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Abstract

An attempt was.made to evaluate the methods pr. osed by
the American Sbciety(of HeatingiRefrigeratiQn and Air ﬂ' .
Conditioning EngineeRs with regard to their suitability for
the preQiction of seasonal energy requirements.in
residential structures. It was f0und that the steady state
method proposed was acceptable for the.prediction_of loo s~
for the major’ty of tHe above grade components tested &
1ong as the structure.was nét built to utilize passive solar
ga'ns.

The study a]]owed the determination of several are-s in
which the methods proposed were ektremg]y ditficult to use
ur «ere highly dependent on material properties which are
not we!l Known or may vary under‘}L situ‘condffions.

The fiﬁ§t problem afea identified was the estimation of
infiltration rates under in situ conditions. Infiltration
rates determined using Sulphur Hexafluoride gas
concentration decay methods were found to be 0.25 to 0.75
air .changes per hour under typical winter conditions.
Leakage ratés predicted using ASHRAE methods, based on the
number of breache§ in the bui]diﬁg envelope, were in the
range of 0.5 to i.5 air changes per hour.

The area in which most discrepencies occurred wére
those structures below grade. The magnitude of the deviation
from prediced values was found to increase with depth below

grade. It was felt that the primary reasons for the
Al ‘(‘
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differences between measurements and predictions were due 'to

variations in soil moisture content from the assumed values

1

and the time lag of ground temperature variations with

respect to tpe ambient seasonal variation.
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1. Introduction

Prior to 1970 thefheldof energy conservation was
largely unexp]ored because of the availability of
inexpensive enefgy. As the economies of both the United
States and Canada grew it became appareﬁt.that if the growth
of energy consumption continued at the then present level
supplies of non-renewable fossil fuels could be. exhausted in
the forseeable future. Shortages in liquid and gaseous
fuels, whether real or artificially created, coupled with
inf]afionary economies forced peop1e~to become increasingly
aware of the potentié] for hardship that existed if the
trends contfnued. The result was that a 1afge number of
peopie began exploring metths by which the dependence on
fossil fﬁels'cou1d be lessened. Technologies such as the
collection of solar energy or the tappinglof geothermal
energy which were known but largely unéxplored to that time
immediately became aréas of intensive research. When it was
realized that the solution to the pbob]em of declining
reserves did hot only lie in the development of new sources
of energy, people beganhfo look for Ways of reducing

consumpt ion

A significant area of potential energy'savings was the
overall réduc%ion inithéigﬁount of energy‘consumedkﬁn thé
heating of residentg] structures. For years the designers o.
single family houges and small apartment buildings haq paid

little or no attention to the calculation of building
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envelope losses for reasons other than the sizing of heating
or ?oolihg systems. Presently however, designers have
under taken to reduce the quantity of energy necessary to
adequatély heat a structure‘andbmaintain comfort conditions.
In order to desigﬁ a structure for the minimization of input
energy it is necessary to have confidence that the methods
of ana]ysié used are sufficently accuraté so that all
cémponents éan be sized for maximum efficency. |

The most accepted method of analysis of bui]dihg energy
reguirements utilizes - a set of guidelines publi;hed by the
American Societyfof Heating Refrigeration and Air '
Conditioning Engineers or ASHRAE. Some doubt exists as to
whether or not the methods outlined in the 1977 Handbook of
Fundamentals are sufficently accufate to be Jsea for the
evaluation of conservation stratggieé.

At the outset of a comparison of the perFormance of é,

structure with accepted prediction methods several areas of

concern become immediately apparent. Because the presence of

- occupants can have an extreme effect on the overall

'performance of a building, the ideal test structure should

be unoccupied. The thermal properties of building materials

,if known, are normally determined uang methdds such as the

‘guarded hot box under steady state conditions/ Materials

used under in situ transient conditions may not herfqrm
identically wjthvthose in the laboratory enviornment.

Predictions of basement heat lésses assume average soil
properties as well as an established ground temperature

-y



regime. Some doubt exists as to whether or ﬁot the methods
for the prediction of losse= from below grade portions of
buildings are applicabie to newly completed struétureé or
must one wait severaﬁ years for the establishment of quasi
steady state conditions. |

This investigation is primarily concerned with the
identification of the areas of. the thermal envelope which
cannot be well defined using the one dimensional sfeady
stéte analysis proposed by ASHRAE. Although areas such as
the measurement and prediction of air infiltration rates
were explored the purc. = of the sthdy was not. to develop
new methods of predicting building performance,vbut to
identify those areas for which the presently accepted

methods are inadequate.



2. Facility Description

The testing or evaluation of any type of accepted
method for the prediction of building behavior under in situ
cdnditions must take place with several factors in mind.
Firstly, th?'test setup should be such that the ndmber of
randomly varying parameters is minimized. Secondly, one must
be sure that the results obtairied ére general enough that
they may be cpplied 6qtside the bounds of an experimental
enviornment. Finally, the results must be sufficent]y
detajfed so as to be repeatable and to ensure that the final
conclusions are correct and not a misintrepretation of the
available data. |

The Alberta Home Heating Resc.. h Facility was
constructed in the summer of 1°79 ‘o ke used as an aid in
the research and development of optimum insulation - heating
strategies for a northern climate. In ordervto evaluate a
number of varied insulation levels a series of six scaled
down house replicas were constfucted. Each of the modu]es
-Has incorporated into the structure ohe or more unique'
features, such as south facing windows or upgraded //
insulation. It was felt that the individual contribution'o?
each component could be determined with the aid of a
compu@er controlled data aquisitfon system over a period of
- several heating seasons. |
The basfc research strategy with the facility was.to

'gather data from each module on a continous basis and from
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the data gathe}ed to refine several existing simulation
'proérams as well as determine the the most cost effective
energy conservation strategy for the Edmonton area climate.

The site plan of the facility is shown in Fig.1. Each
of the six modules is roughly 49 square meters in area and
has a sfahdard height concrete basémgnt. A1l of the
buildings were framed using conventional 2 inch by 4 inch
(50mm by 100mm) studé 16 inches (406mm) on center and the
only unusual frahing‘;spect is a stepped roof truss which
can accdmodate up to 0.85 meters of insulation. A typical
module»e]evétiqn is shown in Fig.2. Tables 1 through 6 list
the genera]-specifications of each module'és constructed in
1979. Nominal insulation levels, Table 7; indicate that'the
modules give a good represéntation of the wide assortment of
insulation levels found in_eXisting housing stock.

Module 1, the "Short Term" module was constructed with
large removable pahe]s in each wall to allow the,insifu
testing of alternative wall or window configdratjons. Prior
to 1982 the module although monitored was used primarily as
an instrument shelter and a control for the remaining five
modules. | |
Module 2, the "Standard" module was built to pre-13870
constrUctioh standards in that the=w§]1s and ceiling contain
minimal insulation. The windows andidoor were chosen to
reflect the characteri§tics of pre-1920 standard components,
namely low insulating Qa]ue and ineffeétive weather

_ ~N . '
stripping. No‘insulation of any form was applied to the

o



below grade portion of the structure nor was ény attempt
made to ensure the continuity of the air-moisture barrier.

The third module, the "Conservation" module was
constructed with insulation levels consistent with houses
built during the late 1970's under the name,
“Superinsulated"” houses. As shown in table 3, insulation was
applied to the exterfor of both above and below grade
portions of the structure, and while the method of
application differs somewhat from that used in
"Superinsu]ated"'houses the results ;hould be
representative. The windows and door for the module were
chosen so as to mihimize conduction losses as well as reduce
infiltration rates. One should note that the module does not
have an 1nsta1jed furnace flue . This factor is consistent
with the philosophy that the majority of the heating load
can'be met with the‘waste heat given off by appliances,
fixtures,and occupants ahd any difference could be supplied
with a small electric heater.

Module 4, the "Passive" module, was constructed with
moderate insulation levels and a large area of'south facing
glazing. It was envisiéﬁéd that the results obtained from
1.the unit would add to the information available for use in
the design of passive]ylheated structures and at the same
time identify some of the problems associated with bassive
homes, such as excessive overheating in the summer months.

Modules 5 and 6, referred to as the "Active Liquid" and

"Active Air" modules respectively, were constructed firstly"
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to compare the performance of two identical structures under
in situ conditions, and secondly to assess the operating

characteristics of two active solar systems with different

~working fluids operating under identical conditions. It

should be noted that when constructed, the two modules had
jdentical insulation levels. At the outset of the project it
was intended that an active liquid solar system be installed

in module 5 and an active air system in module 6 but because

of budgetary constraints only the active air system was

installed. It should also be noted that although Table 6
shows. the ceiling insulation level in Unit 6 to be R 12 (RSI

2.1) it was upgraded to R 32 (RSI 5.63) in Februaryl1980.
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Table 1

Specifications - Module 1

Exterior Dimensions . 22.0x24.0 feet
Interior Dimensions . 21'4"x23' 4"
Main Floor Wall Height . 8 feet
Basement - wall height 8 feet

- wall thicKkness 8 inches

- floor thickness , ' 4 inches

Ceiling Construction

- standard truss with 2 foot bobtail
rafters 24 inch on center

fiberglass insulation R-12:(RSI-2.11)
4 mil polythene vapour barrier

Wall Construction

2x4 inch framing, 16 inch on center
fiberglass insulation R-10 (RSI-1.76)

4 mil polythene vapour barrier

3/8 inch prestaiped plywood exterior finish

[ S T |

Windows
North Wall - 40in.x76in.- sealed unit (double glazed)
South Wall - none '
Eas{ Wall - 40in.x76in. horizontal slider,
aluminum frame
West Wall - 40in.x76in. horizontal siider,
. “aluminum frame
'y
Door - 3'0"x6’' 8" solid core fir (1.5" thick)

Baéement Insulation ‘
- 2 inch (R-5 ber inch) polystyrene .
to two feet below grade
- 0.5 inch pressure treated plywood
insulation cover
Auxilliary Heat - 10 KW electric duct heater

Interior Finish - painted 1/2 inch gypsum board
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Table 2

Specifications - Module 2

Exterior Dimensions 22.0x24.0 feet
Interior Dimensions - . 21" 4"x23" 4",
Main Floor Wall Height ‘ ' 8 feet
Basement - wall height 8 feet

- wall thickness . 8 inches

- floor thickness 4 inches

Ceiling Construction

standard truss with 2 foot bobtail
rafters 24 inch on center

fiberglass insulation R-12 (RSI-2.11)
4 mil polythene vapour barrier

1

Wall Construction

2x4 inch framing, 16 inch on center
fiberglass insulation R-8 (RSI-1.41)

4 mil polythene vapour barrier ,

3/8 inch prestained plywood exterior finish

Windows
North Wall - 40in.x76in. sealed unit (double glazed)
South Wall - none
East Wall - 40in.x76in. horizontal slider,
: aluminum frame
West Wall - 40in.x76in. horizontal slider,
aluminum frame .
Door - 3'0"x6’' 8" solid core fir (1.5" thick)

Basement Insulation
- none
Auxilliary Heat - 12 KW electric duct heater

Interior Finish = painted 1/2 inch gypsumh board
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Table 3

Specifications - Module 3

Exterior Dimensions ‘ . 23'4"x25"4"
Interior Dimensions : ' .21’4“x23;4"
Main Floor Wall Height - .8 feet | .
. / ;
Bgsement - wall height 8 feet| - !
- wall thickness 8 inches .
- floor thickness: 4

inches

Cei]ing’Constructibn’

standard truss with 2 foot bobtail

rafters 24 inch on center /
fiberglass insulation R-80 (RSI-14.08)
- 6 mil polythene vapour barrier .

Wall Construction'

2x4 inch framing, 16 inch on center

8 inches polystyrene, R-40 (RSI-7.04)

8 mil polythene vapour barrier

3/8 inch prestained plywood exterior finish

Windows
North Wall - none : .
South Wall - 113in.x76in. sealed unit,
: double glazed '
East Wall - 40in.x40in. sealed unit,
' double glazed ’

West Wall - none
Door - 3'0"x6’'8" uretﬁane foam core
Basement Insulation

- 4 inch (R-5 per in.) to foundation
- 0.5 inch pressure treated plywood insulation cover

—

Auxilliary Heat - 7.5-KW electric duct heater

Interior Finish - ainted\\/Z inch gypsum board
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Table 4
Specifications - Modu]e.4

2 . : ' ' )
Exterior‘Dimensions | 22" 4"x24' 4"
k Inter1or D1mens1ons ' . 21'4";28’4"

Main Floor Wall He1ght ' ) 8 feet

Basement - wall height - ’ 8 feet

- wall thickness ‘ 8 inches

- floor thickness 4 inches .
o

Ceiling Constrﬁbtion N

- standard truss with 2 foot bobta1]
- rafters 24 inch on center

- fiberglass insulation R-40 (RSI-7. 04)
-6 m1] polythene vapour)barr1er

Wail Construct1on wle

.= 2x4 inch framing, 16 inch on center
- fiberglass. insulation R-10 (RSI-1.76)
-2 inch polystyrene on exterior
- 6 mil polythene vapour barrier
3/8 inch prestained plywood exterior finish.

