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Robert W. Jones, Robert D,

MASS AND FANS IN ATTACHED SUNSPACES*

McFarland, and Gloria S. Lazarus

Lus Alamos National Laboratory
Los Alamos, New Mexico B7545

The effect J»f thermal storage mass on the
performance of un attached sunspace is in-
vestigated for & particular design in
Boston. Mass in the sunspace and in the
adjoining building are compared. Perform-
ance 1s evaluated in terms of temperature
conditions in tke sunspace and delivery of
useful solar heat to the adjoining build-
ing. The dependence of the results on the
manner of heat delivery 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 is always an
important feature. The mass moderates iom-
perature variations and provides stored heat
for use at night and during cloudy days.

Yet how effective the mass 1s depends on the
detafls of how the mass 1s coupled to the
solar heat and to the occupied spaces. In
an attached sunspace, we wanc to know (1)
new much mass should be {n the sunspace, (?)
how murh mass should be in the adjoinina
building, and (3) how heat should be deifv-
erced ‘rom the sunspace to the building.

The customary answer 1s conditioned on
whecher the only purpose of the sunspace is
to provide solar heat to the adjoining
buitdi=q or whether the sunspace 1s also
used as 1i{ving space or as a greenhouse for
growing plants, ]t 1s cften said that ther.
mal storage mas; fn the sun.pace fs advis-
able only in the latter case to 1imit tem-
perature extremes, hut that the mass wiil
reduce the ab{lity of the sunspace to deliv-
er solar heat to the adjoining building. In
the case of a lightweight sanspace intended
primarily as a solar heater, it Is further
sald that use of a fan {s advicable to

trans for heat from the sunspace to the
butlding because otherwise the sunspace will
overheat and exhibit poor efficiency as a

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
racther 1ittle supporting quantitative evi-
dence  The purpose of this paper is to pre-
sent the results of some calculations done
to investigate the role of thermal storage
mass and the means of heat delivery in an
attached sunspace.

The key questions are the following' to
what extent and under what circumstances
does mass 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, {f mass in
the sunspace has an acverse effect on solar
heating performance, there is a fundamental
incompatibility fn the design requirements
of a cunspace that is capable of both a
solar heating and a 1iving or plant-growing
function. The level of thermal storage mass
would always be a compromise hetwren thesn
two functions. Second, if a fan is needed
to maximizc the sclar heating performance of
a sunspace, & designer 1s always in the
position of balancing the solar heating
advantages of the fan against the cost,
absence of power consumption, relfability,
and aesthetic advantages of passive heat
delivery.

Some specialized terminology, such as load
ccllector ratio ('.CR). projected area, and
EBTaf’saVYﬁ?B“Fraction are used to describe
The assumptions and rFesults. Definftions of
these terms can be found in Ref. (1),

2. THE CALCULATIONS
2.1. The Assumptions
The sunspace/bullding systen definftion has

been narrowly confined to a particular
Tocation, sunspace design, and bullding

Work performed ender the ausptoes of the US Department of bnerqy, 0ffice of Solar Heat

Technologies,
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load. The generality of the conclusions 1s
accordingly very limited. The assumed geom-
etry is shown in Fig. 1.

Fig. 1. Sunspace Geometry.

Nther assumptions are summarized below.
Location Boston

l.oad collector ratio 20 Btu/OF day 12

Sunspace Double glazing

Due south orientition

Opaque end walls

6-1n. concrete floour
slab

Common wall Lightweight

R-20 insulation

Backdraft dampers

Other sunspace and building characteristics
that relate to heat storage capacity and
heat distribution are varied in the study.
Heat storage capacity, other than the sun-
space floor slab, 1s assumed to be in the
form of water in containers with a surface-
to-volume ratio equal to that of 18-in. cyl-
fnders. The hea; capacity {s varied from O
to 100 Btu/9F ft¢ of projected aresa in

both the sunspace and the adjoining build-
ing. Unless othzrwise noted, the sunspace
and huilding hea; capacities are fixed at 60
and 30 Btu/OF ft’ of projected area,
respectively, while other parameters are
varied. The building mass is coupled only
indirectlv to solar radiation by means of
natural convection from the building air and
Tongwave radiation from interior walls. The
results should be applicable to buflding
mass in other forms than water in containers
{f suitable mass equivalents are used such
as diurnal heat capacities (2),

