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A SIMPLE EMPIRICAL METHOD FOR ESTIMATING
THE PERFORMANCE OF A PASSIVE SOLAR HEATED,
BUILDING OF THE THERMAL STORAGE WALL TYPE

by

J. D. Balcomb and R, D, McFarland
L.os Alamos Scientific Laboratory
Los Alamos, NM 87545

ABSTRACT

Two methods are presented for estimating the annual solar
heating performance of a building utilizing a passive ther-
mal storage wall of the Trombe wall or water wall type with
or without night insulatinn and with or without 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
solar radiation, heating degree days, and the
thermal Toss and solar gain characteristics of
the building. The method was origipally de-
veloped for studying active systems! but proves
to be even more accurate for the analysis of
passive systems, The correlations are based ona
very comprehensive set of c:lculations which
have been made using the hour-by-hour corputer
simulation analysis techniques developed at

Los Alamos for passive systems. Several hua-
dred year-long calculations were made for 29
different cities and for 6 different building
loads in each city. The simplified method re-
Ties on the use of an appropriate correlating
parameter (the Solar Load Ratio) and an empir-
fcal fit to this large ensemble of results.

The method {s 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 zities. These
tabulated values have been derived from the more
general Method B, which is the Monthly Solar
Load Ratio technique.

The designer may wish to use Methnd B for any
of the fnllowing reasons,

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

2. The building load is more complex than a
simple conductance. For example, account-
ing for internal heat generation in the
building wou)d require using Method 8,

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
presented 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 methcrn can be used for most
climates throughout the .arld.  In urder to ob-
tain the best estimates possivle, however, it is
desirable to use the best technique available

for calculating the solar radfation transmitted
through the glazing. For latitudes outside the

- 'Nork performed under the auspices of the U. S. Department of Energy, R&D Branch for Heating and
Cooling, Assistant Secretary for Conservation and Solar Energy Projects.
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U. S. range, it is recommended that the correla-
tions developed for calculating the ratio of
vertical radiation transmitted to horizontal

rot be used, The monthly solar load ratio
v¥rves. however, should be usable at any loca-
tion.

The def.nition of load is confusing and the
user should be alert to handle this correctly.
The auxiliary energy required is unambigquous
and is accurately estimated by both methods.

METHOD A

In order to obtain an estimate of th2 solar
heating fraction and auxil’ary energy required
for any location listed in Table 1, perform
the rollowing steps.

Step 1

Estimate the Building Loss Coefficient (BLC) in
BTU/degree-day. This is the sum of the build-
ing s%in conductance plus infiltration. It

is th2 extra energy required (BTU} per day for
each additional one °F iacrease in temperature
differen:e between :.he buiiding interior and
ovtside. It can be caiculated from the sum

of the UxA valuses for the exterior areas of the
building plus infiltyation. IMPORTA!NT--in cal-
culating the Building Loss Cuefficient, the
passive thermal storage wall should not be in-
cluded in the °oad,

Step 2

Calculate the build‘ng l.oad Collector Ratio (LCR)

defined as follows.

Load tor » Building Loss Coefficient (810/00)
Ratio Solar Collection Area (ft°)

In calculating the Load Collector Ratio the solar

collection area used should be the net gla-od
area (the actual solar collection aperture) and
not the gross area cf the solar wali.

Step 3

o to Table 1 and locate the city of intorest
and the wall type of interest, I[f the Load
Co'lector Ratio determined in 3tep 2 corres-
ponds exact'y to one of the values listed in
the Table under 0.25 or 0.75 Sniar Heating
Fraction (SHF), then this is the desired
answer, If rot, one needs to interpolate in
the table. The meaning of a Solar Heating
fraction is ambiguous when applied to a pas-
sive solar building. What is the building
being compared with? As used herein, the SHF
is the fraction of the degree-day load (in
the product of the degree-days times the Build-
toss Coefficient which is supplied Lty the

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

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

Step 4

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

Annual Buiiding Loss
Auxiliary ; Heating) { Coefficient,
Erergy =(1-SHF) Degree-/ \ BTU/Degree-
BTU/yr Days Day
Exzrple

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 con-
tain 45 1bs of water per sq ft of south glaz~
ing for a total of 13,500 1bs cf water or

1618 gallons. The wall is double glazed wich
normal sealed glass units which have a net
transmitterce of 0.74 for sunlight strikirg
the glass perpencdicularly., Other than the
thermal storage wall, the building is of light
frame construction with Jittle additional mass.
It 1s desired to estimate the annual solar
hezting contribution.

