Wisconsin
Madison, Wisconsin

The solar energy system installed in the Colorado State University house
consists of a flat plate solar collector, main storage tank, domestic hot
water storage tank, auxiliary. heater, absorption air conditioner with cooling.
tower, and heat exchangers between the collector and the storage, storage

and domestic hot water tank, and storage and residence.  The results of a
simulation study which were part of the process of design of this system are
rePorted  in a recently publ ished paper  (Oonk,  et al., "Modeling  of  the  CSU
Heating/Cooling System", Solar Energy, 17, 21 (1975) ).

It is now of interest to compare the measured performance of the sys-
tem with predicted performance (based on observed weather) over extended time
periods.  Hourly weather data measured at the house were used to drive TRNSYS,
a general solar process simulation program (Klein,  et al., "A Method of Simu-
lation of Solar Processes and Its Applications," Solar Energy, 17, 29 (1975) ).
The resulting predicted thermal performance of the simulated system has been
compared to -the corresponding measured thermal performance.

Comparisons were made over a 235 hour period from November 22 to Decem-
ber 2, 1974.  The behavior of the system over this time period was somewhat
unique, since there was no auxiliary energy or domestic hot water consumed.

Due to this unique behavior it was possible to determine several spate heating
load parameters necessary to drive the model.  Load parameters such as inter-
nal generation and infiltration rate were selected so that the predicted
heating load equaled the measured load. The resulting predicted integrated
thermal performance (based in part on the experimentally determined load
characteristics) was compared to the measured integrated thermal performance
for the ten day period, as summarized in Table 1.
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Table 1
Energy Quantities, November 22 to December 2, 1974

Predicted Measured
Collector useful energy gain (106kJ) 1.792 1.749
Auxiliary energy (106kJ) 0.063         0
Space heating load (10vkJ) 2.036* 2.013*
Tank internal energy change (106kJ) -0.320 -0.202

*Forced.to agree by adjusting the infiltration and internal generation
rates.

In addition to integrated performance over ten days, the dynamics of thesystem performance  can be compared  wi th predicted dynamics. Figure  1  shows
calculated and measured useful gain from the collector for the ten day period.
The measured performance was higher early in the period, but the reverse situ-
ation existed for the last three days.  Measured storage tank temperatures
matched predicted temperatures quite well during most of the period, but were
higher during the last three days.

A second comparison was made over a 69 hour period from January 27,  1975to January'  30,  1975. In these comparisons the infiltration and generation
rates determined from the earlier comparison were used to calculate the space
heating load.  Thus it is possible to check the validity of the heating load
model, since the model shoOld predict the same heating load that was measured.
The results.of this comparison is summarized in Table 2.

Table 2 j

Energy Quantities for January 27 to January 30

Predicted Measured
Collector useful energy gain (106kJ) 0.779 0.620
Auxiliary energy 0.207 0.522
Space heating load 0.996 0.971
Domestic hot water load 0.067 0.079
Tank internal energy change -0.099 0.054

Refinements in experimental measurements and longer time periods of

operation are being studied and will be discussed in the final paper.  In
general, the simulations are considered to satisfactorily represent both
the dynamics and long term integrated performance.

***
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SIMULATION OF SOLAR HEATING SYSTEMS
CHAPTER 9

W.A. Beckman, J.A. Duffie and S.A. Klein

(No Abstract)
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(15)

TRNSYS - A TRANSIENT SIMULATION PROGRAM

ABSTRACT

A solar energy system can be regarded as a collection of interconnected

components, which normally operate in transient modes.  To facilitate the

simulation of such systems, a computer program called TRNSYS has been devel-

oped to interconnect components in any desired manner and solve the simulta-

neous algebraic and differential equation describing the system.  With this

program, the essential problem of transient system simulation reduces to

one of formulating mathematical models for each of the compbnents in the

system.  General mathematical models of many components common in solar

energy systems have been developed.  Because these component models can

be interconnected in any specified manner, simulations of many different

systems are possible with little or no programming effort.

The formulations of models for typical components are described.  The

interconnection of component models in TRNSYS to obtain system performance

is illustrated by example.

