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VERIFICATION OF BLAST BY COMPARISON 
WITH MEASUREMENTS OF A SOLAR-DOMINATED TEST CELL 

AND A THE~MALLY MASSIVE BUILDING* 

Brandt Andersson, Fred Bauman, Wfllfam Carroll, Ronald Kammerud, and Nfna Friedman 
Passive Analysts and Design Group 

Lawrence Berkel~ Laboratory 
University of Calffornfa 

Berkeley, California 94720 

ABSTRACT 

As part of an ongotng effort to use empfrtcal data to test the computa; 
ttonal accuracy of the building energy analysts computer program BLAST, 
two vertftcatton studies are reported. In the ftrst, comparisons between 
temperatures measured tn a direct solar gain test cell and temperatures 
predicted by the program have been made. The c~npartsons were performed 
for two dtsttnct climate periods• the simulations were driven by weather 
data collected at the test cell site tn Los AlMnos, New Mextco. The test 
cell configuration and weather data manipulations are described• quantita• 
tive evaluations of the comparisons between measured and predicted interior 
temperatures are presented• limitations of the comparisons are discussed• 
and senstttvitfes of the simulation results to uncertainties in the meas· 
ured paraneters are examined. 

In the second study, comparisons of BLAST predictions to t~peratures and 
loads measured tn a masstve structure have been carried out. These tests 
represent a ftrst step tn v'rifytn9 the program's abtltty to (1) calculate 
full-scale building loads and (2) accurately model hybrid cooling using 
forced venttlatton. The structure, tts controlled external environment, 
and the tests conducted are described• results of completed comparisons and 
anticipated future simulations are discussed. 

I. INTROOUCTION BLAST ts currently betng modifted to 
allow performance analysts of passtvo solar 
systems. Models which descrtbe the thermal 
processes occurring tn passtve solar struc• 
tures are bet ng developed and t ncorporated 
tnto the program. These acttvtties wtll (1) 
provide a documented passive solar analysts 
program which ts available to the butldtng 
research and destgn professions and (2) pro
duce an analysts tool whtch can be used 
spectftcally to evaluate the applicability of 
passtve solar design concepts to commercial• 
scale butldtngs. In order to demonstrate the 
technical vtabtltty of the resulttng program, 
comparisons between stmulatton results end 
measured data must be performed. Thf s report 
summartzos the two comparisons which have 
been made to date. More comprehensive 
reports of these acttvtttes are available on 
request [1,2] • 

BLAST ts a state-of-the-art, user
oriented, publtc domatn butldtng energy 
analysts computer program. It has extensive 
capabtltttes for analyztng the energy con
sumption tmpacts of both the architectural 
and engtneertng destgn features of conven
tional butldtngs •. The program uttltzes ther
mal balance techntques to calculate dynamtc 
hourly sensible and latent thennal loads for 
the butldtng bttng staulated. BLAST also 
allows hourly stnulatton of the atr handltng 
syst• perfomence and of the central energy 
plant equipment operatton• t~ese features 
pemtt the progr• to be used for analyztng 
the thennal perfonnance of commercial butld· 
tngs as well as restdences. 

.Yht s wort has been supported by the Research 
and Development Branch, Passtve and Hybrtd 
Dtvtston, of the Offtce of Solar Applica
tions for Butldtngs, u.s. Department of En
ergy, under Contract No. Y-7405·£~48. 

+autldtng loads Analysts end Syste~~t Thenno
d;yn•tcs. BLAST ts copyrighted by the Con
structton Engtneertng Research Laborato~. 
u.s. Depertlllnt of the Anlt. Ch-.patgn, Il· 
ltno1s. 

II. VERIFICATION METHODOLOGY 

All butldtng energy analysts computer 
programs use algorithms and models whfch pro
vide approximate representations of the heat 
transfer mechanisms coupling the phystcal 
elements of the buflding to one another, to 
the environment, and to the internal energy 
sources artd/or stnks. Many of the approxtma• 
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tions dfffer from progr~ to progr~; even 
within a single program, the significance of 
a particular approximation to the simulation 
result may change from building to buildfng 
and/or from one climate or tfme perfod to 
another. In order to provfde full valfdatfon 
of a building energy analysts com~uter pro
gram, and to fully understand fts limfta· 
tfons, the individual models and algorithms 
must be compared to experimental data for the 
full •·ange of boundary conditions and excita. 
tions that •ight be encountered in prattice; 
unfortunately, such validation ts beyond the 
scope of currently available experimental 
data. 

