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A PASSIVE SOLAR DESIGN MANUAL FM THE
UNITED STATES NAVY

Hillim O. Way
Franz A. Bfehl
Claudia E. Kosiewicz
Los Alams National Laboratory

ABSTRACT

A passive 5olar design manual for
single-fmiiy detached residences and dor-
mitory-type buildings is being devaloped at
Los Almnos National Laboratory for the United
stIIt@S NdVy. The design procedure employed
in the manual is a simplification of the
original nmt$ly solar load ratio (SLR)
meth~. The new SLR correlations involve a
single constant for ●ach system. The corre-
lation constant appears as a scale factor
permitting the use of a universal performance
curve for all passive systems. Furthernwxe,
by providing location-dependent correlations
belwten the annual solar hedting fraclion
(SHF)* and the mininwm n’mnthly SHF, wc have
eliminated Lh? need to pwform an SLR calcu-
lation for each Imnth of the h(!dting season.

1. BACKGIUIIJND-———

This work began in FY 1981 nith d cnn-
trdrt frm the U.S. Ndvy to sludy the rt?tro-
fit pot~ntlal of ct,,lcrete-block buildings.
The res,llt% of Ihal Investigation shomrf
L!ldl both cllr~cl gdin and thermal storage.
wdll rptroflls drr quite approprldte for
con~rvtr.block building%,
tnhorently MI%, is,, :hdrart!~~~’p lSfFyt~~jj
tt,p Ndvj LIecIIJeIl tu contltww! the wnrk dL 1.0s
Aldnm% by 5uppWLlng the !kvrlopmnt of a
pa%%lve ioldr dr+lqu ❑fillUdl thdL uoIild in.
(.ludc dr$lgn ~ti~nd! for n- cnn%trucLlnn a%
wI~ll as retrofiL\, IL m.!’. dl~o drwld~d thaL
LrodLmrnL nf finql!~ fdmily drtdclwvl ro~l
drn(p%, d~lch drr lyplrdll~ nwch Irs$ Mdsslvr
thdfl tt10 laryrr Loncrrtv block %trur.twrr%,
shnuld ho !IIrl IIdrd in IIWI mfinufil.

Charles R. Miles
Mward R. CMrlak
Naval Civil Engineering Laboratory

culation Procedure for Passive Solar HW es
?of Navy Installations, ‘/01. 1 - Vol. V,n a

set of design manuals developed for the Navy
by hkmika Lum$daine at NEW Mxico State Uni-
versity (WfSU). Consequently, nwch nf the
character of the WiSU documnt will be re-
tained, including the use of a universal per-
formance curve to characterize the behavior of
passive systems.

2. THE FAST SOLAR LOAORATIOMETIUIO

The n~ performance calculation pri
cedure developed fcr Lhe Navy design manual is
cdlled the fast Soldr load ,-atio (FSLR)
method; this nmthod reldtes the nmnthly solar
hcdtlng frdction to the nmnthly solar load
rdtiO thrOUgh d SCdlltIg ISW. The new pro-
cedure is d direct ●xtension of the original
solar lodd rdtlo (SLR) nmthod developed for
pass ive ~ldr bul:dings hy Balcti and
~Fdrldnd, This SCdl Ing law is then
cnmhincd with a wedther-depmdent correla-
Llon beLween the annual soldr heating frdc-

tion and the Minimwn hIOfIthlY Snldr hedting
frdctinn, which usudlly occurs in Jdnuary.
Thus, Lho dnnudl dunil idry hcdL r~quirrnw!nt%
drc uhLdttIP(i dlrrI.Lly from d %h~l~ FqudtifIn
invnlvinq th~ wldr Iodd rdtio for d singlr
mtth.

2.1 Scalin~Ldw for knthly Prrformmlce—-- . . -- - . .----—- . . ----- ------

5111” - I ~ SIR” (1)



monthly solar heating fraction. It will be
recalled that the SLR is defined M

‘LR“ra% (3)

where S (13tu/ft2) Is the amnthly solar
radiation absorbed by the syslsm per square
foot of collection area, 00 ( F day) Is t ●

inmnthly heating degree days, G (Etu/OC ft )
is the ●ff~ctt e aperture conductance, and

1LCR (Btu/DD ft ) iS the load collector ratto
of the buimiling. The LCR is obttined by
dividin tho building-load coefficient, BLC
\;;~;DD~, b:’ the solar collector area, Ac

The SLC is &fined M the amunt
of he~t that would bc required to Iaainttin
the atr te~rature In a bulldtng one degree
Fthrctieit abowe the autdoor tiient tempera-
t’,re for a period of one day if no heat
10SSCS or gains Wre tllawl thro@ the
solar aperture.

