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SLR METHODS FOR ATTACHED SUNSPACES*

Robert W. Jones
and

Robert D. McFarland
Los Alamos National Laboratory
Los Alamos, New Mexico 87545

ABSTRACT

Solar load ratio (SLR) methods applied to
sunspaces are reviewed. Procedures are
described both for the 28 sunspace basic
design types and for the design variations
that can be accormnodatefiwithin the SLR
method, Emphasis is placed on aspects of
cicsign,oper~t~on, and analysis that relate
to the production of both plants and heat.
Issues rifs(usserlinclude gcomet~-y,shartlng
of ma~s, temperature limits, and ~nergy loss
causcvihy th~ t’xfiltrationof water vapor,

1. INTROOIICTION-.

Tho goal of an attachrilsunspacc as a
passive solar heating system is the
rcd(,ctionof the annufilauxillary hcflt
rrqu{rrvncntof an ailjninlnghbilding. The
rtosiqr,obJoctivo then is rclatfvcly simplr’
to m~nlmfzc tho annual auxiliary heat
consumption w{th,inspncifirrtftr$!inand
budcyt constraints, A ries{qnpro[”(’s~that.
achi~vo$ th{$ oh,joctivomust lncluclran
cstimato of thr aux{lllry h~at at various
Stflqv<. Among tho tools availahlo tn
proviriocsfimates of t,hcnuxiliar,yheat,,
thoso haswl on thr monthly solar load ratio
(SI.R)corrclhtions arr well sultod to
routino and frrquent application, Tho
nt~co:$$arycmlculttions aro simplo fmnuqh to
ho dono II,Yhand in ~r hour or two, or on on
inrxp~nsivr mlcrocomputt,rin a frw SOCOnfiSl

The basis of tho S’R corrclrrtion$Is the
comput~r simulation of passive sclar hoatinq
sy<trms u$tng mathematical moriolsthat havo
hocn valiriatorlaqalnst rfatamcasurm-1in
cxl)er}mentalhui~’lfnrjs,A Ifirgrset,o;
simulatmi performance data may br dovolopo(i
qufckly nnfichraply for nurwrout paszivo
~,ys!cmtypps, locations, Rnd buildinq
htvl~fngload{, Tho r%srntial prrformanrr
(iotaarr t.hoyalucs of the nuxiliary hont
roqu{rcmont. It is convcnirnt tn oxpross

those in dimensionless form as certain frac-
tions called ;olar savings fractions (SSF):-----

duxilirlryh(~cl.t-Ssr = 1 - --- ------- (1)
not. I’l)ft!l’l!ll[t,10(I(I “

The net reference load is the steady-state
heat.lngload of the nrnsolar portions of tho
building assuming that tho indoor
temporat.urris a constant rofercnco
temperature, It may he written

Net rofrrcncr load w N1.Cx M) ,

whor! NI.Cis tho nrt load cocffic
is tho hoatirlpricgret$day~,

Thr SI,Rcorrelations arc corrrlat

(?)

ent and IN)

ons of the
monthly valuo$ of SSF wft.hthr mnthly
values of the cnrrolating paramrtcr Nil, In
qcneral terms, SLR {: ricfinwlas th,~rfltn
of a solar gafn to a heat loss, t.hrrch,y
oxpro$tirlqthr nxs$tfunriarncnt,llnf thr
onorqv relationships that ol’cur’in the
building, The exact rkfinition of SIR
fioprnrisnn tho \ysteM type. The riofinitton
that opplirs to sunspacos is stated in thrI
next section,

lhr application of the SLR rorrolnt{nn? tO
an csttmato of thr auxiliary heat hcqirls
with a c~lculation of Lho monthly voluc~,of
SIR, Then the mr)nt.hlyvaluet of SS1 firr
rirtormfnrdfrom their corr(~lat{orlwith \lR,
The monthly valups of the auxiliflry hrmt arr’
then founriby uso of Iq, (1) SOIVP(I f,;rthp
auxtliary brat and Fq. (7) for tho nrt
rrforcrsccload:

Auxillar,yhont . (1 - SSF) x Nlr x IYl , (3)

This pro[rduw is dcsrrihrd in rbta{l in
Rofs. 1-3, Sprv ifics for sun$pfrre$arv
di~russrIdin Srrtfon ? ,In(lin Rrf<. ? and J.



An attached sunspace usually has the
secondary role of provfdfng occasional
livfng space and space for plants. When
plant production Is a major goal, roughly
coequal with heat production, we may call
the sunspace an attached reenhouse.

+ ‘hedesign objective is then more comp ex,
requfring a joint optimization of the heat-
and plant-production capability of the
structure. This question is discussed In
Section 3, but only frcm the lfmited
perspective afforded by sunspace models and
correlations that take no explicit account
of plants.

