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A PASSIVE SOLAR DESIGN MANUAL FOR THE
UNITED STATES NAVY

William 0. Wray

Franz A. Biehl

Claudia E. Kosiewicz

Los Alamos National Laboratory

ABSTRACT

A passive solar design manual for
single-famiiy detached residences and der-
mitory-type buildings is being devaloped at
Los Alamos National Laboratory for the United
States Navy. The design procedure employed
in the manual is a simplification of the
original mocnthly solar load ratio (SLR)
method. The new SLR correlations involve a
single constant for each system. The corre-
lation constant appears as a scale factor
permitting the use of a universal performance
curve for all passive systems. Furthermore,
by providing location-dependent correlations
between the annual solar heating fraction
(SHF)* and the minimum monthly SHF, we have
eliminated Lhe need to perform an SLR calcu-
lation for each wmonth of the heating season.

1. BACKGROUND

This work began in FY 1981 with a con-
tract from the U.S. Navy to study the retro-
tit potential of coucrete-block buildings.
The results of that investigation showed
cthat both direct gain and thermal storage .
wall retrofils are quite appropriate for
concrete -block  buildings, beraty.e of their
inherently mssive charactor.ls In FY 1982
ti.e Navy decided to continue the work at lLos
Alamos by supporting the develorment of o
passive solar design manual that would in
¢lude design method: for new construction as
well as retrofits, 1L wan alvo decided that
Lreatment of single family detached resd
dences, wirich are typically mich lesy massive
than the larger concrete block strurtures,
should be tncluded in the manual,

The Nevy further stipulated that the new
desiyn manual he an extension of "besign Cal

iThe reader "Is advised to note that, in this
paper, we use SH rather than solar savings
freaction (SS1), which appears in the standard
SIR vorrelations, Aiso note that, in con
trast to recent SR practice, our thermal
storage  wall coreelations  employ nonzern
values of G, & correlating parametor thal may
be tmerpreted a8 a0 eftective  aperture
condur tange,

Crharles R. Miles
Edward R. Durlak
Naval Civil Engineering Laboratory

culation Procedure for Passive Solar Houies
of lavy Installations, Yol. I - Vol. V,*? »
set of design manuals developed for the Navy
by Monika Lumsdaine at New Mexico State Uni-
versity (NMSU). Consequently, much of the
character of the NMSU document will be re-
tained, including the use of a universal per-
formance curve to characterize the behavior of
passive systems,

2. THE FAST SOLAR LOAD RATIO METHOD

The new performance calculation pr
cedure develcped fcr the Navy design manual 1
called the fast solar load ratio (FSLR)
method; this method relates the monthly solar
heating fraction to the monthly solar load
ratio through a scaling law. The new pro-
cedure is a direct extension of the original
solar load ratio (SLR) method developed for
passive iolar buildings by Balcomb and
McFarland. This scaling law is then
comhined with 3 weather-dependent correla-
Lion between the annual solar heating frac-
tion and the minimum monthly solar heating
fraction, which usually occurs {n January.
Thus, the annual auxiliary heat requirements
are obtained directly from a simple equation
involving the solar load ratio for a single
month.

7.1 5ca'lng Law for Monthly Performance
Monthly performance correlations for the

FSIR method are developed in the following
form:

sir =1 o MR (m

where
SIR* _ 1 * R ()

1n the scaled salar load vatio,

The parameter, [, v a system or
denign dependent scale factor, SIR Iy the
monthly .olar load ratio, and S (s the



monthly solar heating fraction. It will be
recalled that the SR is defined as

SIR = {%ﬁy-z—g . (3)

where S (Btulftz) is the monthly solar
radiation absorbed by the system per square
foot of collection area, DD ( F day) is t[ze
monthly heating degree days, G (Btu/DC ftc)
is the effe-cu!e aperture conductance, and
LCR  (Btu/DD ft€) is the load collector ratio
of the bui'Jding. The LCR {is obtained by
dividing the building-load coefficient, BLC
(Bt,IDD?. br the solar collector area, A
(ft€). The BLC is defined as the amount
of heat that would be required to maintain
the air temperature in 2 building one degree
Fahrenheit above the outdoor ambient tempera-
t.re for a period of one day if no heat
losses or gains were allowed through the
solar aperture,

The monthly solar heating fraction is
th~ fraction of the monthly reference heat
load experienced by 2 building that can he
mev by solar energy transmitted through the
collection apertures. Thus,

Qa
SHF o} -3 (4)
%
where
O = (BLC * G * A)DD (5)

is the monthly reference heat load, and Q, is
the monthly auxiliary heat.

