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ABSTRACT

A major objective of the Class A Performance
Evalration Program, sporsored by the DOE
Passive and Hybrid Solar Energy Division,
is to collect, analyze, and archive detailed
test data for the rigorous validation of
analysis/design tools used for passive solar
research aid design, The Los Alamos
National Laboratory has recently become the
coordinator of this effort,

This paper descripes elements of the plan
for Class A validation, A proposed valida-
tion methodology, including a quantitative
definition of v&'idation, minimum data re-
quirements, and a standard reporting format,
is outlined, The nreliminary testing of
this methodoloyy using hourly data from two
Class A test facilities is presented. Fin-
ally, the collection, analysis, and docu-
mentation of preliminary data sets {s dis-
cussed.

1. INTRODUCTION

In the fail of 1981, the Los Alamns National
Laboratory assumed responsibility for co-
ordinating and executing the Class A per-
formance evaluation activities of *‘he DOE
Passive and Hybrid Solar Energy Program.
Under the Class A program, detailed hourly
data are being collected, analyied, and
archived for the dual purposes of (i) rig-
orous validation of analysis and design
tools (both component models and complete
tools) and (2) for performance evaluation
of passive solar systems; only the first of
these purposes will be addressed here.

The program is outlined in a Solar Energy
Research Irstitute (SERI) rcport [1]; SER]
ard the National Bureau of Standard-~ (NBS)
have been actively involved in the program
since its beginning in late 1979. Although
the 1{inftial thrust {nvolves test «cells,

small wunoccupied test buildings, and a
residence, the program 1s expected to be
expanded later to include commercial build-
ings and other test facilities.

The Class A plan for validation and per-
formance evaluation is being updated, based
on the identified data needs of a variety
of researchers and tool users. The elements
of that plan are described in this paper,
Minimum data requirements and a standard
reporting format for archived Class A data
sets have been developed. A validation
methodology that 1includes both analytical
and empirical elements ano a queantitative
definition of validation are under develop-
ment. This methodology s undergoing
testing through the validation of several
analysis/design tools wusing hourly data
from Class A test facilities. Preliminary
results of that testing are reported here.

2. APPROACH: THE CLASS A PLAN

A prelininary outline of the plan for
Class A validation of passive solar analy-
sis/design tools {s given in Ref. 1. This
plan is being updated and expanded at Los
Alamus and Includes the following four ele-
ments (se« "ig. 1),

(1) Data necds definition and matching with
available or needed test facilities,

(?) Development and testing of a general
validation methodology,

() Collection, analysis, and ar hiviny of
Class A test data for

e full-program validation,
® component/algorithm validation,
e performance evaluation; and

(4) Program Manayement.

*Work “sponsared Dy the IS Department of Energy, Off ice of Snla, Heut Technalogies.
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Fig. 1. Class A full-program validation plan elements.
The first three of these elements are ing high-quality data for full-program

addressed in detall below, Management of
the program can be summarized in the fol-
lowing comments, Los Alamos s the tech-

validation.

The Class A test facilities 1include acqui-

nical manager for the Class A program and
has responsibility for the direction and
execution of the program; the Memphremagog
Group of Newport, Vermont, is assisting in
general management tasks. Several organi-
2. vions, principally SERI, NBS, and Lawrence
Berkeley Laboratory, are participating in
the program, Los Alamos is responsible for
assuring that a standard validation methad-
ology and standard data collection/reporting
procedures are established and maintained.
Los Alamos wil) serve as the archive of
Class A data, including site handbooks and
data tapes with documentation.

