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A SIMPLE EMPIRICAL METHOD FOR ESTIMATING
THE PERFORMANCE OF /4PASSIVE SOLAR HEAT:D,
BUILOINGOF THE THEP.YALSTORAGZ :JALLTYPE

by

J. D. Balcomb and R. D. McFarland
LCISAlamos Scientific Laboratory

Los Alamos, NM 87545

ABSTRACT

Two methods are presented for estimating the annual solar
heating performance ofa building utilizing a passive ther-
mal storage wall of the Trombe wall or water wall type with
or without night insulation and with or witho~t a reflector.
The method is accurate to ~3% as compared with hour-by-hour
computer simulations. —

INTRODUCTION

A simple procedure has been devised for predict-
ing the performance of solar heated structures.
It has been determined that reasonable estimates
(+ 3%) can be made based on monthly values of
s=lar radiation, heating degree days, and the
thermal loss and solar g~iflcharacteristics of
the building. The method was originally de-
veloped for studying active systemsl but proves
to be even more accurate for the analysis of
passive systems. The correlations are based ona
very comprehensive set of c:!culations which
have been made using the hour-by-hour cofiiputer
simulation analysis techniques developed at
Los Alamos for passive systems. Several hu?-
dredyear-long calculations were made for 29
different cities and for 6 different building
loads in each city. The simplified method re-
lies on the useofan appropriate correlating
parameter (the Solar Load Ratio) and an empir-
ical fit to this large ensemble of results.

The method Is presented in two options. Method
A, which is the simplest to use, is described
first. Temperature and solar radiation are
compacted,into a single coefficient called the
Load Collector Ratio given for 84 :ities. These
tabulated values have been derived from the more
general Method B, which is the Nonthly Solar
Load Ratio technique.

*

The designer may wish to use Hethod B for any
of the fnllowing reasons.

1. The location of interest is not in Table 1.

2. The building load is more complex than a
simple conductance. For example, account-
ing for interfialheat generation in the
building wouJd require using Method B.

3. The user wishes to obtain an estimate of
month-by-month distribution of heating
load and solar heating contribution.

Both methods are quite constraining. They only
apply to the specific systems which were studied:
a Trombe wall and a water wall with and without
night insulation. An extension of the technique
to apply to cases utilizing a horizontal reflec-
tor, located in front of the collector wall, is
prestmted in the last section.

Although the data sets which were used to generate
the correlations are from the United States,
Southern Canada, and three other cities,it is
believed that the methc(:can be used for most
climates throughout tlw ,~arlr’.in urder to ob-
tain the best estimates possi,)le,however, it is
desirable to use the best technique available
for calculating the solar radiation transmitted
through the glazing. For latitudes outside the

--Work performed under the auspices of the U. S. Department of Enerqy, i7&DBranch for Heatinq and
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U. S. range, it is recomnenciedthat the correla-
tions developed for calculating the ratio of
vertical radiation transmitted to horizontal
not be used. The monthly solar load ratio
!-urves. however, shotilr! be usable at an’f10Ci3-

tion.

Thedef,nition of load is confusing and the
user should be alert to handle this correctly.
Thea~xiliary energy required is tinambiguous
and is accurately estimated by both methods.

METHOD A

In order to obtain an estimate of tt]z solar
beating fraction sncl auxil~ary ~flergy required
for any location listed in Table 1, perform
the tollowing steps.

Step 1

Estiwte the Building Loss Coefficient (BLC.)in
ilTUldegree-day. This !s the swr.of the tmild-
ing $tin conductance plus infiltration. It
is tli~ extra energy r“equired (BTU; per day for
each additional one ‘F increase in temperature
difference between .he bui!ding interior and
outside. It can be caiculatertfrom the sum
of the UXA val,jesfor the extc.riorareas.of the
building plus infilt:lation. If4POR7A;i’~--incal-
cu?sting the BuildirlgLoss Coefficient, the
passive thermal storage wall should not be in-
cluded in the “oaci.

