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ABSTRACT

Quantitative measurements of the performance of two residencesincorporating passive solar design principles are presented. one structure
used 32.5 square metres of quadruple glazed south facing windows in a
structure with an overall building heat loss factor of approxirnately
25o w/oe- - The second structure (the saskatchewan conservation
House) used 11.7 sguare metres of double-glazed south facing glazing with
operable night-time shutters, with an overall building heat loss factor of
100 Voc (shutters open) and 70 floC (shutters closed). Both houses were ofthe direct sol-ar gain type, with no vertical thermal mass such as a Trombe
WaI] directly behind the glazing.

The heat storage capacities of the two dwellings were approximatelyequal. The structure with the 32.5 sguare metre windows (f7.1* of floor area)
exhibited considerable temperature swings due to the high solar rad.iation
inputs during the day and large heat rosses at night, both caused by the
large window area. The second structure e:<perienced acceptable temperature
fluctuations. For southern Saskatchewan conditions, the south-facing glazing
area used in the second structure (6t of floor area) appears close to an
optimun for a direct gain system with conventional light frame construction.

Based on the performance to date, the Saskatchewan Conservation House
under normal occup€rncy conditions would require approximatel-y 5 Gigajoules of
heat per year for space heating - a cost, of $:O per year at present
electricity prices. The passive solar gain, heat from normal electricity
usage, and heat from people supply the remaining heat requirements.
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Introduction

_ Considerable interest hirreatinir- -ilo 
"onru;;;;;; r' iii1i"ii.:*#d;;'l;rH: ;;,!T::r: ;irf;';}"'"r::r::." T" pion"u'ing-work 

"r-ri",ni"El,'ili;;#i;i ;ii o,,a",son[s]
s o, ar r, u" t i,, el'"Fii'.lii;tr'iii=: f" 

. 
:;J: ;l;f r: ii:;:* "iirl "ijliij.'been done in this "4t-;;umber "r,"""ri*i"p"r, by cooper[6J, citpin[zand Jones and Tymur"[Sip"uruit ir,"oiuiii"i'rtrraies on the perfor:nance ofwindows ana pasii"" r,o"I"r-ii c"rr.aian conditrons.

Pas'sive solar heating systems are characterized as systens that makeuse of direct solar raaiaiioir and natu""i-"Ji.ruction to provide therrnalconfort wittrin a dwellins.--nt";-"""-aiiiin'i,trr,ua 
rro,n 

-""tiie 
systens,that nake use.of- tup"t"l3'rot." cottectorrl-Jao"rge tanksr pumps, fans,etc. to provide_treaiing. *;,:::: llr*irlu-or passive sysiems is thatthey nake *u 

":l 
e*iiiing_i"irair,e 

"orpo'uiis--windows, walls, floors,and ceilings for solar 
"6ttu.tron and storage.

In this paper two houses
des *ib eil - - 

d."- arve r r inls ;;;"'Uffi ;l3i'lf ifr :';l;.:; "; fl , #: ;;:t ff 
" 

*"
located in saskatoon *t-tiiJ-J""oni q n"!In". perforrnance tesrs on thehouses were conductea in iir" ,p"i"g^:; 1;;;l**a the resurts are presentedin this paper. Neither oi--ir,J houses was occupied by a family, as bbthwere used as demonstration hou19s, colieqru'ily, monitoring conditionswere less than ideal,_with approxinaa"it-i006-rririao", a *eJk passingthrough the houses'- In spitl'of these-Lii".ritao,ces, sufficient quanti-tative data was^gathered io proviau ,rr"iii-iul,rrtr. -goth-oi-ihe 

dwertingswere of a direct gain tvpe, iiir, :."di;il oiiun.ua windows and no verti_cal thernal nass such as'.-"on""ute wal' behind the windows.