The computer progr~ BLAST utflfzes 
state-of-the-art algorithms, many of which 
are based on first principles of heat 
transfer and are thoroughly documented [3]. 
The purpose of the wort reported here fs to 
provide general verification of the program 
as a whole, for particular passfve solar con
ffguratfons within specfffc ranges of 
clfmatic conditions. For the passive systems 
examfned, BlAST fs shown to provide very 
accurate analyses. However, extrapolation of 
the program to different climates or dff· 
ferent types of structures must be accan
panied by further verifications under the new 
use conditions. 

Two verification efforts are summarized 
here. In the first, comparfsons between 
thermal data measured in 1 small test cell 
located at Los Alamos Scientific Laboratory 
and simulated results derived from BLAST have 
been perfonned. The weather data used to 
drive the BLAST simulations were accumulated 
simultaneously with the test celt data. 
Input to the computer program consisted of 
the -.asured geometry and materials data for 
the test celt, and included engineering esti• 
mates for those parameters which have not 
been measured. Section III of this report 
describes (1) the input variables and (2) the 
weather data 1111nipul at ions necessary to con
vert measured information into BLAST input 
values. Section IV presents the results of 
direct comparisons between measured and simu• 
lated results, and several statistical fig· 
ures of 111r1t derived from the comparisons. 
In addition, in order to provide a basts for 
the extrapolation of the results of the 
direct vain test cell verification, several 
senstttvitJ' studfes have -been performed. 

. These studies examfne the sensftfvity of the 
simulation results to many of the estimated 
input par1111eters and to the dominant ctfmatic 
variables. Results of some sensitivity stu
dies are presented in Section v. Section VI 
contains 1 discussion of the lfmftattons of 
the verification and suggestions for further 
~~easur~~~~ents which would e11mfnate many of 
the current uncertainties tn the verifica. 
tton. 

The result: of the test cell verification 
ta~ply that the progran ts capable of accu· 
rattly represtnttng 1 configuration tn which 
the butldtng's thennal performance ts dom
tnated _by heat transfer through glazings 

. . ~ ... _~ .. ~~ \,...:.,; ~ • t ... .. 

(solar gains and conductive tosses) combined 
with the redistribution of the resulting 
thermal energy among Internal surfaces. How• 
ever, the test cell comparisons do not pro. 
vide a thorough test of t~ermal storage in 
massive constr~ction and in particular, con. 
ductfve losse~ through a thermally massive 
building envelope. In addition, the test cell 
data does not allow testing of the thermal 
load calculations. For this reason, a second 
verification has been carried out. In this 
case comparisons have been made between BLAST 
predictions and measured data from a massive 
building located fn a controlled environment 
inside a test chamber at the National Bureau 
of Standards. Section VII describes the 
structure, the condftlons imposed upon it 
through the controlled external environment, 
and initial results of the comparisons. 

Section VIII summarizes the conclusions 
that have been reached during the veriffC4• 
tion process to date. 

III. TEST CEll VERIFICATION PROCEDURE 

A. BlAST Direct-Gain Hodel 

o•rect-gain analysts capabilities are 
inherent in RLAST; no changes to the basic 
program were necessar,y to perform the verifi· 
cations reported here. A research version of 
the program called BLAST/HRT was used in this 
project; on completion of current software 
development tasks, the program wfll be 
released fn the public domain as BLAST·3.0, 

BLAST utilizes the user-defined building 
geometry, materials properties, and construe• 
tion details in the thermal balance solution. 
Solar transmission, reflectivity, and absorp. 
tfvity of the user-defined glazing meteriats 
and assemblies are calculated as functions of 
the Incident angle. Thermal conduction 
through the transparent and opaque surfaces 
of the buttdtng envelope and thermal storage 
within the butldtng mat~rlals are calculated 
using respor.se factor technfqu'" [4] whtch 
are lfmtted to one-dimensional heat flow. 
Solar and infrared absorptivity of external 
and internal surfaces is accounted for and 
shading of external surfaces is analyzed 
~namtcatty [4]. No further description of 
the direct gain space or system fl necessary • 

In a BLAST/MRT simulation, the user can 
determine how the solar gain is distributed 
among the surf!ces, although it fs distri· 
buted uniformly over a given surface. The 
hourly solution consists of performing simul· 
taneous energy balances on all surfaces and 
the zone air, resulting in temperatures for 
each surface and the zone a1r. The energy 
balance on each surface considers: 

1 Convection to the f'Of'lll air; 
t DYnamic one-dimensional condUction 

through the surface and, therefore, there 
mal storage within the m•terials' 

1 Thermal radiation to all other surfaces' 
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• Convective gains from each surface; 
• Convective gains from occupants, equip

ment, and lights; 
• Infiltration of outside air; 
• Convective gains from auxiliary heating 

and cooling equipment. 