3. DATA NEEDS AN REQUIRCD TEST FACILITIES

3.1 Data Neads Def'nition

Thr data nreeds for Llass A validaton are in
two categories:

(1) Data for full-gro%r!p analysis/design

—

too) validation, an

(2) Data for component or algorithm

validation,

Data collection in hoth of Lhese categories
iy necessary for comprehensive validation
ol analysis/detign tools. At present, em.
pnasts in the Class A program {s on gather-

sition of hourly data sufficient to allow
all terms of an energy balance on the
building envelope to be determined. This
requires hourly solar and weather data, and
‘r most cases indoor dry-buld temperature
and humidity, vent «ischarge temperature
and flow rate, average {nside-to-outside
temperatures (or heat fluxes) on each Sur-
face exposed to ambient conditions, internal
heat sources, auxiliary heating and cooling
energy, infiltration, and surface and in-
ternal temperatures (or surface heat flux)
on primary thermal storage elements.
Thermophysical property data of the soi)
and of building materials are usually mea-
sured directly; in some cases the building
overall loss coefficient and heating/cooling
plant efficiency are measured in coheating
experiments.

3.2 Available and Needed Facillties

At present, nine test facilities or bullg-
Ings are {in the Class A network. Class A
level data are being taken at ssveral other
facilties, both within and outside of DOF
sponsorship. OData from these other facili-
ties are being reviewed and compared to the
data needs for a balanced program: those
facilities fourd to be appropriate will
later bhe included 4n an expanded Class A
network. Tahle 1 summarizes the types of
facilities presentiy (n ULhe network; no
commercial buildings are yet included.
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The passive heating test facilities are

(1) NBS Passive Test Facility, Gaithers-
Surg, Maryland;

(2) Lv-Cal House, Small Homes Council,
University of I1llinois, Champaign,
I1.inois;

(3) REPEAT Facility, Colorado State
University (CSU), Ft. Collins,
Colorado;

(4) SERI Two-Zone Passive Test Cell,
Golden, Colorado; and

(5) Stki Retrofit Test House, OGolden,
Colorado.

The passive cooling test facilities are

Trinity Cooling Test 7Facility, ‘rinity
University, San Antonio, Texas;

(2) New Mexico State University (NNISU)
Roof Pond Test House, Las Cruces,
Now Mexico;

(3) University of Arizona (U of A) Passive
Cooling Experimental Facility, Tucson,
Arizorna; and

(4) Florida Solar Energy Center (FSEC)
Passive Cooling Laboratory, Cape

Canaveral, Florids.

The heating facilities and the Trinity and
FSEC cooling facilities will be used ‘for
full-program validation; all four cooling
test facilities will be used for component/
algorithm validation as well as fo- per-
formance evaluation and comporent testing.

It is highly desirable that tue full-program
validalion farilities cover the ranne of
passive heating and cooling technologies.

in Tsble 2 shows that only a
identified

The summary
few more facilities need to be
to attain complete coverege.

4, DEVELOPMENT OF VALIDATION METHGDOLOGY

A proposed methodology for full-program
validation {2] is the basis of the Class A
validation methodology. It includes methods

for analytical and empirical validation,
and concentrates initially on the energy
processes at the building envelope. The

analytical tests {nvolve the determination

of closed-form analytical solutions of sev-

frﬁl simple cases for single-zone buildings
3).

In the empirical tests,
input wuncertainties, and user-effect un-
certainties are addressed; the methodology
fnitially concentrates on the first two of
these. The 8pproach is to compare predicted
space air temperatures or auxilisry energy
with values measured in the Class A test
facilities. The test facrlities have been
selected to include a range of controlled
conditions. The greatest control {s ob-
tained in the SER] Test Cell where ground
coupling, {infiltration, and internal guins
essentially have been eliminated, These
effects are included in tha S"RI Retrof it
facility, the REPEAT facility, and the NBS
facility, The Lo-Ca) house is an occupicd
rosidence, which has been monitored in oc-
cupied and unorcupied modes. In this sit-
uation, the test s more realistic, butl
significant uncertainty erists for input
pirameters and the energy mechenisms “annot
be {so0luted,

modeling errors,

A series of standard, high-quality data
sets, for continuous 'ne- ty two-week peri-
odx, s being developecd at each site. Data

are being archived 7or periods of floating
ard fixed space temperatures fcr at least a
heating (or conling) and swing season.
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4.1 Testing of the Methodology

The analytical %ests have been checked for
appropriateness by being applied to three
building energy analysis computer programs
[3]. The quality of the empirical data
coming from the Class A test facilities is
being assured by testing them against simu-
lations using five building energy analysis
computer programs: DOE-2, BLAST, DEROB,
SUNCAT and TRNSYS. In thic manner, problems
with the data sets are beirg resolved and
additional data needs are being identified.