Line sketches of the two dwellings are presented in Figs. r and 2.ffi 'ff"1T:l#:'i:if,:l ":il:"ltii*, Fff i: gtaze d, winir* sys ten,

cross section views of the houses are presented in Figs. 3 and 4.
Saskatoon Residence

For the saskatoon residence a-concrete slab on grade floor is usedon the front part of .rr" r,*rui,'_a tt+.i;a-p;;[,r"t ,rooa floor is placedon ton of the "orr"""t., ana one i;;t'thick insuration
ti;ti"li.c/w " placed ""J"-".ir'. rh"-;;;Jte srau thickness is 0.41 n

The predicted heat losses fron the two residences are presented inTable r. The nass and speciiic-r,u"t;i;; iJiioi"g conponents on theheated side of the insui;;i;;-;". presented in Table rr. The th,ermal 
(
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nass, or product of the mass and specific heat of the individual compo-
nents is of importance in a passive dwe1ling, as a large thennal energy
storage in the dwelling can moderate the tenperature fluctuations in the
dwe11ing. If the tlrermal nass has a sufficiently 1ow Biot nodulus and
time constant for heat transfer, the thermal mass can be regarded as iso-
thermal; ie. heat can be added to or removed fron the mass approxinately
the sane temperature as the room air temperature.

In the Appendix a nore detailed description of this problen of the
absorptive capacity and tine response of building materials is presented.

Over the period Feb. 9 to Feb. 15, neasurements were rnade of
the heat loss characteristic of the Saskatoon residence. The residence
was unoccupied for this period. The energy flows were as listed in
Table III.

The electrical energy consumption was measured using standard kW-hr
meters (the house is heated with electricity) and the passive solar gains
were neasured using data for the insolation on a horizontal surface and
using the technique of Liu and.lordan[11] to determine the insolation on
the southfacing glazings.

The heat loss characteristic in Watts per "C temp. difference can
be found by the following nethod.

HEAr Loss cHARAcrERrsrrc _ AVG. PowER c0Nql.rylTI9N_.lJ:LEcLR_I_cl\lig-99_LAR & PEoPLE)
AVERAGE TEI\'P. DIFFERENCE

- (26t4 + t972) x, I0? *t/r44 hours x (1 hr/j600 s),\Lrtr

= 251 W/"C

This figure of 2SI W/"C compares favourably r^rith the predicted heat
loss of 250 W/"C calculated in Table I. Note that the loss from the win-
dows accounts for approxinately 50%of the total heat loss, and that
windows are most susceptible to variation in heat transfer coefficients
due to wind velocity effects. Although quadruple glazed rmits (two sealed
dual glazed windows) are used on the southfacing windows, the heat loss is
equivalent to that of a dual glazed window, as air flows between the two
sealed units as shown in Fig. 3. fn retrospect, it would have been pre-
ferable to not have inside air circttlate between the windows.

Dynanic Tenperature Behaviour of Saskatoon Residence

With 32.5 n2 of southfacing glazing, the Saskatoon residence will
receive approximately L2 kW of solar heating in the hours around solar
noon on a clear day in February. As the heat loss rate from the dwelling
is of the order of 5 kW during this period around solar noon, a considerable
amount of excess heat is available. If the structure has sufficient ab-
sorptive capacity, the room air temperature need not rise excessively.
With the Salkatoon residence, however, there were several problens with

o

I
;
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the thermal mass; first, the upper windows had no therrnal nass to shin
other than the light-coloured gypsum board; second, the botton of the
lower windows was approxinately 560 mn (1.8 ft) fron the floor, and co:
sequently the sunlight could not directly strike all the concrete floo:
(see Fig. 3 ); third, due to the great thickness of the concrete slab
(a10 nm) only the upper portion of the slab would rise in tenperature.
From the house geometry (Fig. 3) one can see the problen more clearly.

Wi-th the conbination of a relatively ineffective thermal mass, aI
large windorv area, the building experienced considerable tenperature
fluctuations. In Fig. 6 the indoor air temperature for the house, out(
air tenperature and solar radiation on a horizontal surface are plottec
for the dwelling. Note that over this three day interval there was no
internal heat generation and yet the house did not fall below 7"C. the
temperature rise of approximately 14"C on a clear day would be unaccept
and under normal circunstances blinds placed between the windows reduce
this rise in temperature.

The heat storage capacity of the house (the arnount of heat requir
to change the indoor temperature by one degree of tenperature) rnay be
estinated using the data in Fig. 6. Note that the house "integrates'r t
excess energy provided. The heat storage capacity of the house nay be
pressed as,

Effect Heat Storage Capacity =

Net Heat Entering Ilouse =

Net Heat Entering House
@

Solar Gain - Heat Loss

For Feb.22, taking the hours between 8 and 16, the effective hea
storage capacity is calculated as follows.

