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by

B. D. Hunn, W. V. Turk, U. 0, Wray
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Los Alanos, NM 87545

ABSTRACT

A major objective of the Class A Performance
Evaluation Program, spofisored by the OOE
Passi-w and Hybrid Solar Energy Division,
is to .ollect, analyze, and archive detailed
test data for the rigorous validation of
an~lysis/design tool< used for passive solar
research a~d design. The Los Alarms
National Laboratory has recently beccmne the
coordinator of this effort.

This paper describes eleme~ts of the plan
for Class A validation, A proposed valida-
tion methodology, including a quantitative
definition of v~’idation, minim~m data re-
quirements. and a standard reporting format,
is outlined, The preliminary testing of
this methodology using ho~rly data fran two
Class A test facilities is presented. Fin-
ally, the collection, ~nalysis, and docu-
mntatlon of preliminary data sets fs dis-
cussed.

1. IWTROOUCTION—

In the fall of 19R1, the L6S Alarms Natlone+l
Laboratory assuned responsibility for co-
ordinating and executing the Class A per-
formance evaluation activities of the 00E
Passive and Hybrid Solar Lnergy Program.
Under the Class A program, detailed hourly
data are being collected, ana!yled, and
archived for the dual purposes of (;) rig-
orous validation of analysis and design
tools (both cmnponent models and complete
tools) and (2) for performance evaluation
of pa?llve solal syster,ls;only the first of
these purposes will be addressed here.

The progr8n Is outllnd In a Solar Enurgy
Research Irstltute (SERI) report [1]; SERI
ard the National Bureau of Standard- (NBS)
h,lve b~pn actively Involved in the program
since Its beginning in late 1979. Although
t,hr In!t ial thrust involves test c?lIs,

smal 1 unoccupied test buildings, and a
residence, the progrmn Is expected to be
expanded later to include ccmnerclal build-
ings arid other test facilitates.

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,
Minimm data requirements and a standard
reporting format for archived Class A data
sets have been developed. A validation
methodology t;lat includes both analytical
and empirical elements ano a quantitative
definition of validation are under develop-
ment. This methodology Is undergoing
testing through the validation of several
analysis/desfgn tools using hourly data
from Class A test facilities. Preliminary
results of that test!ng are reDorted here.

2. APPROACH: THE CLASS A PLAN

A preliminary outline of the p!an for
Cl~ss A validation of p?sstve solar anfily-
sis/design tools is given in Ref. 1, This
plan Is being updated and ●xpanded at. Los
Almnos an~i includes tlw following four ele-
nmnts (se! ‘ig. 1),

(1) Oata needs definition and matching wtth
available or needed test facilities;

(7) Oev@lopncnt and testing of a general
validation methodology;

(~) col]~~t{on, an~~,ysjs, and a,,~iv~ng of
Class A te%t data for

● full-program validation,
. co~on@nt/alqoritirn validation,
● Performance evaluation; and

(4) Brogrmflanavmnt.

-------
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Fig. 1, Class A full-program

The first three of these elements are
addressed in detail below, Management of
the progrmn can be summarized in the fo\-
low{ny c~nts, Los Alamos is the tech-
nical manager for the Class A progrm and
has responsibility for the d\rect ion and
●xecution of the program; the Memphremagog
Group of Newport, Vermont, is asslstinrj in
cpneral management tasks, Several organl-
z,t{ons, prtnclpally SERI, NBS, and Lawrence
Berkeley Laboratory, are participating !n
the program, Los Alamos is responsible for
a$sur)ng that a sttndard validation method-
ology a,ld standard data collection/reporting
procedures are establl$hed and maintained.
Los Alanos will serve as the archive of
LIa$s A data, lncludlng site handbooks and
data

3.

3,1

tapes with documntatlon,

DATA NELIIS ANI’ RIOUIRCO TEST FACILITIES—.-— _

,Data Ne@ds Definition——

lb d~ta ned~ for Llats A validaton are In
two categorlps”

(1) Data for full- ro ram analys!s/doslgn
“-%-tool validiTlon, m

(2) Data for canpon~nt or algorlthn—— ..
validation.