The version of BLAST to be released near the 
end of 1981 (BLAST-3.0} will ha,·e three major 
improvements over this model. First, the 
solar radiation di~tribution on the internal 
surfaces of the zone will be dynamically cal
culated for each hour in the simulation. 
Second, the user will be able to specify mov
able insulation over any surface of the zone. 
Third, convection coefficients will be dynam
ically calculated, based on hourly air and 
surface temperatures. This new model will 
provide both expanded and more precise direct 
gain analysis capabilities. 

B. Test Room Jescription 

The building used for the BLAST verifi
cation was one of a number of small passive 
solar test rooms built at the Los Alamos 
Scientific La'>oratory in 1976-77 [6), A 
cross-section of the direct gain test room is 
shown in Fig. 1. This structure is well
insulated, and measures six feet wide by 
eight feet deep by ten feet high; the entire 
south-facing vertical surface is double
glazed with plexiglas sheeting. The simple 
standard design of the test rooms and careful 
monitoring of weather and tt!Tlperatures make 
ther very useful for research purposes. 

FIG. 1 SECTION 

DIRECT GAIN TEST CELL 
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Several computer code conpari sons {SUNSP01' 
[7,8], DOE··1 [9,10]. DEROB [11]} have been 
performed on the same test facilities, as 
well as hand calculation comparisons [12]. 
For the direct gain test cell, all incoming 
direct sunlight fell on the concrete surfaces 
shown in Fig. 1. The measured mean radiant 
(globe) and zone (shielded) room air tempera
tures provide the basic verification informa
tion as described in Section D below. A ccm
plete description appears in Appendix 1, 
Reference [1]. 

C. Climatic Data 

Hourly weather data collected at the 
test cell site by LASL included total solc11· 
radiation on a vertical surface, wind velo
city, and outside dry bulb tanperature. The 
temperature and wind speed data were provided 
in directly usable form. It was necessary to 
estimate corresponding wet bulb and sky tem
peratures, wind direction, and barometric 
pressure in order to complete the weather 
file input for BLAST. Estimates of these 
parameters were made by using data from an 
Albuquerque TMYt weather tape for the same 
time period and dry bulb temperature. The 
solar data on these tapes is developed from 
measurements of solar radiation. Though this 
method is approximate, the sJnsitivity of the 
BLAST simulation results to these three 
parameters was shown to be small. 

Incident solar radiation in the plane of 
the vertical south facing window was measured 
and reported by LASL but considerable manipu-
1 at ion was necessary in order to make the 
data canpatible with the BLAST input require
ments. The computer program input consists 
of hourly values for the direct normal radia
tion, horizontal diffuse solar radiation, and 
ground reflected radiation on a vertical sur
face. Since only total vertical surface radi
ation was available, considerable difficulty 
was experienced in establishing an accurate 
and internally consistent direct/diffuse 
brea~down. The method used to construct use
ful solar data frcm the measurements is 
described in [1]. 

D. BLAST Input_ 

Input to BLAST was prepar·ed as specifi
cally dnd as accurately as possible. The 
construction details, materials rropelties, 
geometry, and wfather data were obtdined from 
LASL personnel; the waather dJta was manipu
lated as described in Section C above. In 
the simple case of the direct gain test cell 

tTM~ (Typical Meteorological Year} weather 
data has beefi developed by N.O.A.A. from 
more than 20 years of measured weather and 
solar radiation values for 26 U.S. sites. 

jThis and other necessary intormation con
cerning the test rooms and the site were ob
tained from Jim Hedstrom and John Moore of 
LASL. 



whose internal thermal activity responds only 
to envirorrnental excitations, no internal 
heat sources, such as people, 1 ights, and 
equipment required specification. 

No i nf1ltrat ion measurements were made 
in the test cells during the period simu-
1 ated, nor have measurements been made to 
determine the dependence of i nfi 1 tt·at ion on 
temperature or wind. 3LAST infiltration cal
culations take the base rate defined by the 
user and modify it hourly according to 
changes in wind speed (WS, in unlts of m/s), 
and inside-outside temprature difference (6T, 
in units of °C) using the following relation: 

Inf. Rate = Base Rate· ( 0.606 + 0. 1177· WS 
+ 0.036·6T ) 

The choice of the base infiltration rate is 
discussed below. 