Net Heat Entering House = Solar Gain - Heat Loss

= 44I MJ - 135 MJ

= 306 MI

Effective Heat Storage Capacity = 306 NLJ/L?.2oC = 25 MJ/"C

This number rnay be compared with the calculated value based on the mass
and specific heat of the individual building conponents. In Table II,
these values are listed. These values are nepeated in Table IV, aLong
with the measured values.

-4- RSD
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Notethatifonlythetop3inchesoftheconcretefloorisincludedinthe
thernal ,tor"g",tan"-rrti"*"rra u"t"een the rneasured value and the theoreti-

cal value is reasonable'

Asecondtechniquewasusedtoexaminetheeffectivetherrnalstorage
capacity of the-;;;iei;g. In-Fig. 7(a), a temperature decay curve for the

house is plotted-i;; " 
iit" when"the-t'"tug" outdoor air tenperature was

-300c.

Byplottingthelogarithrnofthetemperaturedifferencebetweenin-
sideandoutsideagainsttime,-,o'"ideac-anbegainedastotl.repredoni-
nant rime "or,rr"r,a3. 

In Fig. ZiUi'-afrit-graph is presented' Note that

frorn about z trouri untir z [o.rri,'trrl-rr6pe^ is,fairtv constant' From

this port:_on ot*ti"-",rru", a ti;; "o.,rt"nt 
of 49.8 h'ours is indicated'

Between 0 and z f,ou* the tirne.""il*t is nuch shorterl beyond t hours'

a longer tine conli"rra i, evident. These second order effects are nost

like1y caused uy--lrr. long tirne .onrt*tr for heat transfer associated

with thenl.r, ii;;;;r"." floots and the nasonry flreplace'

Basedonthetemperaturevariationsmeasuredinthisdwelling,it
is apparent that the tlnpet"arr""*r*ui"gt """fd 

be greatly noderated by re-

ducing the windJ"-.t"" in trre dwerlin!. Alternatively, greater thermal

nass could be added, but at some cost in terms of space *itttin, the dwelling'

In general, ia 
-ir-t".onmended that thermal mass be of a high absorptance

to solar radiation (dark 
"ororr")-"r,J 

t" ait"ctIy irradiated by the sun

during the hours surrounditg 'oi"; 
noon' Vertical walls such as the

Tronbe wal1 have been succ"rrr,rriy ,rr"a, ^although 
at some cost of interior

space within ai" a""iting. A ni;i, nass floor sich as concrete can be

used as well, but an insulating-fi"a;-"* such as a carpet should not be

placed on top of the concrete." A-thin wood parquet itoot-ol.""tt*ic tile

can be used as a covering for tit" "orrltete' 
The advantage of the vertical

Trombe wall is that it..rr..tti"ve much higher tenperatuies-than the floor

slab, as the sunrs rays are ro"l perpendicular to i vertical wall than to

a concrete floor in northe"n i.lii.'dls in winter' An additional advantage

of either reducing the windo";;;; or increasing the.thernal mass is that

the tenperature diop -at night ir-.ft" reduced, Issurning that window

shutters are not used'

Hdat Loss of the Regina Residence

n.n",o"t"tf,i:":"#::il.!titl" T:'ti"'.';:3:::';: "-::::::3""11'"'!::'::i:" .
is listed at 69 .5 w/oc' This figure compares favourably with the theoretical
predictions listed in Table I. iote tnal this dwelling has insulatiog
shutters on all the windows of the dwelling. When closed, the shutters re-

duce the heat loss of the house by approximatery 3ot compared to when the

shutters are oPen.

,n

le,

e'a
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Dynarnic Tenperature Behaviour of Regina Residence

The sun-oriented window area of the Regina residence is consideraL
smaller (11.9 m2) than that of the saskatoon-residence (32.i-rZj. with
smaller passive solar heat input-rate, and approximately.the sarne absorp
tive capacity, the tenperature rise during the day is considerably less
the Regina residence. For February 22 to 24, 1978, the indoor tenperatu
outdoor temperaturerheating systen on-time, solar radiation zo" tilted
slope with the same azimuth as the rnain windows are presented in Fig.8
Note that the space heating systen was on for only a very short tine. A
midnight the indoor temperature was set back from 20oc to 15"c. As the
heat gain fron people was high (and variable) because of the many group
tours passing through the house, it has not been possible to estimate
accurately the temperature rise due to passive solar heating. The high
gains frorn people occur at the same time as high solar inputs, and it wi
not be possible to make such an analysis until the present set of tours
are completed.