Ine advantage of the torm of the per-
furmance correlation given by Eq. (1) is that
the behavior of all passive solar systems is
represented by a single universal curve as
depicted in Fig. 1. The algebraic simplicity
of Lg. (1) mekes (Lt possible to develop a
simple  analytic expressinn for the annual
auciliary heat raquirement as discussed in
the neat twn subsections.

2.2 Correiation for Annual Performance

tmploying functional melysiy, Subbargo3
demomtrated the enistance of city dependent
correlations between annual SHMI and January
SHE for all passive systems obeying & scaling
law na the Sik.  He also showsd om ivically
that double glazed Tromhe walls, water walls,
and  diracl gatn bhutidings, taken with or
withogt night innulacion, all satisfy annual
perfomanee  correlations  of  the  following
farm in 1] wolected « (ties:

2 s 8

SOLAR HEATING FRACTION (SHF)
)
N

o 1 [ 1 I

I BN I & 3
SCALED SOLAR LOAD RATIO (SLR")

Fig. 1. Universal performance curve for
passive solar buildings.

SHFY - SHi:J * S“FJ (1 - SHFJ)
. [a * b(0.7 - SHF))], (6)

where SHFy iy the yearly SHF, SHF, is the
January SHI, and a and b are city-dependent
constants. This is, of course, a potenti-
ally powerful concept and we have, therefore,
Investigated its practical applications.

We find that annual performance corre-
lations similar to lhose sSuggested by
Subbarao can, in fact, be obtained for any
city for which monthly wealher data are
available. Consequertly, such correlations
have besn developed for _al)l 209 typical
meteorological year (THY)5 cities in the
continental United Stites, OQur correletions
differ from those suggestead by Subbarso in
Lhree respects,

(1) Rather than correlating the yearly SHF
to the January SHF, we correlated to
the minimum monthly SHF, which does not
always nccur in Jaruary.

(?) Instead of the two-parameter form
wygested by Subbaran In [q. (6), we
used the folliwing single parameter
equation:

where SHiy Is the minisum minthly SIF
and “a* (s the ¢ty dopendent correls
tion parawler, The single parameler
form was thoyea for (ts algebraic sim
plicity and hocause it ylelded accept
able ac-uracy, Standard deviations of



less than 0.02 were obtained in all
cases. A schematic representation of
Eq. (7) is presented in Fig. 2. Note
that SHFy limits to zero and unity
when SHFy 1is zero and unity, respec-
tively. Also note that the difference
between SHFy and SHFy is at & max-
imum of a/4 when SHFy is equal to 0.5.

o

YEARLY SOLAR HEATING FRACTION (SHF,)
o
"

] 0.3 1.0
MINIMUM MONTHLY SOLAR
HEATING FRACTION (SHF,,)

Schematic of annual

correlation,

performance

{3) We observed that the parameter "a" de-
pends not only on location, but also on
any system variable that affects S (such
as overhang dimensions, number of glaz-
fngs, orientation, an1 tilt) or DD (such
as the thermostat set point or the rate
of hea'ing by internal sources). We,
therefore, determined appropriate values
of "a" for systems wi*h reference tem
pcratures  ranging  from 40-70°F, with
one, two, or three glazings and with
azimithe varying from 60° eest to 60
wrst of due south, Variations of “a®
with the number ol qglazings were insig
nificant (halft a percent at most) and,
therefore, only the values calculsted
for double. glazed systems were retained,
Al systems were assumed to have no
overhang and to have vertical ape-tures.

In summary, we now have available annus)
performance correlations for 209 TMY cities
that are applicable to those single glared,
double qglazed or triple .qlazeu systems that
have azimaths within 60° of due south and
refrconce tomperatures hetween 40 and 70°F .