We assume that heat production remains a
major objecttve, and that the desfgner and
operator seek a situation in Mlch the
desired plant production callbe achieved
with the least possible ccrnpromfsein
heatfng performance, Three aspects of this
p~oblem can be Identlfled: design
prfncfples, operation principles, and
performance analysft tools. Design
principles are sought that lead to a
greenhouse structure capable of effective
production of both heat and plants.
Operation principles are sought that take
the h~st advantage Of the structure, and
analysis tools are sought t}latare capable
of estimating greenhouse performance when
plants are present, In this context, we
discu:s qromet.ryand llght, tempcraturo
llmfts, shadtng of mass hy plants, and water
vapor loss by exflltrat.fono

?. $LR METHODS FOP SIINSPACES..—

?.1! No Frills

An Thv [quht!ons. The coro of SLR methods
for sun<pak~$ c-o-n$l$t.sof both thr
deflnltlnn cf SIR ftsclf nnrlthe Oquat!on
th~t rtprcs$rs the SIR corrol~tton$, ThQsc
are

SIR- (S/t)tl. LCRt X t{)/L~H (4)

find

Ssl- - 1 - C oxp(.!l x SLR) , (!i)

TABLE 1
SUNSPACE SLR CONSTANTS

Type c D H LCR5 Uc

Al
A2
A3
A4
A5
A6
A?
A8
B1
B2
B3
B4
B5
B6
B7

:;
C2
C3
C4
I-)1
C2
D3
D4
El
E?
E3
F4

0,9587
0.9982
0.9552
0.9956
0.9300
G.9981
0.9219
0.9922
0.9683
1.0029
0,968q
1,0029
0,Q40FI
1.0068
0.9395
1.0047
1.0087
1.041?
0,1?6Q9
1,0152
(),Q88Q
1,0493
0,9570
1.0356
0.9968
1.0468
0.9565
1.0?14

0.4770
0.6614
0.4230
0.6277
0.4041
0.6660
0.3?25
0.6173
0.4954
0.6802
0.4685
0.6641
0.3866
0,6778
0.3363
0.6469
0,7683
o!~/81
0,5106
0,7523
0,6643
0,0753
0s5285
0.8142
0,7004
o,qf-154
o,&3?7
0,76Q4

0.83
0.77
0,83
0.80
0.96
0!86
0.96
0.9(?
0,84
0.74
0.82
0,’76
0!97
0.’34
0.95
0.87
0.76
0.78
0.79
0,81
0.84
0.70
0,90
0,73
(3,77
0,76
0,81
0.79

18.6
10.4
23.6
12.4
18.6
10.4
23.6
12.4
16.3
8,5
19.3
9.7
16.3

1;:?

1:::
10$0
16,3
10.0
17.8
g,q
17.8
9,9
19,6
10,8
19.6
10.R

0.27
0.21
0.30
0.23
0.04
0.04
0.04
0.04
0.26
0.19
0,28
0021
0.04
0+04
0.04
0.04
0,38
028
0.08
0.08
0.36
0.26
0,0’
0,07
0!41
0.?9
O,ou
Olofi

The quantity LCR fs the load collector ratfo,
deffnofiby

.-. . .

LCR * NLC/Ap , (6)

whrrc NLC is tho nt~tload coofffcfont,al-
,’oadydiscussed, and A is t,hcproJoct~d
area, l+’The projrctcrla @a fs thi area ‘ifth~
Kin’spdccglazfng prnjcctofion a vort.lchl
plancl This 1s equivalent to th~ sunspacc
glaztng area measursvion an clpvatfnn draw-
tng. In calculating Ap, wv do not includr
rast.or wrst ~nd walls.

Calculating NLC fs the first step fn the SIR
mptho~, both to cvalunte LCR from [q, (6)
and to rslculate thp auxiliary hmt fvum tq.
(.3), Thcr? !s a s{mplc procrduro In I@f,
1, INlf 1S the SRIIWas Il[f,t,hchufldlnq
load copfflcl~nt, {n R~fs, 1 and 2.)

II,
‘hr ‘Vn ‘!’’O”

The SIR covrclation<

apply spccff cfilY to ?R dlffrrvnt sun~pfirf~
dcslgn t.,ypesl Tho prop~rtfof,th~t rt~st{n-
gulsh thr ?Iitypp$ aro summrfzd fn Tahlr
7, Thr $unspfi(rs~rr all dOIIIJIIJqla70d and
fa(t du($ ~outh, Thr qlnzfnq ttlt, nwa$ur(td
from hor(znntfil, II lndt[ntod {n T,lhlr?
thf+dosfqnotlon W/U) rpfers to rqudl orcfi{
of W) (Icqr-o (vrrll(dl ) and :10 dcqrw t{l trd

(Jld?tn(l,’ Thr htta,hvd ~un%pfiro typo< A find
IIhavr 1,0 ft~ Of thermal <tnrfiqt~mar; per
rt~’ f)fpt.l),lv(trvlilroll;thr %,mlft,n(ll)~od



