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THE EFFECT OF DESIGN PARAI'ETER CHANGES ON THE PERFORMANCE OF
THERMAL STCRAGE WALL PASSIVE SYSTEMS*

by

Robert D. McFarland and J. Douglas Balcomb
Los Alamos Scientific Laboratory
Ios Alamos, New Mexico 87545

ABSTRACT

Hour-by-hour computer simulations based an ane
year of solar radiation and temperature data are
used to analyze annual energy savings in thermal
storage wall passive designs -~ both Trombe wall
and water wall cases. The calculations are rerun
many times changing various parameters one at a
time to assess the effect on per formance,
Parameters analyzed are: night insulation
R-value, nurber of glazings, wall absorptance and
emittance, thermal storage capacity, Trombe wall
properties and vent area size, additional
building mass, and temperature control set
points. Calculations are done for eight cities.

INTRODUCTICN

In the course of building design, many important
decisions must be nude regarding selection of
design parameters. Often the most important
omsiderations are oost and energy savings
although availability of materials, thermal
comfort, aesihetics, and expected lifetine are
also determinants, The purpose of this paper is
to present the results of a large number of
simulation analyses which show the effect on
annual energy savings resulting from changes in
design parameters. fThe buildings analyzed are

- all of the thermal storage wall type cf passive
solar heated structures, that is, Tromoe walls
and water walls,

A reasonable design procedure is the following.
1he annual thermal performance is estimated for
the particular location based on manthly solar
and temperature data using a reference design.
The Monthly Solar Load Ratio method has been
developed for this purpose and correlation
curves, based on a large var iet){ of wolar/weather
data sets, have been published. (1)  Then curves
showing the effect of variaticns in design
parameters, compared to the reference design, are
used to estimate the performance of the actual
building. 1o do this it is desirable to use
curves for a climate similar to the one where the
building is to be lozated.

Ore must be careful in using annual energy
savings as the sole performance determinant. For
example, the cost-optimun thickness of a conc-ete
Trombe wall, considering only the tradeoff
between initial cost and performance, is usuz>ly
in the range between 6 and 8 in. Increases in
thickness beyond this result in only a small
increase in annual energy saved but greatly
increase the cost of the wall. However the
inside surface temperature of a 6 in. wall will
swing 40 to 50°F during the course of a clear
winter day. Such a swing may be acceptable in
some situations but generally would be
unacceptable. Therefore one must consider
thermal comfort and its value in making this
design selection and would probably oot for a
thicker wall.

Bolh analysts and designers should be skepticzl
of simplified design correlations which presue
to incorporate a variety of design variables into
one equation. Etfects which are thexght to i
second order and are ignored often turn out t> be
major when analyzed with a simulation of the
actual physical situation on an hour-by-hour
basis.

ANALYSTS FROCEDURE

‘Thermal network models of thermal storage wal?
passive solav heated buildings are used to
mathenatically simulate solar heoting perforsonce
for several U.8, solar/woather data sets. An
hour-by-hour calculatient is made over a one v <ar
period and total auxiliary heating needed to
maintain a 659F room tomperaturce is

calculated. The annual solor heating fractien,
F, based on energy saved by solar, is then
calculated as follows:

auxiliary
B ool e —herting vequived
henting which would

be required withont colar
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The heating which would be required without solar
is simply the product of the annual degree—hours
below 65°F times the building locs aefficient,
exclusive of the solar wall.

In the aalysis, the huilding room terperature is
allowed to float between 65°F and 759F, If

it tends ahbove 759F, energy is remnved to
maintain 75°F.

The thermal network model used has leen validated
by comparizon of predictions agjainst measured
data for unnecated test rooms in Lot Alamas.  The
test rooms are quite predictable. This does not
prove, of course, that all sensitivities are
accurately represented in the model, ot nost of
the mathematical representations used are based
an well-proved principles and thus should
accurately 1epresent the actual cituation,

Reference Case

Reference huilding design paranmeters used are the
following:

No shading

Ground reflectance = 0.3, isotropic

Vertical, south-facing glass

Glass spacing = 1/4"

nouble glazing, normal trans-
mittance = 0.747

Wall aboorptance = 1.0

Thermal storage = 45 Btu/OF-f{?
of: glazing

Building mass is negligible

Room terperature range:
65CF to¢ 7571

Wall-to-rooin heat transter cocfficient
= 1,0 Biu/Lt hr ©p

Troabe will propert ves:
k = 1.0 Buwft hr OF
¢ = 30 Btu/feXoy

Night insulation (when used) is R9;
5:00 p.m. to 8:00 a.m,

The variations in each parameter are made
assuning that the other parameters icaain
constant.  The so)id point plotted rn cach cuyve
represents the yveference value.

Effect of Night Insulaticn R-value

The effect of nsing &9 night jpsulation show. wp
in the tables and rolar load ratio curves in
Referonee 1, The effcect {5 pronounced,
esprcially in onld climates.  For other than R9
night inuulation, the results from coveral cities
can be well correlated by a single curve (Fig, 1).