KEY WORDS:  Load-Calculation, Modeling, Solar,

Systems-Building, Thermal-Response
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PACKED BED THERMAL STORAGE MODELS

FOR SOLAR AIR HEATING AND COOLING SYSTEMS

P.J. Hughes, Research Assistant
S.A. Klein, Research Assistant

D.J. Close't, Visiting Associate Professor

Solar Energy Laboratory
University of Wisconsin-Madison

ABSTRACT

Using simulation techniques, this paper. investigates the

sensitivity of the thermal performance of solar air heating

systems to NTUr' a parameter which describes the heat trans-
-

fer characteristics of a packed bed store. It is found that

the long term performance of most practical system designs

is insensitive to NTUc.  A simple gravel bed model which

assumes NTU is infinitely large. is described.  The modelC

is shown to provide an adequate representation of the per-

formance of gravel beds of reasonable design, with much less

computational effort than that required for the solution of

conventional packed bed relations. Furthermore, it is con-

cluded thilt consi.der: ble fre.edolit may be allowed in the choice

of gtavel bed geometry witllout incurring a performance penalty.

PPresenFly  Senior Lecturer, Drrartment of. Engineering, James
Cook University, Townsville, Queensland, Australia.
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-

Solar Heating and Cooling

Solar energy for buildings
is developing rapidly in the United States.

John A Dullie und William A. Beckman

Thermal energy for buildings, supplied considerations, several social factors will
ut kmperatures near or below IOOIC, con-    inlluence the course  and  pace of devel-
stituki an import,int scgnient of the U:S.    opments. Two examples arc worth exam-
energy economy and accounts  for about ining. FirSt. architectural .constraints are
one-quarter of the nation's energy use. En-    imposed by the need  for collectors to be
ergy at these umperatures can readily be oriented within rather narrow limits. This
delivered from Ilat-platc sol.ir energy col- will ni:ikq it difficult to fit solar heating
lectors, and the solar energy incident on  systems to many existing buildings; thus
most buildings is more than adequate to  new residential construction will be the
mcct these energy needs. Flat.plate collec- easiesl starting place for conversion to so-
tors arc manufactured and sold on a small lar heating. Solar cooling may first be in-
but  gr„wing  scale  in the United States;    stialled in existing low-risc, Ilat-roof build-
they have been in use for more than a dec-    ings such as schools and shopping centers,
ade in heating wakr for buildings in Aus- where cooling is usually more important
tralia, Israel, and Japan. We expect that   than heating Second. tax policy is impor-
solar heating ancl cc,oling fur buildings,   tant. 'I'oday the installation of solar hcal.
with  ci,crgy collected  by  flat-plate collec-     ing or cooling systems brings un increase in
lors, will he the first large-scale application properly valuation in most states, and u
of solar cnergy. corresponding modest increase in real cs-

Ihe hahic problem with solar heating   tate taxes. Government encouragement lo
und cooling has heen that thu energy could invest in solur energy systems in the furm
not, except in special c:,scs, tic'delivered .it   of tax wrile-01Ts or other inducements (us
costs cc,mpetitive with costs 01'energy frotn are provided for investments by other ener-
othcr sources. This situation is rapidly gy produccrs) could very rapidly change
ch:inging, and interest in solar energy is in-    the competitive position of solar energy in
creasing aln,ost daily as fucl costs rise. In relalion to conventional energy sources.
urcas where new natural gas connections In all buildings, intelligent practices for
arc no longer available, where oil is not energy conservation are wor,h following.
distributed, and where electrical resistance    1-lic basic advantages of reducing unagy
hcating is the only alternative among con-    needs by good therniul design upply whelh-
ventional sources, solar healing is econo,11- cr buildings are supplied wiah solar or con-
ically attraclive. ventional energy. If solar energy costs the

In addition to technicul and economic   same Its lin uliernative energy source. the
villue of energy conservation techniques,
such us extru glui.itig c,n windows und
doors or added insult,lion. is the slime
whether sol;,r energy (,r the alternative is
1,Cil,g uscil.
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APPENDIX 2

Announcement and list of attendees at the January 1975
"Solar Energy thermal Processes" short course.

.

El
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SOLAR ENERGY THERMAL PROCESSES 4 - 1. --

Jaiaary 6-10. 1975

(REPEAT of Engineering Short Course
heW in January and May 1974)

..

OBJECTIVES OF THE COURSE a program at MADISON
The maior 06 ective of this course is to provide engi-

neers mth a ve•king knc-ledge of lhe,cral Focesses for
sol w ef,ergy tailization.  T he coise is structued to Cover:
solai radiation. its neasiimment. and data and the; r uses:
the destgn ard pertormance 01 solar energy collectors.
energy storage units and ottier system corrpocrnts: solar
process system ana;isis :retr ois: aiplications of soiar SOLAR ENERGYenergy to thefrrel energy needs of  buildings. power genera-
lion processes. and costs of so:ar processes. Each topic

Wbuilds on t hose previously covered. ic p,ovide contir:uily
in the develop„Ent & the subject from basic F.incip.es to THERMALapplications.