TABLE 2
SUNSPACE DESIGN TYPES

Tilt Conmlol( End Niqht
Type ~l~ss (deg! Wall Walls.- Insuiat.ion

Al
A2
A3
A4
A5
A6
A?
A8

B1
B?
B3
B4
B5
B6
B7
B8

c1
c?
(-3
r-d

D1
P?
D3
n4

El
F?
E3
[4

attached
attached
attached
attached
attached
attached
attached
attached

attached
attached
attached
attached
att~ched
attached
attached
attached

semi-enclosed
semi-enclosed
semi-enclosed
semi-t?nclosed

semi-enclosed
semi-enclosed
Sm’li-encloseri
sorni-enclosed

semi-encloswi
semi-enclosed
semf-enclosefl
semi-enclosed

50
50
50

%
50
50
50

90/30
90/30
90/30
90/30
90/30
90/30
90/30
90/30

90
90
90
!?0

50
50
50
50

90/30
90/30
90/30
90;30

masonry
masonry
masonry
masonry
insulatid
insulated
insulated
insulated

masonry
masonry
masonry
masonry
insulated
insulated
insulated
fnsulated

masonry
masonry
insulated
insu17.terl

masonry
masonry
insulated
fnsulated

nbsmsry
masonry
insulateri
insulator

opaque
opaque
glazed
glazed
opaque
opaque
glazed
glazed

opaque
opaque
glazed
glazed
opaque
opaque
glazed
g?azed

conmson
common
comnon
ccmnon

conmon
common
Conmlotl
corrnnon

corrrnon
commoP
Coimsotl
comnon

no
yes
co
yes
no
yes
no
yes

no
yPs
no
yes
no
yes
no
ye~

no
yes
!lCl
yes

,1(1
yp:,

no
yes

no
yes
no
yes

suns~acc tvDe$ C. D. and E have. resncctivc- types, a simplified methrwiexists, The
1.v, ?.0, (69, and j,~3 ft~ of th,Ir&I
storagr mass per ft of proj$$ctecl drca,
Tho thrrmal storage i$ in thr form of cfthcr
a l-ft-thick, uninsulatr?fimasonry cmwnon
WJ1l or water in containers tn the sunspace
with an Insulated corrsnonwell. If night
insulat,{onfs used, It Is R9, There !.
natut’filconvection air f!rnv betw,’r!lthe sun-
spacc and t$c adjoining huild+ng in all
Casr$, with reversr flew i,!”t~v~ntf!dby t~ac~-
draft riampcrs. TI1o~!r flow von~s n,r as-
sumed to ho in po!~~ $oparatcd hv an O-ft
hriqht and t,cltJvoh total area of h’1of tho
pro,iortrvlflr’~w,

Thr sun$pacr heat 1O$S charactoristfcs arr:
o t)ouhlr glazing, I/?-in, air gap,

Infiltration rate - 0.5 air changrs/t\,
OI1OOUP (cilino and on(i wall thorml

o
@

o
●

l’or
tlllj

r,

tht~

rnettIod fs restricteri to cases that have
exactly tho same gla2ing transmission and
solar ahs(,rptioncharacterist{,:sas one of
the 26 Misic design types. These
~haructeristics are:

e Two glazing la)ers,
e Each layer equfval~nt tn l/8-in. qlass

({~dex of r~fra~ti~n = 1,5?J, ,,yt~nct~on
r@offlcient x thicknczs - 0.06?5),

o Gt]rsouth orientation,
● G:a:i~g !rlativc dimension: and tilts

c~drtly as in the basic (ipsignt,ypcs,
o SunSpace relativr rlimrnsionsand

ahsorptanc~s exactly a~ irl th~ I)asic

dc$li;ntyprs, Jnrl
@ No s]t~ shadinq,

Thcrr arc thror steps. First, (ict[rll,ft)or}l(,
monthly total ‘olnr raft{otIJnin( irnt on a

hh:’yizont,alsurface (Dtu/ft ~, ~h, for
your lOC4t.inIIl Valurs for nurnrrous11$and
Car)odiarrloctti{,+~torc tahulatod in R:fs, I
anri7 (wb~ro t!l,!varr$ exprcssPd ,15 dfi{lv
avrroqcs ,InrlthI:s nuft !~P multip!ip(i h,, th(~

rlumbor (IfIidysin thr month), ~,!(oq(f,(f(\.
trrminr thr r{itlnof S to Q+ uting thr
Pqulltton



S/Qh = RI + B2Y + B3Y2
(7)

+, 34 + B5Y + B6Y2) ,

whele Y = LAT - DEC)/100,
LAT = Ititudc,
DEC = m,lmonth solar declination, and
KT ❑ avel.agenmnthly clearness ratio.

The quantities !AY-DEC and KT are tabu-
lated along with the horizontal solar radia-
tion in Ref. 2. The constants BI w B6
depend on the design type and are given in
Table 3. Third, S is the product of Qh
and S/Qh:

~ ‘oh X (S/Qh) . (8)

D.
hea;%~$=; f%n~;; ;;;%;fzbe
determined, for example, from the tables in
Refs, 1 and 2. The degree days are tabu-
lated for numerous locations in the US and
Canada and for several base temperatures.
The correct degree days base temperature is
the building balance point temperature,
which can be e~fiit;~~

Tb = Tset - Oint/TLC , (9)

where Tset = build;ng thermostat setting, ‘F,
Qtnt= buildingilltemlheatwnepation

rate, Btu/day,
and TLC = building total load coefficient,

Btu/oF day, calculated from

TLC = NLC + 24 Uc Ap . (lo)

The quantity Uc is the steady-state
collector-wall conductance, 8tu/°F h ft2.
Values for the 28 sunspace design types are
given in Table 1, Th~ quantities NLC and

AP‘ the net load coefficient and the
projected area, have already been defined,

‘“ ‘?:?:s%ypro:ed~re’ ‘heno-fri”sSLR ca cu affon descr%e~abov~ may be
sunnnarizedby th~ following steps.