The complete BLAST input is included in 
Appendix 2 of Reference [1]. 

E. Quantification of the Verification 

The actual verification consists of com
paring the hourly test cell air temperature 
measurements and the air temperatures 
predicted by the BLAST s imu 1 at ion. As will 
be shown in Section IV below, excellent qual
itat~ve agreement was obtained. In order to 
quantify this comparison, the following fiq-

ures of merit have been calculated for each 
verification period: 

1 Maximum temperature difference; 
• Average difference in diurnal temperature 

swing; 
• Average of the abso 1 ute t {:rnperat'ure 

difference; 
• Root-mean-square temperature difference. 

Use of these quantitative figures of merit 
permits more discriminating comparisons of 
the predictions of the various models which 
are currently in use to simulate passive sys
tems. 

IV. TEST CELL VERIFICATION RESULTS 

A. Septern!>er 

The BLAST simulation for the September 
period is plotted with ·~he measured data in 
Fig. 2. It is clear that the data is tracked 
with consid~rable accuracy throughout all ten 
days. No systematic discrepancies are visi
ble over the entire period. 

The figures of merit shown in Fig. 4 
indicate how well BLAST performs in this 
instance. More than two-thirds of the hgurs 
are predicted within less t~an 0.5°£ (0.9 F), 
the average being only 0.4 C (0.7 F). When 
one considers that roundin8 errors for the 
measured data ave:-age 0.14 C (0.25°F}, the 
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acc001plishment bec001es even more apparent. 
No hour has ~ tenperature differential of 
more than 1.8 C (3.3°F). Even the diurnal 
temp0rature swings show a maximu'"B of 1.6 C 
(2.0 F) and an average of 0.5 C (0.9 F) 
difference between predicted and measurea 
valu'.'o;. 

B. December 

The qualitative c001ments applied to the 
September c001parison (Fig. 2) are also 
appropriate for the Decenber data displayed 
in Fig. 3. The accuracy is somewhat lower; 
the figures of merit in Fig. 4 are all about 
twice those of the September c001parison, with 
the exception of the maximum temperature 
difference, which is only about 35 percent 
higher. More specifically, the predictions 
for almost Jwo-thirds of the hours are within 
1.0°C (1.8 F) or less, and in only thr0e 
hour8 does the difference exceed 2.0 C 
(3.6 F). Again, there appears to be no 
1 org-term di 'Jergence. The December curv~s 
suggest an overestimation of the effective
ness of t herma 1 s tora1be. Th hs would account 
for the consistent 1-2 C (2.3 F) underpredic· 
t ion during the warmup and peak tenperatur~ 
periods, and the delayed tenp~rature degrada
tion during the final three days of dimin
ished solar radiation. 

V. TEST CELL VERIFICATION SENSITIVITIES 

Several of the input parameters used in 
the BLAST verification were based on subjec
tive estimates rather than experimental meas
urenents. In addition, some of the internc1l 
parameters and procedures used in BLAST are 
approximations, especially when applied to a 
test cell. For these reasons, several sensi
tivity studies were performed. The parame
ters examined include infiltration level; 
direct/diffuse split of the incident solar 
radiation; distribution of transmitted solar 
radiation on internal surfaces; values of tho 
absorptivity of external surfaces; total 
incide'lt solar radiation; steady state U· 
values of the opaque envelope surfaces; an• 
exposed area, thickness, and specific heat of 
the thermal storage mass. A high degree of 
sensitivity of the simulation to any of these 
parameters would indicate areas where extra
polation of the model to other climates, 
buildings, and/or building scales should be 
acc001pani ed by careful measurenents of the 
parameters as part of additional verification 
activities. 

As shown in [1], some degree of sens i
tivity of the BLAST predictions to variations 
in each of these parameters was observed. 
The two parameters judged to be most uncer
tain in the verHication simulations were 
also among those which demonstrated the 
stro'lgest influence on the predictions of the 
program. They were the infiltration level 
and the direct/diffuse split of the incident 
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so1c1r radiation. Results fr~n these two sen
sitivity studies are presented below. 