Windows
North Wall - none ' ' ‘
South wWall - 2-113in.x76in. sealed unit,
) double glazed .
East Wall - 40in.x40in. sealed un1t,
: double glazed. open1ng
- West Wall - none

Door - 3'0"xB'8" urethane foam core
Basement Insulation

- 2 inch (R-5 per 1nch) polystyLene to foundat1on
- 0.5 inch pressure treated plywood insulation cover

Auxi]ﬂiafy Heat - 7.5 KW electric duct heater

Interior Finish - painted 1/2 inch gypsum board
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Table 5

Iy

Specifications - Module 5

Exterior Dimensiohé ' : 22.0x24.0 feet
Interior Dimensions e o 21' 4"x23' 4"
Main Floor Wall Heignht | o 8 feet
Basement - wall height ' 8 feet

- wall thicKkness 8 inches -

- floor thickness . , 4 inches

Ceiling Construction

standard truss with 2 foot bobtail
rafters 24 inch on center

fiberglass insulation R-12 (RSI-2.11)
4 mil polythene vapour barrier '

Wall Construction

- 2x4 inch framing, 16 inch on center

- fiberglass insulation R-10 (RSI-1.76)

- 4 mil polythene vapour barrier

3/8 inch prestained plywood exterior finish

Windows
North Wall - 40in.x76in. sealed.unit,
double glaze ’
South Wall - none -
East Wall - 40in.x76in. horizontal slider,
vinyl frame '
West Wall - 40in.x76in. horizontal slider,

‘vinyl frame
Door - 3'0"x6’8" urethane foam core
Basement Insulation |
- 2 inch (R-5 per 4¢;h) polystyrene
to two feet below .grade
- 0.5 inch pressure treated plywood
insulation cover ,
Auxilliary Heat - 7.5 KW electric duct heater

Interior Finish - painted 1/2 inch gypsum board
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- Table 6

Specifications - Module 6

Exterior Dimensions : 22.0x24.0 fee
Interior Dimensions o | 21' 4"x23' 4"
Main Floor Wall Height 8 Feet
Basement - wall height 8 feet
- wall thickness;, 8 inches
4 inches

- floor thickneSs
Ce111ng Construction |

- standard truss w1th 2 foot bobtail
rafters 24 inch on center
fiberglass insulation R-12 (RSI-2.11)
- 4 mil polythene vapour barrier

Wall Construction

2x4 inch framing, 16 inch con center
fiberglass insulation R-°0 (RSI-1.76)

4 mil polythene vapour barrier

3/8 inch prestained plywood e/ter1or finish

Windows:
N

40in.x76in. sealed un it

North Wall
‘ double glazed

South Wall - none

East'Wall - 40in.x78in. horizontal slicer,
| - vinyl frame

West Wall - 40in.x76in. horizontal s’ ider,

- vinyl frame
Door - 3'0"x6’'8" urethane foam core
Basement Insulation _

- 2 inch (R-5 per'iﬁch) polystyrene

to two feet below grade

- 0.5 inch pressure treated plywood

~ insulation cover
Auxilliary Heat - 7.5 KW electric duct heater
Interijor Finish - painted 1/2 inch gypsum board
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Table 7 Nominal Insulation Levels

R (RSI) AN

hr.sq.ft.-F/Btu (:q.m-K/W)

Module Ceiling Wall Basement
1) Short term 12(2.11) 10(1.76) 10(1.76) *-
2) Standard S12(2.11) 8(1.41) -
3) Conservation 80(14.08)  40(7.04) 20(3.52) ==
4) Passive ‘ 40(7.04) 120(3.52) 10(1.76) *=*

5) Active Liquid 12(2.11) 10(1.76) 10(1.76)%
6) Active Air 32(5.64 10(1.76)  10(1.76)*

* From floor level to S &Eet below grade

** Full height

%
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3. Data Logging System

The accurate prediction of the contribution of any
building componeﬁt to the overall heating or cooling load
requires the determination of a number of parameters. The
simplest form of analysis relys on the following three
measurements. )

1) energy input to the structure

2) room air temperature

3) ambient air temperature

From these three measuremengs it igwpossibTe to
calculate an overall transmissiom coefficent of the
fo]lowihg form.

Qloss = UxAreaxTemperature difference

UxArea = Transmission coefficent

Although this type of calculation gives one a benchmark
against which one can gauge the overal] per formance of the
structure i{ helps Tittle in the determination of the
contribution.of each combonent to‘the heating load.
COngequen;ly one must resort to other methods of déterminihg
component losses and in turn the most cost effective
insulation schemesl Thus in order to create a model of
suitable accuracy at least the following parameters must be
determined or refinement of the model cannot taKe_p]ace!

1) Room air temperature

2) Basement air temperature

{
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3) Attic air temperature

4) Energy ihput to the structure

5) Available solar radiation

6) Thermal properties of individua1‘components

7) Gfound temperature on a seasonal basis

8)AW1nd speed and direction

9)- Air infiltration rate

The nature of the measurements taken precluded manual
logging of data so it was necessary to purchase a
microprocessor -based system to monitor hu]tip]e inputs on a
continous basis. The syStem decided upon was an Analog
Devices Macsym Il data logger. The unit has the capability
of accepting both analog and digital informétion and as well
has cold juncfion'compensation for use with thermocouples.
The system used a twe1ve bit analog to digital converter
which 1mp11es'a resolution of one part in 4096 of the full
scale analog measurement. During 1880 the basic logger was
used as supplied from the manufacturer but as the number of
desired measurements increased the system was modified with
the addition of an external multiplexer. A schematic of the
"overall system is shown in Fig. 3. The system during 1981
had the capibility of monitoring in excess of 100 analog
fnputs as well as limited digital input-outputi.

The system was used during 1981 to monitor temperatures
at more than 30 locations, radiation at five locations, wind
speed and direction from two 10 méter towers; energy input

to each module and heat fiux at more than 40 ]ocatiops.
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The following description of the measurement
methodology is necessary to assure the reader that the
results later used for’comparison with ASHRAE predictions

are valid and accurate.

3.1 Temperature Measurement

4

Temperatures were measured using Copper-Constantén
thermécouples'and cold junction compensation provi&ed by the
daté logger. Measurements were taken at two minute intervals
and an-average was calculated and recorded at the énd of
each hour. The general location of each teﬁperature sensor
is shown in Fig. 4. It was found to be necessary to
calibrate each thermocoub1e at ice point because of errors
in measurement found during the initial testipg. The errors
.wére later found to be due to excessive fhermocoup]ellead
length coupled with the microcomputer’s thermocouple break
detection system. It was also necessary to install
capacitors across the input leads in order to reduce an
imbalance in common mode signal on the input lines at
approximately 1MHz. |

Each of the measurement locations was chosen to serve a
specific purpose. Attic temperature measurement allowed the
determination of the true tempefature difference across'each
ceiling rather than having to re]& on the assump:ion of

equal attic and ambient temperatures. The room and basement

LN i
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air temperature measurements were used to check whether

stratification was present in the structure and allowed the

calculation of an accurate Heating Degree Day figure for use

in the estimation of steady state heat losses.

The ambient air temperature measurement was used in the

. [
calculation of steady state heat losses and could be used to

estiblish -~ meterological data base for the Edmonton area.

~round temperature measurement stations,. indicatéd in
Fig. o wer. dded in 1981 to try to evaluate the methods'
3L nested for the'calcu1a$ion of heat loss from below grade
stiucture. as well as determine the time necessary for the
establishment of a quasi-steady state ground temperaturé
profile. “

Resolution of Lhe data 1oggegl- thermocouple’
combination was approximately 0.13 degrees Celsius using
Copper-Constantan thermocouples, but with inaccurécies in
géin and cold junction compehsation the oVera]] system

accuracy was limited to 0.5 degrees Celsius.

3.2 Electrical Power Input Measurement

. At the outset of the project it was decided that the

modules should be electrical]y heated so that an accurate

measurement of input energy cou]d be obtained without errors

1ntroduced through the calcu]at1on of the conversion

efficency of natural gas fired furnaces and without having

S ALA S T od Lk o7 b+ e e S s
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to keep track of the varying heating values of fuel supplied
to residential districts. It was also felt that since the
modules have electric lights and fan motors the energy
cohtributed by these two sources would have to be determined
in any case.

Measurement of power input to each module was
accompTished using a standard Sangamo residential watt meter

modified so that it could be read remotely and calibrated by

the local utility compaﬁy. | | f\
The modifications to the meter were relatively simple
and were done as follows. The meter has an internal metal
disk whﬁch is used for.ca1ibnation procedures and which
revolves once for each 12 watt-hours of power through the
meter. The disk was modified by drilling twelve holes in the
perimeter at equal intervals and posjtioning a light
activated slot switch so that an electrical pulse was

generated each time a hole passed through the switch. The

output of the'slot switch, a series of pulses, was fed to a

. counter which was capable of aécumulatihg a count of 1024

pulses. The outbut of the counter was in turn connected to a

digital to analog converter which was set to output ten’
mi]livo]ts per count; Thé data logger was progrémmed to ldok
at the output from the Q/A every two minutes and if the
count waé equa1 to or greater than a pnggetermined lTevel,

store the value and reset the ¢ouﬁter. Résolution‘of the

" meter - logger combination was one watt-hour but the basic

meter accuracy was determined to be 1%. A schematic of the
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watt-meter interface is included in Appendix Al.

3.3 Solar Radiafion Measurement

| Radiation measurementS"were taken at the faciTity at
the five locations shown in Fig. 6. The measurements were -
taken'at two minute intervals and at the end of‘each houb 
were averaged and stored . The measurements that weré taken
are as_fo1lows.

1) Total horizontal radiation

2) Total vertical ragfiation

3) Diffuse radiation

4) Total verticai transmitted through a window

5) Total radiation falling on the active air collector
sur face

Three of the instruments, above- numbers 2, 3, and 4
were Epp]ey model 8-48 black and white pyranometers while
the remaining twozwere‘Epp]ey Mode 1 ﬁSP precision
pyranometers.

The output of the pyranometers was in the low
milli-volt regibn so in order to ensure accuracy the signals
were filtered and amplified using a Tow drift.
instrumentation aﬁplifier (Qafn=100) before being fed to the
data logger. The filtering eliminated most of the I1MHz noise
that was found on all lines at the Fadi]ity and the gain of

100 ensured that the signal was well above the data loggers
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resolution.

3.4 Heat Flow Measurqments

Heat flow th}ough varibﬁs bui lding components was
measured at the the facility using a heat flux gauge
designed and built at the University of Alberta. The
transducer'consists of a Series of:thermocouples on each
side of a quarter‘inch”layer of cork which ﬁs sandwicﬁed‘
befweén two eighth inch plexiglass sheets. The thermocouples

effectively measured the temperature difference across. the

'cork insért and could therefore be calibrated at various

’heaf flux rates.:

The output»bf the transducer was low, approximately 1
millivoit per 4.6 Btu/hour-sg.ft. (14.6 Watt/sq.m), and
therefore had to be filtered and amplified before being fed

-to the dafa logger .

The plates were physically quite large, 6 inches by 16

inches (15.2 cm by 40.6 cm) and therefore gave an average
‘ !

heat flux reading over a typical section of compbsite wall.

Given that. the air temperatures were Known on both sides of -

a wall it wés possible to determine the steady state thermal
resistance of an as-installéd composite wall section. The
plates as installed did present problems when measurements

of low thermal resistance wall sections were attemped. The

most notable location for this.type of problem to occur was

T



an above grade concrete wall. ASHRAE lists the thermal
conductivity of concrete as k = 12 Btu-in./(hr.sqg.ft.F)
(1.73 Watt/sq.m K). Thus an eight inch concrete wall would .
have an overall thermal resistance of the ordér of 1.5
‘hr.sq.ft.deg.F/Btu (RSI 0.02B) including air films. The heat
flux tEanstCer has a thermal resistance of approximately 1
hr.sq.ft.deg.F/Bfu and therefore the combined resistance
that the transducer éees is about 2.5 hr.§q.ft.deg.F/Btu
This loading of the wall section cou]d.lead to an‘error in
~excess of 40 percent if one is not aware of the problem. The
errors wer~ much reduced aé one would expect when the plates
are appliedvto sections which had a thermal resistance on
the order of'ten orlmofe times that othhe-plates.

Placement of the heat flux transducérs are as shown in

Figures A2.2 through AD.T.
N !