(1) Obtain building information:
a. Net load coefficient, NLC (Ref. 1).
h. Projected area, AD.

c. ;Loadcollector ratio, LCR, Eq. (6).
d. rhermo$tat setting, ‘set.
e. Internal heat rate, Oint.
f. Total load coefficient, TLC, Eq. (10)
g. 8alance ooint temperature, Tb, Fq. (9).

(2) Ot,tainclimate and solar information,
nwnthly:
a Latitude minus midmonth declination,

LAT-DEC (Ref. 2).
b. Clearness factor, KT (Ref. 2).
c. Incident solar radiation, horizontal

surface, !)h(Ref. 1 or 2).
r!.Ratio of incident horizontal to

absorbed solar radiation, monthly,
(7),

e. ;~%; ~~~iation absorbed, S, Eq. (8).
f. Degree days, DD (Ref. 1 or 2’).

(3) Calculate solar savings fractions,
monthly. SSF:
a. Calculate SLR, Eq. (4).
b. Calculate SSF, Eq. (5).

(4) Calculate auxiliary heat:
a, Monthly, Eq. (3).
b, Annual, sum of monthly values.

(5) Calculate annual solar savings fraction,
SSF, Eq. (1) (optional).

F. The Results, F~r a given location and—..—
design Eype,VTie annual SSF deppnds only on
the building balance point temperature and
on LCR. It is possible, therefore, to pre-
pare tables of SSF for various locations. A
designer then trustdetermine only the needed
building informat,icn,Step 1 above; the
tables take the place of the rest of the
procedure, Steps 2-5. The annual auxiliar]
heat may then recalculated from Eq. (3).

Tables of annual SSF vs LCF arr called lCR
tables, and the determination cf the aniiiia’i
=i;ing thornis called the annual method
or LCR method. LCR tables fo+”7U61J5 ti-n-d_’10
Canli_ilTetiTcEations appear in Ref. ?, Thesl?
tables include the 28 sun-pate design type:;
and 66 other passive system typr$,(Tromhe
wall, water wall, and direct gnin systoms~.
The building balance point is 650F in
these ta!,les.

TABLE 3
SOLAR RADIATION CORRELATION COEFFICIENTS

FOR THE SUNSPACF REFERENCF.DESIGNS

s/Qh - B1 + fl?Y+ B3Y7 + KT (D4 + 135Yt B6Y7)

TyPP ~1 ~? *3 ‘4 or 11b~— _+--- ... ...—.-.+--. ..__.— ---...—— 4-------.-’---._....—--
A1,7,5,6 0.7?OOH -0.15181 0.49973 -o.1503~ 0.14384
A3,4,7,8 0.81554

3,6374
.0.?3988 0.60?5? -0.16445 0.33730 3,1695

111,2,5,6 o,5R~32 -0.0Q693 0.38955 -(),14699 -o,3~14Q 3,~171
B3,4,7,8 0.6?560 -0,13!!41 0,43331 --0.14987 -0,76401 3,5685
C1,?,3,4 0.39436 -0.?1103 0.!WM315 -0.?4083 -0,60746 4,654ii
r)l*7,3,4 0.73147 -0015418 0.50763 --0.15770 o,1460n 3,6~$o
F1,?,3,4 0.61$61 -0.10177 0,40733 -o,lt367 -o.40~40 4,0WQ



7able Q is an LCR table for Boston. Annual
SSFS are tabu’iatedfor the 28 sunspace de-
sign types, for both 55 and 650F balance
points, and for 8 values of LCR. For LCRS
and balance points other than those in the
table, SSF can be estimated by linear !nter-
polatian.

2.2. Some Frills—————

The no.frillj !jLRmethod described above
applies to the sunspace design types exactly
as they are defined. It is possible, how-
ever, to vary certain characteristics of the
sunspace designs and still estimate the aux-
iliary heat with the SLR method.

The variations are accomplished in the eval-
uation of SLR. Two quantities in SLR are
involved: S and LCRS [refer to Eq. (4)].
The permissible design variations and pro-
cedures to determine the corresponding val-
ues of S and ‘.CRSare outlined below.

A. Determining S, General Case, The quan-
titY-ri@-~&i7-i’(-S~~~T”ifieTfis then
determined simply with Eq. (8).

~en the glazing system and solar absorption
characteristics do not correspond exactly to
one of the 28 design types, S/oh may be
determined frcm the formula

S/oh= (1/Qh)r(T/I)(Abs/T)+ (i](A/Ap). (11)

where I/Q), = ratio of monthly total solar
radiation incident on a unit
area of ttli-gl~z_itigplane to
tbJt on a horizontal plane,

T/I =

Abs/T =

G=

A/AP =

ratio of mon:hly total trans-
mitted solar radiation ~
-nt solar radiation
(transmittance),

ratio of monthly total absorbed
solar radiation to tranZiiiT_F@iT-
solar radi.?tion(absorption
factor),

correction term for single and
triple glazing. and

ratio of actual glazing area
to projected area.