{Step 1) The Building Locs Coefficient {is esti-
nated as follows:

Skin Conduction:

Surface Area U-Value UxA
Type fté  BIU/tt2°F hr  BIU/°F hr

Water 309 (not includad in 8LC)

Wall

Opaque 1107 .07 77.5

Walls

Windows 120 0.55 66.0

(E,W,N)

Roof 1728 0.05 86.4

Floor 1728 0.05 86.4

Building Skin Conductance = 316.3

Infiltration:
(12320 £t3)(1/2 ACH)(0.018) = 110.9
Total: Building Loss Coefficiant = 427.2 BTU/hr®F
= 10250 BTU/DD
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The building is tightly sealed and egquipped with
an air-lock entry and thus the infiltration can
probably be held o 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. for a total of 309 sq ft of collec-
tion area, Thus the Load Collector Ratio is
10250/309 = 33.2 BTU/dearee-day-sq ft,

(Step 3) Iu tha table for Dodge City, Kansas we
find the following entries for the case of a
water wall withuut night insulation:

SHF 0.30 0.40 0,50 0.60
LCR 61 43 K} 23

Our Load Collector Ratio of 33.2 lies between
the two values of J.40 and 0.50 Solar Heating
Fraction. By interpolation we obtain:

SHF = 0.48

The energy saved by the irstallation of the
solar wall is estimated as (0,48)(10250)(4986)
= 24.5 MBTU/yr. The energy actually supplied
by the solar wall will be greater than this as
discussed in the iast section of the paper.

{Step 4) The auxiliary energy can be estimated
as:

A‘é:;},;;" =(1-0,48)(10250) (4986)=26.6 MBTU/yr.

METHOD B

The values listed in Table 1 for use in Method A
were derived using the Monthly Solar Load Ratio
Method. This method provides an empirical means
of estimating the monthly solar auxiliary energy
requirements based on the Monthly Solar Load
Ratio (SLR). The Monthly Solar Load Ratio is

a dimensionless correlution parameter defined

as follows:

monthly solar energy absorbed on
SLR = the thermal storage wall surface
= monthly building load (incluaing
the vall steady-state losses in
the absence of solar naing)

The numerator is 3qual to the product of the
total solar collection wall area times the
monthly solar energy transmitted thrcugn one
square fcot of south glazing times the wall
absorptance. The dencminator is equal to the
building loss coefficient (including the steady
state conduction through the south solar col-
lection wali} times the monthly heating degree
days.

The SLR can be expressea as follows:

Monthly Solar Energy
Transmitted through

(C011ector\
the Glazing

Wall Areal (Absorptance)
(Hodified Buiiding;
Loss Coefficient /

SLR =

(‘lonthly Degree Days)

(Monthly Solar Energﬁ//
LK = - Jransmitted ____{_jﬂonthlngegree Days)
(Modified Building)// (Hal] area e)

Lo.s Coefficient X Absorptanc

SLR = Solar Capability Index
Modified Load Callector Ratio

The SLR is given by the ratio of two different terms,
the Solar Capability Index. which depends only on
the weather for the locality and a Modified Load
Collector Ratio (MLCR) which depends only on the
building construction,

Step 1

Determine the Building Loss Coefficient in the same
manner as in Step 1 of Method A. Compute a Modi-
fied Building Loss Coefficient by adding the term
24 x (Solar Hall Area(l ) where U  is taken from
the following table: v v

Plain With R9
2 Double Tnsulation added from

BTU/hroF f+ Glazed 5:00 p.m. to 8:00 a.m.

Water Hall 0.33 0.18
18" Trembe Wall 0,22 0.12

The value of U, is the steady-state conduction coef-
ficient of the combined wall, glazing, and insuia-
tion, averaged over the day.

Step 2

Determine the SLR for each month of the year. Solar
radiation values generally available in tables are
measured on a horizontal surface, whereas the values
required in order to determire the SLR are the actu-
al solar radiation transmitted through the vertical
south facing surface, The values of solar radia-
tion in the ASHRAE tablec for clear-day conditions
are not applicable. The use of a cloudiness factor,
which is an approach sometimes used, is not accurate
enough., Thus it is riecessary to provide a simple
method of making a transformation.

