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ABSTRACT

The development of low energy homes has made computer analysis of home heating
requirement an important field of study. As low energy homes become more efficient,
the basement heat loss becomes a larger percentage of the total heating requirement. This
results in the need for an accurate method of predicting basement heat loss so that home
designers may optimize basement insulation placement. Finite element analysis have been
used in the determination of the below grade basement heat loss, and compared to two
years of experimental ground temperature data. However, this thesis emphasizes the
application of the ANSYS computer program to determine basement heat losses.

This study is based on a passive solar energy efficient home with 45% of the
south wall comprised of triple pane low emissivity glass. Several sky models are
compared in order to establish their effect on solar gains. The performance of a heat
recovery ventilator under in situ conditions is also experimentally verified. An energy
audit is performed to consolidate the use of the HOT-2000 program, which is an energy

analysis program for the design of residences.
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NOMENCLATURE

4, the number of segments of the interior surface area

area of segment n

average heat flux through the segment area, A,, at time t.
annual mean value of q,(t),

amplitude of the first harmonic of the heat flux variation,
angular velocity of the first harmonic,

time.

the shape factor for the steady state heat loss component,
basement air temperature,

ground surface temperature averaged over both time and area
shape factor for periodic heat loss,

amplitude attenuation factor,

amplitude of the first harmonic of ground surface temperature,
time lag of the heat flux harmonic relative to the surface variation.

S.(R), V,(R) = steady state and periodic shape factors for insulation with thermal

a,, b, c,

(K]

[d]
[A]
(K]
[T]
[Q]
[C]
(1]

I

Il

I

il

Il

resistance, R.

d, = constants of a specific basement and insulation placement.

matrix relating [d] to [A] often called the stiffness matrix or coefficient
matrix;

degree of freedom vector;

action vector.

thermal conductivity matrix;

temperature Vector;

heat flow rate vector.

specific heat matrix;

time-derivative of [T];

hourly global radiation on a horizontal surface (RF1),

hourly diffuse radiation on a horizontal surface (RF2),

hourly beam radiation on a horizontal surface,

hourly extraterrestrial radiation on a horizontal surface,

total radiation on a tilted (slope) surface.

monthly average daily radiation on a horizontal surface,

monthly average daily extraterrestrial radiation on a horizontal surface,
depth of the atmosphere with respect to the vertical path at the equator (ie.
m=1 at the equator).

Beam radiation on tilted surface/ beam radiation on horiz surface,
cosB/cos0,;

cos(L-B) cosd cosw + sin(L-B) sin &;

cosL cosd cosw + sin(L-B) sin J;

diffuse radiation on tilted surface/ diffuse on a horiz surface;
(1+cosP)/2;



R, = p(l-cos(B)2;

0 = angle of incidence of beam radiation, measured between the beam and
normal for the surface;

6, =  zenith angle, the angle between the beam and the vertical to the earth’s
surface;

L = latitude angle;

B = angle between the plane surface and the horizontal, tilt or slope of the
surface;

b angle of declination;

p = reflectance;

p = monthly average ground reflectance;

Pa = the cloudless sky reflectance- 0.25;

Pe = the cloud reflectance- 0.6;

n = number of hours of bright sunshine;

N = theoretical day length.

m = mass flow rate;

Cp = specific heat capacity;

AT,, = maximum temperature difference between hot and cold fluid.

H = Total space heating required (w);

L, =  Total heat losses above grade by transmission through exterior walls,
ceilings, windows, doors (w);

L, - Total heat losses due to indoor-outdoor air exchange (natural
infiltration+mechanical);

L, —  Total Basement Heat Losses by Transmission below-grade;

n; —  Utilization factor for the internal gains from appliances and lighting, hot
water heater and from occupants (%);

G, = Total heat gain from internal sources (W);

. = Utilization factor for solar gains through glazing (%);

G, = Total solar heat gains through glazing (w).

too = Ambient temperature;

tecom = Ambient mean temperature;

o = 2xuf, where f is the frequency;

k = constant, thermal conductivity of ground;

X = depth;

h = constant, convection coefficient;

T = time lag = x/(V(2aw));

A = VeRo);

o = thermal diffusivity.

