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MASS AND FANS IN ATTACHED SUNSPACES*

Robert H. Jones, Robert D. kFarland, and Gloria S. Lazarus
LIJS Alamos National Laboratory
Los Alamos, New Mexico 87545

ARSTRACT-...-—

The effect ~f t)lermal storage mass on the
performance of m attached sunspace is in-
vestigated for II particular design in
Boston. Mass Irl the sunspace and In the
adjofnlng buflding are compared. Perform-
ance +s evaluatvd in terms of temperature
conditions in tte sunspace and delivery of
useful solar heat to the adjoining build-
fng. The dependence of the results on the
manner of heat dellver,y is studied. Both
natural convection and fan-forced air flow
are included,

1. INTRODUCTION..-._______

The presence of thermal storage mass in
passive solar heating systems i$ alweys an
important feature. The mass moderates tcm-
peratilre variations and provides stored heat
for use ot night anri during cloudy days,
Yet hrnd effective the mass is depends on the
details of how the mass is cOuDled to the
solar hc.~t anti to the occuplerlrspaces. ~
an attac!lorlsunspac~, we wdn L to know (1
,IW much mass should he fn the sunspoce,
bowmurh mass should be in the adjoining
hull ding, and (3) hw heat. should b~ del’
crcd Trom the sunspacc to the buil ding.

The customary answer is conditioned on
whc~her the only imrpose of the sunspacc
to provido solar brat to the ~rljolning
l)uilrll”~or whrthrr tho sunspace is also

7

(?)

u.

used as liv+nf, space or as a grocnhouse for
qlowlnq plants. 1? is r.ften stfri that thrr-
mal $toraqc mas; in thr sun.pace is advis-
al)lr only in the latt~r case to lfmit tem-
Iw=r,lturccxtrems, hut tt,ct t.hcmass will
roducc tho ability o? the zunspfice to riolfv-
~r solar heat to the adjoining hull din~, 111
thr caso of a ltght,wrlght, $~nspacr lntcndorl
lIr~IIUIrilyas a solar ho,lt.rr,it Is iur{,hcr
sriid that usc of a fan IS arlvisahlr to
trml~for heat from tho sunspa~:r tt~ tho
hull dtng hecausr othcrwf<r thr <unspficr wfll
ovrrhpat ond rxhihlt poor rfflrlrncy rI~n

solar collector. There is a certain amount
of plausibility to these claims about the
role of mass and fans in a sunspace, but it
is an uncomfortable situation that there is
rather little supporting quantitative evi-
dence The purpose of this paper is to pre-
sent the results of some calculation~ done
to investlgat~ the role @f thermal storage
mass and the mans of heat delivery in an
attached sunspace.

The key questions are the following to
what extent and under mat circumstances
does nmss in the sunspace reduce the passive
solar heating performance, and to what ex-
tent and under what circumstances does the
use of a fan improve the performance? These
are serious questions because they imply two
unfortunate tradeoffs, First, if mass in
the sunspace has an ac!verse effect on solar
hcatlng performance, there is a fundamental
incompatibility in the design requirr;wnt.s
of a ~llnspace that is capable of both a
solar heatlnq a,Id a Ii!ling or plant-qrming
function, The level of thtwnol st,~rage mass
would always be a compromise hctwocn thc{c
two functions. Second, if a fan is nccrtcd
to maximize the solar heating p~rformance of
a sunspace, a deslgn~r Is always in the
position of halonctng the solar heatfng
advant~ges of the fan against the cost,
ahsencc of power consumption, rcliahillty,
and aesthetic advantages of passive heat.
delivery.

SomC spcclal ized terminology, such as load
ccllector ratio (’.CR), ~o.joctcrl area,-”anri..—
Fril’arsavfn(-s--fraction art~ usorr’t.o--rfc”srribc

/ --” ‘“TFiti”asnumpt ons an(rresultso Ilcflnition< of
thrsr torm$ ca;l ho fc,unrlin Rcf, (1),

?i, THE CAI.CUIATIONS

?,1, The Assumpt.ions

lho sunspacr/hullrling systrm rirfinitlon hos
brrn nnrrwly conflnrtl tn n pfirtl,ul,lr
lo(’ilttun,!Un%pf$(-rdrsigrl, hnd 1)11!1(IfIlq



load. The generality of the conclusions Is
accordingly very limited. The assbnled gecm-
etry is shown in Fig. 1.