The amnthly solar heating frdction is
th’! frdctia of the mmthly reference h~dt
lodd experienced by a buildtng thdt Cdn be
me~ by soldr energy Wdnsmtttal thrmgh the
collection dpertures. Thus ,

(4)

i> the mlllthly refWWICP hcdt Iodd, OId gA IS
11111mnnthly duatltdry hedt.

111(! dfhtntdyI! of the form of the per-
furmdncv Correlation given by Eq. (1) \\ thdt
thn hl!hdVIO1’ Of d]] p4\%lVQ SO]4r Sy\te~ IS
rcpr!!s~ntrd by a Stngle IIIllVO~Sdl Curve d~
tiplclm! In Fig. 1. The dlcjsbrdlc s~~ltcity

of Lq, ([] m4ket 11 @os%ltIla to dewalop ●

~lmpl~ dn~lytlc enpresllnn for the annudl
NI<llidry h@dl raqu~remnt c% (l~SCUMed in
lhv nc~t lun sub}ectlonsi

1 1 I I 1
t 4 s i

&ALED SOLAR LOAD RATIO ISLR”)

Fig. 1, Universdl performance curve for
passive solar buildings.

StlFy = StIi J + SHFJ (1 - SHFJ)

. [a+ b(0.7- SHFJ)], (6)

where 5#fF Is the &drly 5HF, SHF is th@
rJdnudry SH , and a dnd b dr? city- &pcndent

constdnts. Tht% 1s, of course, a pateritl-
dlly pwerful concept dnd w!? halve, therefore,
Investigated ~t5 fWdCtitdl dppl\CdtlOnS.

* f~m,}~;t dnnudl performance corre-
Idtlons to those suggnsted by
Subbareo cdn, in fdct, bc Obtdfned fm dny

Ctty for tilch mnlhly bfedlher ddtd are
dvd~ldbla, Consmmtly, such corral aLlons
halve be?n ch?veloped for dll ?~ typlcdl

mteorologlcal year (TMV)5 clttes in the
cnnttnentdl United St/tes, fhr correction%
tllffer from tho%~ sugg@stad by SUbhdrdo In
thrcr resp~ctt,

(1) Rdther thdn corr~ldtlng the YOarlY SNF
to th@ Jdnudry 5HF, w correltt?d 10
the mlnlam nmnthly SHF, which does not
dhays nccur \n ~dlWdrym

(7) lnstedd of th@ tuo..pdrdwter form
suw@%L@I~ hy Sublldldn in [q. (6), w
uf?d th~ follwing Ilngl@ pdrdmtm

rqu4tlnn:



less than 0.02 were obtained in all
cases. A schematic representatl~ of
Eq. (7) is presented in Fig. 2. Note
that SHFY limlts to zero and unity
when SHFH is zero and unity, respec-
tively. Also note that the difference
between SHFY and SHFM iS at a ~x-
imum of a/4 when SHFH IS equal to 0.5.
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Fig. 2. Schematic of f!,lnudl performance
corrcl~tlonc

(3) W observed that the paramter “a” dc-
punds nol only 0!1 location, but al}o on
dny $ystcm vdrlablc thdt affects S (such
ds overhimg dimensions, nunher of glaZ-
Inq\, orlentatlon, and tilt) or 011 (such
dt lIIC Lh!rMOStdt >e~ pOlrIi or the rd~C
Of llva~lng hy Interndl tources). He,
th(~ruforp, dctcrmlrlcd dpproprltte vtlue$
(If “A” for syttom$ wl’h rrferenc? tom
pcrdture~ ranging frun 40-?O”i, WILtl
onr, twn, or three gla!ings md with
Atinnllh. vdrylny frm (}0’ t?ail 10 GO’
I@;[ of (hf ;outh, Varlatlnn; uf “’s”
willI 1110 nmbrr nf ql~llnqi worv !n+ig
nifl(,lnt (hdlf d pcrcf!nt #t wo{t~ and,
th!,l-pforll, Only the VdlUl!$ tdl CU14t Cd
for douhln. glazed sy~tems wrre retalnmi,
All 5y\lcms werr a$furred to have nn
ovrrhany dlld tO halve VP~tiC~l ~pe-tUre\,

2.3 Cotiir,ed Scaling Law and Annual Perforw
ante Correlation

The scaling ldw given by Eq. (1) may be
ctiined with the annual performance correla- .
tion given by Eq. (7) to obtain a single ex-
pression for the annual auxiliary heat re-
quir~mnts. First, we wrtte Eq, (1) for the
amth with the minimm solar hedtirg fraction

SHFH ■ 1

where SLR~ is

ratio. Then,
(7) yields

-SLR:
-en, (8)

the minlmm monthly solar load

substituting Eq. (8) into Eq.