%moist = % moisture content in soil;

p = density of soil.

X1



1. INTRODUCTION
1.1 Background

The emphasis of the analysis is placed on the experimental evaluation of basement
heat losses for an energy efficient residence, meticulously designed and now occupied by
Prof. John Welch, Faculty of Architecture, University of Manitoba. The residence is
located at 1 Stormont Drive (south of the perimeter highway) Winnipeg, Manitoba.
Approximately 65 thermocouples were selectively located adjacent to the residence as
shown in Fig.1 at various depths (Fig.2-Fig.3) to provide experimental data to verify the
finite difference computer model that was developed at the University of Manitoba and
to evaluate the basement heat losses predicted by the HOT-2000 computer program. This
program was developed by the National Research Council and used by Energy, Mines &
Resources to evaluate the energy consumption of the houses built under the R-2000
Program. Many published reports claim that existing computer models have been verified
by field experimentation, but the predicted annual energy losses for basements vary by
a factor of two [1]. Thus there is a need for additional experimental work on basement
heat losses.

The project started as an experimental basement heat loss analysis in an attempt
to reduce some of the uncertainties that lead to the discrepancy in losses predicted by
some existing computer programs. However to verify the results it was necessary to
perform an energy audit on the residence. It is a passive solar house (45% of the south
wall is tripled glazed) equipped with several energy conserving features such as a heat

recovery ventilator (HRV). Thus the project became a house energy analysis.
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Continuous record of the ground temperatures and utilities were kept from
September 1988 until August 1990, on a weekly basis. Hourly solar insolation data on
a south facing vertical surface were maintained for the 1989/90 heating season to evaluate
acceptable sky models. Monitoring of the HRV was also performed for the month of
February 1990 and from mid-January to March 31/91 at two hour intervals in order to
obtain the seasonal performance. Hourly internal and external environment conditions and
weekly snow depth for the 1989/1990 heating season were also recorded. A blower door
infiltration test was also performed by UNIES LTD, to determine the air tightness of the

building envelope which is a pertinent factor in an overall energy balance of a residence.

1.2 Review of Previous Related Research Work on Basement Heat Losses

The HOTCAN computer model was developed by the Prairie Regional Office of
Division of Building Research, National Research Council and was tested on unoccupied
huts at the Alberta Home Heating Research Facility [2,3]. There is some evidence at that
the computer program does not accurately predict losses from uninsulated basement walls.
There was also other evidence that the Mitalas’s heat loss method yields conservative
results [1] and leads to high losses at depths of two metres or greater.

The University of Manitoba undertook a computer study related to basement heat
losses during the summer of 1985 using a finite difference method; this was reported
upon in 1986 [4]. The study identified a phenomenon that was not previously observed;
namely that, the placement of horizontal insulation immediately above the weeping tile,

which is intended to protect the tile from freezing, actually increased the heat losses from



3

the basement by 3 to 6% depending on its projection and the R value of the insulation.
Another study of basement heat losses performed at the University of Saskatchewan
indicated that radiation played a significant role in the calculations [5]. There is a lack
of experimental data for the determination of basement heat losses and these were the
reasons for initiating the present experimental studies in the summer of 1987. The two-
dimensional finite difference calculations performed at the University of Manitoba were
used as a guide in positioning the thermocouples at appropriate depths around the test
house and thus establish the actual temperature contours. Previous authors have reported
that computer models have been verified by field instrumentation but predicted annual
energy losses vary by a factor of two [1].

Thermal contours based on the experimental data were compared to the University .
of Manitoba finite difference program which was developed by Timothy Kostyniuk. The
results show that the actual measured frost line is above that predicted by the computer
program; the computer model of the basement is extremely sensitive to SnOw COVer. A
more recent development, the ANSYS finite element computer program which would
allow a theoretical two-dimensional transient analysis to be performed was considered

adaptable to the basement heat losses and thus was included in the study.