.- ---

Fig, 1. Sunspace Geometry.

Other assumptions art sunmnarfzed below.

Location Boston

Load collector ratio 20 9tu/°F day ft2

Sunspace Double glazing
Due south orienttition
Opaque end walls
6-in. concrete flour

slab

Conrnon wall Lightweight
R-20 insulation
backdraft dmpers

Other sunspacc and building characteristics
t:lat relate to heat storage capacity and
heat distribution are varied ~n the study.
Heat storage capacity, other than the sun-
space floor slab, is assumed to be in the
form of water in containers with a surface-
to-volllme ratio equal to that of 18.in. cyl-
inders. The hea capacity is varied from O

Jto 100 fltu/oF ft of projected area in
both the sunspace and the adjoining build-
ing, Unless oth?rwise notod, the sunspacc
and huildfn hea capacities are fixed at W

i)and 30 lltu/ F ft of projected area,
rcspertivcly, while other parameters arp
varfed. The building mass is coupled only
indirectly to solar radiation by means of
natural ,onvectfon from the building air and
lnngwavc radfatfon frcm interior walls, The
results should be applicable to bufl ding
mass in oth?r forms than water In containers
If suitable mass ~quivalents are used such
as diurnal heat capacities (?),

Ileat transfrr b&wm the sunspac? and the
adjotnlnq building fs by air circulation
onlY. Tkrec different cases arc studleri.
First, circulation Is assmned to bc hy

natural convection through vent pairs whose
centers are vertically separated by El ft;
the combined vent area is varied frcm O to
5% of the projected area. Unless otherwise
noted, the vent area is fixed at 5% cf the
projected area, while other parameters are
varied, Second, circulation is assumed to
be by a combination of natural convection
and fan-forced flow; the fan is switched on
and off with a thermostat in the sunspece,
the fan thermostat setting being varied from
60 to 100oF, and the an capacity being

‘i
varied frc+n O to 5 ft min per ft2 of
projected area (cfm/ft ). Unless other-
wise noted, the fan thermostat setting and
fan ca acity are fixed at 80°F and 3

!cfm/ft , respectively, while other parame-
ters are varied. Simultaneously, the vent
area is varied from O to 3% of the pro,+ccted
area, the power requirement of the fan is
ignored. Third, the circulation is assumed
to be by fan-forced flow alone. The fan
paramters are varied as described above for
this else also.

Each case is studied with and without mov-
able in:’,ulationon the sunspace qlazing at
night. When used, the nmvable fnsulat+on
has a thermal resistance of R-5 and is in
place frcm 5:3J p m. to 7:30 a.m. solar tirre.

The building temperature is cantrolied with-
in the ran~e 65-750F by the applicat~on of
auxiliary Ieating and cooling as reeded.
There is no incidental internal h(?at genera-
tion. Excellt for the various mans of
transferring heat from the sunspace to th~
building. th(~re is no space conditioning ir,
the sunspace. No auxiliory beat llmits the
sunspace m!nilwm temperature and nc ventila-
tion or other cooling system limits its max-
imum temperature. The calculations were
pprformed with~ut sun$pace temperature lim-
its, ever, though such limfts would be im-
posed In practice, :3 determine the un~di-
fierl effect of o’,her design parametf?rs m
the temperature limits,

2.?. The Pkthod—.— .— -

The performance of t$e sunspace/bliil ding
systcm was i:omputed hour by hour using a
gpneral nuwrical nx~l of a sunspaco (1)
and the typical met@orulogical year (?WY)
for Boston (4). The r~lculation was re.
peatcd for a s@t of values oi both the heat
storage and distrihutton para,m[nrs using
thp nmriol and TMY nmntion~d ohovc,