4.2 Quantitative Definition of Validation

The purpose of the quantitative definition
of validation is to provide an objective
basis for evaluating passive solar simula-
tion programs in terms of their accuracy as
analysis/design toois. Although the quan-
titative definition may reveal the presence
of errors in a simulation model, our primary
purpose {s not to provide a debuqging pro-
cedure, but tn quantify predictive capas-
bility.

The procedure will employ Monte Carlo
methods to quantify the uncertainty in out*-
put oerformance variables resulting from
input  parameter uncertainty and possible
systematic errors {ntroduced by the modeling
procedure, Thera are four basic steps in
our method;

(1) Test buflding characterization,

(2) Performance monitoring of tue test
building,

(3) Simulation of tect  bullding per-
formance,

(4) Comparisons of predicted and measured
performance variables.

The test building should be unoccupled and
extremely well characterized. Lich  de-
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scriptive parameter should be carefully
measured and estimates of the random uncer-
tainty associated with the measurement ob-
tained. The descriptive parameters of in-
terest include a)l physical properties,
dimensions, and ather characteristics input
to simulation models. The random varia-
tions of measured input quantities are as-
sumed to be normally distributed. Each
input parameter 1s characterizrd by its
mean velue and 1ts standard drviation, o;
one can expect 95% of the measured values
to Tie within limits ot *2a.

The performance of the test building should
be munitored for & period of about two
weeks, Estimatec of the random variations
in the measurenent of all initial condi-
tions, weather variables, and performance
variables are obtained as described above.
The perfoniance variables of primary inter-
est are the space temperature and auxiliary
energy use.

Next, simulations are performed on the test
building using finput parameters randomly
selected from the normal distributions ob-
tained in steps (1) and (2). This set of
performance calculations ylelds correspond-
ing sets of output variables. If N per-
formance calculations are performed, a sct
of N normally distributed values will pe
obtained fnr each perfurmance variable at
each hour during the test peryod,

The final step in the procedure i. to com-
pare the calculated values of the per-
formance variable (actually a distribution
of the output variahle) with the measured
values., This can be donz in terms of the
error olserved in a selected performance
varfable, say the heating power, P, that is
a measure of the auxiliary energy use. The
fractional error in P is defined as

P o M- PC (1)

PM



where PM is the power measured at a partic-
ular tour, PC is_the calculated power at
the same nour and PM is the average measured
heating power for the full test period. A
set of N values of P* can be obtainea for
each hour nf the test period.

« PMO-PC 12, L N (2)
n —
PM

Now, if we combine A1l hourly sets of N
fractional heating power errors, we have a
family of N*H values where H is the number
of hours in the test period:

- PMnh - PCnh

y Im
Pnh' -_ h =

FM

The estimated mean value of this distribu-
tion at a particular hour, h, is given by

N
> P
;; - na 1 . (4)

The accuracy of this estimate depends on the
vaiue of {(op)p. the standard error of the
hourly mean, The quantity (ch)m is related
10 ~pn, the standard deviaticn of the rela-
tive error at hour h, as follows:

=)
(op), = h . (5)

"N

Thus, we see that one must perform 16 simu-
lations to obtain a standard error for the
hourly mean that 1is one fourth the standard
deviation of the hourly distribution. An
estimate of the deviation o the hourly
distribution is given by

N
:E: . -2\, | 172
I
1 nh n . (6)
°n T | F-T nal

Now, the most probable value of the meun
fractional error over the entire test period
{s obtained from the weighted average of
the hourly mean values as follows

(7)

The quantity P* is a measure of the Sys-
tematic error present in a simulation model.
The systematic error could caused by sys-
tematic errors in the input parameters, but
car2ful meaSurement techniques should all
but eliminate this source. More likely, it
is the result of the inevitabie approxima-
tions made 1in modeling complex physical
phenomena. Random variations in the frac-
tional heating power are caused entirely by
random variations in the input parameters.