Hour-by-hour calculations were made for one month

pericds for the 23 locatinns for each month of the
year., The hourly transformation from the horizon-
tal to the vertical was made using the correlation

J. 0. Balcomb
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technique developed by Eoes.z for separating
diffuse from direct beam radiation. A ground
reflectance of 0.3 was assumed. The fraction
of the incident energy which is actually trans-
mitted through the glazing was then calculated
using the Fresnel relationship for the hourly
angles of incidence and the absorption coef-
ficient of ordinary double strength glasc,

The hourly values were summed in order to de-
termine monthly integrals., It was found that
the results could be correlated quite well
using the follcwing parameter

L-9 = Latitude - Solar Declination at
Mid-Month

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

N = 23.3" cos(30“M - 187°)
M = month (i.e., June = 6)

This 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. |.
The solid line plotted on Fig. 1 {5 a least-
squares fit through Lhe data given by the
following equation:

Monthly Solar Energy
Transmitted through
South Double Glazing _ ( »og . .002512(L-L)
Monthly Solar Energy YA
Icident on Horizon- + +0003075(L-D)
tal Surface

The errors which would be incurred by using
the least-squares fit rather than the actual
values of solar radiatio: t:ansmitted do not
significantly increase *he ¢rror in Monthly
Solar Heating Fraction indf.ating that the
two errors are uncorreiaced.

If the bu'lding does not face due south, then
this equation cannot be used as is. Jt will
be necessary to make another correction for
building orientation. LASL has not yet de-
vised a separate series of correlations for
different tilt< and orientations. It {5 felt,
however, that a correction factor based on

the ASHRAE clear-day tables would probably bt
a reasonable estimate, Thuse tables 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 recommended.
Note that a separate correction factor will be
required for each menth,

Step 3

Determine the Monthly Solar Heating Fraction for
each month of tne year based on the values of SLR
computed in Step 2. Plats of the functien for
the four different cases of [rombe wall and water
wall with and without niant insulation are given
in Fig. 2.

Step 4

Compute the auxiliary energy required each mnnth
from the following equation:

é:xi1fary = (1-SHF)(Degrec Days)(Modified Buildin
ergy Loss Coefficientg
Step 5

Compute the sum of the monthly auxiliary energy
requirements. This is the annuyal auxitiary enerqy.
The annual solar lLeating fraction can then be de-
termined from the following equation:

Annual Auxiliary Energy
Annual
Degree
Days

Example

The same building in Dodge City, Kansas will now
be used as an example for Method 8. The Building
Loss Coefficient hat already been determinad as
10250 BTU/degree-day. The latitude of Dodge City
ic 38°, Followinu through these steps, one bv
ore, results in the table on the next page,

Annual SHF = 1 -

Building Loss
Coeftficient
(Unmodified)

The small error observed between the auxiliary
energy calculated by Method A and that by Method
B in this example is attributed to the sligh?
error in interpolating iu the table und the round-
off of the numbers listed in Table I.

If the user desires to caiculate values of the
collector load ratio similar to those listed in
Table I, but for a different locality or a dif-
ferent set of valuns of solar radiation or heat-
ing degrez-days, he can easily do so by carrying
through the five steps of Method K for various
values of the Load Collactor Katin, In this man-
ner as many points as are desired can he filleu
in to the table fov various values of Solar Hvat-
ing Fraction., It wiil be necessary to iterate
in crder to determine an exact value of Solar
Heating Fraction.

The values of heating degree-days and solar radia-
tion incident on a horizontal surface which were
used to compute Table 1 are the standard vaiues

J. D. Ralcomb
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Modified horizontal Solar

Monthly Solar Radiation
Dodge Load, Radiation . Absorbed Auxiliary
City 1)) MBTU/Ma. 3TuU/Mo, ft L-D MBTU/Mo. SLR SHF M3TU/Ha,
Oct. 251 3.19 41180 47.1 10.05 3.15 .972 .09
Nov. 666 8.46 28560 56.6 9.43 111 .63 3.12
Dec. 939 11.92 25050 61.1 9.45 .79 .474 6.77
Jan. 1051 13.35 27910 59.4 10.02 .75  .450 7.34
Feb. 840 10.67 33270 57.0 9.53 ..89 529 5.03
Mar, 719 9.13 47590 40.8 9.34 1.02 .592 3.73
Apr, 354 4.50 58230 28.9 7.38 1.64 .797 .81
May _128 - 1.57 65320 19.4 5.91 3.76  .992 __ .01
fotal 4944 27.00

The column labeled Modiiied Load is calculated with a Modified Building Loss Coefficient of 12700 BTU/DD.
The added loss is (309 ft2)(.33)(24) = 2450 BTU/DD to account for the steady state solar wall 10ss

coefficient.