When the glazing system is composed of two or
more distinct glazing planes, Eq. (11) is used
to calculate the contribution of each glazing
plane to S/oh. Then A is the actual glazing
area of each individual plane and A is the
total proj~cted area. The total S/~h is the
sum of the individual contributions.

“rhe factors 1/0 ,
in Appenrlix E o? ~~~ ‘;;~~~;~~;[et?;;~~
orientations, numbers of glazing layers, ex-
tinction coefficients, thicknesses, indices
of refraction, sunspace dimensions, and ab-
sorptances. The quantity G accounts for the
different amounts of solar radiation absorbed
in one or three glazing layers that are use-
ful to the sunspace. The values of G are:

Number of Glazing Layers G—- —.—-

1 -0.031
? 0
3 0.075

TABLE 4
SAMPI.F.LCR TAIILF

ltoSTUN, MASSACHUSETTS
SIJLAI? SAVINGS ~UACT IOk (%)

TvPF
HASE TFMP 5!s F ( 23?0 Ilrl)
(CU too 70 50 40 30 25 20 !5

C 3
tt4
st~
nn
ml
nn

[)2
03
114
rl
t2
t.t
k4

3n
!)(7
3A
4!J
22
44
‘4s
40

?I!I
“12
4U

Do
25

32
47
27
45
29
48
24
43
27
43
24
41
24
4!
20
38
24
36
>?
32
3n
n4
34
QJ
.1[)
46
jfi
4t



The factor A/Ap simPIY references S to the
projected area rather than to the actual
glazing area.

Site shading, if any, can be accounted for in
the value of I/Qh. Reduce the value of
I/Qh as determined from Ref. 2 or 3 by the
fraction of sunspace shading in each month.

B.
‘eter%%l%’

The quantity LCRs
is t-a co ec or ratio of the sunspace
(analogous to LCR, which is the load
collector ratio of the building). The pro-
duct of LCRs and H represent the effect of
sunspace heat loss in the SLR correlation
[see Eq. (4)1. Values of LCR, for the ?8
sunspace design types are lisl.edin Table 1.

If the sunspace heat loss characteristics
differ substantially from those of the basic
design types, LCRs should be recalculated.
As a practical matter, most sunspace heat
loss occurs through the glazing; thus, the
recalculation is probably necessary only when
the glazing conf;gupation differs substan-
tially frcm!that of the basic design types.
This is the case when the number of glazing
layers differs fronitwo and the ratio of
glazing area to projected area differs from
those in the 28 design types. There ma.kalso
be other factors that would cause large glaZ-
ing losses SUCF as a large area of metal mul-

lions with no thermal breaks.

If LCRS is to be recalculated, ‘efer to
Chapt~r 4 of Ref. .2f~r tables and formulas.
There is an example in Ref. 3. Note that it
is unnecessary to account in LCRs for a
movable i!lsulationR-value other than the
basic values of O and 9, This is because
other R-values a-c accounted for by an inter-
polation between results for no movable insu-
lation and R9 movable insulation.

2.3. A Specfal Correlation Form— ... -..——-—---.—— .

The correlation ftirmof Eq, (5) has the ad-
Vdntagf! of Siclplicfty: there are onl,vtwo
adjustable constant? (C and D), and it ]its
the simulated data set Vrry well with Stan-
dard dev{atfons ranqing between ?.4 and 3,5?.
(see Refs. 2 anri4). However, cdution should
be cxerriserlin applying this r’ormfor very
small VdlUes of SLR, say below 0.5. In par-
ticular, SSF is overpredicted by a few pcr
ct~nt for some non-night-insulated cas~s for
large valuPs of LCR (greater than d$nut

100), These are cases of small sunspaccs on
large or poorly insulated buildings.

To improve thr accuracy fo~. ‘mall SIR, a new
correlation form wiss rtevclopcdwith four,
inst~ad of two, artjust,able constants, It is

n + h X SLR (SLR <0,5)
SSF - (17)

1 ~ c rxp(-d x SIR) (S11/~ O.L) ,

SLR is still given by Eq. (4), and the values
of LCRs and H are the same es before. The
new constants are a, b, c, and d: they are
listed in Table 5.

TABLE 5
SPECIAL CORRELATION CONSTANTS

Type a b c d.— ..——

Al
A2
A3
A4
A5
A6
A7
A8

B1
B2
B3
B4
65
B6
B:
B8

c1
C2
C3
C4

‘1
D2
‘3
D4

El
E2
E3
E4

0.C19’I
0.0154
0.0212
0.0133
0.0601
0.0339
0.0557
0.0316

0.0141
0.0085
0.0109
0.0067
0.042?
0.0216
0.0388
0.0179

0.0022
0.C031
0.0258
0.0145

I),o16~
0.0176
0.0541
3.0285

0.0049
0.0073
0.0415
0.02u6

0.5160
0.5372
0.4903
0.5258
0.3863
0.4823
0.3690
0.4647

0.5284
0.5634
0,52?7
0.557U
0.4097
0.5060
0.3916
0.4980

0.6415
0.6436
0.4763
0,5539

0,5643
0,5671
0,4205
0,5188

0,6114
0.6107
0.4360
0.5330

0.8930
0.9969
0.8803
0.9883
0.904;
1,0237
0,8751
1.0116

0.8976
0.9947
0.889?
0,9929
0.8952
1.0303
0,8830
1,0227

0.9927
1.1219
0.9356
1 0562

@.9728
1.1186
0.9662
1,1038

0.9692
1.1258
0.9369
1.0764
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0.42?5
0.6621
0.3644
0.6230
0.3838
0.6901
0.2825
0.6358