3.5 Wind Speed and Direction

Wind speed and direction were measured af two locations
at the faci15ty. Thé meterological towers were located
approximately 33 meters north and south of the east-west
midline of the bui]dingg and approximately at the east-west
midpoint. '

- The sénsing heéds,_Athabagka Research Model - 540 were f
molnted at a 10 meter height and were located so that

measurements of the free stream velocities were possible in
- T ; o .



all directions with the exception of north-west where
existing buildings disturb the flow.
The output from each sénsing head was measured every

two minutes by the data logger and the readings temporarily

stored. At the end of each hour, the accqmu]ated readings

h¥;

were used to calculate mean direction, méan.SQeed, peak
speed and the standard deviation of speed and direction. The

measurements were primarily of use for the determination of
! I *

<
the parameters affecting infiltration rates.-

3.6 Air Infiltration Measurements

To ensure a complete energy audit, the contribution to
the overall energy usage attributed to air infiltration must

- determined. The héthod chosen for use at thelfaci1itvaas

Lne mgasurement of the concentration decay of sulphur
hexafluoride (SF6) tracer gas with time (4). A quantify of
SF6 was injected into the return air duct of th; heating
system with the fan continously operating and the
concentration was monitored uéing a Wilkes Miran IA infrared
analyzer. érom the data obta{ned, the air exchange rate was‘
determined using the following relationship, as suggested by
ASHRAE (4] . |

C

Co x exp-(t/Vol)

- where Co = initial gas concentration
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C = concentration at time t
t = time in hours
Vol = the air exchange rate in house volumes per hour

The data taken during the 1979-80 heating season was
used only to try to esiablish an order of magnitude figure
for each of the modules ;

During the ;780-81 heatng\?easén tBe measurement

e

system was modified so that the logging of concentration was

‘semi-automatic. The system software was written such that

the concentration of tracer gas was allowed to decay until
it reached approximately 1 ppm. At‘thai point gas was
reinjecféd to bring the concentration back to the original
level of about 10 ppm and the decgy was allowed to proceed
again. The method allowed the measurement of the air
exchanc rate on a continous basis which could then be used
along with local weather data to try to determine the
dependence of air infiltration on parame?ers such as

temperature difference across the envelope or wind speed.



4. General Analysis of Data

During the 1879-80 heating season the modules were
| monitored to deterpine the)energ; usage of each under a
measured set of ambient conditions. The information gathered
él]owed the establishment of a set of baseline consumption
figures against which each of the modules could be compared
to the standard module. Data taken during 1979-80 was also
used as a benchmark against which the éffeCtS*Of later
modifications to the modules could be evaluated.
o In the following section the observed module
bérformance is compared with predictions based on standard
ASHRAE calculation methods. The complete calculations are
included in Appendix A3. Table 8 is a summary of the
calculations and lists the expected contribution of each
building component to the totalAheatﬁng load. The data was
derived using the assumptioh of stéady state heat flow,
accepted thermal properties for standard buildihg materials
and excludes the éffect; of air infiltration aﬁd solar
gains. |

For comparison purpéses it is slightly more convenient
to compare overall transmission coefficents rather than
energy consumption figures. Table 9 gives the predicted
energy usage for each mddu]e expressed as a percentage of
the standard module. Thus -for any given set of ambient
conditions the method predicts that the Conservation module

would consume 41% of the energy used by the standard

1

31
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Table 9 - Calculated Transmission Coefficent
With One Half Air Change per Hour

Module “UA Infiltration Total

1 240.4 74.0 314.4 70%
(126.8) (39.0) (165.8)

p) 377.2 74.0 451.2 100%
(199.0) (39.0) (238.0)

'3 ' 102. 1 74.0 176, 1 41%

' (53.8) (39.0) (92.9)

4 168.4 74.0 242 .4 54%
(88.8) . (39.0) (127.8)

5 028.7 74.0 ' 302.7 67%
(120.6) (39.0) (159.6)

6 201.9 74.0 275.9 61%
(106.5) (39.0) (145.5)

Units - R - Btu/hour-deg.F
- (RSI) - (W/K)
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module, the Passive module 54% etc.. The measured values of
transmission coefficent were derived using two different
time intervals, hourly and cumu]ative.'The hour ly value; was
found by dividing the measuréd amount of energy used in ény
one hour by the average indoor - oufdoor temperature
difference for the same hour. As would be expected and as is
indicated in Table 10, the thermal time constant of the
structure makes it difficult if not, impossibie to conclqde
anything about the long ferm performance of the structure
from the hourly calculation. The cumulative method utilizes

a running sum of power cohnsumption divided by a running sum

-of indoor - outdoor femperature differences. The expected

result was that the cumulative nature of the calculation

wou 1d damp diurnal climactic variations and the results
would converge to é value unique for the module. As shown in
fﬁgures 7 through 12 the result was more or less as expected
for modu]es 2,5 and 6bbut the remaining modules show trends
that cannot be accounted for using steady state prediction
methods and the available data. The data was taken between
November 27,1979 and March 31,1980. Comparison of the local
meterological data with historical data (2) indicated a mild
heating season but since all of the modules werg sub jected
to the same conditions the results should bé valid for any
set of conditions. It should be noted that the weather daté
used for analysis during the 19738-80 heating season was

taken at the Edmonton:lnternational Airport (3) because the

“in-house data logging facilities were not. installed until
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Table 10 - Transmission Coefficentss- Hour ly Basis

Data - November 1, 1980, Module 1

Time Power Room Ambient ‘Transmission
Temperature Temperature . Coefficent

(W) (C) (C) (W/K)
1 3061 21.2 -1.2 136.7
2 3933 21.2 -2.4 166.7
3 3004 21.2 -1.6 131.8
4 2978 21.2 -1.7 130.1
5 4140 21.3 -2.0 177.7
6 3035 21.2 -2.3 129.2
7 2814 21.2 -2.7 122.4
8 4003 21.3 -2.1 171.1
9 3032 21.2 -0.2 141.7
10 2903 21.1 1.5 148 .1
11 2858 21.1 2.5 153.7
12 2624 21.1 4.5 158. 1
13 2492 20.1 6.3 168.4
14 1419 21.8 6.8 101.4
15 472 21.0 6.1 31.7
16 1406 21.0 4.9 - 87.3
17 1549 21.2 3.6 88.0
18 2286 21.2 1.2 114.3
19 2500 21.2: 0.8 122.6
20 2563 21.2 0.6 126.4
21 2617 21.1 1.2 131.5
22 2586 21.2 0.8 126.7
23 2646 21.2 0.0 124.8
24 - 2681 21.2 -0.8 121.9
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the following heating season. It should also be noted at
this time that the overall transmission coefficent was‘based
on a 21 degree Celsius room temeerature rather than the
usual 18 deg.C since the structures were void of occupants
and the room thermostats were set at 21 deg.C.
A comparison of the experimental results summarized in

Table 11, with predictions, Table 8, indicates that as a

‘rst approximation the ASHRAE methods work .ry well when
the structure has a relatively lo&lthermal enve lope
resistance and limited solar gains‘are present. One'mdst
realize that the calcu]ated loss coefficent used for the

comparison did not 1nclude air 1nf11trat1on effects or so]ar
gains. |

Two nethods of estimating the contnibution to the

'heat1ng load due to infiltration are given in the ASHRAE
fundamenta]s, the crack length method and the air change
method. The crack length method is difficult to use and
leads to errors for a ndmber of.reasons. Stnce the method is
based on the pressure difference acroés a building wall a
- primary concern is the determination of an average pressure
_ d1fference on a seasona1 basis. The parameter is difficult
to estimate unless the area has a very eenstant prevai]ing
wind and the structure is_ outside the zone of influence of
surrounding structures. A secondary problem is the
estimation of a flow exponent for each of the breaches in
the building envelope as the exponent ts dependent on the

size and shape of the breach which is in turn a function of -
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the care with which the structure was built. The
contr1but1on to the infiltration rate due to temperature
d1fferent1a] is also difficult to quantify as the neutral
pressure level is not easily est1mated and the method makes
‘no allowance for breaches in the walls and ce111ng of the
structure by electrical f1tt1ngs. flue pipes, or plumbing
stand'p1p¢s. Since one is faced with the est1mat1on of a
number ot’parameters it 1s‘better, perhaps, to‘s1mply
estimatetthe number of air changes the house will undergo
based on testing of similar structures under similar
conditions.

The authors of the ASHRAE fundamentals suggest that
depending on the number of breaches in thebexterior skin by
doors and windows, the number of air changes per hour should
be estimated at between 0.33 and 1.33 per hour under average
coﬁditions.vSeveral problems arise with this method apart
from thé fact that average ambient conditions are not the
same at various locations. Housing s ock in Canada because
of the northern climate has traditionally been built with
some -insulation in the walls and ceiling and some form of
_double glazing. Thus it would be expected that infiltration
rates would be somewhat lower than that predicted using
+ASHRAE methodé,.typica11y 0.25 to 0.75'a1r changes per. hour.

By using the ASH"AE air exchange method of estimating
inf*ltration rates one can derive a faétob’Functional]y |
equivalent toléomponent transmission coefficent which can be

.~ added directly to the calculated overall loss coefficent.

*
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The method assumes average properties for air and no mixing
of the enteriné and leaving air.mass.

Q(lqsﬁ)=mass flow rate x specific heat x temperature

differénce

where méss flbw'rgte=vo]ume flow rate x density.

The volume flow rate is expressed as house volumes per
hour and the specific heat and density are assumed to be
those of air at 20 deg.C. As can be seen thé product; mCp is
functionally equivalent to the transmission coefficent: -
area product used in the determination of steady state heat
loss. Tab]é Q shoWs estimated values of overall transmission
coefficent assuming an air exchange rate of one half house
vo lume pef hour. A comparison of calculated and measured
transmission coefficents, Tables 8, 9, and 11 shows that thé
arbifrary choice of an air change rate can lead to results
that are further in error than would have been obtained had
the cbntributidn‘due to infiltration not been includéd.zj

Limited testing at the facility dﬁring the 1980-81"
heating seasbn using SF6 tracer gas, Table 12, hés showﬁ
that infiltration rétes range between one tenth and thrée
quarters air changes per hour depending on the type of
cohstruction, the contihuity of the air-moisture barrier and
the severity of the ambientvcondiffons. In the Tight of the
results presented in Table 12 and thé obvious discrepency
with predicted'energy consumption, Tab1e'9, several points

should be noted;

-
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Table 11 - Measured Cumulative Transmission Coefficents

UA

Module

D O bW N

- Btu/hour-deg.Ff

- T (W/K)

UA (measured)
January 31,

295
(155
349

(184.
.2)

116
(61
190
(100
260

{137.

269
(141

6)

.2)
1)
.9)

1

UA(measured@
1980 March 3t,

280
(147.7)

Change
(neg. )

(0.5%)

(6.0%)
(9.0%)

(3.0%)
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Table 12 - Summary of Infiltration Measurements
‘January - February 1980

Air Change Rate in House Volumes per Hour

Module Runt Run2 Run3 Run4 Average
1 0.91 0.52 0.46 - 0.63
2 0.38 0.38 0.61 0.51 0.47
3 0.10 0.08 0.08 . - 0.09
4 0.36 0.53 0.29 0.34 0.38
5 0.35 0.35 0.36 0.42 0.37
6 0.41 0.40 0.42 0.47 0.43
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Five of the six modules have installed a six inch
(152mm) diameter class B t}pe chimney. The purpose of which
was to try to simulate as closely as possible the conditions
encountered in a residence equipped with a natural gas
fﬁe]ed furnace. Measurements of air infiltration taken with
the flue btoth open and closéd indicate that the passage was
a major contributor té\ajr exchange in the modules. THis
phenomenon, although quite pronounced in a strﬁcture the
size of the test modules would logically have a much reduced
effect on a residence of 1500 square fe<t floor area and
three times the internal volume.

The ambient conditions under which the measurements
were taken v.ere such that they could be considered to be
typical winter conditions in the Edmonton area. One must be
careful, however that it is not assumed that the measured -
air exchange rates are typical of the yearly average. That
figure would be somewhat lower because of less extréme
temperature conditions during the balance of the yea%.
| The location the modules occupy was chosen so tﬁ?t they
would recieve as small an influence from surrounding
structures as possible. In mést developed urban areas this
would not be the case but in fact the interaction bétween\\
buildings in close proximity to one another bresents an
extremely complicated problem. Intuition suggests that urban
residences, because of the surroundings, would never see.the
harsh conditions present at the facility. Therefore the

average infil ration rate should be correspondingly lower on
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a seasonal basis. ' s

| The modulies were unoécupied during the test per{od,
therefore the added heating load normally contributed to
movement intq and out of the structures is effectively
eliminated.

During the 1980-81 heating season fhe equipment to
monitor infiltration rates was modified, as described
prevfbusly so that testing could be controlled by the data
logger. One should note that the expanded testing only took
place in one module, unit 5, and was done to try to
establish an empirical relationship between infiltration
réte, ambient temperature, room femperature and wind speed.

The data'obtained was fittedvto a genéﬁal relationship
of the form (4);

Q=Cap" |
where the quantity ap is the pressure difference across the

-~

building envelope, C ig a constant dependent on flow

conditions and n is a flow exponent. The actual relationship

used to fit the data was functionally equivalent to Cap but
since pressure difference was a parameter not measured
during the testing tHe group (AAT+BV2) was substituted. In
the expression (AAJ+BV2), AAT represents the pressure due to
dené%ty differenceslinside'and outside the structure and BVZ
rephesents the pressure difference due to wind striking‘the
building. A and B are constants détermined empiricalt§\fﬁom

AN

available data.