Heat transfer between the sunspace and the
adjoining butlding {s by air circulation
only. Three different cases are studied.
First, circulation is assumed to be by

natural convection through vent pairs whose
centers are vertically separated by 3 ft;
the combined vent area is varied from 0 tn
5% of the projected area. Urless 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 natura) convection
and fan-forced flow; the fan 1s switched on
and off with a thermostat in the sunspece,
the fan thermostat setting being varied from
60 to 100OF, and the gan capacity being
varied from 0 to 5 ft émin per ftZ of
projected area (cfm/fté¢). Unless other-
wise noted, the fan thermostat setting and
fan capacity are fixed at 809F and 3
cfm/ftc, respectively, while other parame-
ters are varied. Simultaneously, the vent
area is varied from 0 to 3% of the proiccted
area, the power requirement of the fan is
ignored. Third, the circulation is assumed
to be by fan-forced flow alone. The fan
parameters are varied as descriped above for
this case also.

Each case is studied with and without mov-
able inuulation on the sunspace glazing at
night. When used, the movable insulation
has a thormal resistance of R-5 and 1s in
place frcm 5:30 p m. to 7:30 a.m. solar time.

The building temperature is controlied with-
in the ranje 65-759F by the application of
auxiliary beating and cooling as reeded.
There is no incidental internal heat genera-
tian. Except for the various means of
trensferring heat from the sunspace to the
building. there is no space conditioning 1ir
the sunspace. No auxiliary heat 1limits the
sunspace minfium temperature and nc ventila-
tion or other cooling system 1imits 1ts max-
imum temperature. The cs&lculations were
performed without sunspace temperature 1im-
its, ever. thouqh such 1imiis would be im-
posed 1n practice, t2 determine the unmcdi-
fied effect of other design parametirs on
the temperature limits,

2.2. The Method

The performance of the sunspace/building
system was computed hour by hour using a
general numerical muc~1 of a sunspace (3)
and tha typical meteoroiogical year (TMY)
for Boston (4). The ralcu'ation was re-
peated for a sat of values of both the heat
storage and distribut'on paranelers using
the model and T™MY mentioned obove.

3. THE RESULTS

Each set of re.ults is presented in two ways
to characterize hoth the narformance of the
sunspace as a solar hrater for the adinintng
buiiding and the winter sunspace cnvironmen
for living or growing space. The averagr
annual solar heating performance s ex-
pressed by the solar savings fraction, a
relative masure of the aux{1{ary heat



eduction 1n the adjoinin., i1ding achieved
by the sunspace. The wintt sunspace envi-
ronment is expressed by tihe nuary tempera-
ture extremes, the maximum ar min;mum gem-
peratures that occurred in the sunspace dur-
ing the TMY January. Because ti~ maximum
temperature was calculated assum ng no ven-
tilation, extremely high tempera ures are
reached in some cases. These hiyn tempera-
tures would not be permitted in practice:
thus, the maximum 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 snd the adjoining build-
ing: the first is natural convection
through vent pairs, the second is a combina-
tion of natural convection and fan-forced
air flow, and the third 1s fan-forced air
flow alone.

3.1, Natural Convection

The following results apply to thec case of
heat transfer by natural convection alone.
See Section 2.1 for specific assumptions.