1.3 Review of Solar Heat Gain
There is some indication that the direct fraction of monthly average total radiation
used in the HOT-2000 program overestimated the solar heat gains, since most models of

the sky radiation are empirical and inappropriate models may have been used. The over
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estimation of the mean monthly solar fraction was as much as 40%. The total solar heat
gain, estimated by the HOT-2000 program to be 36% of the annual space gain, is the
most significant source of heat next to the furnace. Therefore this study includes the
validity of the solar model used in the HOT-2000 program.
1.4 Necessity for an Energy Balance

The ability to determine the heat loss from residential buildings became an
important topic in Canada with the advent of energy efficient homes brought about by
rising energy costs. The increased interest in low energy homes such as the R-2000 has
created a new field of research in heat loss prediction and analysis. Features such as
leak-proof vapour barriers, double-wall construction, and air-to-air heat exchangers in new
homes necessitated new methods of analysis. This home has the added passive solar
feature. However to add credibility to this study it was necessary to perform a complete
energy balance.

One of the major areas of research when analyzing the heat loss of a building is
the losses throughout the basement walls and floor which are responsible for up to 25%
of the total heat loss from a house [6]. Since the basement heat loss is a major
component of the total house heating requirement, there is a need for an accurate method
to predict basement heat loss [7]. An accurate means of predicting the basement heating
load would allow home designers to select, through simulation checks, particular
basement designs and to study the impact of the insulation placement on the heating

requirements.



2. BACKGROUND AND THEORY

The basis for basement heat loss calculations is an application of the basic heat
transfer equations.  Its use have become extremely advanced using finite element
modelling. The primary mode of heat transfer from basement walls and floor is
conduction, which is the diffusion of heat from a higher to a lower temperature region
due to the direct contact between molecules of the medium [8]. To establish the
conduction through the walls and floor of the basement, the temperature field in the
medium (i.e., the soil) is required. Most of the current research trends incorporate some
form of finite element modelling to determine the temperature regime. The exception to
this is the work completed by G.P. Mitalas of the National Research Council [7]. His
method of calculation utilizes analytical and experimental data to develop a set of factors
which are then used in the calculation of the basement heat loss [7]. It is this method of

calculation which is used in the energy analysis software HOTCAN 3.0
The previous research [9] performed at the University of Manitoba was to compare
computer simulated basement heat loss, developed by Tim Kostyniuk as an undergraduate
thesis, with actual measured data. A finite difference computer program was used to
determine the thermal regime at the centre line of the basement wall and the effects of
insulation placement on basement heat loss. It is from the predicted thermal regimes that
the basement heat loss is then calculated. This program is a modification of the program
written by D. Whitmore and M. Zahn to predict the thermal regimes beneath roads and

buildings where permafrost degradation is a problem [10].



2.1 Mitalas Basement Heat Loss Calculations in HOTCAN 3.0

As indicated previously, the research by G.P. Mitalas of the National Research
Council (NRC) is the basis of heat loss calculation used in the HOTCAN 3.0 home
energy analysis program. This computer program has been updated to version 5.06 and
now is known as the HOT-2000 program since it was initially used for the analysis of R-
2000 homes. Although there have been many improvements in the later versions of this
program, there have been no changes made in the basement calculations. The program
continues to use the Mitalas formulation. The main changes include the window solar
heat gain and infiltration calculations.

2.1.1 Mitalas Description of the Basement Model
The Mitalas basement model takes into account five elements;

(a) the basement wall above grade;

(b) the basement wall and floor below grade;

(©) the ground surface adjacent to the basement;

(d) a lower thermal boundary at a constant temperature equal to the
mean ground temperature;

(e) the conducting mass between the basement, the ground surface and
the lower thermal boundary.

The model assumes that sufficient ground water flow occurs to maintain a constant
temperature at some depth below the basement floor [7]. The cross section and plan view
of the Mitalas basement model are shown in Fig. 4 and Fig. 5 respectively.