—

,.>te@2

Calculate the build’ngLoadCullector Ratio (LCR)
defined as follows:

Load~llector ~ Buiidingllss Coefficient (BTLll—.
Ratio Solar Collection Area (ftz)

In calculating the Load Collector Ratio the solar
collection area used should be tiienet glaed
area (the actual scllarcollection aperture) and
not the gross area cf the solar wali.

~t-

Go to Table 1 and locate the city of int~rest
and the wall type of interest. If the Load
Collector Ratio dtt.erminedin Step 2 corres-
ponds exact~y to uneof the values listed in
the Table under 0.25 or 0.75 Soiar Heating
Fraction (SHF), then ibis is the desired
answer, If not, one needs to interpolate In
the table. The meaning of a Solar Heating
Fraction is ambiguous when applied tq a pas-
sive solar building. What ts the buildinq
being compared with? As used herefnt the SHF
is the fraction of the degree-day load (in
~he ~roduct Of the degree-days times the Build-
Loss Coefficient which is siipp?!ec! k; the

solar wall. “rhewall is not credited with the
heat used to supply its own steady-state load
since a “~O~al” south wall would presumably
have a much lower loss coefficient acd w~uld in-
evitably benefit from solar gains, even if they
are unintentional.

The auxiliary used is a le~s ambiguous peg point,
leaving the basis of comparison up to the user.

M

The annual auxiliary energy required to rlain-
tain the building at a minimum tenperatu?? of
65°F can be estimated from the following
equation:

Auxiliary .
Energy

(~$~~$:~~:)
=(1-SHF) Degrce-

BTU/yr

Example

A 72’ x 24’ building in Dodge City, Kansas is
tc be constructed with a 309 sq ft water wall
on the south side. The water wall will c-ori-
tain 45 lbs Of water per SQ ft of south 91aZ-
ing for a total of 13,500 lbs of water or
1618 gallor?$. The wall is double glazed with
normal sealtJ glass units which have a net
trafismitter!ceof 0.74 for sunlight strikicg
the glass perpendicularly. Other than the
thermal storage wall, the building is of ‘light
frame construction with llttle additional mass.
It is desired to estimate the annual solar
hedting contribution.

(Step 1) The Building loss Coefficient is esti-
nated as follows:

Skin Cmiuction:

Surface Are
$

U-’vdlue UXA
BTIJ/tt2°Fhr_QP.1 & --- - BTU/”F hr.——

W&y 30’9

Opaque 1107
Walls

Windows 120
(E,W,N)

Roof 1728

Floor 1728

Building

infiltration:

(1.2320ft3)(

(not includ=d in RLC)

0.07 77.5

0.55 66.0

0.05 86.4

0.05 86.4.-.-—-
Skin Conductance = 316.3

Total: 8uilding Loss Coeffi$ii?lit= 427.2 BTU/hrQF

= 10250 BllJ/DO

,
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.

The building is tightly sealed and equipoed with
an air-lock entry and thus the infilti-ationcan.
probably be held to the minimum recommended level
of 1/2 air change per hour.

(Step 2) The building south wall is glazed with
18 standard patio door size sealed dOuble glass
units each with a net effective exposed area of
75 x 33 in. fora total of 309 sq ft OF collec-
tion area. Thus the Load Collect~r Ratio is
10250/309 = 33.2 BTU/degree-day-sq ft.

(Step3) Iil th~ table for Dcdqe City, Kansas we
find the following entries for the case of a
water wall wit.huutnight insulation:

SHF 0.30 0.40 0,50 0.60
LCFI 61 43 31 23

Our Load Collector Ratio of 33,,2lies between
the two values of 2.40 and 0.50 Solar Heating
Fraction. By interpolation we obtain:

SHFS 0.48

The energy saved by the installation of the
solar wall is estimated as (0.48)(10250)(4986)
= 24.5 M87U/yr. The energy actuall;lsupplied
by the solar wall will be greater than this as
discus~e,+in the last section of the paper.

