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A PASSIVE SOLAR RETROFIT STUDY FOR THE UNITED STATES EAVY®

William O. Wray
Los Alaxo~ National Laboratory
F.9. Box 1663, KS/5T71
Lon Alamos, New Nexioco R754%

ABITRACT

A panaive noiar retrofit study has Leen con-
Jurtal for the inited States Navy at the Loa
Alazos National Latoratory. The purpose of
the atuldy wun to datermina the energy sav-
ingy ol thimal.le in concrate block Luridingm
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for retrof:ta, although more ambitious
detvigzns are possible when pansive solar con-
ceptn are introduced early in the design
procenn. The best candidates for retrofit
are those buildings tnat have a lonr axiw
running vithin %02 of an east-went orie:.-
tation. New tuiliingn shoull, of courase,
alvayn Ly orientai with the long axin in sn
eant-vent i.rection in order tu maxiaine
nolar gainn durine the winter on tne noutk
wnil Af ‘he banilinge anl minimize nclar
gn.nn Juring the nummer on the annt Aanl sepnt
wn.ln.
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St llerel o oaier fal leator that anr be
eff;0ent or aheff:ent, lejentione nn e
trontnont O the wall.

. SETT CKil. EYPERINESNT.

T Aot anntruaentel paanive aolar tent
rel 17 yopre ynel o proviie 2 agures af duta
fur vajidat;ngy cunjiter modeln of x typieal
vonaFaje Mook tailhing anl the variow
sotpafit opty s conn; lered 1n than ntudy.
The el oare ALY LN L Wi e, 1O L mgh,
aml "t fmpe “onitraction jo 0ty 4 frame
nxanpt for tne agath walis dth fiber glam
bttt n the cavitien anl 1 in. of polynty-
roles fanno 1epalation an the annacle parfaces,
Vol eoptrete koo p wers § iaend on Lhe
fia P i sunporial fran the cogliug on i
m*nl rack v repr.oent the concrote floor
alaln pretent in the actunl tml Ling. A
Fonesd pngtitention rate of tuo alr changen
per orar v o lesd by oA blower i orler o
‘n'rean the neat load of Lthe eolla Anl
ningiify e amiynin of safiltration heat
trauifor.  Floet=pe L1ght bylly w,th a total
jes? ol | aW were placel 1n ech tent eoll
At n muree 0 auelilary heat., The lipht
Lalla wepes thermantatiealiy controlled by
the HF -24d de,th s piinition nyntes that
lmmytel the globe tamjeraturen of the
wLeofgresd L A Rl of T80,

It 1n mportant ta recognize et the tent
enl ]t are Rl intendel to b eanect niRiln-
timqut uf the Navy bl hingn we pew o

analyse. Rather, they are intended to be
repressentative of the conorets block
buildings and associated retrofit conflgure-
tions in the sense that the physiocal phencm-
ena that iominate the behavior of the proto-
type buildings also dominate the response of
the test cella. The test aells, therefore,
provide a source of data that may be used to
validate computer simulation models. Having
validated the simulation models, one then
has the means to prediot the bshavior of the
associated prototype buildings in any
climate for which hourly weather data are
availabdle, aimply by making appropriate
parameter changes.

The mouth wall of one of the test cellas
(cell 10) used in this project was oon-
atructed to represent a typiocal Mavy con-
crete block building and wvas maintained in
that fixed reference acoifiguration through-
out the test period. Concrete building
Llocka with nominal dimenaions of A in. by R
1n. by 16 in. were seat in place and oare-
fuily sealed at the edges. One single-
finzed window with a width of 2% in. and A
height of %4 in. wvar centered li%erally on
the wall with the lower edge about 4 ft
above the bottom of the block wall. The
Llock wnil wan paintal beige, a color
frequontly usel on Navy buildingn. The
arani™l nolar abnorptaces of the leige
blacka wan ‘1,000,

The secopd to;?* tell ‘eell 4 wvan origandly
ronfipurel to be Lisntical to the reforence
cnll, ani gli)te traperatiren were monitaral
to innur« that, for all practical purpos=n,
the tun colln wore ofiivalont. Then a
1'=in.=thirck pinb of jolyurntaane wvap jlacel
on the nouth wall nf ench cel. anl carefu.ly
nualad at the aleen tn allnw detarminntion
of the lllling load coeffiriopt ‘RL}. The
KL 1n the amount of heat required to saine-
tain A l=dngree 1) ffernnce bhetwoen 1nniie
An! amlient tmparntiren for a perind of one
iny 1T thern ure no heat gainn or lonnea
through the south wail. For thin progert,
the antire nouth wall, 1ncluding the block
wa!l and the window, wapn corpjlern] th e n
noular eallectaor, The BL'a of the peforepes
and varial le configuration col) wern founl
to he
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Having leterminel the lonn chapn: toriaty op
of loth tent oelipn, we INtPoluenl 4 anppap
of Mg reteafitn on eoll &0 Thens pod:if -
cationn anl the tent porind for which they
were in place Aare given below:

tmil "A “Fob, te10ts The window wan loglie

el v, (a0 mir g betusan
rlazinge ‘nywre.