A. Vent Area. Figures 2{a) and (b) show
the efTect of vent area on sunspace perform-
ance. The vent area is rvnresced as a per-
centage of the projectcd area, Remember
that the vents are assumed to be in pairs
with the upper vent B ft above tne ’ower
vent. The vent area refers to the combined
area of both vents. Tho results are appli-
cable to other vent arrangements provided
the vent area is multiplies by a suitable
conversion factor to make the area effec-
tively equivalent to the area of an 8-ft
vent pair. The most common vent is probably
an open door. Multiply the arca of a 6-ft
8-1n. door by 0.64. Multipliers for other
vent configurations are in Ref. (5), pp.
112-113.

Figure ?(a) shows that solar heating per-
formance increases very rapidly with in.
credsing vent areca up to about 1% of the
projected area. This reflects the fact that
air circulation is the only important means
of transferring heat through an Insulated
common wall. For vent areas greater than
about 11, the solar heating perfo-mance in-
creases much more slowly as the vent area
increases. This effect occurs because these
vent area are capable of a heat flow rate
that approaches the 1imit of the useful heat
available from the sunspace.

The curves 1n Fig. ?(a) are plotted for
three values of the building heat capacity
(CPMRM): 0, 30, and 60 Btu/oy ft? ,f
projected area.  Increased huilding heat
capacity has a favorable effect on solar
heating performance for all values of the
vent area, but the effect §5 greater the
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Fig. 2. {a) Annual solar savings fraction
and (b) January temperature extremes in the
sunspace vs vent area in the common wall as
a percentage of the projected arca. The
parareter CPMRM {s the heat capacity in the
adjacent building in the unit Dtu/OF fi¢

of projected area. The dashed curves are
for R-5 night insulation. The solid curves
represent nc night insulation.

larger the vent area. This relationship can
be expressed hy stating that there 15 a
1tmit to the useful vent ares that depen:s
on the buflding heat capacity. For build-
fngs with a small heat capacity, the Vimit
for the case represented by Fig. 2{a) fs
shout 131: that is, for vent areas groeater
tharn about 3T, the solar heating pe-formance
fs very Insensitive to vent area., Fnor
hulldings with a large heat capacity, the
Timit to the useful vent area is larger,
This 1s bhecause the large rate of heat flow
through large vents tends to peoduce less



overheating and is, therefore, more useful
if the building has a large heat capacity.
The 1imit of useful vent area also depends
on the climate and especially on the 1oad
collector ratio (LCR). Thus, the particular
results presented here should not be applied
ir general. Curves similar to Fig. 2{a) for
low-heat-capacity buildings are in Rer. (5)
for six different cities with two values of
LCR for each city.

Figure 2(b) shows that the maximum sunspace
temperature decreases sharply as the vent
area increases up to about 1% of the pro-
jected area: it continues to decrease for
larger areas. It is also noteworthy that
the minimum sunspace temperature is only
slightly dependent on the vent area. Thus,
in hoth solar heating and temperature 1im-
its, sunspace performance increases with
vent area, rapidiy at first and then more
stowly.

B. Sunspace Mass. Figures 3(a) and (b)
show the effect of sunspace heat capacity,
or sunspace mass, on sunspace performance.
Ths“ﬁuss Ts expressed in the unit Btu/OF

ftc of prujected area. Remember that the
sunspac> always has a 6-1in.-thick concrete
floor slab: sunspace mass in Figs. 3(a) and
(b) means heat capacity added in the forn of
water in cortainers. Figure 3(a) shows that
solar lieating performance generally increas-
es as sunspace mass increases, with one
exception.

The curves in Fig. 3{a) are plotted for
three valyes of the CPMRM: 0, 30, and 60
Btu/OF ft¢ of projected area. All but

one show the same tendency of an increa-e in
the solar heating performance a3 the sun-
space mass increases. The exception is fur
CPMRM = 60 and no night insulation (solid
curves). In this case the perforinance is
very insensitive to the sunspace mass. Fur-
thermere | the trend of the curves suggests
that there may be an even larger value of
CPMRM for which the solar heating perform-
ance decreases with added sunspace mass.
This s {ndved the case as discussed further
in the next section, Room Mass.