(Step4) The auxiliary energy can beestimatsd
as:

‘~~~~$ry =(’I-O.48)(1O25O)(4986)=26.6 Mt3T11/yr.

METHOD B

The values listed in Table 1 fol use in Method A
were derived using the klonthlySolar Load Ratio
Method. This method provides an empirical means
of estimating the monthly solar auxiliary energy
requirements based on the Monthly Solar Load
Ratio (SLi7). The Monthly Solar Load !?atiois
a dimensionless correlation parameter defined
as follows:

monthly solar ene-qy absorbed on

SLR z the thermal sto~qag~-wall surface
manthlv bulldina load [in~~
the wall steady~st.~tciosses in”
the absence of solar gains)

The numerator is squal to the product of the
total solar collection wall area times the
monthly solar energy transmitted thrcugh one
squdre fcot of south qlazing times the wal’1
absorptance. The denominator is equal to the
building loss coefficient (including the steady
state conduction through the south snldr col-
lectionwali) times the monthly heating degree
days.

The SLR can be e~presseo as follows:

( \
Monthly Solar Energy

/Collector’, Transmitted throur!h
SLR ❑\!JallArea) (Absornt~nce)\the Glazing - /

(
‘-c~~f’?~]~~~g~ ( Ionthl/ Degree Oays)

(Monthly solar Energy\
Transmitted )/(:!ontbly Degree Days)<~~.—..

(
Modified Buildin~—

)/ (
ldll area

Lo,s Coefficient x AbsorptancJ

SLR=~~rcapabiTity index
Modified Load Collector Pat~o

The SLR is givefiby the ratio of two different terms,
the Solar Capability Index. which depends only on
the weather for the locality and a F!odifiedLoad
Collector Ratio (MLCR) which depends only on the
building constr’~ction.

Determine the Building Loss Coefficient in the same
m~nner a% in Step 1 of Method A. Compute a Modi-
fied Building Loss Coefficient by adding the term
24 x (Solar WiIllArea(L!w)where Uw is taken from
the following tab?e:

Plain Hith R9
Double Insulation added from

8TU/hr°F & Glazed 5:00 p.m. to 8:00 a.m.

Water Hall G.33 0.18

.18”Trombe Wall 0.22 0.12

Tbe value of Uw is the steady-state conduction coef-
ficient of the combined wall, glazing, and ir~su;a-
tion, averaged over the day.

Step 2

Determine the SLR for each month of the year. Solar
radiatio~ values generally available in tables are
neasured on a horizontal surface, whereas the values
required in order to determine the SLR ai’ethe actu-
al so!ar radiation transmitted through the vertical
south facin!~surface. The values of solar radia-
tion in the ASHRAE tables for clear-tiayconditions
are not applicable. The uce of a cloudiness factor,
which is an approach sometimes used, is not accurate
enough. i“husit is r,ecessaryto provide a simple
method of making a tl”ansformation.

Hotir-by-hourcalculations wrre made for one month
pericds for the 23 locations for each month of the
year. The hourly tran<tormation from the horizon.
tal to the vertical was n?aueusing the correlation

Jo De f)alcom~
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techniaue devt?lor)edbv Pees.2 for sevaratirm
diffuse from direct b;am radiation. ‘A grou~d
reflectance of 0.3 was assumed. The fraction
of the incident energy which is actually trans-
mitted through the glazing was then calclllated
using the Fresnel relationship for the hourly
angles of incidence and tt,eabsorption coef-
ficient of ordinary double strenqth glas~.
The hourly values were surnnedin order to de-
termine monthly integrals. It was found that
the results could be correlated quite well
using the follcwing parameter

L-II= Latitude - Solar Declination at
Mid-Month

The solar declination at mid-month should be
estimated from the following equation:

0= 23.3” COS(~(J”M . 187°)