Cell 9B (Teb. 18-23%: Vith the double
glazing still in place, the exterior surface
of the block wall waa painted dark brown.

The measured solar absorptance of the dark
brown blocks was 0.90.

Cell 9C {Fev. 25-Mar. 2): The double-glased
vindow and dark brown paint were left in
place and a 2-in.-thick layer of polystyrene
boari insulation was bonded and sealed on
the inside surfuce of the block wall. The
window was not blocked by the polystyrene.

Ce.l 9D (Mar. 7-16): The double-glazed
window and dark brown paint werc left in
place. The polyntyren. was removed from the
inoide surface of the block wall. The block
wall was corveriei %to an unvented Trombe
wall by plac_ng a layer of acrylic Exolite
Zlazing two in. from the outer surface. The
¥xolite was framed arouni the already
doutlo-flazed winlow. Exolite is a double-
wnlle! materinl with conne:ting wetn that
fore re-tangilar channeln that are roughly
0.5 i1n. sjuara.

“all 4E {Mur. 1=ty The Exnlite glaning
was rezovel aul the ruater murface of the
tlock wail waa eovarel with a =i1n.=-thick
inyer of joigatyrenn bourd insnaintion. The
P aystirene wad pasnte!d teirs and tre win-
Low, whirth W b aversl, wan e ft qnoa

Lt et iasiel con g tion,.

Toii F 'Mars A=Apr. 1T The polyatirene
ihngint.on W Pemove] from o the guter myr-
fuce ot the Y loek wail sl repincel wothon
auLactive ndeorter mnnufa el 1y lerry

. O 'roductas The heppy oL comnate o
chrome oxile ok chronae, depanted ok
Verfaineetha R cnpjar ahent, Jeveal opa Ry
comont wnd wed tr tond tae fo:l 'o Lhe one
rote block pu=faces The Exalite p2int.ne
wna then placei aver the Worry faal, ienvine
o oaLr oenp o of Coane ta formoa nelective
abanrber Tramle waii. The Wi low e the
tioer wali wae deft bt e plingel anl e
nat caynpnf Ly the FEx oo, te,
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A mor fied vardon of UICPT Dy on theee
mal netwnri code for fire st gaan Vand Linen,
was em) loyel Ffor analynin of the petraft
configurat;mnn contiiotet an thin ntaly.
SUNCPT o banal on PACCLE, Y an earlinr
tharpnl notwark cols Jovalopesl by b 1
MeFarlan!l o thermnl atorago wnll ayntemn.
The modlFind vervion of SUNSPOT e enllield
'HMLIX in poferenss Lo atn capalality o
modol Lthe Penponee of pantive ayntemn con-
atating of a4 minture of Lirec! gain anl
thermal atorage wall conponente.  The Navy
Fatldingn adireansl tn thaas pagoer involve
Jusnt = h o omistwre,

In order to test the validity of the SUNMIX
code as a model for the buildinzs considered
in this study, calculationa were parformed
for the refersnce test ceil and for each of
the six retrofit configurations. The cal-
culations were driven by hourly veather data
racorded on aite at the solar laboratory
during the appropriate test periode. The
caiculated resulta vera then compared with
data taken direatly from the test cells.
Close agreement between theory and
experiment in all rases indicated that
SUNMIX is a valid model for mixed direct
gain/thermal storage wall buildings.

Sample plots of the results of theae
validation exercises are presented in Fig. 2
for the reference configuraiion. The
measured ambient temperature and measured
ani calcilated valuea of the temperature on
the inside surface of the block wall are
presented. Meas:ured and calculnted valuesz
of the globte temperature and the auxiliary
heating pover were also compared {but are
not presented lLere) and also exhibitnd good
agrecment. Similar results were obtainel
for all six retrofit conflgurationn.

o DIMULATION ANALYCIL AND RE&ILTS

Havinge valiintel the TUNNIX comprater mole!
far the typical Navy conerete liock bl hue
anl tae six roteafit options, annunl
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perforsanve calculations were performsd for
building aites in San Disgo, Charlesten, and
Boston. A major Navy base is located in
sach of these oities. San Di haa a very
nild climate with a Janvary ratio of
136 Btu/ft€ DD, whera Qg is the total
insolation on a vertioal surface and DD is
the 65°F base heating degree days. The
high Qu/DD ratio observed in San Diego
indicates that a lot of sunshine is avail-
able to meet the relatively ammll heat load.
In the moderate winter climate of Charles-
ton, the January Q,/DD ratio is 63 and in
Boaton. where the winters are severe, the
Qy/DD ratio drops to 25 in January. Thus,
the three seleated 1nnt: 1 provide a range
of climata types in .1 test the
retrofit dosigns.