Figure 3(b) shows that the sunspace tempera-
ture extremes are mocerated by sunspace
mass: the maximum sunspace temperature de-
crcases and the minimuin sunspace temperature
fncrrases with fnc-eased sunspace mass.

This {s the expected result, and the same
trenc should apply to all climates and LCRs.

C. Roon Mass., Figures 4(a)-(c) show the
effect oF Bl ding heat capacity, ur room
mass, on sunspace performance. ‘The mass is
expressed {n the unit Rtu/OF ft? ot pro-
jected area, Rememher that the room mass s
assumed to be in the form of water in coi.-
taine=s, but the results wre applicable to
other forms of room mass cuch as bufldin
materials and furniture, provided suitah?o
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Fig. 3. (a) Annual solar savings fraction
and (b) January temperature extremes n the
sunspace vs sunspace mass, or added heat
capacity, per ft¢ of projected area. The
parameter CPMRM {s the heat capacity in the
adjoining buflding tn the unit Btu/OF

ft.7 of projected area. The dashed curves
are for R-5 night insulation. The solid
curves represent no night insulation.

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

The cuvves 1n Figs. 4(a) and {b) are nlotted
tor three values of the sunspace heat
cngacity (CPMD): 0, 130, and 60 Ptu/OF

ft< of projected area: and three values of
the vent area (AVENT): 2, 3, and 5% of the
projected area. They show that the solar
heating performance increases as room mass
fncreases for al) of the cases studied.

This 1s the cxpected result. Furthermore,
we sne that the effect of added room mass s
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Fig. 4. (a) and (b) Ann. lar savings
fraction and (c) January ienperature ex-
tremes in the sunspace vs the room mass, or
the he%t capacity in the adjoining building,
per ftf of projected area. The parameter
CPMD is the added heat capagity in the sun-
space in the unit Btu/9F ft¢ of pro-

Jected area. The parameter AVENT is the
vent area in the commori wall as a percentage
of the projected area. The dashed curves
are for R-5 night insulation. The solid
curves represent no night insulation.

greatest when the sunspace heat capacity is
small and the vent area is large.

The mest interesting obscrvation 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 pertormance of a
sunspace with a large heat capacity falls
below the performance of one with a sinall
heat capacity. However, *he performance
does not appear to decline any further for a
sunspace heat capacity greater than about 30
Btu/OF ft?. Thus, 1f 1t is desirable to

add ¢ sunspace heat capacity cf at least 30
Btu/OF ft? to achicve a certain level of
teinperature stability, despite the solar
heating performance compromise that this may
entail, it mgy he desirable to add more than
30 Btu/OF ft¢ because no further neating
performance penalty occurs, but the added
mass continues to moderate the temperature
extremes. 5ee Fig. 3(b).

Figure 4(c) shows that the minimum sunspace
temperature is very insensitive to the room
mass. For the case shown here of a rela-
tively large sunspace heat capacity, the
maximum sunspace temperature shows only a
slight tendency to decline with added room
mass. The maximum sunspace temper-ture can
be expected to be more sensitive to the room
mass for snall sunspace heat capacities.

3.2. Natural Co.avection and Fan-Forced
ConvectTor Tombfned ==

The following results dre for thc case of
heat transfer by a combination of natural
conveztion a.d fan-forced convection. Sec
Sec. 2.) for specitic assumptions. The pur-
pase of this portion of the results is to
evaluate the effect of a fan as a supplement
to natural convertion.

Figures 5(a) and (b) show t'e effect o¢ fan
capacity on sunspace performance. The fan
cagacity s expressed in the unit ftd/min
ft” af projected area (cfin/ft?).