Equation (4) may be ●mployed to express SHry
directly In terms of the yearly auxiliary
heat, Substituting Eq, (4) Into Eq. (9)
produces the desired relation.

(+);s[f”~ -,)* i]m(lo,

Equation (10) is piot~ed In [lg. 3, which w
refer LO d% thC yrdr]y heat-to-load rat{O
nonmgram. 17m! hat only to calculale the
minlmm monthly solar Iond ratio and multipiy
I)y tlw? approprlalo sy~tem tcaic tacl.or, F, a
tabuldted quantity, to obtain the appropriate
scalcrl soldr load ratio, A vertical iine Is
thrn vxtmldcd l,pward un’11 th? performance
cIIrvr with th~ ilppr~prlhte value of th? city
pfirmetcr “a” is Intercept@d, (Th~ pdrameter
“a”, a tahwlat?d quantity, deprnd% on the
t:lty .tt ur ii a% certcln nthrr tytlmn param
rlor~ ~% provluu~iy IIIIlrd. ) !wiw Inlrrpoid
111111may hr r,*(iulrcd. I,avlny Intercepted th?
a~propriat~ p~rfnrmimce rurv~, w th~n ●xtend
d hortlnntal iinv from thal point Ln the
vwtical axil finii r@dd th? dnnual ratio of
au~lilary he~l 10 hullding load, Hult’p.
II(AIIOII of Lhi% qunntity by th~ annual iosd,

((h )y -(nir’*ri . Ar)lll)v, !11)

uhpro I)DY II ttlo annual dagrce dmy turn,
yIOIIII th aunillary heat r?qulr~d y~ariy,
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2.4 Vear]~ Hcdt+n~-Cost Nmmgrmn design manual, The concept is illustrdteti-- ..- .—--- --.--—
in ‘:3. 4,

In order to simplify the ta~k of dctcr -
The upper right CJuddrdllt in Fig,

d is idunticdl to the nonmgrdm in Fig. 3 dnd
mining the econmnlc consequences of vdriouS serves to provide tin estimdte of the yearly
IJc5 i 911 [k?cisions, one or more fidrly hedtlng hedt-to-lodd rdtio. (For cldrity, only one
cost nrnmgroms will be incl~ded In the Ndvy of the performance? curves Is included In
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Fig. 4,) The upper left quaddnt contains a
fanily of radial lines representing VWi OIIS
values of (~] (only one such line is shwn)

1and the lower eft quadrant cmtains a family
o’ lines (only one is shown) representing
various rates per kUh. The n-gram is used
in the following mdnner.

(1)

(2)

(3)

(4)

(5)

Calculate the minimwn scaled solar load
ratio and e.lter the value on the
abscissa at point ~.

Extend a vertical line from point @
until the curve with the appropriate
value of “a” is intercepted. This
procedure locates point @.

tkaw a horizontal line left frcm point
@until the Iine with theapprcpriate
val~e of (~)y is ~ntercepted. The
intercept is point & .

Drop a vertical Ilne from point @into
the Imer left quadrant until the line
indicating the appropriate rate is
Intercepted at point @.

Ehtend a horizont~l line from wint @
to the ordinate, The intercept at point
b~i~j;;; the yearly cost of heating the

The procedure described above can be
repeated for a series of designs that may
then be evaluated on the basis Of the!r 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 cwn estimate of any
marginal costs associated with passive solar
featurei In order to determine if associated
hca tiny cost 5avings are sufficient to Pro-
vide r~pid payback.