The course is designed fo engineers who are or may
be respors.ble for design and evaluation 01 sola erfigy

PROCESSESlistems and assures sD/re backgrmi in heat transfer
a*  thermodynamics.    The couse  will  consist  W  a  series
ol lectures. combined with tutorial sessions in which prob-
tems will be worked with the aid of lie staff.

The book. Solar Energy Thermal Peocesses  Villey- I.

Inte,scierce. New York. 1974) will be used as a zext. and

January 6-10, 1975 S
acopy will be fovided to each participam.                                                                                                                                                                                                                         m                E 

At theend 01 thecouse, the participants will have                                                                                                                                              S             =had experience in grediction ol the thermal perlornance of -'-
sola, erergy systems and a method ol making

economic as-                                                                                                                                  5                                       8
.                 28

sessments d so# energy.  The couse will ref lect cur- THIRD OFFERING                      E   8rent research on $01= energy processes.                                                                                                                                                                                                        3    z.                                                                  >2 1 0

6 Z            d     91,8of Short Course
m M:        i    mise0 oil 04
9 59

1 1   .      ;la:1/ E aws: OXI ... Efli
1./ 2 :58 Mi  /Kifi

2
This course MAY be applicable for credil 'DEPARTMENT OF J NG!:1:ERIMS ."   -  .I D

to,faid the Unive,sity ol wisconsinY
-9.Ii   Eild 09 X SE:Z=

Gib :0300Piofeisional D -tapment Degi.
in Engineering.  Details ol this degree Lliz.,f UAN·.i:i ce ::is ,ns:n-E X T ENLICR *di iii al V jiliipiogram aa avaiMbw upan request.
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SOLAR ENERGY THERMAL PROCESSES
U/L / Emgialming Registmtion

10 1 -lin, . 5370' Ja•gary 6-10. 1975•   Th, VSCON. CENTER. 702 MA N

Soh Ene,gy Thermal Pmcesses. January 6-10. 1975 In Coopention with the Collige of Engineering. UW-Madison

Mi.'I. aIONDAY. JANUARY 6 VEDDESDAY. JANUARY B..,se.int'
Title/Position 8:00 Registration Sol= Focusing Collecws

AU AM

CON,any                                                                              2                           The Wisconsin Center Energy Storage I
1                              Corner d Langdon and Lake streets pu

Address Madison. Wisconsin Energy Storage 11

City & Slate                                                                  J                  Review of Heat Transfer Topics Irriportant in Sola, Performarr e
a                     Imroduction to the Course Tutor,al Session on Collector S:orige System

0/p'
EnergyOllice Tel. No. nIIRSDAY. JANUARY 9pu

Social Secuity NO.            /              / Sola, Radiation 1 AM
SOW Flat-Plate Collectors t Review of Solu Space Heating Experience

690 Get-Acquainted Social Hour uid Dinnef (Cash Bu» Modeling 01 SOIN Heating and Cooling Syst.=
Emt*o- The wisconsin Center Pil

FEE: ENROLLUENT LIMITED Economics 01 Heating and Cooling Systefrs
TUESDAY. JANUARY 7 Tdo,ial Session on Heating and Cooling Sys*em

$350.00 AM Performance

Sola, Radiation Il
Checks payable t o. . . . Unrversily of Wisconsin--Extension) Tutorial Session on Sot) Radiation Calculations FRIDAY. JANUARY 10

PM      ,         '                       AM
Robert C. Lutton Ple,•. 01"Cle, Solar Flat-Plate Collectors Il Revie,v 01 Solar Energy Activities W

Tutorial Session on Flat-Plate Collector Design Solar P er Systems A

Departmem of Engineering. Ul-EXTENSION                                         and Pe,formarre Lunch-Presentation ol Certificates
432 North Lake Street. Madison. m 53706

FM Prqi,I lide,inition / CALL.  608) 262-201                                                                                                                                                            Open Tutorial on Topics of Interest
to Registrants

Fe, E....4/ CALL: N&2-12I

GENERAL INFOmIATION SHORT COUSISE FORIIAT
ENROLLMENT:  Register in advance by mail or phone. Early
mgistrations we confimdby mail.  Be sure you have a ceillmid Each day the short cause will consist ol three sessions.  The wrning session will be from 800 to 11:00 a.m.. and will bl In