5. COLLECTION AND ANALYSIS OF TEST DATA

5.1 Full-Program Validatior Data

Experimental data have been collected from
two (N8S and Lo-Cal) of “he five heating
test facilities listed in 5Sec. 3.2 above.
These data are preliminary becsuse they
were taken during shakedown of the two
facilities 1involved. Nonetheless, they
have been carefully analyzed and are rep-
resentative of typical Class A data sets
that will be archived. Additional sets of
data have been taken at these facilities,
Sut they have not yet been analyzed. Data
have also been taken at both of the SERI
faci.ities, but tapes of reduced data have
not been produced. The data acquisition
system 1{s being {installed in the REPEAT
test facility; data taking will begin in
the fall 1982. Extensive data have been
taken at the Trinity University facility
and prel!iminary data have been taken at the
FSEC Passive Cooling Laboratory. However,
these data have not yet been analyzed.

A data tape from tne NBS test facility for
a 25-day period in October 1981, has beeg
analyzed. The daty are from the 330 ft

siab-on-grade direct-gain test cell that is
at th. eastern end of the facility; the cell
tenpersiure wdas allowed to float during this
period, Solar gain is pruvided by south-
facing patio door units and a clerestory
window. (The clerestory was blocked off for
this test run,) Thermal mass {s contained
in the floor slab and an B-in.-thick solid
core concrete block wall on the norih wall.
Because the on-site weather station was
damaged by 1lightning, the data tape con-
tains weather data taken from different
sites at NBS.

Measured space air temperatures from the
cell were compared to DOE-2 predicted data
(Fig. 2) as a means of identifying problems
with the data and to test 1ts usability for
validation. Infiltration was measured
hourly using a tracer-gas monitor. The
agreement between the DOE-2 predictions and
the measured test-cell air temperatures fis
quite good on ¢lear days: however, the
agreement is not as ygood or days with low
tnsolation. Carefu! analysis revealed that
the low intensity solar radiation measure-
ments are not roliable. Therefore, mea-
surement of t'~ fall.period data at NBS fis
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Fig, 2. Measured and predicted space air temperatures for the October 198]
NBS direct-gain test cel) data.
expected to be repeated in 1982, Also, (2) A comprehensive program and management
most of the material property data used in structure has bee., developed for this
the DOE-2 input were taken from tabulated validation effort, and
values. However, core samnles are being
taken of the flonr slab and svii property (3) Although considerable progress hsas
measurements are being made; these measured been made, continuation of this pro-
values will be used in subsequent runs. gran for at least three more years is
necessary.

A data tape for

a two-day period during
September 198)

at the Lo-Ca) House has also

bean °"1?yZEd' These data are from the
1700 ft single-family residence. The
sun-tempered house uses moderate south

glazing for direct gain, but contains no

extra thermal mass.

5.2 Documentation of Data Sets

Site handbocks have been prepared for the
NBS and Lo-Cal facilities. These contain a
detailed dsscription of construction, in-
strumentation, and material! properties.

5.3 Component/Algoritkm Validation

The four cooling test facilities listed in
Sec. 3.2 will primarily bte used for compo-
nert and algorithm validation. These will
be supplemented by otheir test facilities
already in existence or to be built later,
Data have been taken at all four sites, but
have not yet been analyzed for incluston in
the Class A validation data base.

6.  CONCLUSIONS

Through our Class A progress to cate, we
have concluded the following.

(1) The data needs for detailed validation
of hour-by-hour passive analysis/design
tools are fairly well character»zed,
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