Ry e .
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The methodology for the determination of the constants
A and B and the flow exponent n was as follows. The
availa 1e data was separated into groups ofllow wind speed
or low temperature difference. Figures 13 and 14 show the
dépendence ofbinfi]tration rate on temperature difference
and wind speed respectively. The constants A %nd B were
determined using a least squares fit on Figures 13 and 14.

The group, (AAT+BV2), was plotted against measured 4
infiltration rate and fitted to determine the flow exponent.
As can be seen in figure 15_the data shows a fair amount of
scatter but the curve fit is quite good. It is felt that the
scatter is partially due to the influence of wind direction
on the exchange rate but there was insufficent data to

establish a correlation.
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5. Measurement of Component Heat Transfer

The measurement of component heat fluxes and in turn
therma].properties was attempted to try to befter underst . A4
the areas in which the recommended ASHRAE methods may or mcy
- not be satisfactory for the prediction of energy
requirements for the test’modu]es. The primary/ﬁrob]em
encountered was that the tabulated properties of common
building mutc ‘als are derived under steady state conditions
conforhing te. rigid specifications. The same materials do
not appear to perform identically under in situ conditions
because of the transient nature of ambient conditions and
the resulting capacitive effects.

Tsonéas and Carr (5) reported significant variations in
the effective resistances measured using heat flux plates
due to the effects of incoming radiation during daylight
" hours. One should note, however, that as indicated in
figures A2.2 though A2.7, the majority of heat f]ux p]étes.
were placed on walls with northern exposures so as to
minimize the radiation effects.

A point to note with regard to the data obtaihed using
the heat flux plates is that while calibrations were déné in
the laboratory under steady state conditions no detailed
analysis of the transient rgsponse of the plates was
attempted.

Figures 16 through 20 are typical of the results.

obtained for most of the. heat flux transducers .installed
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during the test perio' Each data point represents a five
day average of the hourly data taken between 1800 and 600
hours. It weé decided to use only night time data as the
daily variafion ﬁn daytime ambient conditions required
extremely long averaging periods to achieve satisfactory
results. Even with the lengthy averaging period it is
evident that the czpacitive component makes the
- determination of the true thermal resistance difficult. The
problem is most pronounced in highly insulated etructures
uti1izind south facing glazing for passivebgain, such as. the
passively heated module. Because of the high insulation
levels the temperature difference across the heat flux -
,meters'is very small, approximately equal te:the temperature
difference across the wall divided’by the~fhermal resistance
Ofuthe wall essuming a resistance for the heat flux plate of
1 (hr.sq.ff.—deg.F)/Btu (RSI - 0.18 sq.m K/Watt). For the
passive module this trans]gtes to a temperature difference
of approximately one twentieth of the indoor - outdoor
temperathe difference. Given a typicel heating season M
temperature difference of about 40 degrees Celsius the
expected differential across the plate is approximately two
'degrees Celsius. The room temperature on the other hand may
¢ under the same conditions swihg in excess of three degrees.
Thus the steady state component of heat flux through the
‘buildjng thermal envelope,cen be effectively masked through

short term variations in the rroom temperature.

N ) " /,’

'éd
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The heat flux meters as installed measure the flow of
heat through a thermal resistance‘madglup of the building
component andbthe plate itself. One must be aware that the
additional Eesistance added by the plate can in theory lead
to substantié] errors if the p]ates‘are installed jn areas
of low therm31 reeistance. The pfobIemFierEFthgylafly
evident.in locations such as uninsulated concrete walls
above grade, where the readings given by the plate mey be {n
error in excess of 50%. To illustrate the possibility of |
encountering such an error consider an 8 inch thick above
grade concrete wall as wou]d be used in most basements in
the Edmonton area. One can assume according.-to ASHRAE,
interior and exterior Ffiggresistances of 0.68 |
(hr.-sq.ft.-deg.F)/Btu (0.12.sq.m.K/Watt) and 0.17
(hr.-sq.ft.-deg.F)/Btu (0.03 sq.m.K/Watt) respectively and a
therﬁa] conductivity for concrete of 12 : }
Btu.in./hour-sq.ft.-deg.F (1.73 Watt/m.deg.K). Steady state
one dimensional heat flow theory predicts that the wall |
section would have a thermal resistance of approximately 1.5
(hr.-sq.ft.-deg.F)/Btu (0.26 sq.m.K/Watt).’The addition of a
heat flux plate however would effectively increase the
.2sistance of the area covered Qy the plate to 2. 5
~.-sq.ft.-deg.F)/Btu (0 44 sQ‘ﬁ'K/Watt) with a
corresponding error in measuredﬁheat flux of 67%. The error
is evident in all measurements but becomes less significant
~as the thermal resistance of the measurediéghponent
>

‘increases. ] - TS u@ 2
PR

ﬁ}??
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Table 13 summarizes the results obtained with the heat
flux plates afr..eL to above grade walls. The tabulated
values have not becen corrected'to account for the thermal
resistance of the transducers. Results are in good agreement
with predicted values in all modules exéept the passive. It
is fe]t'fhat the 30% difference noted is priharily due to
the temperature swings within the module because of the
large south glazing area. -,

Table 14 is a comparison of Ca]cu]ated'and measured
_values of ceiling resistance. fhe‘meésured and palcu]ated
resistance values are again in good agreement withvthe
exception of the passive module which shows a deviation from
the calculated value of 53%.

The largest discrepencies occur in areas of high
thermal capacity such as below gfade basement walls and
floors. Deviations from predicted values in excess of 100%
are not uncommon as shown in Table 15.,Figﬁres 18 and 20
indicate that the behavior of the below grade portions of
the structure is affected very little by the recent ambient
temperature history'and for prediction-purposes it may be
more reasonable to assume a constant heat .loss over the
entire season. One must use caution when interpreting the
type of results depicted in Figures 19 and 20 as calculated
correlation coefficents«for the least squares fit of the
data: showed essentially no relationship bet&een measured
‘heat Tloss rates and ambient conditions. The correlation

coefficents calculated for Figures 19 and 20 were 0.5 énd
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Table 13 - Measured Thermal Resistance - Above Grade Walls

Units R - (hour-sq.ft.deg.F)/Btu
(RSI) - (sg.m.-K/W)

Module Calculated Measured
‘Resistance Resistance
' (two locations)

1 10.5 9.3,10.3
(1.85) (1.64,1.81)

2 9.0 11.9,8.6
(1.59) ~(2.10,1.51)

3 42.7 38.3,38.2
: (7.52) - (6.75,6.73)

4 21.3 15.5,16.5
(3.75) (2.73,2.91)

5 ~ 10.5  11.4,14.6
(1.85) . (2.01,2.57)

5 10.5 ~ 10.6,10.6

(1.85)" (1.87,1.87)

Note: Tabulated values include the resistance due to the
heat flux meter o
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Table 14 - Measured Thermal Resistance - Ceiling

Units R - (hour-sq.ft.-deg.F)/Btu

(RSI) - (sq.m.-K/W)
Module Calculated " Measured .
Resistance Resistance -
1 | 12.9 No Plate
(2.27)

2 _ 12.3 .12.5
' (2.17) (2.20)
3 -82.5 ' 84 .4
: (14.50) | (14.86)
4 - 42 .9 20.1
(7.56) (3.54)
5 T 2.9 C11.4
' (2.27) (2.01)
6 | 32.8 : 2.7

(5.78) (4.00)
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" Table 15 - ‘Measured Thermal Resistance - Basemént Walls

R - hour-sq.ft.deg.F/Btu

(RSI) - sq.m.-K/W

Module 2 - Uninsulated

Abqve Grade

Below Grade

0.8-1.8 feet -
. 2.5-3.5 feet
4.1-5.1 feet
Module 4 - Insulated
Above Grade

Below Grade

0.8-1.8 feet
2.5-3.5 feet

4.1-5.1 feet

Calculated

1.5
(0.26)

4.0
(0.70)

7.33
(1.29)

10.5
(1.85)

14.0
(2.47)

17.3
(3.05)
&

20.5
(3.61)

!

/

Measured

5.3
(0.93)

17.7
(3.12)

34.4
(6.06)

1 89.9

- {15.83)

(3.73)

21.2
(3.73)

55.5,57.0
(9.77,10.04)

109.5
(19.28)
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Table 16 - Measured Thermal Resistance - Basement Floors
Units - (hour-sq.ft.-deg.F)/BTU
- ((sq.m.-deg.K)/W)

Module 2
Calculated Measured
Location 1 57.8 61.1
(10.18) (10.76)
Location 2 36.2 84.9
(6.38) (14.95)

Note: Location 1 is approximately at the
center of the floor while Location 2
is half way between the center and the

basement wall

O



0.15 respectively where as coefficents for the majority of
the above grade fits were 0.9 or better.

Ground temperature measurements from sevefa] areas in
Canada (6) have shown that the seasonal variation in ground
temperature with increasing depth can be out of phase with,
seasonal ambient variatiohs by several months. This factor
coupled with changing soil properties makes the pfediqtion
of losses from beiow grade structures extreme1y difficult in
the short term. An attempt was made to corrélate seasonal
ground temperature variations at several depths with ambient
conditions. It was felt that if a corre]étion could be
" established the effeétive fherma] resistance of the soil
surrounding the basement éou]d be determined by compérison
- of heat flux wifp ambient temperafure some time in the past.
The particular time difference chosen wbu1d be that by which
fluctuations in ground temperature lagged behind ambient.
Figure 21 represents a forty eight hour average of ambient
air tempefature for the period September 1,1881 to March
30,1982, As can be seen, the data points are scattered eQen
with the lengthy averaging period. Figure 22 shows the”~
variation in soil temperature, épproximate}§$§ix feet north
of the standard module, for the same periodqéf.depths of 2
feet(0.61m) , 4 feet(1.22m), and 5.5 feet(1.68m). As can be
~seen, the minimum temperature point for the shallowest probe
occurred about mid January but that because of the
flattening of the curves with increasihg depth the time at

-which the other two minimums occurred is difficult to
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identify. Although it was hot'possib]e to accurately
determine the exact relationehip between ambient temperature
and temperatures at increasing depths, that some lag is
present is obvious. The use of the degree aay method to
predict seasonal energy requ1rements should therefore lead
to an overpned1ctlon. The lag of ground temperature beh1nd
ambient should haveAthe effect of reducing the energy
requirement for a structure because by the time the below

. grade‘losses peak the ambient conditiods Fave begun to

il

moderate.

A further attempt was made to determine the effective
resistance of soil heat flow paths. through cohparative
analysis of below grade heat flow data with that obtained

from the above grade portions of the structures. It was felt

'tﬁat the problem of ground temperature lagging ambient could -

be overlooked by using instead a summation of tﬁ? available
heat fiux data over an entire heating'season.'A]fhough.the
procedure does not directly lead to'e'resistance value for
the below grade heat flow paths it gives one a hethod of
cohparing predictive techniques with long term in situ
measufements Table 17 summarizes the average heat. flows as
measured using heat flux sensors over the heat1ng per1od
September 1,1981 to March 30,1982. As can be seen in the i
table, the below grade pOrfions of the structure lost heat
at ajrate inversley preportional to'depth'and fnsulation

level and that floor losses measured at two locations were

virtually identical. The most notable point is that while .-

[
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Table 17 - Measured Average Heat Losses for
Building Components Over the
1981-1982 Heat1ng Season

Above Grade Components

meinal Insulating Value ' Heat loss
' B ; (W/sq.m)
R-8 (RSI-1.41) 13.6
R-10 (RSI-1.76) | 13.3
R-20 (RSI-3.52) 6.5
R-40 (RSI-7.04) ~ B 2.8
| R-80 (RSI-14.09) | i85
Basement - UninSulated-f - : ' o
o : Above Grade | | ' '+ 28.5 ‘
40cm Be low Grade v 14.3
80cm Below Grade ‘ _ “ 8.9
140cm Below Grade 6.6
Basement Floor ' - 3.0

Basement - Insulated N
Above Grade (add1t1§331 RSI- 1 76)
40cm Below Gr@Qe

80cm Be]owﬁGnade

o w O o

i40cm Below Grade

W w E-] H (20

Basement Floor i -
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ASHRAE methods suggest that‘resistance values should vary in
the range R 2.44 hour-sqg. ft -deg.F/Btu (RSI 0.43) to R-14.5
(RSI-2.55)" for uninsulated basements (1) the measured values
Qere found to be somewhat higher, most’falting betWeen R-6

IO N
t)‘ » .
~ )

(RSI-1.06) and R-20 (RSI-B 52). For the same. range of depﬁhsf ;
S

ASHRAE suggests the values: to be used. for an 1nsu1ated fff

basement (2 inch th1cK K= 0. 24‘Btuh 1n/sq.ft deg F) to be

"in the range R:10.8 RS1—1 to R-22.7 (RSI-4.0) for depths "ot

below grade from O to 6 feet (O 1.5 m) Table 17 1ndtcates

that using the ava11ab1e data one woqu'p Ed1ct va]ues : ? _‘;

u-s) . -

o

aFor the same

v-_x s

MERERN \3,,
‘between R-20 (RSI-3.52] and R- 35 (RSIZ6.2:

~ie

A

-

o s&‘

ange of depths. _ ci z.; “,-'j.' “f'f ' Y

An 1nterest1ng pownt to note is that the measured heat‘$-~‘

.ftuxes through the basement. floor of both the lnsulated and

h" .

un1nsulated basements were w1th1n a few perQ@nt of one ;Egg;ggl‘r';-*

~

another over the heating season. One wou}d have supposed : %g¢ s
that the f]oor of the insutated basement would have lost .(ﬁgﬁ
'heat at a rate sl1ght1y 1ess than the floor of the o 1;5§§
un1nsu]ated basement because of- a room temperature 1ower by V

about three- degrees over the maJor1ty of the heating season

8.0,
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6. Conclusions and'Recommendat1ons

From the analysis pt data gathernd over the term of
this study several cd&%tUsions may be drawn.