0.4361
0.6751
0.4003
0.6573
l),3d6f)
0.7016
0.i858
‘.6658

0.7654
1.0158
0.4796
0.7984

0,6546
099407
0.5453
0.8767

0,6814
0.9868
0s4705
0.8?39

plent prortuct{on imp!)sesddditionol con-
straints on design and operation: two such
constraints catl be addressed in the ~ontrxt
of sun$phce SLR nwthurls: light and tempol-a-
ture limits. We discuss below what compro-
mises in the passive sular hcat{ng perform-
ance, if any, may bc required to ti~hi~v~
s~tl~factory conditions thos~ respects.

Anothc! issue is whether SIR methods can
predict the passive solar hcatlng perform
ancc of on attached gr”ecnhousc. Th~ qms-
tion has two asprcts: Mother typical dr-
sign and opsvation paramotrrs of a grocn-
hous~ can ho accotnmodatcd!n t,hoSI,Rmethod,
and whoth~r the rffects of t.hoplant< thorn.
solves can ho ar.count,crlfor, UP discuss the
formor in terms of th( parawtors rrlat,fvlto
light and tompl~ratllrclimits, find the lnttor
in terms of t,ho sllafi{ng of mats hy plant<
and tho 1()<7 of wdtor vapnr hy cxfiltration.



Light levels in a sunspace depend on its
geometry and interior surface absorptances.
We discuss the effect of these parameters on
the passive solar heating performance of an
attached sunspace.

A. Geometry. It is now well accepted that
the glazing in an energy-conserving green-
house should be primarily on the south
(north in the southern hemisphere). East
and west glazings reduce the solar heatir,g
performance of the sunspace and contribute
to summer overheating problems. Neverthe-
less, s,nalleast and west glazings may be
desirable to improve the light distribution
for plants.

The question remains as to the proper tilt
or tilts of the south glazing. Figures 1
and 2 show the dependence of passive solar
heating performance in Boston on glazinq
tilt for two different geometry types: a
single glazing plane in Fig, 1: and two
glazing planes, a lower vertical one 2/3 the
overall sunspace height, and an upp~r tilted
one, in Fig. 2, These are essentially geo-
metry typee A and B when the tilts are 50
and 30 degrees, respectively. The curves in
Figs, 1 and 2, and the curves in subsequent
figures, were generated by a set of annual
performance estimates calculated using hour-
by-hour computer simulation,

We suppose that the smaller the tilt angle
in either of these cases, the better the
light rlistr!hutionfor plants. The figurss
shmv that there is very little \olar heating
cwnpromise for lcu tilts. Ind~ed, there is
no compromise at all except ‘or such

Fig, 1,
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Annual solar heating performance vs. .
upper glazing tilt relatlve to norl-
zontal. At a 30° tilt the systems
resemble design types B1 and B2.

extremely small values of LCR that they are
unlikely to be encountered in practice,

Geometry variations from the 28 basic design
types are easily acconmnodaterlin the SLR
method through the calculation Gf S and
LCR~ as already explained. An alternative
is to correct the annual SSF by use of sen-
sftivi’tycurves such as those shown in Figs.
1 and 2. There is a set of graphs like
F~gs, 1 and 7 for variuus cities in Ref. ?,

Il. Absorptances, Light clistributinnand
pass~ve”-s~~eating performance both de-
pmd on the colors (solar absorptances) of
the interior surfaces of the sunspace. Fig-
ure 3 shows the dependence of passtve solar
heating performance in Boston on the solar
~hsorptance of the north wall of the sun-
space. Ve,y dark (high absorptance) sur-
faces are seen to gfve the best solar heat-
ing performance, but the north wall in this
case is a masonry thermal storaqc wall
(Trombe wall) for whirh the sensitivity of
solar heatinq performance to color fs l~rg~
because the surface is a thermal storago
surface. Still, the sensitivity to color is
not ver,ygrclt except for extremely small
values of LCR, Similar studies shcw no s{g-
nlficant dependence of solar heating per-
formance on the colors of lfghtw~ight walls
and cctlings. The weak sensitivity of solar
heating p~rlormanc~ to surface colors if a
consequence of the rartiatlon-trappinghc-
havior of tho sunspace structure: liqht
that cnt,erstho $ur?spacestrtkcs s~v~ral
Surfdces, on tho average.,before {t !s
finally rcfloctod b(trknut through the
g14zin\J, Somw fraction 1s absorbed msch
tlmo it strikfx ,1surface so that a l,!r:~o
frart,on may h{)ovontuolly ahsorhcd, ($’jrnif
only ,1 stmI’1 fraction is ahsort)r I at C,IC}I
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Fig. 3. Annual solar heating performance
sunspace north wall ab$orptance.
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an absorptance of 0.8, the systems
are design types Al and A3 (shown by
the dots).

surface. This effect is most pronounced for
deep sunspaces.