M-month (i.e., June =6)

lhis plotting parameter, L - D is equal to the
noon-time angle between the vertical and the
sun. A plot of the results is shown in Fig. 1.
The solid line plotterion Fig. 1 Is a least-
squares fit through the data qiven by the
following equation:

Monthly Solar Energy
Transmitted through
south Doubl@ Glazing. (j.226b- .002512(L-L!)-——
Monthly Solar Energy
I’.lcidenton Horizon-

+ .0003075(L-D)2

tal Surface

The errors which would be incurred by using
the least-squares fit rather than the actual
values of solar radiatio !r=msmitted do not
significantly increase :ii~c’ror in Mzmthly
Solar HeiItingFraction i~vi!~atingthat the
two errol”sare uncorrelaced.

If the bu~lclingdoes not face due south, then
this equation cannot be used as is. It will
be necessary to make another correction for
building orientation. LASL has not yet de-
vised a separate series of correlations for
different tilts and orientations. It la felt,
however, that a correction factor based on
the ASHRAE clear-day tables would PrO~dlJ~Y LP

a reasonable estimate. !llo$etables provide
values for the clear day conditions for south-
west and southeast orientations as well as due
south, as a function of latitude. For the
time being. a straight proportional correction
factor based on these tables is recomnendt?d.
Note that a separate correction factor will be
required for each mcnth.
.

Step 3

Determine the Monthly Solar Heati~(gFraction for
each month of tne year bdsed on the values of SLR
computed in Step 2. Pl~ts of the function for
the four different cases of irombe wall and water
wall with and witho~t nigiltinsulation are 9iven
in Fig. 2.