1) As demonstrated the auxilliary energy requirements
.of a heated resﬁdentla] structure are not a 11near funct1on
of~ temperature d1fference alone. but are influenced by a
‘number of, ‘Kon- Tinear parameters such as_ a1r 1nf11trat1on
Because the influence of’ each parameter cont1nua11y changes
the USe of linear pred1ct1on methods a]one 1euds to -
Ftnaccurac1es - The magn1tude of:the dev1at)on between ;
pred1cted and actua] performance is dependent on'the methods
one employs ‘to account for these non-11near1t1es | _

2) Measurements oj~actua+/a:r 1nf11trat1on rate; us1ng
SF6 decay methods 1nd1cated eﬁchange rates that‘were

cons1stently lower than pred1cted us1ng the ASHRAE air’ @

.:‘r f“)

change method Measured rates were typ1ca11y O 3 &o 5 a1r{ﬁ;
T

changes per hour as opposed to predtcted rates of the order
\ofn1,0 air change per hour. : -;_,~,; _‘;@;* X
) .3t The devetopment-of empirical methodsifor the
fpred1ct1on of air Leakage can be accomp11shed by assum1ng A
that two' components, temperature d]fferenﬁﬁal and w1nd
'speed are the dr1v1ng forces. Thejmeasurements can be

~

“related to. a1r leakage ustng a genera] equat1on of the fﬂim

-

(A ‘T+BV ). The constahts A -and- B and the f]ow exponent n can

be. determ1ned emp1r1ca11y us1ng in- s1tu measurements

72
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" /4) The direct measurement of the in-situ therma!
/ .
conductivity of building components could only be done where

the‘eompOnents were therma]]y "light", such as above jrade

gframevwal]s. The average measured heat loss rates over ‘the

entire heating season for most structUre components were
withtn 20% of %he‘values that would. be predictedrusing
steady state methods. It was felt that capacitéhce effects,t
were‘the main reasen that no correlation could be obtained
be tween measured heat flux and temperature differentia] for
the belou graden theavy", pprt;ods_of the structure.

oD

5) The measurement of ayerage below'grade heat loss

' arates over the heating season indicates that 'the overall

resistance of the heat flux paths through the spiﬂ

is much higher than one would predict

surrounding a basement;
u§1ng ASHRAE methods d:.‘jd1screpency would 1og1ca11y be
sma]]er 1f the summation ‘was not term1nated at the end of
the heat1ng seas;n but was cont1nued ®ver a full calender
year. Ground temperature ]ags with respect to amb1ent

temperature and the below grade . losses do not fall off
e

:rapld]y at the end of the heat1ng season. Consequent]y the

res1stance of the soil surround1ng a basement would appear

\

1ower on a year}y bas1s o s

6) Based on the results of the study it has been ¥

pOStU]ated that the add1t1on of 1nsu1at1on to basement walls

. .

alters the'soit temperature profile and 1eads to a-
correspond1ng increase in 1osses from the basement f]oor

Albe1t, ne1ther the magn1tude of the 1ncrease,'nor the




5

was dueA1n part to the assumption that peak 1osses occurred~tv

-M}derateg to‘account for phase differences.
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-,

N |
losses themselves repreeent a large portion of the total
energy nequirehent of most existing structures. 4

As was stated in the introduction to the study, several
areas in need of furtheh”study have been identified.

1) Based‘on the measurements of air leakage rates
during the course of the study, the accepted methode for the
prediction of air exchange rates lead to over predictions.
The development of empiniea{ equations based on easily
measurable parameters such as tempefatnre differential and
wind speedﬁshould be attempted for common building snapes.

It is felt that a sufficently large data base would allow

the - effects of wing direction and sheltering to be

o } .

identified and'the empirical constants adjusted accordingly.

2) The use of the accepted methods for the cailculation

of'aesign loads have lead to, in a darge numbéﬁ'ef cases,

'heating systems which are-greatty.oversized ~ The oversizing

at the same time of year for all port1ons of the structure

This study has shown that the above - and be]ow grade 1osses

‘are out Of phase with one another Th1s phenomena should be .

<
Kur &

';pursued_to the end that heat1ng system caﬂcuTatjons cap be

: 4.: ' }
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Appendix A

Wt

The two schematics presented, figures A1.1 and A1t2,
although not necessary to the understanding. of the
information previously presented may bétof interest to one
attempting to duplicate the experiment. |

The power meter interface was de51gned and constructed
by technicians in the Mechanical Eng1neer1ng Department
specifically for use in the project. ‘

The operation of'the interface is relatively straight

. foreward and requires a minimum of components. A pulse

applied to the input of the monostable multivibrator

(74C221) causes the output. (pin 13) to go high for a per iod

determined by the R-C time constant of the network tied to
i

pins 14 and 15. The pulse causes the output of the binary

counter (14040) and the input of the digital to analog

' converter to be incremented by one. The outputrof the D/A is

'subsequently increased by a discrete amount the amount

controlled by the voltage applied to the reference pin (p]n

15).

,,a

The irrterface can be read remotely and has a capab1l1ty

of 1024 counts with a resolut1on of 10g$1ll1volfs The

1nterface is reset to zero w1th a h1gﬁ pulse appl1ed«to the

reset pin (pin 11) of the b1nary counter

ﬁf.’ @

t){_: N -

D -

<
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Appendix A2

‘The heat flux plates used during the course of tzsting
were designed at the university'by anvundergraduate student
group. The plates consist of a 6.35 mm (0.25 inch) layer of
cork sandwiched between two 4.8 hm (0.1875 inch) plexiglass
sheets.

As shown in figure A 2! 1 the overall dimensions of the
plates are"15.2 cm by 40.6 cm by 1.5 cm thick. The pveral}
dimensions were ehosen 50 that a typical wall section
(framed 16 inches on center) would be covered regardless of

“where the plate was 1ocated.

Each plate has 14'thermocoup1es imbedded in the
plexiglass on both sides of the cork insert, so that the
average temperature d1fference across the cork can be
‘effect1vely measured. As the temperature d1fferent1a] across
the cork insert is a measure of the rate of heat flux .
through the plate, a measure of the thermal coaductivity of
the component the p]ate is attached to cam be obta1ned using

the Fourier conduction equation. One need-only know the .

plate constant, the temperature difference acroSs the

‘component and the plate output. - f? - L
%yr1c heater = ==

Sy - 1LY

_ \GQThe p]ates were calibrated us1ng ares
(1nput power known) as well as a commer ga v

‘N'produced

‘gauge. The plate: constant was - found to be 14 6 )
Watt/sg.m-millivolt and allgéﬁates tested were w1th1n 5% of S

this value. ¢

’ .
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Appendix A3

The following séﬁtion illistrates the method proposed

" 88

by ASHRAE for the determination of-tHe component heat losses

as would be typical of residenta]‘buiiding stock in‘thé
Edmonton area. ' |
The method used is as follows;
1. determination of each_compdnent*area
2. determingtfon of the thermal.resjstance of each
component assuming one dimensional steady state
heat flow with N parallel heat flow paths

and no capacitance ertfects.

3. summation of all component transmission coefficents

to give an overall loss coefficent for each structure.

Following is a list of material properties as used in

the calculations and as can be found in the 1977 ASHRAE

Fundamentals handbookK.

INSULATIONS -
1. Glass fiber .
inch C=0.143 Btu/hr.sq.ft.F
5 inch C=0.091
o

.5 inch C=0.053

.5
-3.
.5
-7 inch C=0.045

a) 2
b) 3
c) 5.5-
d) 6
2. Expanded Polystyren: (smooth surface)
a) 1.0 inch K=0.20 Btu-in./hr.sqg.ft.F
LUMBER
1. Softwoods

0.5 inch C=1.06 Btu/hr.sq.ft.F
1.5.inch C=0.53



2.5 inch C=0.32
3.5 inch C=0.23

e

2. Plywoods (Douglas Fir)

0.25 inch €=3.20 Btu/hr.sq.ft.F
0.375 inch C=2.13

0.50 inch C=1.60

0.625 inch C=1.29

0.75 inch C=1.07 -

MISCLLANEGUS

1.) plaster board 0.5 inéh .
C=2.22 Btu/hr.sq.ft.F

2.) concrete (sand and gravel aggregate)
K=12.0 Btu-in/hr.sq.ft.F '

3.} solid wood door 1.5 inch
-~ U=0.49 Btu/hr.sqg.ft.F

4.) metal door with urethane core U=.19

5.) window
U=0.49

6.) window (horizontal sliding metal sash)

U=0.59

7.) window
U=0.47

(sealed unit 0.5 inch space)

(horijzontal sliding wood sash)

8.) air space (horizontal, 1.5 inch
mean temperature = 50 F '
Temperature difference=10F, E=.82)
C=1.12Btu/hr.sq.ft.F

9.) air space (vertical, 3.5 inch,
mean temperature:=z 50 F, '
Temperature difference=10F, E=.82)

- €=0.99

89
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Module 1 - Short;Term Unit

¥

-
Gross Floor Area = 528 square feet

Gross Wall Area = 736 square feet
Window Area = 63.3 square feet

Door Area = 20.0 square: feet

Net Wa11‘Area = 652.7 square feet
Stud spacing = 16 inces on center
Retative wood area (wall) = 13.6%
vRelative'insulatéd area (wall) = 86.4%

Roof Truss spacing = 24 inches on center

Relative wood area (ceiling) = 6.25Y%
" Realtive instvlated afea (ceiling) = 93.75%
T e

Al (eiling

—

Relative Wood Area = 0.0625 x 528 sqg.ft.

35 sq.ft.
Relative Insulated Area = 0.9375 x 528 sq.ft.
' : = = 485 sq.ft.

Pafh 1 (framing)

R1 = 1/hi + Ra + Rb + Rc + 1/ho
R1 = 0.68 + 0.45 + 0.47 + 4.35 + 0.25
R1 = 6.20 (hour-sq.ft.-deg.F)/BTU

\ Ut= t/R1 = 0.151

~

Path 2 (insulation)

R2 = 1/hi + Ra + Rb + Rc + 1/ho ~



R2 = 0.68
R2 =

Uit = 1/R1
~UA(total)

91

+ 0.45 + 0.47 + 12.0 + 0.25

13.85 (hour-sq.ft.-acg.F)/Btu

0.072

Ut x A1 + U2 x AZ

=0.161 x 33 + 0.072 x 495

.

21.62

&

B) Main Floor Walls
i

Relative w» area

41.0 Btu/(hour-deg.F)

W- “t/deg.K

0.136 x Netl wall Area

0.136 x 652.7 sq.ft.

88.8 sqg.ft.

Relat ve Ire .iated area = 0.864 x 652.7 sq.ft.

Path 1 (framing)
| 1/hi

R1, =
R1 = 0.68"
R1 = 6.12
T U1 = #/RT

Pat% 2~(insp1ation)

R2 = 1/hi.
R2, = -0.68
R2 = 11.77
C N - 1/R2

UA(total).
\

= 563.9 sq.ft.

+ F~ + Rb + Re + 1/ho

+ 0.47 + £ 35+ 0.45 + 0.17
(hour-sq.ft-deg.F)/Btu

0.163.

- S, ; A |
+ Ra + Rb + Re + 1/ho

+ 0.47 + 10.0 + 2.45 + 0.17
(hdur-sq.ft.-deg.F)/BTU
0.085

UAT + UA2
0.163 x 88.8 + 0.085 x 563.9
62.4 BTU/(hour-deg.F)
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= 32.91 Wat;/deg.K .

gigure A3. 1 represeﬁ%s the heat flux paths used in the
calculation of basement heat losses. The diagram is
representative of the construction methods employed in .
modules 1, 5, and 6
C) Above Grade Basemgnt Wa]]é

1

Path 1

R1 1/hi + Ra + Rb + Rc + 1/ho

0.68 + 1.89 + 10.0 + 0.63 + 0,17

= 13.37 Whour*sq.ft.Fdeg.F)/Btu"
Ut = 1/R1= 0.075 Btu/(hour-sq.ft.deg.F]

Path 2
R1 = 1/hi + Ra + Rbh; Rc + 1/ho
= 0.68 + 0.64 + 10.0 ~ 0.63 + 0.17
= 12.12(hour-sqg.ft.-deg.F)/Btu
U2 = 1/R2= 0.083 Btu/(hour-sq.ft.-deg.F)

House Perimeter = 2x22 +2x24 = 92 ft.
Area = house perimeter x section height

eg. for a 10 inch verﬁical section

Area 92 x 10/12

76.7 sqg.ft.