2.3 Combired Scaling Law and Annual Perform-
ance Correlation

The scaling law given by Eq. (1) may be
combined with the annual performance correla-
tion given by Eq. (7) to obtain a singlc ex-
pression for the annual auxiliary heat re-
quirements. First, we write Eq. (1) for the
month with the minimum solar heatirg fraction

SLRy
SHFH w1 -e ' (8)

where SLR; is the minimum monthly solar load

ratio. Then, substituting Eq. (8) into Eq.
{7) yields

-SLR, SLR.
SWY-(l-e ")G + 2e ").(ﬂ

Equation (4) may be employed tu express SHFy
directly in terms of the yearly auxiliary
heat. Substituting Eq. (4) into Eq. (9)
produces the desired relation.

()< Jom

Equation (10) is plotied in Fig. 3, which we
refer to as the yearly heat-to-load ratio
nomogram. (One has only to calculate the
minimum monthly solar load ratfo and multiply
by the appropriate sysitem scale tactor, F, a
tabulated quantity, to obtain the appropriate
scaled solar load ratin., A vertical line is
then extended upward un*il the performance
curve with the appropriate value of the city
parameter "a" is intercepted. (The parameter
“a", a tabulated quantity, depends on the
city a5 well as certain other system param.
etersy as previously noted.)  Some interpola.
tion may be roquired. having intercepted the
appropriate performince curve, we then extend
a horizontal line from that point to the
vertical axis and read the annual ratio of
auxtliary Heal to bullding load. Mult'p-
Tication of this quantily by the annuval losd,

(y )y = (BC * G- AJDDy, 1n1)

where DUy 1s the annual degree day sum,
yialde the auxiliary heat required yearly.
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2.4 Yearly Heating-Cost Nomogram

In order to simplify the taik of deter-
mining the economic consequunces of various
design decisions, one or more yearly heating
cost ncmograms will be included in the Navy

Q)
1.0

(MMB1u)
\

(Q,),
(MMB1u) b ¢ 4
100

RATE (¢/kWh) +0

I'tq. 4.

L'y (QA/QL)Y

Yearly heat-to-load ratio nomogram.

design manual. The concept is i{llustratec
in ©i9. 4, The upper right quadrant in Fig.
4 is identical to the nomogram in Fig. 3 and
serves to provide an estimate of the yearly
heat-tn-load ratio. (For clarity, only one
of the performance curves Is 1{included fin

CoST (10°$)

Schematic of yearly heating cost nomogram.



Fig. 4.) The upper left quad ant contains a
fanily of radial lines representing various
values of (Q )y (only one such line is shown)
and the lower ‘eft quadrant cortains a family
of lines (only one {is shown) representing
various rates per kWh. The nomogram is used
in the following manner.

(1) Calculate the minimum scaled solar load
ratio and eater the value on the
abscissa at point (D

(2) Extend a vertical line from point
until the curve with the appropriate
value of "“a" 1is intercepted. This
procedure locates point

(3) Oraw a horizontal line left frcm point
@ until the line with the apprepriate
value of (QL)Y is ‘intercepted. The
intercept is point 3.

(4) Drop a vertical line from point (@) into
the lower left quadrant until the line
indicating the appropriate rate is
intercepted at point (3.

(5) Extend a horizontal 1line from point (@
to the ordinate. The intercept at point
(® gives the yearly cost of heating the
building.

The procedure described above can be
repeated for a series of designs that may
then be evaluated on the basis of their cost
effectiveness. Or, individual design deci-
sions can be weighed by determining the re-
sulting annual cost savings. The user must,
of course, provide his own estimate of any
marginal costs associated with passive solar
features in order to determine if associated
heating cost savings are sufficient to pro-
vide rapid payback.

3. SCOPE OF THE DESIGN MANUAL

3.1 Monthly Performance Correlation Matrix

A tot.! of 109 performance correlations
will be included in :h2 Navy design manual
A matrix of 8l correlations for direct gain
systems will enabl? the user to abtain a
performance estimate for a wide variety of
direct gain buildings by allowing 3 choices
for each of the 4 primary design variables,
The design options include:

THICK = 2 in., 4 in., 6 In,,
AMOAG - 1, 6, 9,

NGL - 7, 7, ), A1 designs
ReOND « 0, 4, 9,

where THICK is  the thermal sturage mass
thicknest, AMOAG s the ratio of thermal
storage mass surface area to glazing area,
NGl s the number of glazings, and RESNI

(ft” F nh/Btu) is the night insulation

R-value.