3. SCOPE OF THE DESIGN HBNUAL..—------- .—-- —-—

3.1 kkmlhl~ Performance Co~Lation Matrix—- —-—--—----

A tot.1 of liJ9 performance correlations
wIII be included l!) ;.h? Navy design manual,
A m..llrix of ftl corrl~lations f,]r direct gain
systems will enablo the use! to obtain a
pcrformanm! ettlmdte for d wide vdrlety of
dlrcct gain Imildlng; by allowing 3 cholccs
for each of the 4 primary design variable;.
The design optlo!ls inr.luda!:

T!IICK . .? in .,4 In. , 6 In. ,
AWAG - 3, 6, 9,

NGI. - !, 7, j, I Ill dctlyll>
Ri.!,Nl - Ll, 4, 9.

uhrre THICK ts the thermal storage mass
Lhichnes:, N40AG 1$ the ratio of thermal
~tordgo mass surface area to glazing tSr@d,

N(J, Is tile ntier of ylazlngs, and RESNI

(ftz F h/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.,
NW= 1, 2,
pck = i5, 30,

I

16 designs
RESNI - 0, 9,
VENTS ■ YES, NO,

and

THICK = 6 in., 18 in.,
NGL ■ 2,
Pck ■ 30,

I

2 designs
RESNI _ O,
VENTS m YES.

The quantity Dck (Btu2/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 t:lermn-
circulation velts.

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

THICK = 9 in.,
NGL= 1, 2, I 4 designs

RESNI - 0, 9,

and

THICK ■ 6 in., 12 in.,
NGL ■ 2, ? desijns

RESNI .. 0.
I

In thic case, THICK refers to the efTect.iv~
thickness of the mdss of water ds If it were
rontainccl in a rectillnea~ enclosure that
cmnpletely filled ihe soldr dperture,

Finally, four specialized COrrt?ldtiOflS

arc included for thermal storagr walls made
from F1-ln, concrete bulldlng blocks, The
ccrreldtlon matrix is:

THICK . El ill,,
RrSNl - 0,

NGI - 1, 7, I 4 d~signs
FILLED a YES, NO.

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

h Lahlc will bc provldcd In the Ndvy
desl~ manual th.+t g~v~s the scdle fdctor,
F, the effective aperture conductance. G.
and the effective solar absorptm’ice of each
of the 109 designs d@scrlbed abov~. Further-
more, the performance of dny system Involvlng

a mixture of two nr nmrc of thr ebovc des~~s
can he delermtnpd frmn the yedrly heat-to-



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

3.2 Table of Heather Data and City
Parameters

The THY weather data base, COntainin9
209 cities in the continental U.S., has
selected for use in the Navy deSign manual.
All radiation and degree day quantities
reported in the design manual will be based
on hourly summations of quantities on :he
TMY tapes.

[n order to permit calculation of the
dfhlIJd] heat load under a variety of thernm-
CLjt settings and internal heating situa-
tions, annual 00 summations for reference
temperatures ranging from 40 to 70”F in 5°F
increments will be included for each city.
Additionally, the monthly sumnation of vT/00
.+ill be tdb,Jl#ted for one, two, W’10 three
glazings,at ?acl)of the reference tempera-
tures indi~atcd ahowe for the minifflUM SHF
month in each city. The quantity VT is the
racliatiml transmitted through a vertical
south-faci,lg solar aperture and nust be
I!ulLipllt)d by, the effectlvc solar
,Il]>:]rplm cl’, 10 %tain S, tha? rddiflliofl
abs]rhcd by the system. Tdhulation of vT/DD
dl ]) W,, rdpld calculation ~f SLRM, the
minimum monthly solar Iodd rdtio, fOr any
syJlem In any of the 209 locations. Further-
more, the valums of VT/00 reported in the
tdblet mdy be adjusted to dccount for .varid-
tions in azimuth from 60” east to 60 west
<Jf due south by using a simple quadratic
formuld, The coefficients of the quadratic
#dry from City to city and will be gitien in
th~ weather Labl~.

Val,~e5 of the city pdrdmter, “4”, dre
to I),? included in the weather table. For
each city, ~he ,,a,, pdra~ter is ;peclfied
fur /Jach reference temperature frm 40 tO
IL)’F ,ls~umlnq an orlentaLlon of due south.
T11,! “a” par amp Ll!r \ c~i, be adjusted for
*Z Im!llh,, v.;,,ylnq from fif)” e,l>t to 60” wrfl
I)f 111,0 $O,lth lIy u’, inq d quadratic formul~
.,IWI 11 1(1 Llldl ,,mpl,]y,ld l,) fldju~l V1/fill.
fi,]lln. I.IvI crcfflrlcnll of thl! fiuadra tic arr
I II y ,li,lMt~ldIIn[ m(l ,lr I! In !)0 included In lht}
W,’lflll,r tlll)ll}$.

:, ‘,1IMMARf

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
for imple~ntation of
decisions.
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