3. THE RESULTS—. -—.--..—.

Each set rf re~~lts Is prcs~nteri IH two ways
to charact@rlz@ both the ;~rforrnance of th@
sunspacc as a solar h~~ater for the adiofnln
huildlng and the winttir sonspaco onvfronmen ?
for living or growing space, The nvcragr
anriml solar h~ating performance@ 1> @x-
prcssed hy th~ solar savings f~nction, a.,.,.,. ..
relativ@ masurl””o”l t~e &lxlllary heat



eduction In the adjofnin~ ‘“ldlng achieved
by the sunspace, The wfnti ~unspace envi-
ronment is expressed by tile
ture extremes, the maximum arl ‘W#-i##&-
peratures ffit occurred in the sunspace dur-
fng the TMY January. Because tt” maximum
temperature was calculated assure ng no ven-
tflatfon, extremely hfgh tempera ures are
reached fn som cases. These hi!jn tempera-
tures would not be permitted in practfce:
thw. , the maxlnwm temperature should be re-
garded as a qualitative indication of the
effect of the parameter in question, not as
a realistic estimate of the actual maximum.

The results are organized according to the
three types of convection heat transfer be-
tween the sunspace tirrdthe adjoining bufld-
fng: the first fs natural convection
through vent pairs, the second is a combina-
tion of natural convection and fan-forced
afr flow, and the thfrd Is fan-forced air
flw alone.

3,1! Natural Convection.—

The following results apply to the case of
heat transfer by natural convection alone.
See Section ?.1 for specffic assumptions.

A. Vent Area. Figures ?(a) and (b) show
the ~e=tif vent area on sunsp~ce perform-
ance. The vent area fs ~“pres~.ed as a per-
centage of the projected area, Remember
that the vents are assured to be in pafrs
w+th the upper vent 8 ft above the ;OWer
vent. The vent area refers to the combined
aren of both vents. The results arc appli-
cable to other vent arrangements provider!
the v~nt area is multiplied; by a sultablc
rorlvcrs{on factor to mke the area effec-
tively equivalent to the area of an 8-ft
vent pair. The mst conlnorrvent is prohahly
an open door. Multiply the area of a 6-ft
El-in, door by 0,64. Multipliers for other
vent configur~tions are in Ref. (5), pp.
11?-113,

Figurr 7(6) shows that solar heating per-
formance fncreasrs very rapidly with in-
creasing vent arra up to shout 1% of the
projcctcd area. This reflects the fact that
air clrculatiun is the onl,y important means
of transf~rring heat through an Insulated
ccmwnon wall, For vvnt areas greater than
about II.,tho solar h~atlng perfo:-mallce ln-
cre8fPs much more slowly as the vent, area
incr~asrs, This effect occurs h~caus~ these
vent arpa aro capable of a beat flow rate
th,lt approfichps the limit of th~ useful hnat
avallahlr ~rmn tho sunsp~co.

Thr curves in Fig. ?(n) aro plottml for
thrrv v~luoq of t.hchuilrtirighoar capacity
(cPMIWi): 0, 30, anti 6[) lltu/ol ft7 “f

pro.lrctrd arcn. Incroasrd building hcfit
ctlp,lrityhas d favorahlr effect on solor
h,!atlng pcrforrnancr for dll value< of thr
v(flt ar~fi, hut, ttloeffr(’t if glq(hltt$l’th
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Fig. ?, (a) Annual solar savings fraction
and (h) January temperature ext,remc$ in the
sunspace vs vent area in the common wall as
a perc~ntagc of the projected area. TIIO
parameter CPMRM Is the heat capacity in the
adjacent building fn the unit Dtu/°F ft?
of projected area. The rlash~d curves arc
fnr R-5 night insulation, The solid curves
represent n@ night fnsul,ltion,

larger tho vent arc~. This relatlnnsh{p c:in
hc ~xpresswl hy stating that there Is is
llmlt to tho useful vent area that riopon.ls
on tho huflrling heat capncfty, For hu{ld-
lngs wfrh R SMEII befit capacity, tho limil
for the ct!sr rcproscntod by Fig. ?(a) Is
shout 3’1,:that, is, for vent areas qr,:ut.cr
than shout 3z, thr solfir hcatilq po,,fc]rmanco