2.1.2 The Heat Loss Theory and Formulation
The above grade portion of the basement heat loss is treated similar to the walls

in the remainder of the home (Fig. 4, A,) and for this reason it is not relevant to this

topic. The below grade instantaneous heat loss is calculated by:



N
() =) A,.q,(t), (1)
2

where: N = 4, the number of segments of the interior surface area,
A, = area of segment n,
q,(t) = average heat flux through the segment area, A,, at time t.

The heat flux at time, t, is given by

T, (£) =@y p*qy, ,8in(@E), (2)
where: q,, = annual mean value of q,(t),
q,, = amplitude of the first harmonic of the heat flux variation,
o = angular velocity of the first harmonic,
t = time.

The amplitude values of the first and second harmonics of the ground surface temperature
for several locations in Canada are listed in Table I [7]. The first harmonic is used as the
approximation of the annual ground surface temperature because the second and higher
harmonics are attenuated considerably and they are relatively small. The soil surface
temperature follows a sinusoidal curve as a function of soil composition, depth, air
temperature, conductivity and time of year. The two components of the average heat flux

throughout the area segment in equation (2) are given by,

qa,n=Sn (eB—eG) ’ (3)
where: S, = the shape factor for the steady state heat loss component,
®; = basement air temperature,
®; = ground surface temperature averaged over both time and area



q, ,(t)=V,0,08 sinw (t+At)), (4)
where: V. = shape factor for periodic heat loss,
o, = amplitude attenuation factor,
®, = amplitude of the first harmonic of ground surface temperature,
At, = time lag of the heat flux harmonic relative to the surface

variation.
The shape factor for the steady state heat loss component, S, given in equation (3) is the
overall conductance between the basement interior surface and the two boundaries, that
is the ground surface adjacent to the basement and the lower boundary at the mean
ground temperature, as illustrated in Fig 4. This shape factor also takes into account the
surface heat transfer coefficient of the basement interior wall.

The shape factor, V,, in equation (4) represents the total conductance between the
wall segment and the ground surface. This means that the steady state heat loss has two
components while the periodic heat loss has only one component [7].

2.1.3 Determining the Mitalas Basement Heat Loss Factors

All of the factors employed in the Mitalas basement heat loss calculations, and
given by equations (1) to (4), were determined by using the cross-sectional model shown
in Fig.4. The model employs two-dimensional heat conduction along the basement walls
and three dimensional heat conduction at the comers of the basement. This modelling
neglects the following:

(D time variations of ground water level and temperature,

2) the flow of melt water and rain around the basement,

3) the change in thermal properties of the soil due to backfilling and the
effect of the freezing plane,
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4) ground temperature variation due to solar effects, adjacent buildings, and
SNOW COVer.
The thermal conductivity of the soil can be divided into two separate values, above and
below the basement floor respectively. However, soil conductivities greater than 1.5 W/m
K are beyond the scope of this method.

The shape factors, S, and V,, for any basement insulation arrangement are
calculated using a temperature for each adjacent ground and basement temperature. From
this the heat flux was determined through each area segment of the basement. The heat
flux through the interior surface of the basement was determined by using the
commercially known finite element package ANSYS for steady state computations and
was compared to the periodic calculations using TWO-DEPEP. The two-dimensional
finite element model used approximately 500 elements and the three dimensional sections
at the corners used about 5000 elements.

The shape factor for the specific insulation placement is related to the insulation

thermal resistance, R (for 1<R<S5), by:

-1
-1
Vn(R) (Cn+an) ’ (6)
where: S.(R) and V,(R) = steady state and periodic shape factors for insulation
with thermal resistance, R.
a,, by, Cp = constants of a specific basement and insulation

placement.
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The expressions for S, and V, for different basement insulation placements at a given soil
thermal conductivity are given in Table II. More tables are listed for a variety of
insulation placements and soil thermal conductivities are in the Mitalas reference. The
attenuation and time lag factors from equation (4) were determined by calculating the
periodic heat flux using a sine wave for ground surface temperature. From these
calculations, a set of attenuation and time lag factors were determined and are included
in Table II.