The curves {n Fig. 5(a) are plot'ed for
three values of the vent arca (AVENT): ),
2, and 37 of the projected area. The curves
shew that the solar heating performance has
very 1ittle dependence oo the fan capacity
even for very small vent arcas., This means
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Fig. 5. {a) Annual solar savings fraction
and (b) January temperature extremes in the
sunspace vg the fan capacity in the unit
ftd/min/ft” of projected area (cfm/ft?)

for the case of natural and fan-forced con-
vection combined. The parameter AVENT 1s
the vent area in the common wall as a por
centage of the projecled area. The dashed
curves are for R-5 night {nsulation. The
sclid curves represent no night insulation.

that a fan_ as a supplement to natural con-
vection, 1s not capable of significantly
ftmproving the solar hesting prrformance for
the particuler assumptions that apply. The
assumptions that may be particularly pertd
nont are a relatively «sma)? { CP (20 Btu/OF
day Tt7) and a relatively large sunspace
heat capacity (60 Rtu/OF 1t? {pn addition

to the floor slab)

Fiqure 5'h) shows that the maximm sunspace
temperature Is affected by the fan capoacity

even though the solar heating performance is
not so affected. Note that the maximum sun-
space temperature slowly approaches the fan
thermostat setting of 800F as the fan ca-
pacity increases. Nevertheless, it appears
that a_fan of much larger capacity than 5
cfm/ftZ would be required to 1imit the
sunspace temperature very closely to the
thermostat setting.

3.3. Fan-Forced Convection

The following results are for the case of heat
transfer by fan-forced convection alone. See
Sec. 2.) for specific assumptions.

A. Fan Capacity. Figures 6(a)-(c) show the
effect of gan capacity on sunspace perform-
ance. e fan %apacity is expressed in the

unit ft2/min ft¢ of projected area
(cfm/ft?).

The curves in Figs. 6(a) and (b) i ~e plotted
for three values of the fan thermostat setting
(TFAN): 70, 80, and 90OF: and three values

of the building heat capacity (CPMRM): 0, 30,
and 60 Btu/OF ft¢ of projected area. We

see that the solar heating performance is very
sensitive to the fsn capacity in the range
roughly 0-2 cfm/ftc. This 1s because the
fan-forced air flow is the only significant
form of heat transfer through the insulated
common wall. The solar heating performance is
relatively insensitive to the fan capacity
greater than about ? cfm/ftZ, although for
very lightweight buildings (regresented by the
curves for CPMRM = 0 Btu/OF ftf) the per-
formance falls slightly above goout 2 cfm/ft2,
This is because above 2 cfm/ft‘ the fan
delivers more heat to the building than can

be immediately used, and if the building has
11tile heat capacity, the excesSs heat is
wasted. Remember that these results apply to
fixed values of the gdded sunspace heat ca-
pacity (60 Btu/OF ft¢), LCR (20 Btu/OF

day ft?), and other design parameters. We
expect the optimum fan capacity to be sensi-
tive to these parameters:; therefore, the in-
formation in Figs. 6(a) and (b) should not be
gencralized,

Figure 6(c) shows that the maximum sunspace
temperature {s very sensitive o the fan ca-
pacity, particularly in the range 0-? cfm/ft?.
Note that the maximum sunspace temperature
slowly approaches the fan thermostat setting
of BOOF as the fan capacity Increases.
Nevortheless, i1t appears tha* a much larger
capacity than 5 cfm/ft? would be required

to 1imit the sunspace temperature very close-
1y to the thermostat setting. The minfmum
sunspa_r temperature fs very insensitive to
the fan capacity.