An indication of the heat storage capacity of the dwelling rnay be
determined fron a time constant analysis. The time constant, assuning a
first order type of temperature response, may be foturd for the dwelling
by plotting the logarithm of the temperature difference between indoor
and average outdoor temperature vs tine. The slope of this line yields
the tine constant of the dwelling. In Fig.9 this plot is presented. Fr
the Regina residence the time constant is 99.9 hr. using this figure, an
the known heat loss rate, the absorptive capacity of the dwelling nay be
determined.

Time constant = 
Heat--stor?ge cgracity of BYilding

Heat loss Ch.aracteristic

or Heat Storage Capacity of Bullding = Time ConstantxHeatLoss Characterj

= 99.9 hr x 69.5 W/oC x l Joule/lW-s >"

= 2s.o MJ/"c Y')t;ce/6a

In Table V the measured value of heat storage capacity is cornpared
with the calculated value.

TABLE V

Storage Capacity of Regina ResidenceThermal

Measured Value

Theoretical Values

25.Ow/oC
Gypsum Board
Ilrall Studs 6 Plates
Flooring Material
Floor Joists
Furniture and Appliances
Ceili-ng Joists

5.5
5.6
5.5
6.2
2.0
L.2

26 -O MJ/"c
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The agreenent between the -theoretical and the, measut".d Ylt'"- :t-:l--""rJ.v e6- Y---

thernal storage capacity is good, ccnsidcing thatsnallheatgairs*i1"-.AI*Ut"*
#ffi #il;;*Ie" "".". uir were present -uriar t{e_"ggl*^:1TlT'."f:Hf,1.

ft#! "fr!".'"#;.;;i;; G;;;;--iith-"o .on"t"t" baseri'ent is a thermal 1v
t\uLc Lrr.L Ltrv 'rv6^"w s experienced in the

light house. Judging fron lh: tul!:1"9YT"^t:llg;- 
+ha Daoin: horrseiiSiitiill-;" ;;;;#;";;; "indow 

area (11's'll il-'I.:,T:9-':',.1?":"i;illll';"'H il;i:;:i:H ;i';1il:'ii;i_$: 4, il:":::iei:* fll fl.:il;
+fli : ?' :;";r;';;": ;;ffi ";i"e 

-* 
inaow 

. 
alea'o, fl o:I "'.: i,. ::" ^:n :-*::::::::irH::"'i;;tr"; ;; il;;;i,,"i3ry-"o"iiig""t with-the.ftqy::":l 11"^i.l?'-

mended in a pape""til5.tt:.;k-;e',rottes [13] for a fairly sirnilar type of

energy conserving structure.

Annual Auxilia Heatins Requirement for the Passive Structures

Usingthefollowingapproxinateanalysis',itispossibletoestimate
the annual heating requirenentt or the two r",iden""s r:nder study' The

rnethod invorves a nonth-by-rnonth calculation, based on the assunption that

all of the solar energy tlat can be usefully absorbed by the structure
can be calculated using daily average solar radiation figures' This

auxiliary heat requirement may be expressed as'

AuxiliaryHeatRequirenent=HeatlossfrontheStructure-
Heat Gain from Passive Solar Heat -

Heat Gain fron Electrical Consunption -

Heat Gain from PeoPle.

InTableVltheauxiliaryheatrequirementsarepresentedfora
nonth-by-month analYsis .

Note that the Saskatoon residence, although possessing a,larger
southfacing window area, requirei " "ot 

iid"rably gi""t"t 1T9T1 ,of auxi-

liary heating (-75 GJ/yt) than- does the Regina t"rid"tt"" (-5 GJlyr) ' This

extra heating t"q.rit"tlrri "* be attributed to two factors; first' the

saskatoon residence has too great a window area for the thernal storage

capacityofthet,o.,,",andontyafractionofthepassivesolarheat
gain can Ue usefuiiy-"UrotUed; second, the heat-lols from the Saskatoon

house is considerably greater than that of the Regina house; this is in

large part due t"-lr,L inount of unshuttered glazing. By reducing the

glazing area in the Saskatoon residence one lould renedy the latter
problem considerablY.