X!?fQ
Compute the auxiliary energy required each ninth
from the following equation:

~~~~ry = (1-SHF)(Degrcc Days)(Modified Buildin
Loss Coefficient!

stgl~

~Jnl~Ut,S the sum of the monthly auxiliary energy
requirements, This is the awual auxiliary energy.
The annual solar I,eatingfraction can therlbe de-
termined from the following equation:

Annual SfiF= 1 - ———-
~.)a’(g:g~

Q?!I!IM

The same bui”ldingin Dodge City, Kansas will now
be used as an example for Method B. The Building
Loss Coefficient has already been detewriin~das
10250 BTU/degree-rlay. We latitude of Dodge City
is 38°. Following through these steps, one bi’
or,e,results iII the table on the next page,

The small error o[,servcJbetween the auxiliary
energy calculated by Method A and that by Method
IIin this example is attributed to the slight
crrOP in interpoliitingi:)the t~ble ~nd the ro(lnd-
off of the numbers listed in Table I.
c-..-.. .. ..——-.C .— ..

If the user de$irtjsto calculate values of the
collector load ratio similar to those listed in
Table I, but fora different 10CdlitY or a dif-
ferent set of valurc,of solar radiiitlonor heat-
ing degrels-days,he can easily do so by carrying
through the five steps of Mcthoti[{for various
values @f the Load Cc’!!Qctorttat~(o.In this man.
ner as many points as are derired can he filled
in to the table foi-various values of Solar HeaL-
!ng Ffaction. It will be necessary to iterate
in order to determine an exact value of Solar
Heating Fraction.

The values of heating degree-days and solar I’adia..
tion incident on a horizontal surface which were
used to compute Table I are the stendard va’iues

J. D. Ralcomb
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Dodge
Jl!L—QQ—

Oct. 251

Nov. 666
()~c. 939

Jan. 1051

Feb. 840

Mar. 719

Apr. 354

May 124

rota1 G

Hodified Horizontal Solar
Monthly Solar Radiation

Load, Radiation ,. Absorbed Auxiliary
_MBTU/l~fl. !3TU/:!o.ft’ L-9 K!BTU/ffO . SLR SHF Mi3TU/}!O.

3.19 41180 47.1 10.05 3.15 .972 .09

8.46 28560 56.6 9.43 1.11 .631 3.12

11.92 25050 61.1 9.45 .79 .474 6.77

13.35 27910 59.4 10.02 .75 .450 7.34

10.67 33270 57.e 9.53 ..89 .529 5.03

9.13 47590 40.8 9.34 1.02 .592 3.73

4.50 58230 28.9 7.38 1.64 .797 .91

1.57 65320 19.4 5.91 3.76 .992 .G1

27.00

The column labeled hbd!FiedLoad is calculated witha Modified Building Loss Coeff~cientof l?700BTU/DD.
The added loss is (309 ft2)(.33)(24) = 2450 BTU/DO to account for the steady state solar wall loss
coefficient. The Solar Heating Fraction is calculated from the (unmodified) Building Loss Coefficient
as follows:

SHF=l- 27.0 X 106
— = 0.47

(10250)(4944)

which have been listed in the literature.
Revised values of solar radiation wi?l probably
be generated to reflect better knowledge of py-
ranometer calibrations and other factors. As
these numbers become available, more accurate
values for Tabl~ I can be generated. It should
be noted however, that the accuracy of the
Solar Load Ratio Method itself does not depend
on the accuracy of the solar radiation data used,
since there was complete consistency between the
values of the hourly solar radiation used and
the monthly integrals of solar radiation.

EFFECTOF INTERNAL GENtRATION IN THE BUILDING

Heat generated in the building, by people, lights
afldecwipment is effective in reducing the month-
ly load. Thi~ reduces both the auxiliary ener-
gy~~uirements and the monthly solar contri-

.

The original basis for defining the degree-day
base at 65nF was on the assumption that these
internal energy sources wo[fldraise tbe build-
ing teiroeraturefrom 65°F up to the accepted
comfort standard of 72’F. This a~sumption can
still be made in using the results from this
section, namely, that the actual building
temperature would be several degrees greater
that?the 65°F to 75=F band assumed in the
analysis.

However, experience has been that most people
now set th~ir themostat at lower Iev?ls. This

. i~ especially true of people who live in passi(e

solar homes because the effect of the warm sur-
rounding surfaces of these buildings increases
the mean radiant temperature within the space so
that one can be comfortable at a reduced air tem-
perature. In any case, a 65°F thermostat setting
seems more consistent with actual practice in the
winter than the ASHRAE standard value of 72”F.

The hour-by-hour analysis used to determine the
Monthly Solar Load Ratio curves did not provide
any internal energy in the buildinq to account
for that generated by people, lights and equipment.