it vpry Illsrrrsitivf ~,ovrnt arrfs, F~r
l~ulld{nqs with a largv hrot. capaclt,y, tho
llmit t.o thr Ilsrful vrnt area 1s ldrgrl.,
This is brcausc tt!o largr rat.c ,)fheat flow
through lar!lo vrrrts frnds to producr lr<q



overheatf ng and is, therefore, more useful
if the building has a large heat capaci’:y.
The limlt of useful vent area also depends
on the climate and especially on the load
collector ratio (LCR). Thus, the particular
results presented here should not be applied
In general. Curves similar to Fig, 2(a) for
low-heat-capacity buildings are in Ref. (5)
for six different cities with two values of
LCR for each city.

Figu~-e i?(b) sncws that the maxinum sunspace
temperature decreases sharply as the vent
area increases up to about 1% of the pro-
jected area: It contfnues to decrease for
larger areas. It is also noteworthy that
the minimum sunspace temperature is only
sllghtly dependent on the vent area. Thus ,
in both solar heating and temperature llm-
Its, sunspace performance increases with
went area, rapidly at first and then more
S1@wl y .

R. Sunspace Wsss. Figures 3(a) and (b)
show- effect of sunspace heat capacity,
or sh~ce~, on sunspace performance.
Th—miass TF expressed in the unit Btu/°F

fft of prujected area. Remember that the
sunspacc always has a 6-in.-thick concrete
floor slab; sunspace msss in Figs. 3(a) and
(b) means heat capacity added in the formof
water in cor}alners. Figure 3(a) shows that
solar IIPating performance generally increas-
es as sunspace mass increases, with one
exception.

The curvc~ in F!g. 3(a) are plotted for
th~hee val es of the CPMRM: O, 30, and 60

YBtu/°F ft of projected area. All but
one shcw the same tendency of an fncrea-e In
the solar heating performance 6; the sun-
space mass increases. The exception is f~r
CPMRM , 60 find no night insulation (solid
curves), In this case the performance is
very insensitive to the sunspace Nss. Fur-
thcrmc~e, the trend of the curves suggests
that there may he an even larger vall,e of
CPMRY for which the solar heating perform-
ance decreases with added sunspace mats.
This f“~””f~fi’=the casp as discussed further
irntho next. spctinn, RrJom Mass.

Figure 3(h) shows that, the sunspace tmnpera-
ture extremes are moderated hy sunspace
mass: tj,eMximi.nm sunspacc t.mpermture de-
creases and the mininm sunsp,qc? temperatul.e
iflcr~ases with increased sunspacu mass.
This IS thr cxpectt?d result, and the same
tronr should apply to all climates and LCRS,

r. QOCNIMass, Figures 4(a).(c\ sh~ th~
@ffec’t’’oF?iiflrling heat capacity, or rOOM
mnss, on sunspacc performance. ;he msisiis
c“ip;ctscd in thr unit fStu/oF ft? ot pro.
jectmi arcn, Rcmmnher thet the roctn mass is
assumed to hc in thu form of water fn col,-
ta!ne-l, hut thp rrsults ~ro applicable to
other rorms Jf roml mass ?uch ns huildin

!MaterlOls and furnitL’rc, provided sultah e
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su~spnce vs cunspace mass, or added heat
capacity, per ft~ of projected area. The
parameter CPMRM is the heat capacity in the

~
ad nlning building in the unit Btu/°F
ft. ~f projected area. The dashed curves
are for R-5 night insulation, The solid
cl,rve~ represent no night insulation,

equivalent masses are used such as the rliur..
nal heat capacities (2).