-7 - RSD



8-3-l Conclusigns

Based on the rneasured results presented on the two dwellings, a number ofconclusions can be drawn 
"ug"rdi'g ai"""t'-guii prrriue solir heating.

1' Passive solar heating can contribute a large fraction of the heatingrequirenent as inexp-nsive heat to 
""ir-inr.rlated dwellings even in aharsh clinatic area of -canada. 

For.the n"gi"" residence, the contributionof passive gains should arnount to 44eo of tf;e rreating requirenent duringthe heating nonths. coupled with. tr,u ii"""; g"ir,, fron the use of erec_tricity and heat fron pebpre in.the dwellirrg,-ttru passive gain can reducethe auxiliary heat.reqlirlment to- a very 1oil'value. At- present electricitycosts of 2'2 cents/kwtrr ($6. IL/GJ) ttre auxi.riary space heat requirement forthe Regina house would anount io onry $ti-;;; ;ear, assuming that it didnot have an active solar systen.

2. Ttrernar shutters can be of significant value in reducing both theheat loss fron-dwellings ana In roa"t"ti"!'ar," temperature falls atnight in well insulated dw6ttings.

3. For conventional light frame construction using gypsun warlboard asthe interior finishl and no additional thennal mass, one shoutd linitthe southfacing window area to less than g percent of the floor areaof the dwelling' Additional window area will only result in excessiveheat gain during the day and too rapid temperature faIls at night.
4. care nust be taken with thernal mass to ensure that it is directlyirradiated by the sun during the period of-interest. In the low sunangles experienced in the winter montirs, little sun will strike the thermatnass in the floor in northern latitudes if the window does not extendalmost to floor 1eve1.

5' Thernal rnass is of little advantage if its thickness and long thermaltine response does not aI1ow the heat to be usefurly stored and re_turned over daily cycles: for concrete f100r slabs, thicknerru, g""rru'.
:1il"i:;"irtl3rTl"#:l contribute little extra to the thermal storase
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fPPendix

In normal light wood frane construction used in canadian residences' a

large part of tt "'ih"t^a1 
mass is contained in the gypsun wallboard (dry-

wa1l) used. for-tfr"-rn"iiUo""a [nornafly L2-7. ryt G7Z'in') thick]' the tine

constant -(the 
-.--ti;; ror tr,e.i"'p"'lt""e:of the wallboard to reach

63.2eo of the tenperature change of tle roon air adjacent to it), maybe

expressed as follows.
J

6sl 3+' x 12.7 x 1o-3n x 1o8o 1-fr('
D3

m
Tine Constant (r) = =

8.29 i-" x -ffi
m-'C

-9-
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The above analysis assunes^that the gypsun is at a unifo:cn tenpera-ture across the cross-section at- any givei'irrrl*t in tine. strictlyspeaking, this is true only if the bi"i u"a"l", i, less than 0.1. TheBiot Modulus is a neasure of the ratio of the internal resistance toheat transfer in-th-e gypsun to the external--i"lira*"e to heat transferat the surface of the gypsun. ror.gypsun;";l painted with a non_reflective paint, trre cbrmined radii;i";-.;;;laio' heat transfer coeffi-cient h is approxinarely 8.i-w1^z"a-i;;"";""ii""r wal1. The Biot Modu_1us for this situation is calculated as follows.

8.zs+xL.Z7x10-ln
si=&= n-oc- k - = 0.24

As the Biot Modulus is in the targg of 0.1, one can assume that for thenormal circunstances found in resldences ;h"-it.7 nrn thick.gypsun boardwill not significantry deviaie-in t"*pu""i,ri"-iror the roon-"i, t"rp"r"-ture, provided that the roon air tenplrature does not rise or farl toorapidly. rv svt

rn the saskatoon passive residence, a concrete froor is used. For athick thernal r.rr rrr"ir_as this, ttu tirne const*tr.are considerably
iilt"il*"|:: ,'Tt*'", for the o-+t 