The user of the method can correct for thiS by
subtracting the estimated internal energy genera-
tion i’romthe monthly loads prior to compuLing the
monthly Solar Load Ratio. The effect of this would
be to increase the Solar Load Ratio, increase the
P’mthly Solar Heating Fraction, and decrease the
auxiliary enerqy requirements.

VARIATIONS FROM THE ASSIJHEUREFERENCE SYSTEMS

The monthly solar load ratio curves which have been
determined are for very specific reference systems
as defined in T~ble 11. If it is desired to esti-
mate the performance of the system which is dif-
ferent than one of these reference systems, then
it is necessary to !!lakea correction. The most
reliable way of doing this is to refer to results
of hour-by-hour calculations which are made for a
specific system varying only the parameter of
fnterest. Quite a few such calculations h?’lebeen
made by LASL and have been published.3*J ;Iiese
describe the ~ffect of water mass in a water wall,
the effect of using or not using the vents in the

.
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Trombe wall, the effect of thickness of a Trombe
WJI1, and the effect of different thermal con-
ductivities of the material.

The recomrreitdedprocedure is to make a calcula-
tion for the reference case and then to adjust
that value up or down.

EFFECT OFA REFLECTOR

A tremendous performance advantage can LS
achieved tnrough the use of a reflector to in-
crease the total amount or s~]larradiation on
the solar collection wall. A combination of a
reflector and night insulation was demonstrated
by Steve Baer in his Corrales home usinq water
walls. He used a fold-down door hinged at the
b?se with a reflective surface on the inner side.
The door was insulated so that whw it was ra?sed
it would reduce nighttime heat loss. wh~n }ow-
ered during the day, the reflector augmentation
increased pe~formance.

LASLhas calculated the performance increase to
be expected from the reflector, and has deter-
mined that the estimating proced~re can accur-
ately be separated into two steps. The first
step is to estimate the increase in solar radia-
tion transmitted through the south facing glaz-
ing. The second step is to use this informa-
tion in kbnthly Solar Load Ratio calculation
to determine monthly performance.

The reflector geometry which was studied is as
follows: T4e size of the reflector is exactly
equal to tha’.of the sclar collection wall. It
is positioned horizontally in front of the solar
collection wall so that the edge of the reflec-
tor is against the base of the wall (as if it
were folded down from the wall, hinged at the
bottom). The end effects were calculated
assuming that the width of both the wall and
the reflector is equal to five times the height
of the wa’11. The reflectance of the material
of the reflector was assumed to be 0.8, equi-
valent to that of the best commercial reflec-
tive materials available. (Reflectance of
normal shop-grade aluminum is approximately
0.6.)

The method used to calculate the reflector en-
hanceme,ltachieved was similar to that used to
calculate the ratio of vertical energy trans-
mitted to horizontal energ} as described in
Step 2 of Nethod B. Hour-by-hour calcula-
tions were made for the 12 months of each year
for 10 locations. The angular effects were
calculated each hour as well as the effect of
the mociifiedincidence angle on the collection
wall of the reflected beam. The energy tr&ns-
mitted through the glazing was decreased by
the amount which would have been reflected..

from a diffuse foreground with a reflectance Of
0.3, which is the assumption which had been made
for all of the preceding calculations.

The ratio of the total rronthlysolar energy trans-
mitted with the reflector to that without the re.
flecto~ is plotted in Fig. 3. Again it was found
that the parameter L - D was an effective correla-
ting parameter for this ratio. A least-squares
fit of these data is qiven by the following
equation:

Enhancement = 1.0083 - .01787(L-D) + .001916(L-D)2

-4.G31 X10-5 (L-D)3

+2.466x 10-7 (L-D)4

which is the solid line shown on the figure.

If a reflector is used with a reflectance other
than 0.8, the enhanced values of solar radiation
can be computed from the above equation by assure..
ing that the difference bstween unity and the
calculated enhancement is proportional to the
reflectar:e.

DERIVATION OF THE CORRELATIONS.— .

The method is based on a brute-force empirical
curve fitting approach using appropriate cor-
relating parameters (the solar load ratio and