The three dimensional effects at the corners of the basement are taken into account
by the use of a corner allowance factor, L, listed in Table II. This factor was determined
by comparing the heat loss for the basement wall and floor segments with the estimated
heat loss for the corners by the ANSYS program. A set of calculations using Mitalas
formula is given in Appendix A.

2.2 Basement Heat Loss Determination: University of Manitoba

A finite difference program was developed by Tim Kostyniuk at the University
of Manitoba [11]. The conditions employed for executing the program and the
corresponding grid set up under the basement are illustrated in Fig.6. This computer
program assumes a symmetrical basement with no variation in depth. Thermal contours
obtained from the weekly experimental ground temperature record were compared with
the results generated from the finite difference program, the results of his program
predicted the frost to be deeper than the actual frost depth, based upon experimental data
acquired. However, some of the differences in the results may be due to the snow depth.

Since the actual basement is bi-level and unsymmeirical, the assumption made in the
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simulation is not applicable. Therefore there is invariably a need for modification of the
program to adjust to the actual basement configuration. The modification could be
accomplished by a similar analysis for the other half of the structure. However, a full
two-dimensional analysis of the basement model should yield more accurate results.
Therefore ANSYS has been applied to a two-dimensional thermal analysis and is
considered the most desirable approach to solve this complex problem. The validity of
this analysis is verified by comparing weekly experimental ground temperature results
with calculated results.

2.2.1 Introduction to ANSYS and Solving Method

ANSYS was developed in 1970 by Swanson Analysis Systems Inc., and all further
developments and updates have been maintained by the company. To date, this finite
element program has been used in over 1600 applications, which includes 500 universities
[40]. The program capabilities are listed as follows: static and dynamic structural
analysis, fluid dynamics and acoustic analysis, kinematic analysis, and magnetic and
piezoelectric analysis.

The ANSYS program allows for variable geometries and properties. The program
was developed for stress analysis but is equally applicable to fluid flow and thermal
conduction fields. In addition it can also handle transient problem and provides
acceptable results. The ANSYS program in this study deals only with the below-grade
losses of the residence.

The use of ANSYS involves three stages; first Preprocessing, which requires the

user to define the analysis type, material and geometric properties, model geometry and
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loading conditions. The second stage is termed the Solution phase where the program

assembles, solves the simultaneous equations, and calculates the results. The third phase

is known as the Postprocessing stage, where the user evaluates the results by creating

graphic displays such as thermal contours and heat flux directions, tabular listings, x-y

plots, etc. All three phases are further described below.

2.2.2 The Preprocessing Stage

In this stage the four different categories considered are as follows:

1. Analysis type: For this study, a thermal analysis with transient behaviour was chosen.

2. Material and Geometric properties: Each material used in the model was represented
in terms of thermal conductivity, density, and specific heat. There were 12 materials
that describe this model and they are listed as: concrete floor, void form,
compacted gravel, concrete wall, unfrozen soil, Baseclad, wall insulation, drywall,
concrete pile, styrofoam insulation, snow, soil.

3. Model Geometry: The model geometries can be defined in any of the three common
co-ordinate systems. An element library consisting of 75 different element types
shown in Appendix B can be used to properly distinguish the geometry, but choice of
elements is dependent upon geometry and analysis type. Keypoints describing the
geometry are specified and lines are then connected to the keypoints to define the
areas bounded by these lines. Appropriate material property is then assigned to each
of the defined areas followed by meshing of the area. A schematic model of the area,
and the meshed model is presented in Fig.7 and Fig.8, respectively.

4. Loading Conditions: This is achieved by changing the boundary conditions over time;
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for instance, the temperature and convection coefficients can be changed as required
in order to represent the varying weather conditions.
2.2.3 The Solution Stage
In heat transfer applications the heat flow rate is termed the action and the
temperature is the degree of freedom (DOF). The action and the DOF are related by a
set of basic equations. The purpose of the finite element method is to determine the
solution to these equations across the engineering system being analyzed (model). The

simplest form of such an equation is as follows:

(k] [dl=[A], (7)

where: [K] = matrix relating [d] to [A] often called the stiffness matrix or coefficient
matrix;
[d] = degree of freedom vector;
[A] = action vector.
In general, [K] and [A] are known, and [d] is initially unknown. For a steady state

thermal analysis, the equation is:

[K1[TI=(Q], (8)

where: [K] = thermal conductivity matrix;
[T] = temperature vector,
[Q] = heat flow rate vector.