The relative solar savingn fraction (RSSF)
of each of the six retrofit designs ia
plotted in Fig. 3 for each of the thres
representative cities. The RSSF is deflined
as the snergy saved by a partizular retrofit
confisuration relative to the original
unmodified Navy demign. Thus, if QAUX)p
repreusents the auxillary heat required by
the original builiing and QAUXy im the
heat rejuired by the Nth retrofit, then the
Ri:F of the Hti. retrofit in
0DAU'X - QAI'K‘
RSSF » - -- - -F

The nymbola 2A, B, 9D, YE, and JF rejprenent
retrufit denigno that corresponi t2> the teat
cell configurationn that were tented during
the winter nf 1931 at Loa Alamon. Retrofit
denipn 3 1o the amma= an tert cell YC,
excnpt that the outer block wall color wan
changel from dark brown to beife mo that the
effert of 1nnuiation on the interior nurface
of the block wall cosll be 1Rolnted.

Note first from Fig. * that retrofit YA, for
which the windowe on the nouth wall vure
doubie glazed. yields nmall energy srvingn
that, an one would exjent, increaine with the
pnynrity of the elimate., The olnerved
onergy oavi, <0 are not largs becaune the
winiow area for the Navy hulliingn in nmall,
totaling nniy about o€ of the gronn floor
Area,.

Anat conaider retrofit 9K, whick ia | lenti=
cal to YA maempt that the block wall han
Lhegn printel dark brown yislding a molar
AbROPp anew a4 O.'0) cnmpared to .6 for the
original beige wall, Only a modent gan in
realiced in the rold and cloudy Ronton eli-
mats, lut the .mprovement .. hoth Charleston
and Dan Dimgo Im quite nignificant. Hinete
dark brown paint costs no mora than beiae
raint, tna incremental cont of retrofit 9N
conpared tn YA in sern, making ‘IR very
Altractive on the bania of economicn an well
An parformancs.
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Fie. 4. Porforsance of nix retrofit denignn
in three roprenantative citinenm.

Petrofit 9 in nbtained by miding
double=wallad Exolite glazing to
confipuration 1P, ¢=1n. ALF gAp wan
alloved between the Llock wall ani the inner
surface of the Exnlite. Thin retrofit
improved perforuance dramatirnally in all
three citien, but, unlikr the previoun cane,
the inc-emental coat will be aignificant.

Finally, the Yznt performancn in achinved 1n
retrofit YF for which the dark bruwn paint
nf 9D van replaced by Herry foul, a
nelactive abrorter. l'erformance in
moderately improved in all three citien,

Let us return now to retrofit '\, the
configuratinn with denbile=gla~nl windown,
and introduce connervation featuvre rat)ers
than pasoive nolar featuren. Hetrofit 95 -
identlieal tn YA, sxempt that ' in. of
polystyrene boar] insulation han hern place|
aon the inner nurface of the hiork wall., The
resulta nre (a) W€ nore muxiliary heat than
raqui red by the reference depign 10 nenlisi
in an Liego, (W) perrormance in nlightly
isproved 1n Charlenton, anl (o) energy
savingn are doutbled in Bonton relative to
9\: These repultn indicate that fnnulating
the (nner murfuce of south-facing hlock
wnlln In detrimental {n warm, nunny .limnten
and in of littles value {n (older, clouldy



climates. The passive solar options exhibit
much grester potential for emergy savings.

Now for one final experiment, we take the
insulation from the inside surface of the
blook wall in retrofit 9G and place it on
the cutside surface to obtain retrofit 9E.
The board isulation is painted the same
belge color as the exterior of tkte block
wall that ia nov aovered. Note from Fig. 3
that iantroduction of this modification would
ba a serious error. In 8San Disgo the R3SF
has dropped to a negative 84%, indicating
that we vill nov have to provide 84% more
heat than was required by the original
unkodified Navy building. In Charleston the
RSSF bas dropped to mero, and in Boston the
energy savings is slightly reduced from that
obssrved for conf.guration 90, which had
insulation on the inner surface cof the block
wall. The general rule is that insulation
should never bs placed on the ocutside
surface of south-facing block walls. In
mild climates, any iusulation on the south
wall is detrimental to performance, apd in
soderate to severe olimates, insulation on
the inside surface yields mmll energy
savings that excesd thrse obtainable hy
insulating the outside surface. Insulation
on the outer surfaace of south-facing masa
walls negates solar gains that might
otherwise occur, ani tha penalty for
negating those gaino is severe in sunny
2limatens and small in cold, cloudy climates.

h. CORCLUSIONS

Doutle g'azing the windown in concrete block
buildings is an effectivy means for "educing
snurgy consumption for space heating. The

annunt of energy saved dipendm on the window
area ani the saverity of the winter climate.

Tre progreannive addition of dark browm
jaint, Fxnlita glazing, and Rerry velective

absorber foil to the south-faoing side of
oonorete bdlock buildings yiclds
ocorresponding reductions in energy
consunption for space heating. The use of
insulation on aguth-faoing conorets block
wlls is either harmful or of little wvalue
except in severs vinter climates. When such
insulation is used, it should alwmys be
placed on the imer surface of the block
wll. An exouption to the rule might arise
if a building experiences high levela of
direct gain heating, but that is a subject
requiring additional research.
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