Iwollment. FEE covers session cost. notebook and handout two pirts separated by a coffee break  Each of the Fts will be a lecture on a major topic. or atutorial. Foblem--crking session
Imerials. Weak refrestwnents. one scheduled dinner ard m v,hth the stall will assist registrants In working od design and perlormance problems.
Ils:ches.  Lodging and other meals NOT included. The early afternoon session. from 1:00 to 2:00 p.m.. will be resmved 10, individual consultations and wok at the Engineering

LOCATION: Madison proglans (imless noted otherwise in this Computing Laboratory.    The afternoon sessions  will  be from 2:00 10 5:00 p.m.  and wfll  be  in  the  sarre format  as the morning  ses

bulletin)  are  held  in  The WISCONSIN CENTER.... northeast lion.  Topics tor the morning and afternoon sessions are indicated in the outline.  Lis,cheon will be daily at noon in The Wiscon-

corner o: carrous at Langdon and Lake streets.  Check program sin Core, Caleteria
details.
PARKING.  There is metered public pa,king in Lake St. Ramp
(between State St. & University Ave.) Ild at street level in INSTRUCTORS FOR THE COURSE
Holen lhite Hall (Piwk St. opposite Wisconsin Union). . . .bolh a
Dlock from The VISCONSIN CENTER. Posted AREAS are J-1 A. 09711., Professor of Chemical Engineering. As- Ellial A. Blckman, Professor of Mechanical Engineering
restricted to permit holdms.  Some pefrnits may be available sociate Dean 01 the Graduate School of University of Wis- d Unlvirsity of Wisconsli,-aladison.  Dr. BickiI,=, is
(nominal feel for nearby parking. Registrants will receive consin-Madison, and Director of tho Solar Enorgy Laborl chiliman of the Solar Energy Division 01 thi Americm So-
infor-"1. tory.  Or. Duff ie is imrrediate Past President of the Inter- ciely of lechanical Engineers. a specialist in numerical
LODGING OVEiIMGHT: A carripus m•p Ind ledison area  tional Solar Energy Society and has been active in solar modeling of therml systems. and hls varied Ind published
hotel/motel informtion will be sent lo all registmis. Wke •nergy resea,ch f m 20 years. mitenstvoly in solu energy and related fields.
a ance reservations directly with the place you select.
REFUND:  N pro/am is cancelled for any reason. your Fle
lill be refunded. 10 YOU cancel. nolily us at least a day boloie TEXT
an INSTITUTE or REFRESHEA program and at liall a week
Mfor O a SHORT COURSE start dato to feceive you, refund. Professors Ouffie and Beck,run are authors of the book. BoN Enifly Thennst Proc•sis /iley.Inter science, Octobif. 19741 which

. PROCEEDINGS ARE NOT PUBLISHED .
will be furnishid to each inrollee.  Text will be ient m a*inci to all in,olles whose paid regis:ration is received st least 4

A Certificate of Participation Is presented to each registient neeks before course starts.
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SOLAR DATA TAPES

Pr„I,arc·cl  by  1:hc, Un i.versity of Wisconsin Solar Energy Laboratory

DESCRIPTION

The solar data tapes contain hourly solar radiation and meteorological

data, assembled from Weather Bureau tapes and other sources, for several

cities in the United States.  Solar radiation, wind speed, and dry bulb

temperature data are available for all cities. Additional data on visi-

bility, humidity, wind direction and cloud cover is available for many

of the cities.

TAPE FORMAT

The tapes are written either in 7-ti-ack BCD mode with even parity .and

800 bpi density or 9-track EBCDIC  mode  wi th odd parity  and  800  bpi  or

1600 bpi density.     A  tape is divided into files, each containing  a  year  of

hourly data for one city.  Table II sequentially lists the contents of

each file on the tape.

A complete file contains 8760 hourly records followed by an end of

file mark. Each hourly record is an 80 character card image and these

are blocked 240 records per block. Data must therefore be read from the

tape in 240 hour blocks, and there are 37 blocks in every file. (The last

block is only half filled with data since every year has 365 daily records.