T4@ Cui-vcs in Figs. 4(a) and (b) are nlottori
tor three valu?s of the sunspace hear,
ca acity (W41’)):

Y
0, 30, and 60 iitu/°F

ft of projected area: and three values uf
the vent area (AVENT): 2, 3, and 51 of the
projected area, They shcu that the solar
h@ating performance increases as room mass
lncrcascs for all of the cases studied,
This is the cxpcctcrl result, Furthcrnmrc,
we scc thrit the @ffect of added room mass is
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Fig. 4. (a) and (b) AnnL lar savings
fraction and (c) January temperature ex -
trerws in the sunspace vs the rooltl mass, or
the he t capacity in the adjoining buflding,

?per ft of projected area. The parameter
CPMD is the added heat cap~ Ity in the sun-

$space in the unit Btu/°F ft of pro-
jected area, The parameter AVENT is the
vent area In the conmm w~ll as a percentage
of the projected area. The dashed curves
ire for R-5 night insulation. The solid
curves represent no night insulation.

gre,ltest when the sunspace heat capacity is
smdll and the vent area 1s large.

The mast Interesting ohs(!rvation from Fig.
4(a) is that without night insulation and
for a room mass of about 55 Btu/or ft2
or more, the solar heating performance of a
suflspace with a large heat capacity falls
below the performance of one with a small
heat capacity. Hcucver, ‘he performance
does not appe~r to decline any further for a
sunspace heat. capacity greater than about 30
Btu/°F ft7. Thus, if it is rtesir~i)le to
acid {, sun pace heat capacity (f at least 30

;Btu/°F ft to achieve a certafn level of
teriperature stability, despite the solar
heating performance compromise that this may
entail, it m y he desirable to add more than

?J30 Btu/oF ft because no further heat{ng
performance penalty occurs, hut t.hP added
mass continues to nmderate the temperature
extremes. 5ee Fig. 3(b).

Figure 4(c) shows that the minimum sunspace
temperature fs very insensitive to the room
mass. For the case shown here of a rela-
tively large sunspace heat capacity, the
maximum sunspace temperature shrws only a
sllght terldcncy to declfne with added room
mass. The maximum sunspace temper’ture can
be expected to be more selsitivc to the room
rnar,sfor snull sunspace heat capacities.

3.2. Natural Co.wectlJn and Fan-Forced—--- -----..—. ..— ——
ConvcctTciii-TZiml-fnet

The followinq results dre for tht case of
heat tra,lsfer by a corrblnation of natural
convc,ct,ion a;,d fan-forced convcct~nn, W
.Sec, 7.1 for spccl tic assumptions. The pur-
pose of this port{on of thr rcsult( is to
cvaluat~ the effect. of a fan RS a supplrmrnt
to natural convection.

Figures 5(a) arid (b) shm t!c effect or f~n
capacit,y on sunspacr perforrn~nc(~. The fan

J-
ca acftv i5 rxprcssw-i in the unit ft3/min
ft of projected area (cfm/ft,7).

Tho curvtls in Fig, 5(a) arc plot$,,d f~)r
tllrec valur~ of tho vrnt ar~~a (AVENT): 1,
7, and 37 of thr pr~jrct.cd arra. Tho curves
shf,w that thr solar hcatlrlg prrforman(r hfis
vrry llttlr rioprndl,ncr (1,Ithr fan ca;~n{lty
cv~n for very sn!dll vrnt awas, This warts
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Fig. 5. (a) Annual :;olnr savings fraction
and (h ) January tmporature cx:rmes in the
sunspacc v? th~ fan capnclty In the unit
ft.3/m{n/ft of I}rojccterlar?a (cfm/ft7)
for the caso of natural and fan-forced con-
vection comhinet. Th,i pnramcter AVFNT 1s
the vent ~roa in the conrmn wall as n pmr
contaqc of the projcclcrl area. The dnSh Pd
curvrs arc for R-5 nlyht Insulat.t.lri,The
sclirl curves roprvscnt no night. insulflt!ov.

that a fen. as R :wpplrrnrnt to nfitural con-
v~ct,ion, is not capablr of sfqnlficantly
{mprov{ng the solar hcnting prrformdnco for
the particular assmpt,torss that dpply. The
fllsumptlons that may hc particularly prrti
mint nrn n rclat,ivl~ly \mll l,~P (70 lltul”l”
day ft7~ and a relatively larqo riun$pnco
heat [npfir!ty (60 Rtu/”r It? in ad(lftlon

to thr t’loor slab),

even though the solar heating performance is
not so affected. Note Mat the maximum sun-
space temperature slowly approaches the fan
thernmstat setting of 80°F as the fan ca-
pacity increases. Nevertheless, it appears
that a fan of much larger capacity than 5
cfm/ft2 would be required to limit the
sunspace temperature very closely to the
therrrmstat setting.