Da~ri collection tn bcth of ihew categories
it necptsary for c~reh?nslve validation
01 #nal~slt/deTlgn tools. At prewnt, CII-
pnaslt In fhu Class A progrm 1~ on gather-

1
r 1
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validation plan elemnts,

i ng high-quality data for full-program
validation.

The Class A test facilities include acqui-
sition of hourly data sufficient to allow
all terms of an energy balance on the

building envelope to be dettnnined. This
requires hourly solar and weather data, and
!n most cases indoor dry-bulb temperatur~
and humtdity, vent discharge temperature
and flow rate, average inside-to-outside
temperatures (or heat fluxes) on each sur-
face exposed to mbient conditions, internal
heat sources, auxiliary heating and cooling
energy, infiltration, and surface and in-
ternal temperatures (or surface heat flux)

primary thenrral sttirage elements.
~;ermophystcal property data of the sotl
and of building materials are usually mea-
sured directly; in some cases the building
overall loss coefficient and heating/cooling
plaot efficiency are msasured in coheatlng
●xperiments.

3,2 Available and Needed ?~clllties——— — ..,-

At pres~nt, nine test facilities or huild-
Ingf are in the Class A network. Clr155 A
level data ar? b?ing taken at s?v~ral ottmr
faciltles, both within and outsidr of DOF
sponsorship. Oata frcrn these other facili-
ties are being r~tiiewed and canparerl to the
data nem-ls for a halarrced program: those
fac~liti?s fourld to br appropriate will
Iatrr be tnclud?d (n an ●xpanded Class A
n~twork. Tahl@ 1 surrsnarlles the types of
factl!tl~s presently In l)}P nctwnrk; no
cmrmrrclal buildlngs are y~t. included,
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The passive heatinq test facilities are

(1)

(2)

(3)

(4)

(5)

NBS Passive Test Facility, Gaithers-
‘,urg, ,Maryland;

LfhCa’1 House, Small Hems Council,
University of Illinois, Champaign,
11, inois;

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

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

Stki Qrtrof!t Test House, Gulden,
Colorado.

The passive cooling test facilities are

(1)

(2)

(3)

(4)

Trinity Cooling Test ;acility, ‘,rinity
University, San Antonio, Texas;

New Mexico State lln~versity (NllSIJ)
Roof Pond Test House, Las Cruces,
NCW Mexico;

University of Arizona (U of A) Pass ltie
Cooling Experimental Facility, Tucson,
Arizr)f,a;and

Florida Solar Enrrgy Center (FSEC)
Passive Cooling [aborato~y, Cape
Canaveral, Florida.

The heatinq facllltles and the Trinity and
FSFC cooling facilities will be used for
full-pfogra valldatlon; all four coollnq
te~t facllilic~ will b~ used for ccmsponent/
alqurltl-sr validation as well as fo< per-
formance evaluation and c~orent testing.

It is highly desirable that ttse tull-program
validation farlllties cover the ranne of
pnstlve heat~ng and coolln~ t-chnoloqles.

*nItOr*

*

●
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The summary in T6ble 2 shows that only a
few more facilities need to be identified
to attain c~lete coverfge.

4. DEVELOPMENT OF VALIOATICN rlETHG@OL~,V

A proposed methodology for full-program
validation [2] is the basis of the Class A
validation rmtbodology. It includes methods
for analytical and ●mpirical validation,
and concentrates initially o~ the energy
processes at the building envelope. The
anal~tical test> involve the determination
of closed-form analytical solutions of sev-
●ral slmpl~ cases for single-zone buildings
[3].