For this study a iransient thermal analysis for the below grade portion of the basement
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was required. Its purpose was to determine the temperature distribution as a function of
time and/or the rates of heat transfer and heat storage within a structure subjected to time-
varying thermal loads. The main difference between a steady state and a transient thermal
analysis in ANSYS is that in a transient analysis the applied loads (temperatures and
convection coefficients) are time-dependent therefore the solution is time dependent.
However all other considerations, such as types of thermal loads, the modes of heat

transfer are similar to a steady state analysis. A transient analysis can be described as

(¢l (T +(K] (T]=[Q], (9)

where: [C] = specific heat matrix;

[T] = time-derivative of [T1;

[K] = thermal conductivity matrix;

[T] = nodal temperature vector;

[Q] = heat flow rate vector.
The only difference between equations (8) and (9) is the term involving the specific heat
matrix that accounts for the heat stored in the model.

In order to solve the basic equation (7) across the entire system, the system must
be represented by discrete, interconnected pieces (elements).  Once the thermal
conductivity matrices are determined for each element, all of the individuai [K] matrices
are assembled to form the set of simultaneous equations [K][d]=[A]. The solution of the
simultaneous equations gives response values at every degree of freedom across the entire

system. Equation (9) is solved similarly as equation (8), but the specific heat matrix and
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time derivative of [T] are included in the solving process.

The element type best suited for this study is STIFF55 (see Appendix B for
detail), with four nodes for a two-dimensional space and temperature being the DOF (the
unknown). For the solution of the simultaneous equation with large systems, the program
uses the wave-front direct solution method. It involves assembling and solving the overall
stiffness matrix for the structure. Upon calculation of this matrix, the program begins
solving for the individual DOF, and removing them from the original matrix by a
Gaussian elimination. The final DOF set in the matrix is referred to as the "wave front’.
2.2.4 The Postprocessing Stage

In this section, a review of the results of the analysis is performed. Graphical
displays of temperature, heat flux and thermal gradient are possiblé. The ANSYS
program has two types of post processors: post 1, the general postprocessor, and post 26,
the time-history post processor. Post 1 allows a review of the results of any load step and
iteration for the entire model. For example, it is possible to display temperature
distribution for load step 3 or at a specified time in a transient thermal analysis. Post 26,
allows a review of the variation of a result, such as the time history of the temperature
at a specific location in the model with respect to time.

2.2.5 Algorithm of the Model

The program is structured in such a way that the thermal analysis is performed
over the period of May 1989 to August 1990. ANSYS performs a steady state solution
for the first load step which corresponds to a solution for the first week of May 1989.

From thereon, weekly solutions for each loadstep are carried out. There are seven
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iterations per loadstep, with an iteration for each day of a week (the basement model
program and load file is included in Appendix B.

Within each loadstep the following parameters are specified:

1. time corresponding to each week,
2. weekly ambient temperature and convection coefficients at the surface
of the ground/or snow depending on time of year,
3. fixed convection coefficient and ambient temperature inside the
basement,
4. fixed mean deep ground temperature of 6.1°C which is an isothermal
boundary.
Since the properties of certain materials are not constant over the analysis period, ANSYS
enables the user to stop the program and change the material properties. Thereafter the
program restarts from the previous load step solution. This feature allows for the
presence of snow in the winter time (depending on snow record) and its absence for the
rest of the year.

The restart option allows for change in thermal conductivity, density and specific
heat for the respective zones shown in Fig.9 and Fig.10 from unfrozen soil to frozen soil
because the ground adjacent to the wall freezes to a certain depth. The sequence with
snow cover and changes in properties of the different zones as well as the ground under
the basement floor (denoted as rest of ground) is illustrated in Fig.9 and Fig.10.