3.3. Fan-For,ed Convection— .—

The following results are for the case of heat
transfer by fan-forced convection alone. See
Sec. 2.1 for specific assumptions.

:if:w’
Figures 6(a)-(c) show the

an callacity on sunspace perform-
ance. $hefan$apacity fsexpressed in the
unit ft /mln ft of projected area
(cfnl/ft?).

The curves in Figs. O(a) and (b) i-e plotted
for three values of the fan thermostat setting
(TFAN): 70, 80, and 90°F: and three values

9
of the building eat capacity (CPMRM): O, 30,
and 60 Btu/°F ft of projected area. We
see that the solar heating performance is ve-y
~ensitive to the f II capacity In the range

$roughly O-2 cfm/ft . This Is because the
fan-forced alr flow fs the only significant
form of heat transfer through the insulated
:cxmnon wall. The solar heating performance is
relat,fvely insensitive to the fan capacfty
great~r than abwt ? cfm/ft2, although for
very lightweight buildings (re resented by the

?curves for CPMRM = O Btu/oF ft ) the per-
formance falls slightly above $bout 2 cfm/ft2.
This fs because above 2 cfm/ft the fan
delivers more heat to the bu~lding t4an can
be inrnedlately used, and lf the building has
little heat capacfty, the excess heat is
wasted. Renwnber that these results apply to
fixed values of the ddefl sunspacc heat ca-

!pacity (60 Btu/oF ft ), LCR (20 lltu/°F
day ft~), and other design parameters. k’e
expect the optirmm f~n capacity to be scnsi-
tlve to those parameters; therefore, the in-
formation fn Figs. 6(a) and (b) should not be
gencral!zed,

Ffgure 6(c) shows that the muxfmum sunspace
temperature fs very sensitive to the fan ca-
pacity, particularly in the rarlgc O-? ct’rii/ft7.
Note that the maxfnmm sunspace tomperaturc
slowly approaches the fan thermostat setting
of ROoF as t,ho fan capacity lncrcas~s,
Nevcrthrlessl it appears that a much larqor
capacity than 5 cfm/ft7 would hc rcquiretl
to limit the sunspaco temporaturc ve-v closv-
ly to thr thermostat scttlllq. The mlnlrwm
sunspn.c temperature is very insonsitlvc to
the fan capacity.

It Is ~ntervst.~r$ to colnpdrc {{gs, 6(a~ and
(h)wi:h 7(fi~ finil-ly. fi(c) wfth ?(b). Thr
ccxnpnrlsnnt show how simil 1, arc tho roles of
thr vrnl nrrn fn the naturtll ,onvcction c~sI
to tllr tan c~pal.l~y in tho fan- forcvd
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Fig. 6. (a) and (b) Annual solar savings
fraction and (c) January temperature extremes
in the sunspace vs the fan capacity in the
unit ft3/min/ft2 of projected area (cfm/
ft2) for the case of fan-forced convection
only. The parameter TFAN is the fan thermo-
stat setting in ‘F. The parameter CPMRM is
th~ heat capacity in ;he adjoining building
in the unit Bt~/°F ft of projected
area. The dashed curves are for R-5 night
insulation. The solid curves represent no
night insulation.

convection case. The dependence of the solar
heating performance on the vent area and fan
capacity are very similar, with the perform-
ance rising rapidly at first and then level-
ing off. One noteworthy difference is that
the solar heating performance rises to a
higher level in the natural convection case.
This occurs because natural convection air
flow depends on the temperature difference
between the two spaces and is, therefore,
more responsive to the avc lability of heat
in the sunspace. The comparison, however,
uses the very simple fan control strate~
adopted fcr this stuay, n?mely, a single con-
trol temp~rature in the sunspace and a fixed
fan caoacity. Presumably, a more elaborate
strategy, based on both the sunspace and
building temperatures and on a variable-
volunK fall, could be made to mimic natural
convection closely enough to produce compa-
rab;c performance. There are also advantages
of a fan-based system related to the t’lexi-
bility of control and distribution. Disad-
vantages include cost, power consumption,
noise, and potential breakdowns,

a.
(b) j%+%!%%%%%” f:i%%o:i:; and
setting (setpoint) on sunspace performance.