In the analysis, the night insulation was
anirolled strictly by tine of day, being put in
placer at b p.m. each day and removed ot 7 a.m.
each norning. A nunb»r o caleulations done with
a "smat" controtler slersaud that dnprovemr-nts
poasible by control strategy are very tmall,

Bifect of Nurtxr of Glazings
Effects of different nurhec of glazings for water

walls is shown in Figs. 2-7 for several values of
Joad collector ratio (ICR;, defined as follows:

building fexclusive of)
LCR = __loacd solar wall , Btu/DD

tollector wall area, sq. ft.

The curves for a selecktive curface or the wall
assune solar absurptance = 0.2% and infrared
emittance = 0.08, Tre eoffect of glass
akcorptance and spacing is given in the following
table:

Increase in P
ICR Clear Glass 3/4" spacing

Nutber of (V'Y

Glazings = _ | 2 4 2 8.
rlbaquercue 4253 48.0 .02 .06 .03 .04
Los hlamexs 1350 16.8 .06 .08 06 07
Madison ‘1840 8.0 .07 .07 10 .00
exiford %275 19.0 .04 .06 .05 .06
Boston 5535 18.2 .C5 .08 .06 .07
Santa Maria 3065 72.0 .04 .07 .03 .03
Nashville 3805 25 .4 .04 .07 .05 .05

These effects arce oll much reduced 1f night
insulation is used, and performance decreases
with added glazings in wost cases.

Either multiple olazings, up to four, or a
selective surface on the wall, ot not hoth
combined, are seon to be attroctive alternatives
to the use of nighU insulation. Performance may
not e quite as good but oost . and especially
oanplexity, arce reduced.

e situation for Proudxe wolle i similar, but
ditfers somve in dotan Thes e apent Que Lo
added glazings i shightly leor in Madison,
Modford and Boston, but abont equal in
Albuqueraue, Nashville, and Santa Maria.

Effect of Wall Absorptance and Hnittance

rig. 8 is a cognuite plot showing these of fects
for Los Atamos for various nuibers of glazings
and fcr AR = 16.¢.

pitect of Thenual bhlorage Heat Copacity

For water walls, porformance gencrally increases
with increasiing thoermal olorage heat capacity,
whereas with Trombe walls thore 3o generally an
optimum thickness.  Jhese ef fect: ave shown in
Figs, 9-11 for Poston, Albuguergue, and Madison,
1f the Trombx wal' is unvented, the optimun is at
a lower value, foo cxaiple abl M=320 Btu/OF [
(12" thickness) rather than at M=45 Btu/Op

2 {18" thickness) with vents. By far, the
mxst fmportant function of storege is to carry
over the day's heat into the night rather than
multi-day brat storage.  Note, hosever, that the
eftect of variations in the rral storage ju more
prportant for higher values of B (corresponding

BB Ata DN



to smaller values of ICR) for which multi-day
storage becomes more imoortant, and is relatively
insensitive at low values of F.

Effect of Trarbe Wall Proocerties

Because of the structure of the diffusion
equation, the cffect of changes in heat capacity,
density, thermal conductivity, and wall thickness
can be combined into jurl two groupings of these
properties, as follows:

M= pcL and (ck

where

M = the thermal heat storage capacity, per unit
area :

L

wall thickness, ft. and

density, lb/ft5

heat capacity, Btu/1bYF

thermal conduct.ivity, Btu/ft hr ©f

p
c
k

The reference value of M is 45 and pck is 30.
The effect of changing M hac been given in the
preceding section. The «ffect of changing ock is
cshown on Figs. 12-14, for the same cities for
different values of M and LCR.

Effect of Vent Area

Thermocircutation enhances the performance of a
Trombe wall somewhat, especially if daytine
temperatures are Jow requiring daytime heating.
{The same effcct could be obtained, however, by
direct gain). The optimum vent size depends on
the solar heating fraction, as follows:

SHF Vent Area Cament

25% 3 ver formance 10veln oft above 3%
50% 13 Per formance levels off above 1/%
5% 1/2% Per formanoe decreases above 1t

The "vent area" is the ares of the lower vents
{which is the same as the upper vents) measured
as a percentage of the total Trombe wall area.

If vents are to be used, they should have some
means to prevent backflow at nioht, such as
passive backdraft dampers or p ~formance will be
severely impaired at values of ICR less than 24
unless night insulatian is used.

Effect of Aditional Building Mass

Aditional building mass enhances per formaney by
adding heat storace. The {ollowing values of F
(in percent) are for a water wall,

The added mass is in square feet of mass surface
area, internal to the building thermal
insulation, per_unit of heating load
(££2/[Bru/ie ©F)). The woll i3 cne foot

thick,

Added Building Mass

City LCR 0 1.0 2.5
Albuguerqgue 24 76 83 87
48 50 56 58

108 26 3 a3

Madison 4.8 61 66 1
8 53 57 60

32 23 25 27

los Alamos 7.2 78 84 90
16.8 56 60 63

43.2 28 34 35

Effect of Temperature Control Set Points

Raising the upper temgcrature limit above 75°F
has less than a 2% effect on annual solar heating
fraction. Reducing the limit hun a larger
effcct, esoecially at higher vatues of F,
reducing the value by as mach as 58 (from 85% to
80% for 1LR = 0.73 in Albuquerque) if the
allowable swing is reduced to zero.

Iowering the minimum terperature limit below
€591, of course, has a much larqger effect as
shown on Figs, 1% and 16.
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