The Solar Heating Fraction
as follows:

SHF = 1 -

is calculated from the (unmodified) Building Loss Ccefficient
27.0 x 105

= 0.47

{10250) (4944)

which have been listed in the literature,
Revised values of solar radiation will probably
be generated to reflect better knowledge of py-
ranometer calibrations and other factors. As
these numbers become available, more accurate
values for Table [ 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 tha 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.

EFFECT OF INTERNAL GENERATION IN THE BUILDING

Heat generated in the building, by people, lights
aad equipment is effective in reducing the month-
1y ioad. Thic reduces both the auxiliary ener-
gy §equ1rements and the monthly solar contri-
bution.

The original basis for defining the degree-day
base at 65°F was on the assumption that these
internal energy sources would raise the build-
ing temoeriture from 65°F up to the accepted
comfort standard of 72°F., This assumption can
still be made in using the results from this
section, namely, that the actual building
temperature would be several degrees greater
than the 65°F to 75°F band assumed in the
analysis.

However, experience has heen that most people
now set thajir thermostat at lower levels. This
- 15 especially true of people who live in passive

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 building to account

for that generated by people, lights and eguipment.
The user of the method can correct for this by
subtracting the estimated internal energy generi-
tion Yrom the monthly loads prior to compuking the
monthly Solar Load Ratio. The effect of this would
be to increase the Solar Load Ratin, increase the
Monthly Solar Keatinc Fraction, and decrease the
auxiliary enerqy requirements.

VARIATIONS FROM THE ASSUMED REFEREMCE SYSTEMS

The monthly solar load ratio curves which have been
determined are for very specific reference systems
as defiped in Table I[I. 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 make a corraction. The most
reliable way of doing this is vo 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 calculatigns heve been
made by LASL and have been published.3»¥ 1.ese
describe the effect 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
wall, and the effect of different thermal con-
ductivities of the material.

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

EFFECT OF A REFLECTOR

A tremendous parformance advantage can be
achieved through the use of a reflector to in-
crease the total amount of snlar radiation on

the solar collection wall. A combination of a
reflector and night insulatiun was demonstrated
by Steve Baer ip his Corrales home using water
walls. He used a fold-down door hinged at the
base with a reflective surface on the inner side.
The door was insulated so that whan it was raised
it would reduce nighttime heat loss. When low-
ered during the day, the reflector augmentation
increased performance.

LASL has calculated the performance increase to
be expected from the reflector, and has deter-
mined that the estimatirg procedure 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 sezond step is to use this informa-
tion in Montihly Solar Load Ratio calculation

to determine monthly performance.

The reflector geometry which was studied is as
follows: The size of the reflector is exactly
equal to that of the sclar collection wail, 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 wali (as if it
were folded down from the wall, hinged at the
bottom). The end effects were calculated
assuning that the width of both the wall and
the reflector is equal to five times the height
of the wall. 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
norm;] shop-grade aluminum is approximately
0.6.

The method used to calculate the reflector en-
hancemeat achieved was similar to that wused to
calculate the ratio of vertical energy trans-
mitted to horizontal energy as described in
Step 2 of Method B. Hour-vy-hour calcula-
tions were made for the 1Z months of each year
for 10 Tocations. The angular effects were
calculated each hour as well as the effect of
the modified incidence angle orn the collection
wall of the reflected beam. The energy trans-
mitted through the glazing was decreased by
__the amount which would have been raflected

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 monthly solar 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 given by the following
equation:

Enhancement = 1,0083 - .01787(L-D) + ,001916(L-D)2

- 4.631 x 1070 (L-0)3
+2.466 x 1077 (L-0)*

which is the solid Tine shown on the figure.

I{ 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 assum-.
irng that the difference between unity and the
calculated enhancement is proport1ona1 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 simulatior analyses from a wide
variety of climates and building loads. Thus
far, the method has been daveloped only for four
types of passive solar heating buildings all of
which fall in the category of thermal storage
walls,

The mechod was first appiied to active systems.]
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-
state load associated with the collector wall,
then the Solar Load Ratio (SLR) is an effective
correlating parameter. Consistent results were
only obtained by using this approach.

The basic assumption of the method is that the
monthly Solar Heating Fracticn can he expressed

as a unigue function of the SLR, independeri of
eithe~ location or time of year. Thic is a rather
brash assumption ccnsidering the variability of
the weather in various locations and clearly one
cannot expect exact answers frem such a broad-
brush approach.