The c,lrves in Fig. 7(a) are plobted for three
valu s uf th fan capacity (CFM): 1, 3 and

555 ft /rein ft of projected area (cfm/ft~).
We see that the solar heating performan”c is
maximized at a fan setpoint of about 65-70°F,
that is, near or slightly above tht? building
auxiliary heat setpoint of 65°F. It iS
customary, however, to usc a sl!ghtl.v higher
sctpoint to reduce the fan runnilg tlmm and
possible flisccxnfortof a cool air stream. UP
usc flOoF iIIthose studies where the s{lt-
point is fixed,

FigurP 7(b) shows th~t there is very little
sensitivity of the sunspace temperature tYx-
!rernes to the fan sctpo!nt. This is intr~--
esting hwnuse we might expect that thr ,lX1
rum sunsparo temperature could be con~ Iled
through the fon $Ptpoint, This is tru(,, how
ever, only for a sufficiently largr fan cJ-
pacity. Fig. 7(11) wn~ plotted for I fan ca-
pacity of 3 cfm/ft7.
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Fig. 7. (a) Annual solzr savfngs frection
and (b) January temperature extremes in the
sunspace vs the fan setpoint, or fan thermo-
stat setting, in ‘F. The para~ter CFM is
the fan capacity in the unit ft /min/ft?
of projected area (cfm/ft7). The dashed
curves are for R-5 night insul~tion. The
solid curves represent no nfght insulation.

sunspacc mass, on sunspace performance. The
nias-;~s expressed in the unft Btu/oF ft?
of projected area. Remember that the sun
space tilways has a 6-in.-t.hick concrete floor
slab again, Sunspace mass in Figs. 8(a) and
(h) means heat capacity added in the form of
water in containers.

The cur~es in Fig 8(a) are plutterl for three
vallies of the building heat capacity (CPMRM):
O, 30, nnd 6(J Gtu/°F ft7 of projected
ar~a , They shw thdt added sunspace mass
dlways improves the $oldr hcsting performance
in the night-insulatd cases, but tle effect
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Fig, 8, (a) Annual solar savings fraction
- 1 (b) Janua}’y temperature extremes in the
su,spac~ vs the
capacity, per ft~”~~p~~~jfi~~~ ~SP~dde~~eat
parameter CPMRM is the heat capacity in he
.\djoinlng building In the unit Btu/Ot’ ft}
of projected aree, The dashed curves are for
R-5 night insulation. The solid curv,.s
represent no night insulation.

of sunspace mass in non-night. insulated cases
depends on the building heat capacity. Added
sunspace IMSS improves the solar heating per-
formance if the building has a small heat
capacity, but adaerl sunspace IMss may dffect
the 5olar heating performance only slightly
or actually reduce it for a larger building
heat capacity. This ,!oint is dltcussed fur-
th~~r In the next section, F’)om Mass.

It is interesting to compare Fig. 8(?) with
Fig. 3(a). Two features of the comparison
are noteworthy. First, added sdnspace IMSS



increases the solar heating performance mre
in the natural convection case, Fig. 3(a),
than in the fan-forced c~se, Fig. E(a).
Second, the solar heating performance is
greater in the natural convection case than
in the fan-forc~ case for all levels of sun-
space mss. Thus, fan-forced convection com-
pares more favorably with natural convection
in the case of a lightweight sunspace than in
the case of a massive one, but natural con-
vection still outperforms fan-forced convec-
tion in all of the cases studied.

Ficjure 8(b) shows that the sunspace tempera-
ture extremes are m~derated by sunspace mass
the mximm sunspace temperature decreases
and the minimum sunspace t~mpera ure in-
creases with increased sunspace mss. This
is the expected r~sult. It is similar to
that of Fig. 3(b) for the case of natural
convec .ior air flew except thet the maximum
sunspa.e temperature is now even nmre sensi-
tive to the sunspace mass. This extra sensi-
tivity occurs because fan-forced convection
is less effective than natb:alconvection at
limiting the maximum sunspace temperature, at
least for the fan systm ~ssmnptlons made
nere, so that the sdnspace nass is nmre
critical in limiting the maximum temperature.