'utu" ;hi;k-"or,""uiu-;i;-;i""r, trre

6.1s +- x o.4t m

Biot=*= oiiutrzr'. =2'67>>o'l
With such a -large Biot Modulus, the internalfer is- great, and large amounts-of heat cannot befron the slab rapidtyl

resistance to heat trans-
added to or removed

For thick low thernal
portional to the thickness
thermal diffusivity of the

diffusivity slabs,.the tine constant is pro-
:ffiTSf,and 

inversely proportional to th;

.2
-axL=_

c

concrete, the tine constant is equal to,
For a 0.41 m thick slab of

t-
a(0.41 n)') _ 76 hours

0.0022 m'/ht
with such a thick 10w thennal diffusivitysrabitis only theq'erlayers ofthe mass that experience much of. " i;d;;;;;Jir.r"t.,"ti* -Jrr-. a"irybasis. (rhe tine constant for th; ;;;-;i;-;;d"rature fluctuations inthe dwellings wirr be in the range of 10 to r00'hours depending on theheat loss characteristic of th; fiouse and trre-eteective the:cnal nass of

-10-
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8-3-t

the dwe11ing. Under winter conditions, the slbb w01.1 not transfer nruch
heat to or from the roon air given that the time constant for the slab is
large compared to the tirne constant for the roon air. For winter condi-
tions, it appears that a slab thickness of approxinately 100 nrn [a in.)
is all that wqrld be effective in transferring heat to and fron the roon
air. SLabs of greater thickness would cost more and on a daily basis
would not be capable of storing and releasing greater anounts of hea!.
This observation is nade in a faper by !'tazrii,-Baker and Wesslingllo] who
suggest that increasing concrete thickness beyond 100 mn (4 in.) does not
significantly inprove the thermal response of a passive solar dwelling.
(Note that this recornrnendation does not hold for vertical heat storage
walls irradiated directly by the sr:n; in this case, concrete thicknesses
of approxinately 300 nun are recormlended.)
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T BLU I - passive Rcsidcnces - Heat Losses, sSoC Design TeFporature Differcncc

SASXATOON

Shutters Opcn

EXTERIOR I1ALLS:

TIN0oHS :
(South Facing)

ilINrnl{S
(other)

BiSEI'IENT ftAT.I.S:
(abovc grade)

BASE}I:I\iT HAI.LS:
(trclow Bradc)

8.{S[MTiNT SIAB :

COtiCRIil'E SI"\B :
(Livin8 roon)

l)ooris :

vt:lil'll iloN :

Area (n2) 
^

R value nr"c/$
Desigrr lleat LDss
(0.H.1.) l{

Area
R Value
0.il. L.

Arca
R Value

D.H . L.

Arca :

R Valuc

u.il. L.
Area

Arca
R Yaluc
D.lt.l,.
,{rea
R Vallc
D.lt.1,.

Areu
Psrincter lrss
Grouild lpss

 reu
R Va:uc
1r. il . t..

tc I t,nt, nl-i

Air (iltrtiPc
tt. ll. L,

125

32.5

942
7.3

304

7.3

.304
(6.7 n2)

.4 89
(s.2 m?1

.4 89

l, /r',

551

1539

t7975879

7.2 n?)
Ls6 m2)
1.28 n2
l(;82

412

l8r

651

J35
430

2.9S '
(6.7 nz)

2.34
(s.2 m2)

2.34.
(l.e n')

247

.304
;37
.68

3.87

1.68

I .76

1.9

29 .0

55.0

7t.6

45,0

6,2

1?. 5

3.0

1.3

l?

3.1

1.3

| 1)..1.irrrr-

(,30

9?

!r(r7
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lnss p(:r
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TABLE II

Thermal t'lass - Passive Solar Residences

SASKATOON RESIDENCE RIGIN\ RESIDE}iCE

I Specific Heat

i (Joules/ks-'c)
,''lass
(rg)

Heat Storage
Capacity

(l'lega j ouI es /'C)
l{rss
(ks)

Heat Storage
Capacity

(l'lega j oul es /'C)

| 61psua Scard 1083

i iioo,i st:rds I ?720

I Platcs

I iiood Flcoring l72C

: !L:";,;?tTird.r"r* i738
1 
-.ilulsi.' s rr'.r - 553

, (t.rvrnS sooil.l

1 .41 n tnicl
, r'..r;cre:c Slab 653

I (Batcrent)
i /6 rn thiek
] Frr::rituru 6

l.1i?lian.-es
Fire- 920; l\lisorirv

i rr""!