We supp~se that the lighter the colors (the
smaller the absorptances) of interior sur-
faces, the better the light distribution fop
plants. It appears that no serious solar
heating compromise need be suffe~ed to
achieve adequate ligtitdistribution.

COlOr variations from the 7“ basic design
types are easily acconsnodatedin the SLR
method thrwgn the calculatifm of S, as al-
ready discussed. The colors of interior
surfaces are accounted for in the absorption

factor Abs/T in Eq. (11); there are tables
of these factors in Ref. 2. An alternative
!s to correct the annual SSF by the use of
sensitivity curves such as those shown in
Fig. 3, There is a set of graphs in ‘lef,2
for various sunspacc surfaces and cities
similar to the graph in Fig, 3,

3.2. Tm~erature Limits

Temperature limits fn the sunspace depend on
both desfgn and operation. A rwimary desfgn
parameter affecting temperature limits is

heat capacity in the sunspace, Temperature
limfts my also be controlled by the mann~r
of suilspaceoperation, namely the use of
auxfliary heat and ventilation.

A. I{eatCa~flclty. The effecL of heat ca-
pacity’fri”fhr~uiispaccon solar hvatil~gper-
formance and sunspace temperature limit< fs
illustrated for Poston in Figs. 4 and F.
ThP sunsp~cc brat ca acit,y,or mass, 1$ !’x-

Jpresswl In lltu/oFft of project.erl
area, Figure 4 shrewsthat incrcasod
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Fig. 4. Annual solar heating performance vs
sunspace heat capacity/ft~ of pro-
jected area in the form of water in
containers. (There is also a 6-in.-
thick masonry floor.) The parameter
CPMRM is the heat capacity in the
adjoining building. At a sunsp ce
heat capacity of 62.4 Btu/°F ft?
and CPMRM = O, the systems are de-
sign types A5 and A5 (shown by the
dots).
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Fig. 5. January temperature extremes in the
sunspace vs sunspace heat capa-
city/ft? of projccterl area ‘n the
form of water in containers. (Therv
is als~ a (i-in.-thickmasonry
floor,) The lrameter CPMRM is the
heat.capaci’ in the adjoining

bufldlng. ,Ile Uoper two curves are

thr maximum sunspaco temperaturtjs
and the lower two arc th(~minimum
sunspar~ tcmporaturos.



sunspace mass benefits solar heating per-
formance except when there is a large amount
of mass in the adjoining building and when
there is no movable insulation, in which
case the solar heating performance is rela-
tively insensitive to the amount of sunspace
mass. Figure 5 shows the dependence of Jan-
uary temper~ture extremes in th~ sunspace on
the sunspace mass. The upper curves are the
mdximum temperatures that occurred during
January in the typical meteorological year
for Bx.ton, and the lower curves are the
minimum t~mperdtures. In this case there is
no significant compromise required between
solar heating performance and moderated tem-
perature extremes: both requirements bene-
fit from increased sunspace mass. More data
of this type, and the assumptions that
underlie it, are presented in Ref. 5.

Althoug5 there is no way of accommodating
mass variations in the SLR method itself,
curves such as those in Fig. 4 can be used
to ccrre:t the annual SSF. There is a set
of similar graphs for various cities in Pef.
7.

B. Auxiliary Heat. Temperature extremes-. —----
can a~so%e mo=ted by the use of ventila-
tion and auxiliary heat in the sunspace,

Ventilation is usually a very effective and
inexpensi,~e way of controlling winter high

temperature extremes, and the solar heating
performance of the sunspace is relatively
insensitive to the upper tanperature limit,
On the other hand, the control of low tem-
perature extreme; with auxiliary heat
amounts to a direct reduction of the solar
heating performance. Figure 6 shows the
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Annual solar heating performance vs

the Sunspaco ituxi’[iaryhedt thermo-
stat set.pointtemperatur~, At a
450F setpoint th~ systems are de..
stgn types Al and A? (shown hy the
dots),

effect on the solar heating performance in
Boston of the sunspace auxiliary heat set-
point. The effect is significant only above
about 50-55°F, and then only for non-
night-insulated cases with extrem?ly small

LCRS. This simply means that the suncPace
temperature would rarely fall below ti,is
range in the aosence of auxiliary heat
because of adequate sunspace mass and rela-
tively low heat lOSS in the 28 basic design
types.

There is no way of ccommodating sunspace
setpoint variation! in the SLR method it-
se?f, but curves such ~s those in Fig. 6 can
be used to correct the annual SSF. There is
a set of graphs like those in Fig, 6 for
various cities in Ref. 2.

3.3. Snading of Mass—

We now consider the direct effect of plants
on the solar nesting performance of a sun-
space. One such effect is the shading of
thermal storage maSS hy the leaves. When
leaves (or any other lightweight objects)
absorb solar radiation, they rapidly heat
up. (There are also latent heat transfers
as discussed in the next section. ) Having

no appreciable heat capacity, they rapidly
give up -heir heat to the sunspace air by
convection. Thus, plants cause the diver-
sion of some solar energy to the form of
heated air that might otherwise have been
stored in mass.