A. Infiltration 

Infiltration sensitivity runs were made 
at 0.0, 0.0021, and 0.0064 CMS (0.0, 4.5, and 
13.5 CFM respectively). These correspond to 
no infiltration, 0.5 times, and 1.5 times the 
base rate of 0.0042 CMS (9 CFM) used in the 
verification simulations (where 1 air change 
= 0.0026 CMS = 5.5 CFM). Although this base 
rate may seem high for a well constructed 
building, it may be reasonable when one con
siders the very high surface-to-volume ratio 
of the small test cell and the very 1 arge 
temperature differentials encountered. 

The BLAST temperature predictions were 
very sensitive to the infiltration rate, 
shifting by up to 4°C in response to a 50 
percent change. A 50 percent increase in the 
i nfil t ration rate caused the average tempera
ture difference between predicted and meas
ured values to rise from 0,4°C in the base 
case to 1.3°C (8.7 to 2.3°F) ~n September and 
from 0.8 to 2.8 C (1.4 to 5,0 F) in December. 
Even an accurate "best guess" for the actual 
infiltration cannot be made in the absence of 
detailed information on construction tight
ness and microclimatic effects at the test 
cell site. However, the simulation's lack of 
any systematic drift a wily from tt:e measured 
temperatures, even over 5-10 day s imu 1 at ion 
periods, tends to increase confidence in t~e 
infiltration levels used. The sensitivity 
runs showed that the same base infiltration 
rate (9 CFM) gave the best res11l ts for each 
time period, further substantiating the input 
estimates. Of course, there is always tt-e 
possibility of offsetting discrepancies in 
U-values, especially for the glazing, but the 
materials properties are far less susceptible 
to large errors. 

B. Direct(Oiffuse Split 

Due to the uncertainty in the breakdown 
of total radiation into direct and diffuse 
canponents, the sensitivity of the simulation 
to different proportions was tested. Twenty 
percent of the incident direct radiation was 
replaced by an equivalent amount of incident 
diffuse radiation. The effect of this change 
during September days is rather insignificant 
and only evident during peak solar hours (the 
average absolute temperature difference 
increased only imperceptibly), This effect 
can be attributed to similar values of direct 
and diffuse solar transmittance through the 
plexiglas window due to the sun angles at 
this time of year. A shift of direct radia
tion to diffase radiation has a more dramatic 
influence during Decenber, when the direct 
solar transmittance is noticeably larger than 
the·diffuse. For Decenber, the average tem
perature difference between measured and 
pred·icted values was doubled as a result of 
the solar radiation shift. 

• 

• 
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VI. TEST CELL VERIFICATION LIMITATIONS 

The BLAST simulation results provide a 
high degree of confidence in the ability of 
the progr3111 to analyze direct gain struc
tures; however, several limiting features of 
the verification should be noted: 

A. Infiltration 

The question of infiltration rate is 
very important when viewed in the context of 
other attempts to verify programs. As noted 
earlier, the verification reported here used 
a best estimate va 1 ue of approximately 1. 6 
air changes per hour; in order to get good 
agreement with the test cell data, rates of 
.25-2.5 air changes have been used* by dif
ferent researchers. Adjustments to the 
infiltration rate can obscure uncertainties 
in several other simulation parameters. The 
range of these estimates canpl etely masks 
many more subtle differences, and inhibits 
useful canparisons. In the present case, hav
ing used the same base infiltration rate for 
two seasons, in which its effect would be 
very different, and having maintained accu
racy in the results, some confidence is felt 
in the infiltration estimate. However, phy
sical measurements of the test cell in ques
tion are clearly required in order to remove 
the uncertainty of the infiltration esti
mates. 

B. Solar Radiation 

Most important to the proper simulation 
of the test cell is a specific set of solar 
radiation data, particularly a distinction 
between direct, diffuse, and ground reflected 
radiation. Because of the differences in 
transmission between these canponents of the 
solar excitation, large discrepancies at cer
tain times of day and year can result from an 
improper allocation of the total radiation. 
The test cell has virtually the entire south 
face, more than one square foot of glazing 
for each square foot of floor area, devoted 
to glazing. As a result, the test cell is 
extremely sensitive to solar gains, much more 
so than conventional passive buildings would 
be. Solar daninance will result in high sur
face temperatures relative to conventional 
structures, as evidenced by the high interior 
air temperature encountered during the meas
urement period. The effects of buoyancy 
driven convection may be exaggerated and con-
vection coefficients may be artificially 
1 arge as a result. This, together with the 
1 arge surface area to volume ratio noted 
above, results in a very strong convection 
canponent in the energy balance. Because of 

*The SUNSPOT simulation used approximately 1 
air change, based on a crack calculation 
[8]. DOE-1 simulations have used 1.0 and 
2.5 air changes [9,10]. Goldstein used .25 
air changes with his hand cal,ulation method 
(12]. 
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the importance of solar gains in the simula
tion, more canplete solar data should have 
high priority for instrumentation of future 
test buildings. 

