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‘lfIE HiFECl’ Ok’DESIC24PAFWETERUiAN21S ON’IHEPERFORWANEOF
TnmM?iL SIcf#GE WALLPASSIVE SYSTFXS*

Robert D. M3%xland and J. tkuglas Balcanb
ILX3AlanKY3Scientific Lakmatory
I.DS AlarrKs, W &xico 87545

Ecur-by+mr qtec sirnulaticms based m ale
year of rmlar radiaticn and temperature data are
usal to analyze annual energy ~avings in thermal
storage wall passive designs - both Trombe wall
ad inter wall cases. The calculatims are rerun
many tires changing var icm Parmeters m.e at a
time to assess the effect m per forrnance.
paramters amlyzed are: night insulatirm
R-value, number of glazings, wall absorptancw and
ernittance, thmna.1 storage c23p3cit y, Tmmbe wall
properties and vent area size, additimal
building rrm=, and tempxature rxmtrol set
points. G_hdaticns are rkme for eight cities.

INHUMWTICN

In the rmurse of building design, many important
decisirms must be made regarding selecticn of
design pxameters. Often the -t important
ansideraticns are cmt and cmergy savings
although ava i] abil ity of nutcr ials, thermal
canfort, aesthetics, and expewted li fetirrc are
also deterri rmts. ‘l’he prpse of this p3p+2r is
ti present t}m results of a large number of
sirnulat im analyses which show the eff~ct cm
annual energj savings resulting from change$ in
design parameters. ‘I%? buildings analyzed are
all of the tkrnuil storage wall type cf passive
solar heated structures, that is, Trcxme walls
and water halls.

A reasmable design promdure is the f’ollcwing.
‘he annual thermal ~wr f orlmmce is est imatwl toI.
ths particular lcxnticm basal cm ntmlthly rfil<tr
and temperature data using a reference dcsiyn.
~ kkathly SOLIK IJXJClRatio method has tx+en
developd for this prpse dnd crxrelat. icn
curves, bawd m a large var iet
data sets, have ken ~blishwj .fl?f %’%;%’
slmwing & efEect of variaticm in design
puarmeters, cxxrpared to the referc!ncc &sign, arcI
uscxl to cst i mate the per formncc of the ‘Wtud L
building. ‘lb cb this it is dmi r,abl,c t.o use
curves for a clinklte simil<ar t~ t!m cm where th~.~
tuilding is to h located.

(Me must be careful in U5ing annual energy
savings as the sale per formnce determinant. F’Or
example, the cost-optimum thickness of a cme-ete
‘lYombe wall, cmsider ing crIly the tradeoff
between initial mst and performance, is USW2Y
in the range between 6 and 8 in. Increases in
thickness beyond this result in cnly a mall
ircrease in annual energy saved but great Iy
ircrease the mst of the wall. Hcwevcr the
inside surface temperature of a 6 in. wall wi L.1
swing 40 to 50?? during the course of a clear
winter day. Such a swing m..y be acceptable in
sane situaticm but generally t..ould be
unacceptable. Therefore cne must cnnsider
F.herti ccmfort and its value in nnking this
design selectim and wuld probably opt for a
thicker wall .

E@h analysts and designers should be skepti =1
of simplified design mrrelat. icm~ which preszw
to incorpxat.e a v~ricty of design variable? :nto
cm quaticn. Ei[ecks which arc t.hqht LO i I?
seeond order and are igr,ored often turn out ta b
major when analyzed with a simul.]ticm of the
actual physi Cal si tu;it. icn cm an hour -by-twur
basis.
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In tlw a’(alysis, the tfiilding rum Lwqzrdture is
allomd to flint Eetween 65°F and 75%. If
it tends atiwe 750F, energy is ~erinvd to
maintain 75%.

Reference Use~— —--

Referencx? kwildi rrg rksign }mrdlretcrs uwd are the
foil.ming:

Effect of’ Nijl)t IrKwlat.ir. vl R-val(u’———- .- . . ..-. . . . . . .. .. --..—.—-

building
L

f:XClu5ivf2 Of
~R ~ _load solar ‘.$311 ) . Btu/D9

Collector wall area, :;q. ft.