Figure 7 shows the effect on the solar heat-
ing performance of the fraction of transmit-
ted and reflected solar radiation that is
absorbed by lightweight objects. The size
of the effect is related to the fraction of

SOlar heating (SSF) achieved hy the sun-
space. If SSF is small (because of a small
sunspace, cloudy climate, etc.), the eft?ct
of lightweight absorption is SIM1l. Indeed,
most of the heated air is useful to satisfy
daytime heatin? needs. But if SSF is l~rge,
the solar heating performance is more sensi-
tive to the amount of ligfitweight absorption
because the effectiveness of the thermal
storage Nss is nmrc importarit.

There is no way of varying the lightweight
absorption fraction fn the SLR method it-
self, but curves such as tl,ose in Fig. 7 can
be used t.ocorrect the annual SSF. There is
a set of graphs like those in Fig. 7 for
VariOU5 cities in Ref. z.

3.4. Water Vapor.

Evaporation of water from m.~ist. soil and
evapotranspiratfon from plants can comprisp
a major heat transfer. Heat is transferred
from the sensfhlc (that which is sensed as a
temprratuFP c%ahge) to thP latent form at
the rate of about. 1060 )tu/lh of water or
about f?~40 lltu/ga; . Thr Iat@nt heat is
t!-apped in the water vapor and can be



?.0
BOSTON 1

} lNSUIATED WAU

— NO NIGHT INSULATION
* 0s - ---- R9 NIGHT INSUWTION

i Oa ‘-----’ ‘------
VI -- ~

“s --
-..=-

g ~,, _____, LCR.12 - ‘.—
a -

----- ----

3
------ ----

8
LCR.4S- -

02 ~

Fig. 7,

0.0 UJ UJJ

LightWeight ABS”~RPTION %,CTION

Annual solar heating performance vs
tbe fraction of solar radiation that
is absorbed on lightweight objects
within the sunspace after it is
transmitted through the glazing and
after each internal reflection. At
an absorption fraction of 0.?, the
systems are design types A5 and A6
(shown by the dots).

recovered :,nly if the vapor recondenses into
liquid watel’. This does not normally happen
to a significant extent; instead, the water
vapor is l,nstly lost, carrying the heat with
it, through exfiltration tn the outdoors.

To convey the potential size of the ?nergy
transfer iflvolved,we observe that typical
wintertime sunspace solar heat delivery to
an adjoining b ilding can be about 50,0CO-

Y100,000 btu/ft of projected area. This
solar heat would be consumed entirely in the
production jjfwater iapor if 5.7-11.3 gal,
of water/ft of projected area were ~~eri
in the greenhouse during the winter. This
is the same as about 3-6 gal./d~y in a 10u
ft7 greenhouse over a 6-month he~ting
season.

It is conjectured that the effect of water

vapor transport can be estimated i~ the SLR

method by reducing the value of S bv the
monthly total latent heat loss/ft2 of
projected area.

4.

1.

2.

3.

4.

5.

REFERENCES—.

J. D. Balcomb, C. D. Barley, R. O.
McFarland, J. E. Perry, Jr., W. O. Wray,
and S. Nell. Passive Solar Desicm
Handbook, Volume ?w~;s~lar
DFZiTg~ys is (US Departfientof Energy,
Document N~/CS-0127/2, Washington,
O.c., January 1980).

R. W. Jones, editor, J. D. Balcomb, C. E.
Kosiewicz, G. S. Lazarus, R. D.
McFarland, and W. O. Wray, ~assive Solar
Design Handbook, Volume Three~asslve

-—

[lfs~rtment-
.—

SoTar Design Analysls
Energy, Document No. DOE/CS-0127/3,
Washington, D.C., .lIJly198?). Available
from Superintendent of Documents, US
Government Printing Office, 941 N.
Capitol St N.E., Washington, O.C. 20402,
Stock No. 061-000-00598-6, $12.00.

J, O. Balcon,b,R. W. Jones, R. D.
McFarland, and M. O. Wray, “Performance
Analysis of Passively Heated E!uildings:
Expanding the SLk Method,” Passive Solar
Journal ~ (1982), pp. 67-00.

R, D. McFarland, R. W. Jones, and G. S.
Lazarus, “Annual Thermal Performance of
Sunspace-Type Passive Solar Collectors
for Residential Heating--Attached and
Semi-Enclosed Geometries,” Los Alamos
National Laboratory report LA-9424-MS,
September 1982). Available from the
Solar Energy Group, MS/K571, Los Alarms
National I.aboratory,Los Alamos, NM 87545.

R. W. Jones, R, D. McFarland, and G. S.
Lazarus, “Mass and Fans in Attached
Sunspaces,” Proceedings of the Third
Energy-Conse~n~r~njouse Conference,

—-

RjZariril~_??i<<TcliU~RT~TT6vFm%erl_97T_~
---

lq82 (New Enaland Solar Enerav
Association,”Brattleboro,Ve%ant, 1982).