February  29  has  been  del.eted  from  le.,I) years.) Table I describes the general

card image format.  Note that not all of the data listed is available for

every city. Where data is.not available, the field is filled with 9's

so that free format reading can always be used. The data available for

each city is indicated in Table II.
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TABLE I. HOURLY RECORD FORMAT

Column Abbrev. Description Units

2-6 STN Weather Bureau station number

8-9 YR Year (19--)

11-12 MO Month (1-12)

14-15 DY Day (1-11)                                 -

17-18 HR Hour (0-23)

20-23 SOL Total solar radiation on a W/m2
horizontal surface &

25-26 WD Wind direction degrees/10*

28-29 WS Wind speed m/s

0
31-352 DBT Dry bulb temperature                C

0
37-4lt WBT Wet bulb temperature                C

0
43-47t DPT Dew point temperature               C

49-51 RH Relative humidity percent

53-54 CC Cloud cover tenths

56-60 VIS Visibility kilometers

A   total radiation over the past hour
*

0   is   wind    from the north,    9   is   from   east,    18    is   from   sou th,    etc. . .

f  5  character f ield.with decimal point second from the right
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TABLE II. SOLAR  I)ATA  'rAPE FILE STRUCTURE

t

File City Period Additional Data

1      Madison, WI DESIGN YEAR WD, HUM, VIS, WBT, DPT

2      Madison, WI 1/1/48-12/31/48 WD, HUM, VIS, WBT, DPT

3      Madison, WI 1/1/49-12/31/49 WD, HUM, VIS, WBT, DPT

4      Madison, WI 1/1/50-12/31/50 WD, HUM, VIS, WBT, DPT

5      Madison, WI 1/1/51-12/31/51 WD, HUM, VIS, WBT, DPT

6      Madison, WI 1/1/52-12/31/52 WD, HUM, VIS, WBT, DPT

7      Madison, WI 1/1/53-12/31/53 WD, HUM, VIS, WBT, DPT

8      Madison, WI 1/1/54-12/31/54 WD, HUM, VIS, WBT, DPT

9      Madison, WI 1/1/55-12/31/55 WD, HUM, VIS, WBT, DPT

10 Madison,WI 7/1/61-6/30/62 WD, HUM, VIS, WBT, DPT

11      Boulder, CO 1/1/56-12/31/56 WBT

12 Mi ami, FL 1/1/55-12/31/55 WD,   HUM,   CC,   VIS

13 Charleston, NC 1/1/55-12/31/55 WD, HUM, CC, VIS

14 Blue Hill, MA 1/1/58-12/31/58 WD, HUM, CC, VIS

15 Albuquerque, NM 1/1/59-12/31/59 WD, HUM, CC, VIS

16      Albuquerque, NM 7/1/62-6/30/63 WD, HUM, VIS, WBT, DPT

17      Phoenix, AZ 1/1/56-12/31/56 WD, HUM, CC, VIS

18 Santa Maria, CA 1/1/55-12/31/55 WD, HUM, CC, VIS

19 Seattle, WA 1/1/60-12/31/60 WD, HUM, CC, VIS

20      Fresno, CA 7/1/57-6/30/58 WD, HUM, VIS, WBT, DPT

21 Medford, OR 7/1/61-6/30/62 WD, HUM, VIS, WBT, DPT

: 22 El Paso, TX 7/1/54-6/30/55 WD, HUM, VIS, WBT, DPT

; 23 Dodge City, KA 7/1/55-6/30/56 WD, HUM, VIS, WBT, DPT

24 Bismark, ND 7/1/54-6/30/55 WD, HUM, VIS, WBT, DPT

25      New York, NY 7/1/57-6/30/58 WD, HUM, VIS, WBT, DPT

i

All files contain the station no., year, month, day, hour, solar radiation,

wind speed, and dry bulb temperature.
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Acknowledgements & Disclaimers

The data in files 1 tlirough 9 were .issembled by the University of Wisconsin

Solar Laboratory.  The radiation measurements came from Solar Lab records of

data taken both by the University of Wisconsin and the U.S. Weather Bureau

in Madison. These data were integrated with "surface observations" for

Madison over the same period obtained from the National Oceanographic and

Atmospheric Administration (NOAA). This data had numerous small gaps which

were filled in with actual readings from the Madison weather bureau archives

wherever possible and interpolated values when no data was available. The

design year was constructed by selecting the months from the eight consecutive

years whose total radiation and degree days most closely matched the monthly.

averages of the eight year period.

The data in files 11-15 and 17 were obtained from Professor Richard

Tybout of Ohio State University and the data in files 10, 16, and 18-25

were obtained from James Hedstrom of Los Alamos Scientific Laboratory.

The UW Solar Lab altered only the format and units of these data to make

them compatible with our own. We do not intend to characterize these data

as "design years" or even as being representative of the location in question.

Furthermore, it has been found that US weather bureau data, especially

cadiation measurements, are often 5 to 10% in error and occassionally as

high as 20% in error.