In the empirical tests, mdeling ●rrors,
input uncertainties, and user-effect un-
certainties ere addressed; the ~thodology
initially concentrates on the flr$t two of
these. The apprGac3 is to cmp,)re pred!cteci
space air te~eratures or au~iliary ●nergy
with values masuretl tr, the Clasf A test
facilities. The tett facilities have been
selected to include a range of controlled
condition. The gr~atest control is ob-
tained 11~ the SIR1 Test CQ1l where ground
couplinq, Infiltration, and Internal gtilns
essentially have been eltmlnated. These
●ffects are tnclvded In th- S“Ill Retrofit
facility, the REPEAT facillt~, and the NBS
facll!ty. The Lo-Cal house is an occup{cd
residence, which has been n’mnltored in oc-
cupied and unorcupled medes. In thlt stt-
Lsatlon, the te~t IS more r~alttttc, b~t
significant unrertdinty Prlst} for {nput
psra~ter~ afld thp energy ~ch~nl!m$ “:annot
hf Isolbt@d,

A series of standard, h!gh-quallty data
\ets, for continuous ne- t~ tL=o-week peri-
od<, lt being develo~cc! at ●ach site. Data
are being archived for p~rlods of floating
ard fixed space temqs~ratul’es fcr at least a
hcfitlng (or conllng) and !wing %eason.
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Testing of the Methodology—

●

analytical tests have been checked for
appropri~teness by being applied to three
building energy analysis cmputer programs
[3]. The quality of the arspirical data
tuning from the Class A test facilities is
being assured by testing thm against simu-
lations using five building energy analysi!
computer programs: ODE-2, BLAST, DEROB,
SUNCAT and TRNSVS. In this manner, problems
with the data sets are beirq resolved and
ddditiondl ddta needs are being identified.

4.2 Quantitative Definition of Valid~tlon

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 P$
analysit/design toois. Although the quan-
titative definition may reveal the presence
of errors in a stmulatlon model, our prinlary
purpose is not to provide a debugging pro-
cedure, but to quantify predictive cap~-
bllity,

The procedure will emp loy Monte Carlo
methods to qufintlfy the uncertainty in ou$.-
put performance variables resulting from
input parmn~t~r uncertainty and possible
systematic errors Introduced by the nmdellng
procedure, There art four basic steps in
our nmthod:

(1) Test bu!lding characterlzatlon,

(?) Performance monitoring of tl,e test
bulldlng,

(3) Slmul?tlon of test building per-
formance,

(4) Comparisons of predlctrd and rmasured
performance variables.

Tile test buildlng should be unoccupl?d rind
extremely Well characterlr~d. [ JCh d~-
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scri~tive parameter should be carefullv
measured and estim?tes of the random uncerl
tainty associated with the measurement ob-
tained. The descriptive parameters of in-
terest include all physical properties,
dimensions, and other characteristics input
to simulation mdels, The random varia-
tions of measured input quantities are as-
sumed to be normally distributed. Each
input paraneter is ch~racterizcd by its
mean vtlue and its standard dt.vidtion, O;

one can expect !?g% of the mPdsured values
to lie withil, limits or +2e.

Th@ performance of the test building should
be munitored for # period of about two
weeks, Estlmat~’ of the random variations
In the nasur?n~nt of all initial condi-
tions, weather variables, and performance
variables are obtainpd as described above.
The perfon,mnce variables of primary inter-
est are the space temperature and auxiliary
~nergy use.

Next, simulations are performed on the test
building using input parameters randomly
selected from the normal distributions ob-
tained in steps (1) and (2). This set of
performance calculations yields correspond-
ing sets of output variables, lf N per-
formance calculations are perforwd, a s:!
of N normally distributed values will be
obtained fnr each perfvt-mance variable at
each hour during tht test period,

The final step in the procedure 1. to ccrn-
parc the calculated values of thr per-
formance variable (actually a dlstr!blJtlon
of the output variable) with the measured
values. This can be don< in terms of the
error ohsprved in a selcclml p~rformanc~
vfir{able, say the heating power, P, that IS
n mearure of the auxl 1Iary energy use, T II(,

fractional error IflP is dcflllrd n~

~*-PM-PC— ...— (1)



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

PMn-PCn, n~12
P; - ,,... N (2)

—
PM

Now, if we combine all 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 ,n-12
P:h .