‘he curves for a selmtive surface or the wall
asswe swl.ar ahwrptam = 0.25 air-d infrared
anittance = 0.08, Tr,e [,ffect of glass
atmrptance and spacing is given in the follm~l]g
table:

Increase in F
Nuntx?r of w ICI+ Clea~Gl=-3~4° spaci!lg
~jlazincy 2 4 2 4.-.-. . ..— ——. . . ..... .._ ._. ._. —--- —.-.. .

7dlnqoergwe 4253 48. (J .03 .06 .03 .04
W Alarrfx; ‘/35LJ 16.8 .06 .09 .06 .07
k!adi wn ‘)840 8.0 .07 .07 .10 ?!>2
wfi ford !12”15 19.0 .04 .06 .05 .06
Boston 5535 18.2 .C’3 .08 .06 .07
Santa Maria 3065 72.0 .Oc .07 ,03 .03
Nashvi 11(: 380’) 25.4 .04 .07 .05 .05

Effect of Wall Absc)rptancc ,:nri k]nitt.,anqe.———.. ..—.-. .-- —.-.. _____ . .

~;~.f.cI& CJl ll]er)(kl’L ~,L@dC# }!(!dt .f’d!>l(;iti.
-—..-—- --- —----- .- ——. — --- .. ..-—
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to smaller values of ~) for which multi-day
storage kxxres more irnprtant, and is relatively
insensitive at lW values of F.

Effect of Trcrbe Wall Pro~&rties

Wxxmse of tlw str~ture of ttm diffusicn
eqwticn, tte cff~t of clm.nges in teat ca.pawity,
density, therrral ccmdurtivity, and wall thickness
can be cmbined into ju~: b~ groupings of these
properties, as follcx):

M = ~Land Sk
where
M = tb? thermal heat storage cap-wity, pr unit
area
L = wall thickness ft. aad
p = density, lb\ft\
c = heat ~~ity, Btt.!/’ltI~
k = thermal mnduc’.ivity, Btu/ft hr OF

The reference value of M is 45 md pck is 30.
‘ItE et!f~tof changing M has. tcwn given in the
preceding sccticm. The effect of changing ~ck is
skwn al Figs. 12-14, for the same cities fcx
different values of ititi fJ3{.

Effect of Vent Area———

ltwrrrwircutaticn enhances ttw per[crrrdncr c~f a
‘1’rWbe wall mme+mt, es[-ially if d.i;jtifrc
tc22atures are ]0.4 requiring ri.]ytim tw(itirq.
(’he sw effect wuld he obtained, }mww.r’, b]

direct gain). ‘fhc o~]tim,m vent size CW[x:i)li:;cm

tk mlar ttiating frdcticn, ac follm.:;:

SHF Vent Area.—— ...-—=.—..
258

Ccxment.—.—-—-
Performance le’?el:4 of~ dtx]ve 3’$

50% ;; I%rformnce lcvc>l:; off a!u:~! I/t
75% 1/2?, Per formanm.’ (iCrm:ic2 ahw. 1%

The “vcl~t drea” is the area of tlw JCY.WI vt’rlt!;
(which is L&: :;amc as the luppcr vent.:;) measuLed
as a percent.dge of the tot~l Trcxnbe wall ,icea.

If vents .uc to be used, ttwy slnuld have scwe
means to prevent backflw at night., such a~
passive hackrlraft dampers or p:fc>rrr’.ancc will bc
severely impircxl at value~ of Wit l(JSS than 24
unless ni!~ht irk?u;.ltirxl i:; u!d.

Effect of ?ulditional 13ui.lding !22s9——.. --—.. ..——. .——.. —.. -

Jk3dcti Building Mass
g%

-—-—.
LcR o 1 0 2.5

A1.buqwrque
———:-— .— ___

24 76 83 87
48 50 56 58
1.08 26 31 33

Madi son 4.8 61 66 71
8 53 57 60
32 23 25 27

Las Alarms 7.2 78 84 90
16.8 56 60 63
43.2 28 34 35

Effect of ‘IYxg2rature Cbntrol Set hints.—. — ______

Imering the rninjmm tcm~mr,ltur(; limit belcn+
65°F, Of (nurse, has a rrwch ]arqr, r effect as
Sbwl m Figs, 1!; and 16.

RI’}’m:xx..—. . ..—---
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