monthly degree-days) based on detailed hour-by-
hour computer simulation analyses froma wide
variety of climates and building loads. Thus
far, the method has been developed ooly for four
types of passive solar heating buildir,gsall of
which fall in the category of thermal storage
walls.

The me.hod was first app’iiedt6 active systems.l
In an active system the load is a separable quan-
tity unconnected to the solar heat supply. How-
ever, in most passive systems the thermal load
and the solar heat supply are inter-related.
I* was determined, by trial and error, that if
the load were calculated to include the steady-
stJte load associated with the collector wall,
then the Solar Load ?atio (SLR) is an effective
correlating parameter. Consistent results were
only obtained by using this approach.

The basic assumption of the method is that the
nmthly Solar Heating Fracticn can be expressed
as a unique function of the !,LR,independmt of
eit.he~location or time of year, This is a rather
brash CiSSUfI!ptiOn ccnsic!eringthe Vdriabiltty of
the weather in various locations and clearly one
cannot expect exact answers frcm such a broad-
brush approach. .

d. D. Balcomb
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IrI order to test the hypothesis, hour-by-hour
computer simulation analyses were run for 29
different cities scattered throughout the U, S.,
Southern Canada, and three fGreign locations.
Six different values of the Load/Collector
Ratio were chosen for each city so that the
total of 174 year-long calculations were made
altogether, representing a total of 1390 months
during the heating season. A plot of all these
results is shown on Fig. 4 for the case of a
Trombe wall.

In order to make such a calculation the system
had to be completely defined. A reference SYS-
temwas ct?osenas indicated in Table II.

The data of Fig. 3 show a relatively good cor-
relation between Monthly Solar Heating Fraction
and i?onthlySolac Load Ratio. The individual
plotting symbols shown on Fig. 4 identify the
city for which the calculation was made. A
list of these cities and their associated
plotting parameters are given in Table III.

The reason for the scatter in Fig. 4 is that
the assumption made is not quite correct. Two
months may have the same Monthly Solar Load
Ratio and yet actually have a different load,
a different amount of sunshine incident cm
the wall and furthermore, the distribution of
sunny and cloudy days within the two months
may be entirely different. However, given
these disparities, it is encouraging to note
the total range of monthly solar heating frac-
tions is as small as observed.

A least squares fit could have been made through
the dataof Fig. 4. Such a fit would give a
minimum rms error in the predicted Monthly
Solar Heating Fracticn. However, it was de-
sired to obtain a minimum error in the annual
Solar tieatirgFraction, not the monthly values.
In order to do this, a functional form was
chosen for the relationship between tlonthly
Heating Fraction and
as follows:

SHF = al(SLR)

SHF= a, - a3 e-

such that the values

Monthly Solar Load Ratio

SLR< R

ac (sL!/) SLR > R

are equal at SLR = R. The
values of the parameters ir the function wf e
chosen to give a minim~ least square error
in the annual solar heatinq fraction for the
174 sample years calculated. The resulting
function for a Trombe wall is shown plotted on
Fig. 4; the results on Fig. 5.

The values of the Ieast-:.quarescoefficients and
the standard deviation of annual SHF are as
frllows:

Case R al az a3 a4 a—— —— —— .
W 0.8 0.5995 1.0149 1.2600 1.0701 .028

WWNI !3.7 0.7642 1.0102 1.4027 1.5461 .f126

Tw 0.1 0.4520 1.0137 1.0392 0.7047 .024

TWN1 0.5 0.7197 1.0074 1.1195 1.0948 .023
. ..

‘Discussionof Loads

Two coefficients have been lsed to describe the
heat loss characteristics of the buildinq: a
Building Loss Coefficient, used in !!ethodA, and
a Modified Building Loss Coefficient, us:d to de-
termine the Solar Load Ratin in Hethod B. The
difference is the steady-state or static loss
co~fficient of the solar wall in the absence of
solar gains, 24 x Ad x Uv,. The Modified 13LCwas
introduced only to facilitate the CdlCUl~tif3fI of
the Solar Load Ratio, as discussed above.

Monthly heating degree-day va!ues were used in
the correlation procedure because they are the
on?y indicators of heating load that are readily
available in most localities. The actual annual
auxiliary heating values used in calculating the
abscissa of Fig. 4 were the sum of the hour-by-