It {5 {‘nterestirg to conpare igs. A{a) and
(b) with 2{a} and ¥iy. 6{c) with ?2(b). The
comparisons show how simil.. are the roles of
the vent area In the naturael convection case
to the lran cepacity in the fan-forced
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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 convectiun case.
This occurs because natural convection air
flow depends on the temperature difference
between the two spaces and is, therefore,
more responsive to the ave lability of heat
in the sunspace. The comparison, however,
uses the very simple fan control strategy
adopted for this stuay, nemely, a single con-
trol temperature in the sunspace and a fixed
fan capacity. Presumably, a more elaborate
strategy, based on both the sunspace and
building temperatures and on a variable-
volume fan, could be made to mimic natural
convection closely enough to produce compa-
rabie performance. There are also advantages
of a fan-based system related to the flexi-
bility of control and distribution. Disad-
vantages include cost, power consumption,
noise, and potential breakdowns.

B. Fan Thermostat Setting. Figures 7(a) and
(b) show the effect o e fan thermostat
setting (setpoint) on sunspace performance.

The curves in Fig. 7(a) are plo.ted for three
va)uss of ths fan capacity (CFM): 1, 3, and
5 fti/min ft¢ of projected area (cfm/ft?).

We see that the solar heating performance is
maximized at a fan setpoint of about A5-700F,
that is, near or slightly above the building
auxiliary heat setpoint of 650F. It is
customary, however, to usec a slightly higher
setpoint to reduce th~ fan runniag time and
possible discomfort of a cool air strcam. We
use 800F in those studies where the set-
point 1s fixed,

Figure 7(b) shows that there is very little
sensitivity of the sunspace temperature ex-
tremes to the fan setpoint. This {s inter-
esting hecause we might expect that the wexi-
rum sunspace temperature could be cont ‘lled
through the fan setpoint. This is truc, how
ever, only for a sufficiently large fan ca-
pacity. Fig. 7(b) was plotted for a1 fan ca-
pacity of 3 cfm/fFt?,

C. Sunspace Mass. Figures B(a) and (h) show
the effrct oF sunspace heat capacity, or
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Fig. 7. fa) Annual solar savings fraction
and (b) January temperature extremes in the
sunspace vs the fan setpoint, or fan thermo-
stat setting, in OF, The paramster CFM _is
the fan capacity in the unit ft3/min/ft?

of projected area (cfm/ft?). The dashed
curves are for R-5 night insulation. The
solid curves represent no night fnsulation.

sunspace mass, on sunspace performance. The
mass Ts expressed in the unit Btu/OF ft?

of projected area. Remember that the sun-
space ulways has & 6-1n.-thick concrete floor
slab- again, sunspace mass in Figs. 8(a) and
{b) means heat capacity added in the form of
water in containers.

The curves {n Fig 8(a) are plotted for three
valies of the building heat capacity (CPMRM):
0, 30, and 60 3tu/OF ft? of projected

area. They show that added sunspace mass
always improves the solar heating performance
In the night-insulated cases, but tto effect
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Fig. 8. (a) Annual solar savings fraction
-4 (b) January temperature extremes in the
su.spaca vs the Sunspace mass, or added heat
capacity, per ft¢ of projected area. The
parameter CPMRM is the heat capacity in the
Adjoining building 1n the unit Btu/OF ft¢

of projected area. The dashed curves are for
R-5 night insulation. The solid curves
represent no night insulation.

of sunspace mass in non-night-insulated cases
depends on the building heat capacity. Added
sunspace mass improves the solar heating per-
formance if the building has a small heat
capacity, but adned sunspace mass may affect
the solar heating performance only slightly
or actually reduce it for a larger building
heat capacfty. This point is discussed fur-
thor in the next section, Room Mass.

It is interesting to compare Fig. Ble) with
Fig. 3(a). Two features of thc comparison
are noteworthy. Tirst, added sunspace mass



increases the solar heating performance more
in the natural convection case, Fig. 3(a),
than in the fan-forced case, Fig. Bfa).
Second, the solar heating performance is
greater in the natural convection case than
in the van-forced case for all levels of sun-
space mass. Thus, fan-forced convection com-
pares more favorably with natural convection
in the case of a 1ightweight sunspace than in
the case of a massive one, but natural con-
vection still outperforms fen-forced convec-
tion in al1l of the cases studied.