J. D. Balcomp
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In order to test the hypothesis, huur-by-hour
computer simulation analyses were run for 29
different cities scattered throughout the U. S.,
Southera Canada, and three fureign locations,
Six different values of the Load/Collector
Ratio were chosen for each city so that the
total of 174 year-lang calculations were made
altogether, representing a total of 1350 months
during the heatiry 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-
tem was chosen as indicated in Table II.

The data of Fig. 3 show a relatively good cor-
relation between Monthly Solar Heating Fraction
and Monthly Sola: Load Ratio. The individual
plotting symbols shown on Fiq. 4 identify the
city for which the calculation was made. A
V1ist of thcse 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 aztually have a different load,
a different amount of sunshine incident on
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 data of 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 Heatirg Fraction, not the montnly values.
In order to do this, a functional form was
chosen for the relationship between Monthiy
Heating Fraction and Monthly Solar iLoad Ratio
as follows:

SLR < R
SLR > R

SHF = a](SLR)

- -3, (sLR)
SHF a, - aye 4

such that the values are equal at SLR = R, The
values of the parameters ir the function we ¢
chosen to give a minimum least square error

in the annual solar heating 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 least--quares coefficieﬁts and
the standard deviation of annual SHF are as
fellows:

Case _R 4 & a3 3 a
WA 0.8 0.5995 1.0149 1.2600 1.0701 .028
WWNI 0.7 0.7642 1.0102 11,4027 11,5461 .N26
™ 0.1 0.4520 1.0137 1.0392 (.7047 .C24
TWNI 0.5 0.7197 1,0074

1.1195

1.0948 .023

Discussion of Loads

Two coefficients have been tsed to describe the
heat loss characteristics of the building: a
Building Loss Coefficient, used in l'ethod A, and
a Modified Building Loss Cocafficient, us:d to de-
termine the Solar Load Ratin in Method B8, The
difference is the steady-state or static loss
coefficient of the solar wall in the absence of
solar gains, 24 x A, x U,. The Modified BLC was
introduced only to facilitate the calculation of
the Solar Load Ratio, as discussed above.

Monthly heating degree-day values were used in
the correlation procedure because they are the
only 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
provided the user is consistent in calculating
loaas in the same way that was used to determine
the correlations.

The Mgdified Monthly Load, which is the product
of rthe montnly degree-days times the Modified
Bui diny Loss Coefficient, has no accurate
physical meaning. It is simplv a convenient
intermediate parameter used in the calculation,

It is possible to distinquish between two sclar
heat contributions from the solar wall: 1) the
energy saved, and 2) the energy supplied. The
difference is exulained ir the fu)lowing para-
graphs. In this paper the energy saved is used
to define the solar heating fraction even though
it gives a lower value,

Since the auriliary energy is only required during
periods when the temperature inside the room is
actually at 65°F, the auxiliary energy require-
ments determined by the simplitied method will be
a good estimate.

The actual solar energy supplied by the solar col-
lection wall will be greater than that estimatod

by taking the difference between the annual degree-
day load and the auxiliary energy. The extra

solar heat is the amount used to maintain the
building abnve 65°F during a significant portion

of the year, Since it is the actual auxiliary

J. D. Balcomb
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energy required which is the most important num- TABLE III

to be esti d :
2;;,°:ch et 3::eb551f was felt that the WEATHER DATA USED FOR CORRELATIONS

In reality, the solar heated building will gen- Symbol
erally be warmer than the non-solar heated build- City Figs. 3-4)

ing, assuming that the thermustat is set at

65°F in both cases. The non-sojar heated build-
ing will frequently rise above that value and
occasionally to 75°F, at which time it is as-
sumed that any additional energy is dumped (pre-
sumably by opzuing 2 window),
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TABLE 11
REFERENCE PASSIVE SOLAR SYSTEMS USED FOR CORRELATIJUNS

Los Alamos, HM
£l Paso, TX
Fort HWorth, TX
Madison, M1
Albuquerque, NM
Plioenix, AZ
Lake Charles, LA
Freenn, CA
Medford, OR
Bismarck, ND
New York, NY
Tallahassee, L
Dodge City, KS
Nashville, TN
Santa Maria, CA
Boston, MA
Charleston, SC
Los Angeles, CA
Seattle, WA
Lincoln, NE
gould=vr, (O
Vancouver, BC
Edmonton, ALD
Winnipeg, MA;
Ottawa, ON1
Fredeyickton, NB
Hambure
Denmark