Thus for the above grade portions the

transmissicon coefficent is calculated



as follows: '
Ul x A1 + U2 x A2 = UA(total)
ua

0.076 x 76.7 + 0.084 x 107.3

UA = 14.7 Btu/deg.F-Hour

7.75 Watt/deg.K

D) Below Grade Portion of Basement

a) 0-1 foot R1

2.44°+ 10.0 + 0,63
Ut = 1/R1 = 0.077 Btu/(hour-sq.ft.deg.F)

~UA1 = 0.077 X 92 7.0 Btu/(hour-deg.F)

3.6% Watt/deg.K
.

b) 1-2 foot R2 = 10.0 + 0.63 + 4.51
U2 = 1/R2 = 0.066Btu/(hour-sq.ft.deg.F)
UA2 = 0.066 X 92 =

6.1 Btu/(hour-deg.F)

3.22 Watt/deg.K

c) 2-3 foot R3 = 6.45
U3 = 1/R3 = 0.155 Btu/(hour-sq.ft.deg.F)

UA3 = 0.155 X 92 14.3 Btu/(hour-deg.F)

7.54 Watt/deg.K

d) 3-4 foot R4 = 8.4
U4 = 1/R4 = 0.119Btu/ (hour-sq.ft.-deg.F)
11.0 Btu/(hour-deg.F)

UA4 = 0.118 x 92

5.80 Watt/deg.K

e) 4-5 foot. R5 = 10.42
Us = 1/R5 = 0.096 Btu/(hour-sq.ft.-deg.F)
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8.8 Btu/(hour-deg.F)

UA5 = 0.096 x 92

4.64 Watt/deg.K

12.66

f) 5-6 foot R6
Us = 1/R6 = 0.079 Btu/(lhour-sq.ft.-deg.F)

Uae = 0.079 x 76.7 7.3 Btu/(hour-deg.F)

'3.85 Watt/deg.K

g) 6-6/,10"  R7 = 14.5 o
U7 = 1/R7 = 0.069 Btu/(hour-sq.ft.-deg.F)
UA7 = 0.069 x 76.7 = 5.3 Btu/(hour-deg.F)
= 2.80 Waf%/deg.K \

E Basement Floor

The average loss coefficent for the bésemeht floor was
ca]éu]ated using the ASHRAE tables found in thew1977
fundamentals. Since the exact basemen& dimensionsAwere not
included in tﬁe tab]é§ a linear interpolation fér a baseménf
width of 22 feet and foundatjon depth of 6 foot 10 inches

was necessary

U = 0.0325 Btu per hour-sq.ft.-deg.F

Ar-a = 20.7 x 22.7 sq.ft. (interior dimensions)
= 469.9 sq.ft.
UA = 15.3 Btu/hour-ceg.F
=" % 8.07 Watt/deg.K

F).Windows (aluminum frame - horizontal slider)
U = 0.59 Btu/(hour-sqg.ft.-deg.F)
Area = 63.3 sq.ft.



A 4
c
>
1

37.4 Btu/(hour-deg.F)

19.7 Watt/deg.K

G) Door (solid core wood) .
U= 0.49 Qtu/(hour-sq.ft.-deg.F)
Area = 20)0 sq.ft
UA = 9.8 Btu/(hour-deg.F)

= 5.17 Watt/deg.K
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Poth 1 ~ Above Crodo'

Path 2

Grode Level

Path i -'3610' brodo
Path 2
roh 3
~ Path 4
Path @
Pogh 6
Figufe A3.1

Path 7 Heat Flow Paths-
Basement Module 1
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Summary of Calculated Transmission

Coefficents - Short Term Module

Ceilting 41.0
. ! (21.62)
Xbove Grade Walls 62.4
(32.91)
Above Grade Basement © 14,7
: (7.75)
Below Grade Basement Walls 59.8
' (31.54)
Basement Floor 15.3
(8.07)
Windows 37.4
(19.72)

Door 3.8
(5.17)
Total . 240.4
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Module 2 - Standard Unit

!

Gross Floor Arez = 528 square feet
- Gross Wall Area = 736 square Féet
Window Area = 63:3 square feet

Door Area = 20.0 square feet

‘Net Wall Area = 652.7 square feet

Stud Spacing = 16 inches on center
Relative Wood Area (wall) = 13.6%
Relative Insulated area (wall) = 86.4%
Roof Truss Spacing = 24 inches on center
Relative Wood Area (cei]ing) = 6.25%

Re]ative'lnsulation Area (céiling) = 93,75%

- A) Ceiling

Relative Wood Area 0.0625 x 528

- 33.0 sq.ft.
Relative Insulated Area = 0.9375 x 528
i
= 495 sq.ft.

Path 1 (framing)

R1 = 1/hi - Ra + Rb + 1/ho
] = 0.68 + 0.45 + 4.35 + 0.25
= 5.73 Ahour-sq.ft.-deg.F)/Btu
N/ ;
ut = 1/R1

0.175 Btu/(hour-sq.ft.deg.F)

Path 2(iﬁsu]ation)



R2

U2

n. i n

U x Area

93

t/hi + Ra + Rb + 1/ho

0.68 + 0.45 + 12.0 + 0 75

13.38 hour-sq.ft.-deQ.F/Btu

1/R2

Ut

0.075 Btu/(hour-sq.ft.-deg.F)

x Areal + U2 x Ahea2

0.175 x 33.0 + 0.075 x .495.0

42.9 Btu/(hour-deg.F)

. 22.63 Watt/deg.K

B) Main Floor Walls

Relative wood area

-13.6% x Net wall area

0.136 x 652.7

88.8 sqg.ft.

Relative Insulated Area = .864 x Net wall Area-

Path 1

Path 2

" R1

U1

RY

0.864 X 652.7¢

563.9 sq.ft.
)
1/hi + Ra + Rb +Rc + 1/ho
0.68 + 0.45 + 4.35 + 0.47 + 0.17
.12 (heur-sq.ft-deg.F)/Btu
1/R1
0.163 Btu/(hour-sq.ft.-deg.F)

1/hi + Ra + Rb + Rc + 1/ho
0..68 + 0.45 + 8.0 + 0.47 + 0.17
9.77 (hour-sq.ft.-deg.F)/Btu
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U2

UA(total)

100

1/R2 . |
0.102 Btu/(hour-sq.ft.-deg.F)

1]

= Ul x A1 =~ U2 x A2

'= 72.2 Btu/(deg.F-hour)
= 38.08 Watt/deg.K

C) Above Grade Basement Walls

The above grade basement portion of module two can be

subdivided i

nto three paralliel heat flow paths:

1) through the joist header
2) concrete wall with plywood covering
3) uninsulated concrete wall

However, since the area associated with the second path is

extermely smalil t(nat area is included in the area associated

with path three.

Path,1 R1 =
Ut =
Path 3 R2 =
y2 =

1/hi + Ra + Rb + 1/ho

0.68 + 1.89 + 0.63 + 0.17
3.36 (hour-sqg.ft.-deg.F!)/Btu
1/R1

.30 Btu/(hour-sq.ft.deg.F) \
1/hi + Ra + 1/ho
0.68 + 0.64 + 0.17

- 1.49 (hour-sq.ft.-deg.F)/Btu

1/R2 = 0.67 Btu/(hour-sq.ft.-deg.F)’

House Perimeter = 92 feet

Area 1
Area 3
AboveAGrade

UA

>

92 x 10/12 = 76.7 sq.ft.

82 x 14/12 = 107.3 sq.ft.
Basement Transmission Coefficent

(total) = U1 x A1 + U3 x A3



94.8 Btu/(hour-deg.F)

50.00 Watt/deg.K

D) Below Grade Basement Walls

’

a) 0-1 foot
R1 = 2.44 (hour-sq.ft.-deg.F)/Btu
ut = 1/R1 = 0.41
UxArea = 0.41 X 92
= 37.7 Btu/{hour-deg.F)
= 19.88 Watt/deg.K J
b} 1-2 foot .
R2 = 4.51 (hour-sq.ft.-deg.F)/Btu
Ut = 1/R1 = 0.222
UxArea = 0.22 x 92
= 20.4 B:u/(hour-deg.F)
= 10.76 Jati/deg.K
c) 2-3 foot N ,
R3 = 6.45 (hour-sq.ft.-deg.F)/Btu
U3 = 1/R3 = 0.155

UxArea = 0.155 x 92
14.3 Btu/(hour-deg.F)

7.54 Watt/deg.K

.d) 3-4 foot
"R4 = 8.4 (hour-sq.ft.deg.F)/Btu
U4 = 1/R4 = 0.119 ‘

0.30 x 76.7 + 0.67 x 107.3
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UxArea = 0.119 x 92 .
= 11.0 Btu/(hour-deg.F)
= 5.80 Watt/deg.K
e) 4-5 foot
' R5 =

10.4 (hour-sq.ft.-deg.F)/Btu
U5 = 1/R5 = 0.096 '

UxArea = 0.096 x 92

= 8.8 Btu/(hour-deg.F)
= 4.64 Watt/deg.K

Al

f) 5-6 foot )
R6 = 12.7 (hour-sq.ft.deg.F)/Btu '
Us = 1/R6 = 0.079
UxArea = 0.079 x 92
= 7.3 Btu/(hour-deg.F)
= 3.85 Watt/deg.K
g) 6-6'10"

R7 = 14.5 (hour-sq.ft.-deg.F)/Btu_
U7 = 1/R7 = 0.069 .
0.069 x 76.7

UxArea

5.3 Btu/(hour-deg.F)

2.80 Watt/deg.K:

The total loss coefficent for the below grade basement
walls is eqgfial to the sum of the individual ‘section

coefficents. Q

/ .
UA(below grade) = 37.Zf20.4+14.3+11;O+8.8+7.3+5.3
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104.8 Btu/ (hour-deg.F)

55.27 Watt/deg.K
E) Basement Floor
| As for the previous modulé the loss coefficent
associated with the basement floor is a linear jntérpolation
of the ASHRAE data. ‘
U = 0.0325 Btu/(hour-sq.ft.-deg.F)
Area = 469.9 sq.ft -

UA 15.3 Btu/(hour-deg.F)

8.07Watt/deg.K

F)‘Windows (a]umiﬁUm frame - horizontal slider)
U = 0.59 Btu/(hour-sq.ft.deg.F)
Area = 63.3 sqg.ft
UA

37.4 Btu/(hour-deg.F)

19.72 Watt/deg.K

G) Door (solid core - wood)
U = 0.49 Btu/(hour-5g.ft.-deg.F)
Area = 20.0 sqg.ft.
UA = 9.8 Btu/(hour-deg.F)
= 5.17.Watt/deg.K
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Summary of Calculated Transmission
Coefficents - Standard Modu]e

|
i

A

Ceiling - 42.9

(g2;63)
Above Grade Walls : V72.2
(38.08)
Above Grade Basement . 94.8.
(50.00)
Below Grade Basement Walls 104.8
' (55i27)
Basement Floor : . 15.3
(8.07)
Windows 37.4
. (19.72)
Door ‘ 9.8
(5.17)
Total - 377.2

Btu/ (deg.F-hour)
1{198.9 Watt/deg.K)
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Module 3 - Conser?gtion Unit

' Gross Floor Area = 528 sq. ft.
Gross Wall Aréa = 736 sq.ft.
-Winde Area:s= 70.8 sqg.ft. |
Door Area = 20.0 sq.ft.

Net Wall Area = 645.2 sq.ft.