C. Operating Schedules 

No internal 1 oads a r~ treated in the 
test cells: they <1re unoccupied, and contain 
no 1 ights or equi~ent. In addition, the 
test cell does not include auxiliary heating 
or cooling systems. Therefore, the verifica
tion cannot be extrapolated directly to an 
occupied building or one with a direct gain 
system that includes conventional back-up 
systems. 

D. Seale 

The size of the test cell in relation to 
a full scale building has several implica
tions: 

t The internal surface area to volume ratio 
of the test cell is large relative to a 
full-scale building. Convective coupling 
of the surfaces to the room air is exag
gerated in canpari son to the other heat 
transfer processes occurring at the sur
face. 

t As observed in Section B above, the ratio 
of glazing area to total internal surface 
area is large relative to real buildings. 
The so 1 ar gain canponent of the energy 
balance at each internal surface will be 
exaggerated in canpari son to other heat 
trans fer mechanisms. Likewise, conduc
tive losses will be daninated by the win
dow considerably more than in a real 
building. Conductive losses through 
opaque envelope surfaces are correspond
ingly small in the test cell. 

t The small volume of the test cell and the 
1 ack of partitions implies that multi
dimensional conductive heat flow effects 
may bP. exaggerated in comparison to an 
occupied building where walls, floors, 
and ceilings are much more expansive and 
internal obstructions prevent direct 
radiative er.change b~tween envelope ele
ments. 

VI I. MASSIVE BUILDING VERIF !CATION 

In order to (1) ~x~~~d the verification 
of BLAST to full scale systems which are not 
heavily driven by the direct gain of solar 
radiation into the cond·itioned space; (2) 
examine the capability for· pr'!dicting dynamic 
therma 1 storage effects; and (3) -examine the 
interaction of the structure with venti~ative 
cooling schemes, a second verification study 
has been conducted. The specific building 
chosen for this verification was a well insu
lated, thermally massive ~tructure which was 
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constructed in a large environmental chamber 
at the U. S. National Bureau of Standards 
(NBS). NBS performed tests on this structure 
in order to obtain a quantitative, measured 
estimate of the performance ~f a well
insulated, thermally massive building in 
relatively severe surm1er climate conditions. 
Building loads and interior temperatures were 
measured during the imposition of several 
dynamic, diurnal temperature profil~s. BLAST 
predictions were compared to measurements 
from two experimental tests, one when the 
building was cooled by a chilled water coil 
during part of the night, and the other when 
it was ventilated during cool nighttime 
hours. Details of the construction and 
geometry of the test building are shown in 
Fig. 5 and described in reference [13]. Com
plete details of the BLAST simulation parame
ters, including a listing of the input, are 
given in reference [2]. 

,.,, • J.S4cm 

t rt • O.l048m 

FIG. 5 - ISOMETRIC CUTAWAY 

MASSIVE STRUCTURE 

A. Environmental Data 

s' 

XBl Sll-lllq 

Weather data used for the BLAST simula
tions consisted of the same diurnal air tem
perature proffl es which were experimentally 
imposed on the exterior of the structure for 
each of the tests (night cooling and night 
ventilation). No actual solar radiation was 
imposed on the structure during the experi
ment or used in the input to the BLAST simu
lation. T~e specific profiles that were used 
are shown in Figures 6 and 7. The ground 
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temperature used in the simulations was a 
constant 25.6°C (780F). 

B. Temperature Schedules and Internal Loads 

Unlike the test cell, thermostat set
tings and internal loads play an important 
role in this part of the verification effort. 
Infiltration was also carefully measured. 
Actual assumptions used were: 

(a) Thermostat: Set to 23.9°C (75°F) for the 
night cooling test; not used for the 
night ventilation test. 

(b) Internal Loads: .3 kW (1000 Btu/hr) from 
7 p.m. to ~idnight. The experiment used 
incandescent light bulbs to supply this 
heat. 

(c) Infiltration: The measured infiltration 
rate varied from about 0.02 to about 
0.05 air changes/hr, depending on the 
air temperature difference between 
inside and outside. 