Tokyo

Assumptions for both Method A and Method B:

Thermal Storage = 45 BTU/°F fi% of glazing

Trombe wall has vents with backdraft dampers
Double Glazing (normal transmittance = 0.747)
Temperature Range in Building: 65°F to 75°F
Bui'ding Mass is Negligible

Night Insulation (when used) is R9:

5:00 p.m, to 8:00 a.m, 2
Wall tc roow conductance = 1.0 BTU/hr °F ft
Trombe wall prupeities Kk = 1,0 BTU/ft hr °F

pc = 30 BTU/ft3 °F

SHNARXOTZIrROCO~IOTNMMOOTIDOORNOMHWN—

Additional Assumptions for Method A:

Vertical, south-facing gldass

Wall absorptance = 1.0

Ground refiectance

J. D. Balcamd
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Fig. 3. The reflector enhancement factor is

the ratio of the menthly solar radiation
transmitted through vertical south facing
double glazing with a reflector to that with-
out a reflector. The reflector size is

equal to the window size and is horizontal

diffuse, in front of the window, Reflectance is 0.8
and is specular.
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Fig, 2. Least-square menthly solar load ratio curves for thermal storage walls.
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See Table IT1 to ideatify plotting symbols on Figs. 4 and 5.
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TASLE I: PERFORMANCE PARAMETERS FOR PASSIVE SOLAR HEATING SYSTEMS USING THERMAL STORAGE WALLS (Cont.)
Load Collector Ratio (BTU/DD-ft?) for particular values of Solar Heating Fraction (SHF)
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TABLE I: PERFORMANCE PARAMETERS FOR PASSIVE SOLAR HEATING SYSTEMS USING THERMAL STORAGE WALLS (Cont.)
Load Collector Ratio (BTU/DD-ft2) for particular values of Solar Heating Fraction (SHF)
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w 431 208 129 92 [1] 52 9 28 18 w [2] u
2700 %0 WWNT 608 29% 1w 1M 0] a0 [3] a8 kL) 10268 00 wunl 184 83 48 n 2 13 ] 4
™ 402 202 128 83 60 44 3N 22 13 ™ 102 2 20
n ™ S8z 279 118 128 94 72 4 L) &7 N Wl 34 83 48 n 2¢ 4 9 3
Fort Vorth, SKF 0.1 0.2 0.3 04 0.5 0.6 0.7 0.0 0.9 Qttawe, e 0.! 0.2 0.3 04 0.5 048 0.7 0.8 0.9
Touas Ontartd
w 84 08 768 L4 43 312 23 14 W 9 s 1/ ?
2008 0O Wt 3526 291 158 1S 8y 69 4 4 29 4738 00 L L1 188 81 49 1 24 17 12 B 4
™ M I e n 50 35 28 18 10 ™ 103 4 21 1
nn ™t %03 239 132 w8 8¢ [1] 48 u 3 15°R Tunt 184 82 4 3 F{) 17 12 ] L}
Hidland, SHF ) 0.2 0.3 04 098 0.6 0.7 0.8 0.9 Toronts, SR 6 0.2 0.3 04 0% 0.6 07 08 0.9
Teres Ontorie
w 388 a4 VI8 82 [} 47 38 ] 8 L) 103 . 23 14 (]
% 00 wnNl S48 247 169 1) (2 n 7 M b1} 4827 O Ll 194 111 53 8 t14 21 13 10 [}
™ 3w 182 113 18 4 ki) 28 19 12 ™ 114 st 8 18 9
b -3 ] Tunt a7 93 16t 18 o [1} 4 » 24 “un Twnt 197 1] 58 n 2 19 14 9 L}
San Antonlo, SHF o' 0.2 0,3 0.4 0.5 0.6 0.7 08 0.9 Ninnipeg, SHF 0.l 0.2 0.3 04 0% 0.6 0.7 0M 0.9
Teres Manatota
W 847 241 189 114 1.1} (1] 50 3 HL) W n 7
1848 00 WiNt 762 3%y 224 162 14 93 18 60 42 10479 0O wint 182 13 “ 9 20 14 1] L}
™ S0t 248 134 104 18 L1] 40 28 18 ™ /8 3’ 18 7
20N ™HE 727 3 1) 15 4 .1 (1] 4 3 %0y Twnl 184 14 44 29 20 ¢ [ ] L ]
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