Figure 8(b) shows that the sunspace tempera-
ture extremes are moderated by sunspace mass:
the maximum sunspace temperature decreases
and the minimum sunspace turpera ure in-
creases with increased sunspace mass. This
is the expected result. It is similar to
that of Fig. 3(b) for the case of natural
convec .for air flow except thet the maximum
sunspa.e temperature s now even more sensi-
tive to the sunspace mass. This extra sensi-
tivity occurs because fan-forced convection
Is less effective than natu-al convection at
limiting the maximum sunspace temperature, at
least for the fan system assumptions made
nere, so that the sunspace mass is more
critical in limiting the maximum temperature.

D. Poom Mass. Figures 9'a)-{c) show the
effect of Builcding heat canacity, or room
mass, on sunspace performance. The mass is
expressed in the unit Btu/OF 7t2 of pron-
jected area. Remember that the room mass is
assumed to be in the form of water in con-
tainers, but the results are applicable to
other forms of room mass such as building
materials and furniture, provided suitable
equivalent masses are used such as the diur-
nal heat capacities (2).

The curves in Figs. 9(a) and (b) are plotted
for three values of the sunspace heat capaci-
ty (CPMD): 0, 30, and 60 Btu/OF ft2 of
projected area: and three values of the fan
capacity (CFM): 2, 3, and 5 ft3,/min ft2

of projected area (cfm/ft?). The curves
show that the solar heating performance
Tncreases as room mass increases for all of
the cases studied. This is the expected
result. Furthermore, we see that the effect
of room mass is greatest when the sunspace
h2at capacity is small and the fan capacity
is large,

Fig. 9. ({a) and (b) Annual solar savings
fraction and {c¢) Jainuary temperature extremes
in the sunspace vs the room mass, or the h;at
capacity in the adjoining building, per ft

of projected area. The parameter CPMD is the
added heat capgcity in the sunspace 1n the
unit Btu/OF ft¢ of projected area. The
parameter [FM is t'e fan capacity in the unit
ft3/min/fte of projected area (cfm/ft2). The
dashed curves are for R-5 night insulation.
The solid curves represent no night insula-
tion.
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The most interesting observation from Fig.
9(a) is that without night insulation and for
a room mass of about 25 Btu/OF 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 much
further for a sunspace heat capacity greater
than about 30 Btu/OF ft2. Thus, if it is
desirable to add a sunspace heat capacity of
at least 30 Btu/OF ft? to achieve a cer-

tain level of temperature stability, despite
the solar heating performance compromise that
this may entail, it mag be desirable to add
more than 30 Btu/OF ft¢ because little
further heat performance penalty occurs, but
the added mass continues to moderate the
temperature extremes. See Fig. 8(b).

4. CONCLUSIONS

The above results are based on specific sun-
space and building assumptinns. Of particu-
lar importance are the Boston location and
the LCR of 20 Btu/OF day ft?. Thus, the
results should be applied very cautiously to
other circumstances. Nevertheless, some gei-
eralizations are probahly valid.

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 1ittle thermal storage
mass. If the building contains abundant
thermal storage mass and the sunspace is
non-night insulated, added mass in the sun-
space may have little effect on or even re-
duce solar heating performance.

Added thermal storage mass in the adjoining
tuilding improves the temperature stability
fn the building but has 1ittle effect on the
temperature stability in the sunspace. Added
mass in the building always increases the
performance of the sunspace as an air heater
for that building.

Natural convection is a very effective means
te move warm air from the sunspace to an
adjoining building. It is more eifective
than a simple constant-volume fan operated by

a thermostat in the sunspace set at 80OF.
The comparison applies to both the solar
heating performance of the sunspace and the
Timitation of the maximum sunspace tempera-
ture. This conclusion does not address the
possible advantage of a fan in distributing
heat to remote spaces or a fan with a more
elaborate contrcl strategqy.
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