Y

Stud Spacing = 16 inches on center

Roof Truss Spqging'= 24 inches on center

Figures A3.2 and A3.3 show the construction techniques

’

employed to achieve the thh insulation levels found in the

cbnservation'module.‘As-ééh be seen in theddiagramé; the

- composite structure requires that the thermal analysis be

done using severa]rbarallel heat flow paths. Although the

aﬁeasvassociated witH’éome.Of the paths are small relative

“to the others and have negligable~effect on the overall

thermal performance estimate they are included for

comhletenesé.
A) Ceiling
Path 1 . _
R1f=lj/hi + Ra + Rb + Rc + Rd + 1/ho
= 0.68 + 0:45 + 1.03 + 0.47 .+ 80.0 + 0.25
= 82.88~(hour-sq.ft.-deg;F)
Ut =

_ 1/R1 = 0.012 Btu/(hour-sqg.ft.-deg.F)
Path 2 4

S e R s B e
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R2 = 1/hi + Ra + Rb + Rc + Rd + 1/ho
= .68 + .45 + 1.89 + .47 + 80.0 + .25
= 83.74 (hour-sq.ft.-deg.F)/Btu
U2 = 1/R2 = 0.0119 Btd/(hour-sq.ft.rdeé.F)
Path 3 | . i
R3 = 1/hi + Ra + Rb + Rc + Rd + 1/ho
= .68 + .45 + 1,03 + .47 + 4.35 + 68.0 + .25
= 75.23 (hour-sq.ft.deg.F)/Btu
U3 = 1/R3 = 0.0133 Btu/(hour-sq.ft.-deg.F)
Path 4 -
R4 =“1/hi + Ra + Rb + Rc + Rd + 1/ho
= .68 + 45 + 1.89 + .47 + 4.35 + 68.0 + .25

= 76.1 (hour-sq.ft.-deg.F)/Btu

ua 1/R4 = 0.0131 Btu/t(hour-sq.ft.-deg.F)
The corresponding areas ¥or each path are as follows:
Path 1 - 445.1 square feet
Path 2 - 51.8 square feet
Path 3 - 29.7 sqguare feet
Path 4 - 3.5 square feet

As was done previously, the overall UA-factor is equal to
‘the sum of the_individua] UA products.

UA

Ut x A1 + U2 x A2 + U3 x A3 + U4 x A4

.012x443.1 + .0119x51.8 + .0133x28.7 + .0131x3.5

6.4 Btu/(hour-sq.ft.-deg.F)

| 3.38 Watt/deg.K

B) Main Floor Walls

‘Path 1



R1 =

Ut =
Path 2
R2

u2 =
Path 3
R3 =

U3 =
Path 4
R4 =

ua

. \
1/hi + Ra + Rb + Rc + Rd + Re + Rf + 1/ho

B8 +.45 +1.03 +.47 +20.0 +20.0 +.47 +.17
43.3 (hour-sq.ft.dedg.F)/Btu

1/R1 = 0.023 Btu/(hour-sq.ft.-deg.F)

1/hi + Ra +.Rb + Rc + Rd + Re + Rf + 1/ho

.68 +.45 +4.35 +.47 +20.0 +20.0 +.47 +.17
46 .6 (hour-§q.ft.-degﬂF)/Btu

1/R2 = 0.022 Btu/(hour-sq.ft.-deg.F)

1/hi + Ra + Rb + Rc + Rd + Re + Rf + 1/ho

.68 +.45 +1.03 +.47 +30.0 +1.89 +.47 +.17

35.2 (hour—sq.ft.-deg.F)/BtQ
1/R3

0.028 Btu/(hour-sq.ft.-deg.F)

1/hi + Ra + Rb + Rc + Rd + Re + Rf + 1/ho//

68 +.45 +4.35 +.47 +30.0 +1.89 +.47 +.17

38.5 (hour-sq.ft.-deg.F)/Btu
1/R4

0.026 Btu/(hour-sq.ft.-deg.F)
"’

Corresponding Areas:

UA(total)

Path 1 - 519.4 square feet
Path 2 - 55.5 square feet
Path 3 - 48.5 square feet
Path 4 - 21.8 square feet

+

UT x A1 + U2 x A2 + U3 x A3 + U4 x A4

= 15,

—

(Btu/hour-deg.F)

.023x519.2 + .022x55.4 + .028x48.5 + .026x21.9

107
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= 7.96 Watt/deg.K

C) Above Grade Basement Walls d

Figure A3.3 shows the construction detail and placement
of insulation on the basement of the conservartion module.
The most appropriate method of dividing the areas is at the
]ocat1on where the floor Jo1sts meet the concrete wa]] and
at six inches above the grade where the above grade wall
insulation ends. Division in this manner effectively creates

three parallel heat flow paths.

Path 1 _ A
R1 = 1/hi + R1 + R2 + R3 + R4 + RS + R6 ; 1/ho
= 0.68+1.89+20.0+0.63+7.5+10.0+0. 47+O 17
= 41.3 (hour- sq. ft.-deg. F)/Btu
ut = 1/R1 = 0.024 Btu/(hour-sq.ft.-deg.F)
Path 2 - '
R2 = 1/hi + R1 + R2 + R3 + R4 + R5 + R6 + 1/ho
= 0.68+0.64+20.0+0.63+7.5+10.0+0.47+0.17
= 40.1 (hcur*sc.ft.—deg.F)/Btun_
U2 £ 1/R2 = 0.025 Btu/(hour-sq.ft.-deg.F)
Path 3 | |
R3 = 1/hi + R1 + R2 + R3 + 1/ho . )
= 0.68 + 6}64 + 20#0 + 0.63 + 0.17
= 22.1 (hour-sq.ft.-deg.F)/Btu
U3 = 1/R3 = .045 Btu/(hour-sq.ft.-deg.F)

‘Corresponding Areas:

Path 1 - 76.6 square feet
Path 2 - 61.3 square feet
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Path 3 - 46.0 square feet
UT x AT + U2 x A2 + U3 x A3

UxArea(total)

.024 x 76.7 + .025 x 61.3
+ .045 x 22.0

4.4 Btu/(hour-deg.F)
2.32 Watt/deg.K

D) Below Grade Basement Walls //

As was done previously, the belga grade portion of the
basement was divided 5nto‘horizonta1/one fé&t'intéfvals SO
that the va]ués of heat flux per foot of perimeter
‘determined by ASHRAE could be directly applied. The only
variation was the addition of a factor to account for the
increased insulation level.

2.44 + 0.63 + 20.0
1/?1 = 1/23.1 = 0.043
4.0 Btu/(hr.-deg.F)

a) 0-1 foot RT
Ui
UA1= 0.043 x 92

"

2.11 Watt/deg.K
4.5+ 0.63 + 20.0

1/R1 = 1/25.13 = .040
3.7 Btu/(hr.-deg.F)

b) 1-2 foot R2
| Ut
UA2 = 0.040 x 92

1.95 Watt/deg.K

1]

6.45 + +20.0

1/R3 = 1/26.45 = .039

3.5 Btu/(hr.-deg.F)
= 1.85 Watt/deg.K

c) 2-3 foot R3
u3
UA3 = 0.039 x 92

8.4 + 20.0
1/R4 = 1/28.4

d) 3-4 foot R4
U4

0.035

ST




3.2 Btu/(hr.-deg.F)

11

UA4 = 0.035 x 92

11

1.69 Watt/deg.K

o

e) 4-5 foot RS

10.41 + 20.0
1/R5 = 1/30.41 = 0.033
3.0 Btu/(hr.-deg.F)

us
UAS = 0.033 x 92

= 1.58 Watt/deg.K

12.7 + 20.0
1/R6 .= 1/32.7

f) 5-6 foot R6

r

0.031 -

n

ue

UA6 = 0.031 x 92 = 2.8 Btu/(hr.-deg.F)
= 1.48 Watt/deg.K
g) 6-6 foot 10 inch . |
© R7 = 14.5 + 20.0 N
U7 = 1/R7 = 1/34.5

UA7 = 0.029 x 76.7

10.029
2.2 Btu/(hr.-deg.F)

1.16 Watt/deg.K

UA(totaj) U x A1 +ﬁU X A2 + .......

22.4 Btu/(hour-deg.F)

11.81 Watt/deg.K

E) Basement Floor
Average Loss Coefficent per square foot of fioor

U = 0.0325 Btu/(hour-sq.ft.-deg.F)

4

Area = 20.7 x 22.7 sq.ff. )
= 468.9 sq.ft. i
Pfoea = 15.3 Btu/(hour-deg.F)

8.07 Watt/deg.K

F) Windows (sealed units)



U = 0.49 Btu/(hour-sq.ft.deg.F)
Area =A7O.75 sq.ft.
34.7 Btu/(hour-deg.F)

UxAre5

18.30 Watt/deg.K

G) Door (Urethane foam core)
U = 0.19 Btu/(hour-sqg.ft.-deg.F)
Area = 20.0 sg.ft.

UxArea = 3.8 Btu/(hour-deg.F)

2.00 Watt/deg.K
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Insulation

.
\

S~

Path 2

Path 1

Figure A3.2 Heat Flow Paths - Ceiling Module' 3
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Gypaum Board
Air Space /{g ™
Path1 = Path?2
=

e

: S

\.\nh ‘
Path 4

Path 3

//

Plywood

\/_..-
L
LL“"—'-/\)\_ Rigid Ineulation—

N

Figure A3.3 Heat Flow Paths - Wall Module 3
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Path 1 - Above Grade

Path 2

Path 3 Grade Level

.~

Path 1 - Below Grade

Path 2

Path 3

Path 4
Path 5

Path 6

i Figure A3.4
Path 7 Helat Flow Paths-
Basement Module 3

O



Summary of Calculated Transmission
Coefficents - Conservation Module

Ceiling

Above Grade Walls

Above Grade Basement

Below Grade Basement Walls
éasement Floor

Windows

Door

Total

(53.85 Watt/deg.K)

6.4
(3.38)

15.1
(7.96)

4.4
(2.32)

22.4
(11.81)

15.3
(8.07)

- 34.7
(8.07)

3.8
(2.00)

102. 1
Btu/ (deg.F-hour)
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Modu]ql4 - Passive Solar Unit
_ The Passive solar module employs construction

techniques that were found in both passively heated houses

and commercially built energy efficent housing. The main

deviation frbm standard commercially built residences is the

use of rigid styrofoam on the exterior of the structure in

place of the normal sheathing. The method allows builders tom
§

acheive a thermal insulation value of roughly R-20 (RSI-3.5)

wifhout adding appreciably to the final cost of the home.

Gross floor Area = 528 square feet

Gross Wall Area = 736 square feet

Window area = 120.4 square feet

Net Wall Area.= 595l6 square feet

Stud Spacing = 16 inches on center
rRelative‘Wood’Area (wall) = 13.6%
Relétive Insulated Area (wall) = 86.4%
Roof Truss Spacing = 24 inches on‘center‘
Relative Wood Area (ceiling) = 6.25%

Relative Insulation. Area (ceiling) = 93.75%

A) Ceiling
Wood Area = 0.0625 x 528 = 33.0 square feet
Insulated Area = 0.9375 x 528 = 495.0 square feet

As shown in fig A3.5 the composite nature of the_ceiling'
necessitates the use of four parallel heat flow paths for

the aséesment of an overall loss coefficent.



Path 1
R1

Ui
Path 2
R2

u2
.Path 3
R3

us
Path 4
R4

ua

1/R3 = 0.028 Btu/(hour-sq.ft.-deg.F)

1/hi + Ra + Rb + Rc + Rd + Re + 1/ho
.68+ .45+ 1.03+ .47+ 12.0+ 28.0+ .25
42.88 (hour-sq.ft.deg.F)/Btu

1/RY = 0.023 :

1/hi + Ra + Rb + Rc + Rd + Re + 1/ho
.68+ .45+ 1,89+ .47+ 12,0+ 28.0+ .25

43.74 (hour-sq.ft.-deg.Fj/Btu

1/R2 = 0.023 |

1/hi + Ra + Rb + Rc + Rd + Re + 1/ho
.68+ .45+ 1,03+ .47+ 4,35+ 28.0+ .25
35.23 (hour-sq.ft.-deg.F)/Btu

1/hi + Ra + Rb + Rc + Rd + Re + 1/ho
.68+ .45+ 1.89+ .47+ 4.35+ 28.0+ .25
36.09(hour-sq:ft.-deg.F)/Btu

1/R4 = 0.028 Btu/(hour-sq.ft.-deg.F)

The,cdrresponding Areas:

Path 1 - 443.0 square feet

Path 2 - 51.8 square feet
Path 3 - 29.7 square feet
Path 4 - 3.5 square feet

The overall transmission coefficent the sum of

individual transmission - area products.

UxArea

Ul x A1 + U2 x A2 + ... ..

N

the
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0.023 x 433.0 + 0.023 x 51.8
+ 0.028 x 29.74 + 0.028 x 3.5

1]

-

12.3 Btu/(hour-deg.F)
6.49 Watt/deg.K ‘

B) Main Floor Walls
Relative Areas

0.1236 x Net Wall Area

Framing A1

0.136 x 595.6 sq.ft.
f81.0 sq. ft

Insulation A2 0.864 x Net Wall Area

0.864 x 595.6 sqg.ft.
= 514.6 sq.ft.

Path 1 (wood framing)

f/hi + Ra + Rb + Rc + Rd + Re + 1/ho

R1 =
= .68+ .45+ 4.35+ .47+ 10.0+ .47+ .17
= 16.59 (hour-sq.ft.-deg.F)/Btu

Ut = 1/R1 = 0.060 Btu/(hour-deg.F)

Path 2 (insulation) \

R2 = 1/hi + Ra + Rb + Rc + Rd + Re +*1/ho
= .68+ .45+ 10.0+ .47+ 10.0+ 47+ 17
= 22.4 (hour-sq.ft.-deg.F)/Btu

U2 = 1/R2 = 0.045 Btu/(hour-deg.F)

Ut x At + U2 x A2

UxArea (total) A
0.060 x 81.0 + 0.045 x 514.6

28.0 Btu/Hour-deg.F

14.77 Watt/deg.K

C) Above Grade Basement‘Walls
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Figure A3.7 shows a cross section of a basement wall in

the Passive Module. The above grade portion of the wall can

be broken into two distinct ares as depicted in the figure.