D. !%om Mass. Figures 9’s)-(c) shcw the
effect of bu~ding heat ca~acity, IJI-room
~, on Sunspace performance. The m~is
expressed in the unit Btu/OF ~t~ of pro-
jected area. Remanber that the rom mass is
assumed to be in the form of water in con-
tainers, but the results are applicable to
other forms of room InMS ~uch as building
materials and fu-niture, provided suitable
equivalent masses are used such as the diur-
nal heat capacities (2).

The curves in Figs. ?(a) and (b) are plottecl
for three values of the sunspace heat CapaCi-
ty (CPMD): O, 30, and 60 Btu/oF ftz of
projected area: and three value of the fan
capacity (cFM): 32, 3, and 5 ft ,’min fL7
of projected area (cfm/Ft~), The curves
SIICW that the solar heating performance
increases as room mass irlcreases for all of
the cases studied. This is the expected
result. Furthernmre, we see that the effect
of ram mass is greatest whert the sun~pace
heat capacity is small and the fan capacity
is large,

Fig, fi, (a) and (h) Annual solar savings
fraction and (L) J!nuary t&nperature extremes
in the sunspace vs the room ITEISS,or the h at
capacity fn the adjofning building, per ft$

of projected area. The parameter CPMD 1s the
adrl~d heat cap city in the sunspace in the

!unit. Btu/°F ft of projected area. The

$
parameter FM is t’e fan capacity in ~he unit
ft3/mfn/ft of projected area (cfm/ft ). The
dashed curves are for R-5 night insulation.
The solid curves represent no night {nsula-
tion.
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The mst Interesting observation from Fig.
9(a) is that without night insulation and for
a room mass of about 25 Btu/°F ft2 or
more, the solar heating performance of a sun-
space with a large heat capacity falls below
one with a small heat capacity. However, the
performance does not appear to decline milch
further for a sunspace heat capacity greater
than about 30 Btu/°F ftz. Thus, if it is
desirable to add a sunspace heat capacity of
at.lQaSt 3(IBtu/oF ft~ to achieve a cer. 5.
taln level of temperature stability, despite
the solar heating performance compromise that 1.
this may entail, it ma$ be desi rable to add
more than 30 Btu/oF ft becau~e little
further heat performance penalty occurs, but
the added mass continues to moderate the
temperature extremes. See Fig. 8(b).

a thernmstat in the sunspace set at 800F.
The comparison applies to both the solar
heating performance of the sunspace and the
limitation of the mximum sunspace tempera-
ture. This conclusion does not address the
possible advantage of a fan in distributing
heat to renmte spaces or a fan with a nmre
elaborate contrGl strategy.

4. CONCLUSIONS

The above results are t.ased on
space and building assumpcinns
lar importance are the Boston
the LCR of 20 Btu/°F day Ft2.
results should be applied very
other circumstances. Neverthe

2.

specific sun-
Of particu-

ocation and
Thus, the
cautiously to
ess. some aell-

eralizations are probably valid. ‘ - -iI

Added thermal storage mass in the sunspace
always improves the temperature stability in
the sunspace. Added mass also increases the
performance of the sunspace as an air heater
for an adjoining building if the sunspace
glazing is insulated at night or if the
building contains little thermal storage
mass. If the building contains abuntiant
thermal storage mss and the scnspace is 4.
non-night insulated, added mass in the \un-
space may have little effect on or even re-
duce solar heating performance.

Added thermal storage mass in the adjoining
building improves the temperature stability 5.
~n the building but has little effect on the
ts+nperature stability in the sunspace. Added
mass in the building always increases the
performance of the sunspace as an air he~ter
for that building.

Natural convection is a very effective means
tc move warm air frm the sunspace to an
adjoining huild[ng. It is more eifectlve
than iisimple constant-volume fan operated by
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