N (3)
— h-1:2: ::: H
FM

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

N

E P
nh

-*

‘h-~ “
(4)

The accuracy of this estimate depends on the

the sta~dard
ror at hour h,

vaiue of (Oh)m. the standard error of the
hourlv Wan, lhe auantity (Oh)m is related
to ~h, devlaticn of the rela-
tive e as follows:

(5)

Thus, we see that one must perform 16 siinu-
lations to obtain a standdrd error for the
hourly men that is one fourth the standard
dovlat ion of the hourly distribution. A ri
cstlmatc of the deviation of the hourly
distribution is given by

NOW, the nmst probable value of the rm~n
fractional error over the entire test period
\S obtalnpd from the weighted average of
the hourly mean V,IIINS as follows

H

x

-* 2
‘h/(d,,)m

P* - $+--—— “
(7)

The quantity 7 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
careful rmbsurement techniques should all
but eliminate this source. More likely, it
is the result of the inevitable approxima-
tions made In modeling complex physical
phenomna. 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 Validation Oat&

Experimental data have been collected from
two (NBS and Lo-Cal) of ~.he five heating
test facilities listed in Gee. 3.2 above.
These data are preliminary because they
were taken during shakedown of the two
facilities involved. 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,
>ut they have not yet been analyzed. Data
have also been taken at b~th of the SERI
faci ’,~ties, but tapes of reduced data have
not been produced. The data acquisition
system is 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 preliminary data h!ve b~en Laken at ;he
FS[C Passive Cool i,lg Laboratory. However,
these data have not yet been a,lalyzed.

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

siab-on-grade direct-gain test cell that is
at th( eastern end of the facility; the cell
temperature wds allowed tc float during this
period. Solar gain is pruvided by south-
facing patio door units and a clerestory
w~ndow. (The clerestory was blocked off for
this test run,) Thermal mass is contained
in the floor slab and an B-in.-thick solic!
core concrete block wall on the novh wall.
Because the on-site ~ather statiun was
danaged by lightning, the data tape con-
tains =ather data taken from difftwent
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 its ustsbil~t;~ fcr
validation, Infiltration Was masured
hourly using a tracer-gas monitor. The
agreerrent between the DOE-2 Dredlct ions and
the measured test-cell air temperatures is
quite good on clear days; however, the
agreement fs not as yood oc days wi;h Icu
insolation. Careful analysis revealed that
the low intensity solar radiation measur&-
nwnts are not reliable. Therefore, n’ea.
surement of t)- fall..perlod dnta at NBS is
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Fia. 2. Measured and Dredicted sDace air termeratures for the October 1981.- —-
NBS direct-gain test celi data.

expected to be repeated in 1982, Also,
most of the material property data used in
the DOE-2 input were taken from tabulated
values. However, core samples are being
taken of the floor slab and soi”t property
measurements are being made; these measured
Vd!lJeS will be used in subsequent runs.

A data tape for a two-day period during
September 1981 at the Lo-Cal House has 41s0

These data are frcxn the
~~~ ~t$’yze~~ngle-f amily residence. The
<un-tenpe~ed Ilouse uses moderdte $outh
glazing for direct gain, but contains no
extra thermal mass.

5.2 Docunmntation of Data Sets.—

Site handbooks have been prep~red for the
NBS and Lo-Cal facilities. These contatn a
detailed d?scrlption of construction, in-
strumentation, and material properties.

5.3 ~orponent/AlgoritPn Validation.——

The four cooling test faclltties listed in
Sec. 3.2 wI1l prlmarlly t?e used for ccmpo-
ner,t tsnd algorithm val!datfon. These will
be supplemented by otnel’ test fac!llties
already in existence or to be built later.
Data have been taken at all four sites, but
have not yet been analyzed for Inclusion in
the Cldss A validation data base.

6. QNCLUS1ONS

Through our C!ass A progress to date, we
have concludsd the following.

(1) The data needs for detailerl validation
of hour-by-hour passive analys\s/design
tools are fairly well ct,aracterlzed,

(2)

(3)

7.

The
the
ics

A ccxnprehenslve program and management
structure has bee., developed for this
validation effort, and

Although considerable progress has
been made, continuation of this pro-
grmn for at least thre~ more years is
necessary.
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