C. Results: Night Cooling Test 

For this test the experimental tempera
tures imposed on the structure represent 
relatively severe summer conditions. The 
interior air of the structure was cooled with 
a thermostatically controlled chilled water 
coil to 23.9oc (75°F) from 6 p.m. to 6 a.m. 
Fer the other twelve daytime hours, the space 
was unconditioned and the interior tempera
ture was allowed to float. The daily experi
mental procedure was repeated until the 
structure reached steady-periodic equili
brium, as determined by the measurements. 
Hourly c oc 1 i ng 1 oads and interior tempera
tures were reported for the structure after 
it had reached equilibrium. We have dupli
cated the experimental conditions of this 
test for the BLAST simulation. 

Results of the BLAST predictions are 
compared with the measured test data in Fig. 
6. During the early part of the cooling 
period when the differences are largest, the 
predicted loads are consistently lower than 
the measured values. There is a maximum 
difference between simulation predictions and 
measured values of about .3 kW (15%) at the 
beginning of the daily cooling period, which 
decreases to essentially zero (within the 
scatter of the measured data) during the last 
several hours of the cooling period. 

The interior temperatures predicted by 
BLAST during the non-conditioned period, also 
shown in Fig. 6, exhibit the same time depen
dence as the measured values, floating up 
slowly over the twelve-hour period. The 
predictions, however, are consistently higher 
than the measured values bJ: an almost con
stant value of about 2°C (4 F). This differ
ence is too large to be entirely due to tem
perature measurement error, wlli ch would be 
expected to be no rnore than on the order of 

~ 
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+1 °c for the type of measurements that were 
made. This discrepancy needs to be explored 
in more detail. For example, the BLAST
predicted temperatures shown are only air 
temperature and not any weighted average which 
includes surface temperatures. The simulated 
surface temperatures were examined and all 
were found to be lower than the predicted 
inside air temperature. Thus, a weighted 
average of them wi 11 be 1 0\'ler than the 
predicted air temperature alone, and will 
agree more closely with the measured values 
which are shown. Consequently, one possible 
reason for the observed difference might have 
been that the measured values which are 
reported are some weighted average of the 
true air temperature and the temperatures of 
the inside surfaces of the room. Hcwever, 
checking with the experimenters, we found 
that the thermocouples that measured interior 
air temperature were shielded from radiative 
effects. Perhaps a sma ~ 1 part of the 
observed discrepancy between measurement and 
prediction could be explained this way, but 
certainly not all of it. For comparison, 
Fig. 6 also shows the BLAST-predicted inte
rior temperature in the case where the struc
ture is not conditioned at all, and floats 
for all hours. 

D. Results: Nigh!, Ventilation Test 

The external air temperatures imposed 
for this test are representative of moderate 
summer conditions. During this test, the 
building wa:; unconditioned at all times and 
the interior air temperature was allowed to 
float freely. The building was sealed during 
the daytime period when the (floating) inte
rior temperature was 1 ower than tht outside 
temperature. When the external temperat:~re 
in the test chamber dropped be~ow the inside 
temperature, the building windows and door 
were opened, and it was ventilated with out
side air at a rate of about 14 air changes 
per hour. Like the night cooling test, the 
daily experimental procedure was repeated 
until the structure reached steady-periodic 
equilibrium. Hourly interior temperatures 
were re~orted for the structure after it had 
reached equilibrium. Results of the BLAST 
predictions based on duplicating the experi
mental conditions of this test are compared 
with the reported data in Fig. 7. 

The agreement between the BLAST predic
t ions and the measured temperatures shows a 
maximum difference of about 1°C (2°F). The 
time dependence for measured and predicted 
results shows qualtitative agreement, and the 
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BLAST simulation correctly predicts the times 
of the day when the ventilation starts and 
stops. Like the n·;ght cooling test, the 
measured temperatures are actually a weighted 
average of air temperature and inside surface 
temperatures, while the BLAST prediction 
shown includes only the inside air tempera
ture. As in the previous test, a weighted 
average of simulated air temperature and 
simulated inside surface temperature will 
agree more closely with the measured values. 

E. Discussion 

As can be seen from the comparisons 
between predicted and measured values for the 
thermally massive structure that are 
described in this section, the quality of 
agreement is generally good, but with observ
able discrepancies. The:-e are two main 
categories into which reasons for the~e 
discrepancies seem to fall: (1) gaps and 
ambiguities in the description of the experi
ment, including information about the struc
ture itself, about the experimental pro
cedures, and experimental uncertainty in tne 
measured data; and (2) 1 imitatior.s in the 
ability of BLAST to properly simulate the 
actual physical phenomena that occurred in 
the experiments. 