hour requirements from the simulation. Thus
the auxiliary will be accurately estimated
prnv~ded the user is consistent in calculating
loads in the same way that was used ta determine
the correlations.

The Mo~ified Monthly Load, which i~ the product
of the montnly degree-days times the h!odified
Bui jiny Loss Coefficient, has no accurate
physical meaning. It is simplv a convenient
intermediate parameter used ifithe calculation.

It is possible to distil,quishbetween two sGlar
heat contributions from the solarwall: 1) the
energy saved, and 2) the en~rgy su~olied. The
differe~~s ex,Jlainedirithe f~llowing para-
graphs. In this paper the energy saved is usF?d
to defii,ethe solar heating fraction even though
it gives 3 lower value.

Since the au~iliary energy is only required during
periods when the “temperatureinside the room is
actually at 65°F, the auxiliarv energy require-
ments determined by the simplified method will be
a good estinate.

The actual solar energy supplied by the solar col-
lection wall will be greater than that estimated
by taking the difference between the annual degree-
day load and the auxiliary energy. T?I.Qextra
solar heat is the amount used to maintain the
building above 65°F during a significant portion
of the year. Since it,is the act~al auxiliary

J. D. Balcomb
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energy required which is the mast important num-
. ber to be estimated, it was felt that the

dpproach used was best.

In reality, the solar heated building will gen-
erally be wanner than the non-solar heated build-
ing, assuming that the thermostat is set at
65°F in both cases. The non-soiar heated build-
ing will frequently rise above that value and
occasionally to 75”F, at whicn time it is as-
sumed that any additional cnet-gyis d!mped (pre-
sumably by OfI\<llifiga ,...winfjow).
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TABLE 111

WEATHER DATA USED FOR CORRELATIONS

City .-—
Los Alams, NM
El Paso, TX
Fort Worth, TX
Madison, WI
Albuquerque, NM
Plioenix,AZ
Lak? Charles, LA
Frczw: CA
Medford, OR
Bismarck, ND
New York, NY
Tallahassee, IL
Dodge City, KS
Nashville, TN
Santa Maria, CA
Boston, MA
Charleston, St
Los Angeles, CA
Seattle, WA
Lincoln, NE
Boulder, CO
Vaficwver, 6L
Edmonton, ALII
Winnipeg, MAL
Ottawa, ON1
Fredevickton, NB
Harnburq
Denmark
Tokyo

B
c
D
E

TABLE 11
RE~~E~NCE pASS]VE !joLARSYSTEMS USED FOR CORRELA’r:JNS-——

Assumptions for both Method A and Method B: AdditiOfi3?!~$umption< for Method A:

Thermal Storage = 45 BTU/°F ft2 of glazing Vertical, southfacing gldss
Trombe wall has vents with backdraft dampers Wall absorptance = 1.0
DoubleGlazing (normal transmitta~)ce= 0.747) Ground reflectance = 0.3
Temperature Range in Building: 653F to 75°F
Building Mass is Negligible
Night Insulation (when used) is R9:
5:U0 p.m. to 8:00 a.m.

Wall to roor conductance = 1.0 BTU/hr ‘F ft2
Tronbe wall properties k = 1,0 BTLJ/fthr OF

PC = 30 BTU/ft3 ‘F

.
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Fig. 1. The vertical/horizontal factor is the
ratio of the monthly solar radiation tra.lsmitted
through vertical south-facing double glazing to
the monthly total horizontal solar radiation.
L-D is the latitude minus the solar declination
at mid-month. Ground reflectance is 0.3 and is

L-D, degrees

Fig. 3. The reflector enhancement factor is
the ratio of the monthly solar radiation
transmitted through vertical south facing
double glazing with ~ reflector to that with-
out a reflector. The reflector size is
equal to the window size and is horizontal
in front of the window. Reflecta~ce is 0.8
and is specular.

MONTHLY SOLAR HEATING ESTIM4TOR

o

SOLAR LLX RATiG (5i-iij=
WP!T!;LYSGLAREi{ttffiY ABSOR13E!3

MONTiiLYTHERmA~
.

(Including Steady-State Solar Wall Conduction)

Fig. 2. Least-square monthly solar lo~d rat:o curves for thermal storage walls.
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See Table 111 to identify plotting symbols on Ftgs. 4 and 5.
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PERFORiitANCEPARA!lETERSFOR PASSIVE SOLAR l{EATI!iGSYSTEMS USi~lGTHEP~’.ZLSTORAGE WALLS
LoadCollector Ratio (BT’J/EID-ft2)for particular v~;~es of Solar Heating Fraction (SHF)
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TABLEI: PERFORMANCE PARAMETERS FOR PASSIVE SOLAR HEATING SYSTEMS USING THERMAL STORAGE WALL5 (Cont.)
Load Collector Ratio (BTL1/DD-ft2)for particular values of Solar Heating Fraction (SHF)
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