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INTRODUCTION

Many computer proprams for solar system simulation have been developed to aid in the rescarch on
and design of such systems. All but a few of these programs fall into ane of two categorics: (1)
month-by~-month simulators, primarily used in design, and (2) hour-by-hour simulators, primarily used
for detailed systems analysis and for development of simplificd desipn methods, Until now, all of the
programs in the latter category have had defliciencies in several arcas.

Because of thcre deficiencics, the Component Based Simulator (CBS) computer program was recently
developed at the Los Alamos Scientific Laboratory (LASL). 1The desipn philosophy that guided CBS
development included strong emphasis on the {ollewing criteria. The propgram should have an execution
spced great enouph to make many patametric runs {easible. [t should have the flexibility to be used as
both a design and & research tool. The progpram should be highly uscer-oriented and have input and
output schemes that are easy to use. It should be portable among many computer installations.

Finally, the program should be not only an independent propram, but also a module in a complete
building encrgy analysis program package applicable to both residential and nonresidential buildings.

FEATURES OF THE CBS PROCRAM

The CBS propram was desipned as a module of rhe DOE-1 (formerly Cal-ERDA) buildinpg cnergy analysis
program packape [1]. As in TiNSYS [2], the solar simmlator in widest use today, a component-based
atructure and methodolary enable the CUS user Lo assemble a large number of systems while code
redundancy is kept to a minimum. The present wropram can simulate active space heating and building
scrvice hot water systems, hoth liquid and air, as well as a solar-assisted heat pump., Available
components include f{lat-plate collectors, heat exchanpers, liquid and rock-bed storape units,
differential controllers, and auxiliary heatiog controllers, S.veral insolation models arc available
for both measured and caleulated radiation. 1In addition to the component-bised capability, the program
includes complete liquid and air space bheating systems preconnected for user convenience. Passive
golar and solar-driven absovption cooling systems will be added at a later dare.

Onc of the more imporl.:nt user-oricnted features is o powerful language processor that inputs the
syatem descriplion data. Aspects of the input lanpuape include free-formatting of input data, defaults
for many input variables, and the scaling of input variaules by other input variables. Also contained
in the input lanpuage are error checlding on the range of ioput values and diagnostic options, including
the Tisting of inpet and default values and cheir units.  Output op!ions allow the user to sclect
predefined reports or to define veports or plols according to special requirements. The program is
aimple enough to use as a design tool, yet flexible cnough for use in rescarch,

Typical run times for a yearly simnlation (hourly time steps) are 15-45 cent=al processor aeconds
on a CNDC 6600. Thesr exceution specds are noamally 3 to 10 times farter than TRNSYS. The comparative
run times largely depend on whether time steps ol less than 1 h are used in TRNSYS for stability aad
convergence; CBS converpes well at hourly time steps.  The program is also highly portable; only
character manipulation awnd plotting routines us» nonstandard FORTRAN.

CBS is capable of executing as an independent simulator, ir this mode, the user may either input
precalculated leads or calenlate loads using a nimple depreec-day loada component with schedules,  When
the propgram is used in conjuiction with the DOE=-] building enerpy analysis propram, many other powerful
features are available, such as sophisticated transient load calculations, 1IVAC aiv-side distribution
systems simulation, and economic analysis for commercial buildings.

Preliminary documentation o. CBS is now availeble and more complete manuals will be availaile by
late 1978,

CBS-TRNSYG COMPARISON

Several comparative test runs were made uaine TRNSYS [2]. Comparisons weve made using identical
systema and ioads, nominal syatem parametera, and hourly weather data for three citiern. lourly renult
were compared for a test period of several days, and monthly sums were compaved tor a one-ycar test
period.

The residential liquid space lcating and domentic holt water aystem modeled by both proprams ias
shown in Fig. 1. The CBS simulation was conducted by LASL, and the TRNSYS simulation was cunducted by
the University of Winconsin [4]. Typical reaidential space heating loada were caleulated using the
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NBSLD program [4] and weather data for Madison, Wisconain. The double-glazed, nonselective surface
collector was oricnted due south at a tilet angle of latitude +10%, had an area of 50 mz, and a flow
rate of 50 L/min. (The annual solar fraction wa: 68%.) The main storage tank capacity was 4005 L, and
the domestic hot water preheat tank capacity was 350 L. Domestic hot water usage was 350 1./day at a
delivery temperature of 50°C. The space heat delivery scheme included a liquid-to-air heating coil
with a downstream auxiliary (bocst) coil (Fig. 1).

Representative hourly results for a period in the spring (March 10~16, which included both clear
and cloudy days) are presented in Fig. 2. The slight differrnces between the hourly results of the two
programs are greatly diminished when monthly and annual solar fraction results, Fig. 3, are cxamined.
Note that agreement is within 3.2% monthly solar fraction and within 0.8% solar fraction on an annual
basis. These results indicate that CDS tracks TRNSYS within acceptable limits.

The gystem decacribed above was also modeled using loads and weather data for llamburg, Germany, and
Santa Maria, California. Slightly dilferent system sizes were used for these climates. 1In addition, a
residential solar space heating and domestic hot water heating System using air collectors and rock-bed
storage was modeled by both programs using the Madison loads and weather data. The results obtained
for thesc additional systems were very similar, both in trends shown and relative differences, to those
for the system in Fig. 1.

SAMPLF. RUN

To illustrate some of thc featurcs of CBS, a simple liquid residential space heating system (Fig. 1
without domestic hot water) was simulated.

A computer output listing, showing an input echo and monthly simulation reaults, is shown in Figz.
4. The input echo shows that the lanpuage structurc consists mainly of commands (such as RUN-PERIOQD,
SYSTEM, and COMPONENT) and of keywords (such as LATITUDE and LCIGITUDE) to which values are assigned.
Fur clarity, the compands bepin in column one and Lhe keywords begin in column scven of the input
cards. MNowever, the input is essentially free-format. For example, all three lines of data for the
AUX-CNTRL component could have been compressed into one line. The option to list the default values
used was chosen; but to simplifly the example, the option to echo input values and their units was not
selected. Iaput card images arc shown with sequence numbers and with interspersed default mesgsages.
The preconnected system was chosen here to simplify the example; in general, the user may connect
various components to assemble a complete system.

The DATA-READER component reads loads and weather data from card images on TAPE 19, while the
INSOLATION component converts total horizental insolation valucs, read by the data reader, to tilted
surface incident values. 1In the SUBSYSTEM component, a collector, a liquid storage tank, an
intermediate heat exchianger, collector-to-exchanper and exchanper-to-tank pumps, and a pump controller
are preconnerted topether. Finally, the AUX-CHTR], component models the combination of solar and
auxiliary cnergy to satiafy the space heating load.

The report followinp the input data summarizes the monthly results of system performance. Although
the report shown here is a standard report, ‘hre user may also define the contents of his own report.
This includes the scleztion of titles, headings, report variables, number of decimal placea, report
period, data output frequency, and column function (maximum, minimum, average, sum, etc.).

User-defined plols may also be genervated.

CONCLUSIONS

The recently developed hourly solar system simulator, CBS, is a highly cffective, user-oriented
analysis and design tool., It is flexible, casy-to-use, and [ast, yet maintains accuracy in comparison
to TRNSYS, the currenl standard in hourly solar simulators. It fcatures both standard, prcconnected
systems and uscr-confipured systems. Extensive initial testing has shown CBS results to be rtable and
to be accurate by comparison with TRNSYS.

CES appears supcrior to other available public domain solar system simulation programs that use
hourly or sublhourly time steps and should become widely usaed.
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Fig. 4. Sample output listing.