Path 1
R1 = 1/hi + Ra + Rb + Rc + 1/ho
= 0.68 + 1.89 + 10.0 + 0.63 + 0.17
= 13.37 (hour-sq.ft.-deg.F).Btu
Ut = 1/R1 = 0.075
Area 1 = 76.7 sqg.ft
ItxArea 1t = 0.075 x 76.7
= 5.7 btu/(hour—deg.F)
\ = 3.01 Watt/deg.K
Pativ 2
R2 = 1/hi + Ra + Rb + Ré + 1/ho
- 0.8 + 0.64 + 10.0 + 0.63 + 0.17
= 12.12 (hour-sq.ft.-deg.F)/Btu
U2 = 1/R2 = 0.084
Area 2 = 107.3 sq.ft.
U2xArea 2 = 0.083 x 107.3

Above Grade Total

D)

“a)

8.9 Btu/(hour-deg.F)

4.69 Watt/deg.K-

5.7 + 8.9 14.6 Btu/hour-deg.F

7.70 Watt/deg.K

Below Grade Basement Wall

0-1

foot

R1

D.44 + 10.0 + 0.63
13fb7”(hour-sq.ft;deg.F)/Btu

’

o



b)

g)

d)

e)

£)

1-2

2-3

3-4

4-5

5-6

~U1
UixArea
foot R2
Ui

U2xArea
foot R3
U3

U3xArea
foot R4
ua
‘UdxArea
foot R5
! us
USxArea
foot R6

1/R1 = 0.077
0.077 x 92.0 =
4.51 + 10.0 + 0.63

15.14 (hour-sq

1/R1 = 0.066
0.066 x 92.0 =
6.45 + 10.0

14.98 (hour-sq

{/R3 = 0.061
0.067 x 92.0 =
8.40 + 10.0

18.40 (hour-sq
1/R4 = 0.054

]
i

0.054 x 92

1]
[\

10.42 + 10.0
20.42 {hour-sq
1/R5 = 0.049
0.049 x 92

12.66 + 10.0

7.0 Btu/hour-deg.F
3.69 Watt/deg.K

.ft.-deg.F)/Btu

6.1 Btu/hour-deg.F
3.22 Watt/deg.K

™~
]

.ft.-deg.F)/Bfu

5.6 Btu/(houf—deg.F)
2.95 Watt/deg;K

N

.ft.-deg.F)/Btu

.0 Btu/(hour-deg.F)
.64 Watt/deg.K

.ft.-deg.F)/Btu

4.5 Btu/(hour-deg.F)

i —"

2.37 Watt/deg.K
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22.66 (hour-sq.ft.-deg.F)/Btu

U6 = 1/R6 = 0.044
UBxArea = 0.044 x 92 = 4.1 Btu/(hour-deg.F)
= 2.16 Watt/deg.K
g) 6-6' 10" R7 = 14.50 + 10.0
= 24,50 (hour-sq.ft.-deg.F)/Btu
U7 = 1/R7 = 0.041 |
U7xArea = 0.041 x 76.7 = 3.1 Btu/(hour-deg.F)

1.63 Watt/deg.K
1
The total below grade wall loss coefficent is‘equa] to

the sum of the individual UA produtts.
7.0 + 6.1 +5.6+ 5.0+ 4.5+ 4,1+ 3.1

UA(total)

35.4 Btu/(hour-deg.F)

18.67 Watt/deg.K
E) Basement Floor 4
U = 0.0325 Btu/(hour-sq.ft.-deg.F)

Area = 468.9 square feet

UxArea = 15.3 Btu/(hour-deg.F)

-8.07 Watt/deg.K

F) Windows (sealed unit - two lites)

-

U = 0.49 Btu/(hour-sq.ft.-deg.F)

Area = 120.4 square feet

UxArea = 59.0 Btu/(hour-deg.F)

31.12 Watt/deg.K

G) Door (urethane core) o »
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U= 0.19 Btu/(hour—sq.ft.—deg.F)
Area = 20.0 square feet
UxArea = 3.8 Btu/(hour-deg.F)

= 2.00 Watt/deg.K



Gypsun Board

' Path 1
Path 2 Path 3

! Path 4

i

Figure A3.5 Heat Flow Paths - Ceiling Module 4
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Insulation

Path 2

Path 1

Plywood

/)
N .
~\ — .’J : - .
' z Rigid Insulation
{ \’

o
P

Figure A3.6 Heat Flow Paths - Wall Module 4
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! . _ Path 1 = Above Grode Boosment

Path 2
Grode Level
Path 1 =~ Below Grade Basement
Path 2 -
L/'\.
hvS
Path 3
X _
Path 4
Path 5
Path &
Figure A3.7
Path 7 Heat Flow Paths-
Basement Module 4

»



Summary of Calculated Transmission

Coefficents - Passive Module

Ceiling

Above Grade Walls

Above Grade Basement Wa]is
Be low Gf?de Basement Walls
Basement F]gor

Windows |

Doér

Total

12.3
{6.49)

28.0
(14.77)

14.6
(7.70)

'35.4
(18.67)

15.3
(8.07)

59.0
(31.12)

A 3.8
(3.00)

168.4
Btu/ (hour-deg.F)
(88.8 Watt/deg.K)
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Module 5 Active Liquid Module

The Active Liquid Module is identical to the Shortherm
Module with a few minor exceptions, thus only the
differences are.dealt with here. )

F) Windows ({(Horizontal Vinyl Sliding)

U = 0.47 Btu/(hour-sq.ft.-deg.F)

Area = 63.3 square feet

UxArea = 0.047 x 63.3 = 29.8 Btu/(hour-deg.F)

15.72 Watt/deg.K

L]

G) Door (urethane foam core)
U= 0.19 Btu/(hour-sq.ft.-deg.F)

Area = 20.0 square feet

UxArea = 0.19 x 20.0 = 3.8 Btu/(hour-deg.F)

2.00 Watt/deg.K

Ie'3
¢
LYY



Summary of Calculated Transmission

- Coefficents - ' tive Liquid Module

Ceiling . 41.0
(21.62)

Above Grade Walls ' 62.4
(32.91)

Above Grade Basement Walls 14,7
c (7.75)

Below Grade Basement Walls 59.8
(31.54)

Basement Floor 15.3
' (8.07)

Windows 29.8
(15.72)

"Door . 3.8
(2.00)
Total 226.8

Btu/ (hour-deg.F)
(119.61 Watt’'deg.K)

128



129

Module 6 - Active Air Module

The Active Air ﬁoddle.is identical to the Active Liquid
Module with the exception of c=1.ing insulation. Additional
insulation was added in February 13979 to evaluate the
effects of retrofftting a ceiling from R-12 (RSI- 2.11) to
R-32 (RSI-6.63). | |

' Ceiling Area = 528 square feet

Truss Spacing = 24 inches on center

Relative Wood Area = 6.25%

Relative Insulation Area = 83.75%

Wood Path Area = 0.0625 x 528 = 33.0 sq.ft.

Insulation Path Area = 0.8375 x 528 = 495.0 sq.ft.

A) Ceiling
a) Path 1t (framing)

Ri = 1/hi + Ra + Rb + Rc + 1/ho -
= 0.68 + 0.45 + 4.35 + 20.0 + 0.25
= 25.73 (hour4$q.ft.-deg.F)/Btu

Ut = 1/R1 =

0.039 Btu/(hour-sq.ft.-deg.F)

b) Path 2 (insulation)

R2 = 1/hi *+'Ra + Rb + Rc + 1/ho
= 0.68 + 0.45 + 12.0 + 20.0 + 0.25
= 33.38 (hour-sq.ft.-deg.F)/Btu
U2 = 1/R2 = 0.030 Btu/(hour-sq.fth-deg.F)

Overall Ceiling Transmission Coefficent
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Ul x Areal + U2 x Area?

UxArea

0.039 x 33.0 + 0.030 x 495.0

16.1 Btu/(hour-deg.F)

8.49Watt/deg.K



Summary of Calculated Transmission
Coefficents - Active Air Module

Ceiling

Main Floor Walls

Above Grade Basement Walls

Be]ow Grade Basement Walls .

Basement Floor
Windows
Door

Total

~16. 1
(8.49Y

62.4
(32.91)

14.7
(7.75)

59.8
(31.54)

15.3
(8.07)

29.8
(15.72)

3.8
(2.00)

2019
Btu/ (deg.F-hour)
(106.5 Watt/deg.K)
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Appendix A4

fhe calculation of heat loss from below grade
-structures as presented by Boi]éau and Latta’(7) and
included in the ASHRAE 1977 Fundémentals HandbobKAis based
on the following assumptions.

1) 10 inch thick concrete walls

2) Soil conductivitwas = 9.6
(Btu-in.)/(hr.-sq.ft.-deg.F)

3) Conductivity of concrete Kc =
12(Btu-in)/(hr.-sq.ff.-deg.F)
1.5 Btu/(hr.-sq.ft.-deg.F)

4) Internal air film Ci

5) External air film Ce ~6.0 Btu/(hr.-sq.ft.-deg.F)

6) Radial isotherms

Thus for the modules tested it was necessary to
calculate heat losses using the actual parameters of wall
thickness and depth below grade so thaf a proper comparison
of calculated vs measUredfheat fluxes could be carried out.

The first step is the calculation of equivalent “soil
path lengths for the air films, the wall, and any insulation
which is placed on the wall. .

Thus for the inner air film:

Li = Ks/Ci = 9.6/1.5 = 6.4 inches

Similarily for the outer film:

Lo = Ks/Co = 9.6/6.0 = 1.6 inches

For the concrete wall:
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Lc = (Kc/Ks)x8 in = (9.6/12.0)x8in = 6.4 inches

Therefore the total path length is equal to the sum of
the soil equivalents and the actual soil path length. As
shown in figure A4.1 the heat loss area A is given by drx 1
foot and the soil path length is found by integrating the
duarter arc length from h1 to hZ2.

Thus: | " |

Q = KsAtSAreé/(Wr/2 + Li + Lc + Lo)

To 11{is{pate the method consider the heat flow as
would be seen by a heat flux meter placed in the dninsu]ated
basement of the standard module at 1 location three feet
below the exterior ground surface. TheAheat loss per foot of

width was ca]culétéd'as fo]Tows. ha

Q(per foot of width) = stATSdr/(Wr/2+Li+1c+1o)
) h. .
- 2KsArAJFn( 3.50/2)+1.19 - Inl 2.50/2)+1.19ﬂ |

=0. 17KsAT ;
If a value of 0.8 is used for soil conductivity,
Q = 0.§4AT Btu/(hr.-sq.ft.-deg.F)
A éimiiar calculation for the depth corresponding.to
each below.grade heat flux plate was done as follows to.

determine whether or not thé methods outlined by Boileau and

Latta (7) showed the same deviation from measured results at

N

all depths.

The plates were located at three depths below grade so
the calculations were done over a one foot depth centered on

the platé location.

1) for the uninsulated basement
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q=2kaT |1n (mh2/2+1)]"
gt [in (xiaee))

where 1=Ti+lc+lo
2) for the insulated basement

q=2kal |1n (ath2 2+11>
0 [ (’w'm §2‘ X171

£ where T1=1li+lc+lins+lo

The following table summarizes the result of the

calculations for the depths listed.

Depth Uninsulated Insulated
- — . (feet) R "(RSI) R (RSI)

0.8-1.8 4.0(0.70) : 14.0(2.47)

2.5-3.5 7.3(1.29) 17.3(3.05)

4.1-5.1 10.5(1.85) 20.5(3.61)

An-appnoximafionﬁsuggested by Bolieu'and_Latta_(7) for
the calculation of avgrage lossed from a basement floor
assumes an average path lengfh calculated using R2 in Fig.
A4.2 as W/4 or one quarter'of the smaller basement
dimension. (for rectangular basement shapes).

For the Test Modules a value of 6.83 feet was used for

dl and the basement floor thicknmess used was 4 inches.

L= Xr1 +Wr2
) 2



But r1= di + r2

Therefore L= T(di+2r2)

.2
r2 = 5.5 feet
dl = 6.83 feet

The average ﬁath length:

—
1

M (di+2r2) + O,QF feet
2

¥(6.83 +11.0) + 0.93
2 R

28.9 feet
-The average heat loss is given by:

q = KaT
L

= 0.03AT7T Btu/hr.sqg.ft

The path thermal resistance:

=1/ 0.03 = 36.2 hr.sq.ft.F/Btu

12
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- Figure A4.1 Calculation of Aver‘age Soil Path Length
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2

Figure A4.2 Heat Flow Paths for a Typic‘al Basement Floor

o