Two smaller matrices of correlations for
masonry thermal storage walls are to be pro-
vided. The two sets of design options are:

THICK = 12 in.,
NGL = 1, 2,
pck = 15, 30, 16 designs
RESNI = O, 9,
VENTS = YES, NO,
and
THICK = 6 in., 18 in.,
NGL « 2,
pck « 30, 2 designs
RESNI = O,
VENTS = YES.

The quantity ock (BtuZ/h ft4' F2) is the den-
sity-specific heat-thermai conductivity pro-
duct of the thermal storage mass, and VENTS
indicates the presence or absence of thermo-
circulation vents.

Six water-wall correlations will be
provided. The following configurations are
allowed:

THICK = 9 in,,

NGL = 1, 2, 4 designs
RESN] =« 0, 9,
and
THICK = 6 in., 12 in.,

NGL = 2, 2 desisyns
RESNI - 0.

In thi< case, THICK refers tp the effective
thicknesc of the mass of water as 1f it were
rontained in a rectilinear enclosure that
completely filled the solar aperture.

Finally, four specialized correlations
are included for thermal storage walls made
from B-in. concrete bhuilding blocks. The
correlation matrix is:

THICK = 8 in.,
RESN] « O,
NGL = 1, 2,
FILLED « YES, NO.

4 designs

The term FILLED refers to whether or not the
concrete-block cores have been fillud with
mortar.

A table will be provided in Uthe Navy
design wmanual that gives the scale factor,
F, the effective aperture conductance, G,
and the effective solar absorptance of each
of the 109 designs described above. Further-
more, the performance of any system involving
a mixture of two or nore of the ahove designs
can be determined fram the yearly heat-to-



load ratio nomograms by using the area-
weighted averages of F and G of the component
systems.

3.2 Table of
Parameters

Weather Data and City

The TMY weather data base, containing
209 cities in the continential U.S., was
selected for use in the Navy design manual.
All radiation and degree day Qquantities
reported in the design manual will be based
on hourly summations of quantities on (lhe
TMY tapes.

In order to permit calculation of the
anual heat load under a variety of thermo-
ctat settings and internal heating situa-
tions, annual DD summations for reference
temperatures ranging from 40 to 70°F in 5°f
increments will be included for each city.
Additicnally, the monthly summation of VT /DD
#i11 hae tabulated for one, two, ana three
glazings, at aach of the reference tempera-
tures indicated abave for the minimum SHF
month in each city. The quantity VI is the
radiation transmitted through a vertical
south-facing solar aperture and must be
rultinlied by, a, the effective solar
absorptance, to obtain S, the radiation
absgrhed by the system., Tabulation of vT/DD
allw, rapid calcutation of SLRy, the
minimuin monthly solar load ratio, for any
system 1n any of the 209 locations. Further-
more, the valuns of VT/DD reported in the
tables may be adjusted to account for varia-
tions in azimuth from 60° east to 60" west
of due south by using a simple quadratic
formyla, The coefficients of the quadratic
vary from city to city and will be given in
the weather table.

Values of the city parameter, "4&", are
to be included in the weather table. For
each city, the "a" parameter is specified
for each reference temperature from 40 to
J0°F assuming an orientation of due south,
Tne  "a"  parameters cae be  adjusted for
asimuthy varying from AD° east to 60" west
ot e gouth hy using a quadratic formula
simg e Lo that employed  to adjust vVi/DpD,
Aguin, the ceefficaents of the quadratic are
(1ty dependent and are 1o be included in the
werther tables.

T SUMMARY

Loy Alamos 15 producing a passive solar
derga manual tor the United States Navy., A
new  dos e calculation procedure called e

fast solar load ratio method has heen devel-
oped for use in the manual, The new method
cnab'es the user to quickly estimate the per-
formance of 109 reference designs (or mix-
tures of those designs) in 209 U.S. cities.
The speed and simplicity of the FSLR method
makes it appropriate for use very early in
the design process when potantial is greatest
for implementation of energy-saving design
decisions.
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