The first category includes the thermo
physical pl'operties of materials from which 
the structure was built, which as reported in 
[13], are typical values from the literature, 
and not values that were actually measured 
for the actual structure. Additionally, 
measured ground temperatures and inside sur
face temperatures were not available. The 
ground temperatures had to be estimated from 
the experimental description, becau!>e they 
are required as input to the BLAST simula
tion. The inside surface temperatures are 
not needed for the simulation, but could pro
vide valuable information about the causes 
for the observed discrepancies between meas
ured and predicted loads and inside air tem
peratures. 

In the second category, there are some 
necessary differences between the actual 
building and its thermal interpretation for 
BLAST input due to limitations and simplify
ing assumptions in the computer ntodel. 
Specifically: (1) the lengths of the walls 
and roof were increased at each edge except 
at the floor to account in an approximate way 
for the increased heat conduction at edges; 
(2) the roof was modelled as two separate 
pieces, one representing the solid part of 
the cross section, the other representing the 
hollow core part of the cross section; (3) 
the s 1 ab floor was a 1 so separated into two 
pieces, one representing the central part of 
the floor, and one representing the area 
equivalent to a one-foot wide perimeter to 
approximate the thermal behavior of the 
actual t :rimeter of the experimental build
ing; (4J the values of the inside convective 
film coefficients for the s~rfaces have been 

modified acco;·ding to a procedure described 
in [14], 1n order to account for the 
existence of air mo~~nent due to natural con
vection in the structure. 

It is not possible to unambiguously con
clude at th1s time what the effects of each 
of these causes have with regard to the 
observea discrepancies. However, the simi
larity of the time-dependence of the simu
lated predictions to the measured data sug
gests that the mass effects of the actual 
structure are generally being reflected prop
erly in the sim:.Jlation. t>lausible changes in 
the assumptions used have been shown to 
decrease the discre~ancies between predicted 
and measured loads and temperatures substan
tially from those shown in the figures. Sen
sitivity studies to investigate the 
discrepancies described above are in progress 
and are reported in detail elsewhere [2]. 

VIII. CONCLUSIONS 

Qualitatively, it is clear that the 
BLAST model provides a creditable representa
tion of a direct-gain test cell, subject tc 
three qualifications; these comparisons do 
not deal with internal loads, latent loads, 
or auxiliary mechanical systems. The predic
tions of BLAST are always very close to the 
Jctual measurangnts. The avergge differences 
are 0.4 and 0.8 C (0,7 and 1.4 F) for the two 
simulated periods. Sudden test cell tempera
ture changes due to sun, outside temperature, 
and/or wind are invariably reflected in the 
BLAST simulations. In both simulation 
periods, there is no long-term systematic 
shift away from the measured data points, 
even over a ten-day period. 

The c001parisons of BLAST predicted 
values with the measurements of the NBS 
high-mass test building are complemen~ary to 
the LASL test cell comparisons because the 
fanner look only at conductive, convective, 
and thermal mass effects, while the test cell 
c001pa:-ison examines solar radiation and 
i nfil t'ration effects. As can be seen from 
the work presented here, the agreement witn 
the NBS measurements are quite good, and the 
remainin9 discrepancies are due either to 
1 ack of experimenta 1 information or input 
ambiguities. The work verifies the ability 
of BLAST to simulate thermal mass effects 
with reasonable accuracy in practical appli
cations for high mass structures, even though 
the reasons for the observed discrepancies 
<:'"'~not unambiguously explained. This verif
ication is important because of the fundamen
tal role thermal mass effects play in oassive 
solar designs • 

The verifications presented here cannot 
be directly transferred to buildings which 
have 1 oads influenced to a 1 arge degree by 
internal loads or mechanical systems, or 
which consist of more than one heating or 
coolin~] zone. However, those techniques in 
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BLAST which deal with the dominant charac
teristics of both the test cell (c;olar gains, 
thermal storage, materials properties, infil
tration) and the massive structure (thermal 
storagr, ventilation) have been shown to work 
f!Uite ;,ell, and buildings where these charac
teristics play a similar role can be analyzed 
by BLAST with confidence. 

It is clear that further verification is 
needed. Additional building types, other 
passive systems, and other simulation pro
grams should be investigated with the same 
rigor that has been applied to the BLAST 
verification. Specific building types should 
be identified, and suitable exam;>les should 
be found, instrumented, and strictly con
trolled for periods long enough to provide 
sufficient data for verification. 
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