-
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THE UNIVERSITY OF WISCONSIN

INTERACTIVE SOLAR HEATING DESIGN PROGRAM, FCHART

The Solar Energy Laboratory of the University of Wiscons
in

has developed a quick design method for solar heating systems*,
based on standard system configurations, using either liquid or

air as the heat transfer medium. This method treats collector

area as the main design variable, but includes means fo
r taking

into account secondary design variables such as storage
 unit

capacity. We refer to this method as the f-chart method. The

f-charts are the result of correlating hundreds of deta
iled

simulations of solar heating systems. For standard system con-

figurations, the f-charts eliminate the need for detail
ed simu-

lations using hourly meteorological data.

The meteorological data required to use the f-chart meth
od

are: the long term monthly average of daily total solar
 radia-

tion on a horizontal surface, the long term monthly aver
age

ambient temperature, and the long term monthly average h
eating

degree days (65°F base).

The solar energy system data needed for the f-chart 
method

includes: the FRUL and FR(Ta) products for the collecto
r (which

are the slope and intercept of collector efficiency versus 
(Tin-

Tambient)/(incident radiation) curves) ; the effectiveness of
heat exchangers between collector and tank (for liquid-b

ased

systems); the storage capacity per unit area of collector; and

the orientation of the collector.

The building heating load is incorporated either by specify-
ing the monthly load (calculated by any standard techniq

ue), or

by specifying the building overall loss coefficient (ene
rgy-per-

degree-day concept), which is the design heating 
load divided

by the design temperature difference. In addition, a service

hot water load can be added to the heating load.

Given these numbers, the fraction of monthly total loads,

and the fraction of the annual loads to be carried by sola
r

energy can readily be determined for any collector area
.

The f-chart method has proven useful for design and for
economic studies. Its utility has led us to develop an inter-

active program which will give the thermal and economic
 per-

formance. The appropriate meteorological data are stored in

the program for approximately 100 stations in North Ame
rica; it

is necessary to select from the list of stations the one t
hat

is most representative of the location of interest.

*Klein, S.A., Beckman, W.A. , and Duffie, J.A. , "A Design Procedure

for Solar Heating Systems," Solar Energy, 18,  113  0976) .

Klein, S.A., Beckman,  W.A., and Duffie,  J.A., "A Design Procedure for Solar
Air Heating Systems", Paper for ISES Meeting, Winnipeg, Aug. 1976.
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There are two options in the use of the program.  First,
the collector area can be specified (along with the other de-
sign data noted above), and the annual (and monthly if desired)
performance is returned. In addition, if cost data are supplied
an economic assessment can also be returned. The attached pro-
gram output illustrates the required input data and computed
thermal and economic performance for Madison, Wisconsin, for
an average residential structure.

The second option is to ask the program to find the eco-
nomic optimum collector area. The program uses a numerical
technique to optimize the collector area and returns the same
information as the first option but for the optimum area.

The economic optimum collector area is found by calculating
the present value of future costs of the solar system and of the
conventional system (including, if desired, the effects of es-
calating fuel prices, property and income taxes, tax rebates,
interest, depreciation, insurance, and maintenance).  The opti-mum collector area is that which minimizes the sum of the pres-
ent value of future costs plus the initial cost of the solar
system above the cost of a conventional heating system.

The equations for the f-charts are simple, and the economic
analysis is straightforward. Under these circumstances, it had
been our intention to provide (through publication in the tech-
nical literature) the basis of the program but not the program
itself. However, there has been sufficient interest in it that
we have now decided to make the program itself available.  We
will do so at a charge of $100.00 for a card deck (2000 cards)
or a punched paper tape, a program listing, data for over 100
stations, and the paper describing the basis of the program.

The program is written in standard FORTRAN II for use in
interactive mode. It can be used in a batch mode but this is
not very convenient. There is no documentation other than the
listing (and the technical paper).  However, the program is
self explanatory in the interactive· mode.  On the University
of Wisconsin UNIVAC 1110 system, a point design costs substan-
tially less than one dollar.
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UNIVERSITY OF WISCONSIN
SOLAR ENERGY LABORATORY
FCHART VERSION 1.2

THIS PROGRAM UTILIZES THE DESIGN CHARTS DEVELOPED AT THIS LABORATORY

TO SIZE COLLECTORS FOR SOLAR SPACE AND DOMESTIC WATER HEATING SYSTEMS

OF CONVENTIONAL DESIGN. TO USE, ANSWER THE QUESTIONS.

YOU MAY USE EITHER SI OR ENGLISH UNITS.
DO YOU WISH TO USE SI UNITS?