| 3317

I ttnt'

L,,
I n,,I 320

i.rs80o

l,ruoo

I

I

t--
I 
onoo

3.61

4.33

2 .14

.87
29.9

8.2

4.5

s6J

5006

2072

2054

is_3

s.5

s.6

5.5
6.?
It

)

2;.o
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Therrlal Storagc Capaclty of Saskatoon Rcsldctrcc

- Fob. 15, 1978 Iteasured Valuc - Ba.sed on !5 ltegejoutc:/'C
SolB! 6ain

theoreticalvalue froa Prcduct of t{4533s and Spoctfic tlertr^of.luildi.itg
CrEponent3 56.2 llegajoules/'€

Avprage Indoor Air Tenperature 18'3

Average Outdool Air Tenperature -L7

Tine Intenral ' 144 hours

llegaj oules

Megajoules
oc

tc

TABLE 'VI

Energy Balances for Passivc Residences

lheoretical value Assr[ing Thrt only Top 5 Incics of Colcrotc Sltbi csl be

tncluded 31.9 ltegajoules/'C

TABLE V

lhernal Storage Capacity of Regina Residence

Measured Value

Theoretical Vaiues GYPsun Board
wall Studs 6 Plates
Flooring ltate!ial
Floor ioists
Furnibrre and APPliances
CeilinS Joists

2lo IU/'c
3.S
5.6
s.5
6.2
2.0
1.2

il6 w/'c

Saskatoon Residcncc (2loC Interior Tcnp')

:-(l H/"4:

Sept

Oct.
llov.

Dcc.

Jen.

Fcb.

llrr.
Anr.

202

546

s76

741

84S

780

625

371

392

324

274

224

298

431

730

s90

l0r
L41

192

195

258

32S

36S

2t6

2t.
129

5rl
176

5ll
5E2

It7.
E2

75.6
G'/YT

Avg. Passive Gain
IU/DAY

Total Useful
AB

tlectrictl
lU/Day

50

60

60

60

60

60

60

50

l3
It
l5
1t
l5
l3
l3
l3

219

117

171

276

Annusl rluxiliary Heet ' 43'l
G'lYI

Tt{oDIFFERT:NTAssl.stPTIoNs^REUSEDToCALCUIATETIIE^UXILI^RYHE^TRSQUIRED

A. Assurption A i's that "rl.t!:-li.'.'L::-Ii:"-:: ::'.f?::;tll:.t:rfrg:t:*:l;:::ffi;:;"':"ilul"ii i.ia'ii'[ai-'gat!c1^yrg.,t!:-:i":-':":.:h:i::'::I*'estrntEe; psrruq> "' --'-il't"ii 
"it"i izs l'u based on c 3'c terPcraturo

capacity of the building.
;;i;;-;ti naie this esiinato too oPtinistic'

B. A:srnption B is that the passive.solar heating ritl""Y*L"*Llli,lt"tt"t
;:;i. hrrildino durins thc daylight hours'for tire building duringfor the building durtng rnc qcvrrxtr! 'rvqrJ'
estinate, as the storage iapacity'-of the building is slall'

Regina ltcsidence (21"C Intcrior Terp'

l,bnth tleat Required/DaY
Y.JIDzY

Net AurltiltY RGqrd
ln/Da!,

Oct.
Nov.

lbc.
Jan.

Feb.

llef.

95 .4

158

200

228

2t7

l7s

Octobe

LO7

69

68

92

tr3
I28

is

l3
It
l3
l3
ll
It

60

60

60

60

60

60

;;
59

63

t1

Total Heat Required
I'assivo Gain (Useful)
nlcctricsl Gatn G PGoPlG

Gain (u3oful)
AuxillarY llcat (Fror

Solsr Colloctorg

. .13.S Gt l00l

. lrl.2 Gt 32.6t

. 2a.2 Gt 33.6t

. 5.1 Gt tr.7t
r:f

:

i*
&

I

l00l
43.77
53.5?"

7. t3
t5 .7?

Total lleat Rcquired = 32'5 Gl

i"riiuu Gain (usefuD = l4'2 cJ

Electricrl Gain = l0'9 Gl

i"iiie cain . 2.i GJ

i.',*'iiiu"y Hcat (Frou ' S'l Gt

Solar CollectorJ
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