YES
WOULD YOU LIKE A LISTING OF LOCATIONS FOR WHICH CALCULATIONS CAN BE

MADE?
NO

YOU MAY MODEL THE SPACE HEATING LOAD USING THE DEGREE-DAY CONCEPT

OR YOU MAY TYPE IN A SPACE HEATING LOAD FOR EACH MONTH.

83 YOU WISH TO USE THE DEGREE-DAY CONCEPT?
YES
YOU MAY EITHER HAVE THE GROUND REFLECTANCE SET TO 0.2 FOR ALL MONTHS
OR YOU MAY TYPE IN A VALUE FOR EACH MONTH
DO YOU WISH TO HAVE THE GROUND REFLECTANCE SET TO 0.2 FOR ALI. MONTHS?

YES
WOULD YOU LIKE THE PROGRAM TO PERFORM AN ECONOMIC ANALYSIS?

YES
IS THIS AN INCOME PRODUCING BUILDING (NOT A RESIDENCE)?

YES
DO YOU NEED INSTRUCTIONS TO CHANGE OTHER PARAMETERS?

YES
THE FOLLOWING LIST CONTAINS THE SYSTEM PARAMETERS AND THEIR PRESENT VAL
UES. TO CHANGE ANY PARAMETER VALUE, TYPE IN THE CODE NUMBER AND NEW
VALUE OF THE PARAMETER. WHEN CHANGING DIMENSIONAL QUANTITIES BE SURE
TO USE THE PROPER UNITS.
IF YOU WISH 10 LIST THE VALUES OF THE PARAMETERS, TYPE IN *LIST'
WHEN YOU HAVE FINISHED MAKING CHANGES, TYPE IN "RUN".
IF YOU WISH TO CHANGE MONTHLY VALUES OF LOAD OR GROUND REFLECTANCE,
TYPE IN "CHANGE".
IF YOU WISH 10 STOP, TYPE IN "STOP".
TO LIST THE VALUE OF ONE PARAMETER TYPE IN "LIST" AND THE CODE NUMBER.
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CODE VARIABLE DESCRIPTION VALUE UNITS

1   AIR SYSTEM=l,LIQUID SYSTEM=2. ................ 2.00
2   COLLECTOR AREA...... ......................... 50.00 M2
3   FRPRIME-TAU-ALPHA PRODUCT(NORMAL INCIDENCE).. .70
4   FRPRIME-UL PRODUCT..... .....................0 17.00 KJ/HR-C-M25   NUMBER OF TRANSPARENT COVERS... . . . . . . . . . . . . . . 2.00
6   COLLECTOR SLOPE. ............................. 43.00 DEGREES
7   AZIMUTH ANGLE (E.G. SOUTH=O, WEST=90). ....... .00 DEGREES
R    STORAGE CAPACITY.. . . . . . . . . . . . . . . . . . . . . . . . . . . . 315.00 KJ/C-M2
9   EFFECTIVE BUILDING UA.. ...................... 1000.00 KJ/HR-C

10 CONSTANT DAILY BLDG HEAT·GENERATION. ......... .00.KJ/DAY
11   HOT WATER USAGE.. . . . . . . . . . . . . . . . . . . . . . . . . . . .0 300.00 L/DAY
12   WATER SET TEMPERATURE........................ 60.00 C
13   WATER MAIN TEMPERATURE. . . . . . . . . . . . . . . . . . . . . . . 11.00 C
14 CITY CALL NUMBER.... .***••******..**..***.*.* 62.00
15 THERMAL PRINT OUT BY MONTH:-1, BY YEAR=2. ..... 1.00
16 ECONOMIC ANALYSIS 9 YES=l, NO=2.............. 1.00
l7 USE OPTMZD. COLLECTOR AREA:1, SPECFD. AREA=2.     1.00
18 PERIOD OF THE ECONOMIC ANALYSIS... ........... 20.00 YEARS
19 COLLECTOR AREA DEPENDENT SYSTEM COSTS........   100.00 $/M2 COLL.
20 CONSTANT SOLAR COSTS.... . . . . . . . . . . . . . . . . : . . . . 1000.00 ·$
21 DOWN PAYMENT(% OF ORIGINAL INVESTMENT). . . . . . . . 10.00 %
22   ANNUAL INTEREST RATE ON MORTGAGE. . . . . . . . . . . . . . 8.00 %
23   TERM OF MORTGAGE................:.......:.••• 20.00 YEARS
24 ANNUAL NOMINAL (MARKET) DISCOUNT RATE. ........ 8.00 %25   EXPENSES(INSUR.,MAINT.) OF SYSTEM IN 1ST ·YEAR 25.00 $
26 ANNUAL % INCREASE IN ABOVE EXPENSES... . . . . . . . . 6.00 %n 't PRESENT COST OF AUXILIARY FUEL (CF).......... 6.00 $/GJA.„ '

28 CF RISE: LINEAR=1,%/YR=2,SEQ. OF VALUES=3.. .* 2.00
29 IF 1, WHAT IS THE SLOPE OF CF INCREASE?. ..... .00 ·$/GJ-YR
30 IF 2, WHAT IS THE ANNUAL«RATE OF CF RISE.·.... 10.00 %
31 ECONOMIC PRINT OUT BY YEAR=1, CUMULATIVE=2 ... 1.00  ·
32 EFFECTIVE FEDERAL-STATE INCOME TAX RATE...... 25.00 %
33 TRUE PROP. TAX RATE PER $ OF ORGINAL INVEST.. 2.00 %
31 INCOME PRODUCING BUILDING? YES=1,NO=2 . . . . : . . . 2.00
TYPE IN ruDE NUMBER AND NEW VALUE
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MADISON WI 43.08

****ECONOMIC ANALYSIS****
OPTIMIZED COLLECTOR AREA = 47. M2
INITIAL COST OF SOLAR SYSTEM($). 5652.

MORT INTRST DEPRC PRP.TX INC.TX FUEL MISC TO.TAL SOLAR
YR PAYMT PAID DEDUCT PAID SAVED EXPNSE EXPNSE COST SAVNGS

1 518. 407.     0. 113. 130. 352. 25. 878. -114.

2 518. 398.     0. 113. 128. 387. 26. 917. -77.

3 518. 388. 0. 113. 125. 426. 28. 960. -35.

4 518. 378. 0. 113. 123. 468. 30. 1006. 10.

5 518. 367. 0. 113. 120. 515. 32. 1058. 614

6 518. 355. 0. 113. 117. 567. ·33. .1114.. 116.

7 518. 342. 0. 113. 114. 623. 1176. 177.

8 518. 328.     0. 113. 110. 686. 38. 1244. 245.
9 518. 312. 0. 113. 106. 754. 40. 1319. 319.

10 518. 296.     0. . 113. 102. 829. 42. 1401. 401.

11 518. 278.     0. 113. 98. 912. 45. 1491. 491.

12 518. 259.     0. 113. 93. .1004. 47. 1589·. 590.

13 518. 238. 0. 113. 88. 1104. 50. 1698. 700.

14 518. 216.     0. 113. 82. 1214. 53. · 1817. · 821.
15 518, 192. 0. 113. 76. 1336. 57. 1947. 954.

16 518. 165. 0. 113. 70. 1470. 60. . 20?1 • 1100.

17 518. 137.     0. 113. 63. 1616. 64. 2249. 1262.
18 518. 107. 0. 113. 55. 1778. 67. 2422. 1440.

19 518. 74.     0. 113. 47. 1956. 71. 2612. 1636.
20 518. 38. 0• 113. 38. 2152. 76. 2820. 1852.
PRESENT WORTH OF YEARLY TOTAL COSTS WITH SOLAR(-$)= 13916.

PRESENT WORTH OF YEARLY TOTAL COSTS W/0 SOLAR(*) = 16935.

****THERMAL ANALYSIS****
TIME PERCENT INCIDENT HEATING WATER DEGREE AMBIENT

SOLAR SOLAR LOAD LOAD DAYS TEMP
(GJ) (GJ) (·GJ) IC-DAY) (C)

JAN 30.8 17.81 19.64 1.91 818. -8.

FEB 39.6 18.88 16.99 1.72 708. -6.
MAR 60.3 1 =.     i) * 1 14.84 1.91 618. ·0.

Ai."3  0   1 4.1

APR 77.7 ,·).7 8.24 1.85 343.    7.:....,. 83
MAY 99.2 25.83 4.1 3 1.91 172.   13.
JUN 100.0 27.38 1.36 1.85 57. 19.

JUL. 100.0 29.27 .33 1.91 14. 21.

AUG 100.0 27.92 .53 1.91 22. 20.
SEP 100.0 27.18 2.32 1.85 97. 15.

OCT 88.0 24.29 6.32 1.91 263. 10.

NOV 37.7 15.42 12.40 1.85 517.    1.
DEC 30.7 16.65 17.73 1.91 739. -5.
YR 53.9 280.38 104.84 22.48 4368*

TYPE IN CODE NUMBER AND NEW VALUE
STOP
GOOD-BYE
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