2.3 Solar Modelling

ASHRAE methods are based on a "hypothetical " calculation of the atmospheric
transmissivity at m=1 and an extinction coefficient for altitude angles other than 90
degrees. On the other hand, active solar researchers have been attempting to use the

records of solar radiation data collected by the Canadian Atmospheric Environment

Services (AES) over the years. The nomenclature used is as follows:
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L,- hourly global radiation on a horizontal surface (RF1),

I,- hourly diffuse radiation on a horizontal surface (RF2),

I,- hourly beam radiation on a horizontal surface,

I- hourly extraterrestrial radiation on a horizontal surface,

I,- total radiation on a tilted (sloped) surface.
RF1 and RF2 are the respective readings made for I, and I, by the AES weather stations.

H - monthly average daily radiation on a horizontal surface,

H, - monthly average daily extraterrestrial radiation on a horizontal surface,

m - depth of the atmosphere with respect to the vertical path at the equator

(ie. m=1 at the equator).

If the instantaneous values of the solar radiation and hourly values are not available or
there is a need to reduce the number of calculations for a computer analysis, it may be
convenient to use the monthly average daily values. There are well known relationships

for calculating the total radiation on a tilted surface for isotropic sky conditions and are

given by;
I p=Ip+Ig4, (10)
Tee=Rplp*Ralg*Rrlep, (11)
where: R, = Beam radiation on tilted surface/ beam radiation on horiz surface,

= cosB/cos6,;
cos 6 = cos(L-B) cosd cosw + sin(L-P) sin &;

cosB,= cosL cosd cosw + sin(L-P) sin J;
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R = diffuse radiation on tilted surface/ diffuse on a horiz surface;

= (1+cosP)/2;

R,= p(1-cos(B))/2;
and 0 = angle of incidence of beam radiation, measured between the beam and

normal for the surface;

0, = zenith angle, the angle between the beam and the vertical to the

earth’s surface;
L = latitude angle;
B = angle between the plane surface and the horizontal, tilt or slope of the
surface;
d = angle of declination; p = reflectance;
For the physical significance of angles see Fig.11.

The above relationships assumes the isotropic sky and is based on the concept of
clearness index first introduced by Liu and Jordan [12]. The clearness index, K,, is the
ratio of the measured total horizontal solar intensity on the earth surface to the
extraterrestrial horizontal insolation and is an apparent transmissivity. By 1975, Canada
had built up twenty years of diffuse radiation measurements for only four weather stations
which were analyzed at the University of Manitoba [13].

Orgill and Hollands [14] equations (12),(13) and (14), are based on original data
evaluated at the University of Manitoba and there is good agreement between each other.

The University of Wisconsin work includes Erbs et al [15] equations (15), (16) and (17)

and more recently (1990) Reindl et al [16] developed equation (19), (20) and (21) and all
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are compared in Fig. 12.
ORGILL and HOLLANDS CORRELATION:

For K,<0.35 then:

K=1.0-0.249K,, (12)
For 0.35<K,£0.75 then:
K=1.557-1.84K,, (13)
For K>0.75 then:
K=0.177, (14)

ERBS and KLEIN CORRELATION:

For K;<0.22 then:

K=1.0-0.09K,, (15)
For 0.22<K<0.80 then:
K=1.0-0.09K,+4.388K?% -16.638K>,+12.336K*,, (16)
For K>0.80 then:
K=0.165, (17)

An anisotropic model was developed by Professor J. Hay of the University of British
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Columbia, a climatologist with extensive experimental experience. He developed an
anisotropic sky model in 1979 and he pointed out the difficulty with the simple empirical
models was that the coefficients showed substantial hourly, as well as spatial variations.
The relationships between the fractional time of bright sunshine and the apparent
atmospheric transmissivity could not be correlated for different locations and for different
times. Also isotropic assumption leads to root mean square errors of between +/- 7 and
+/- 18% for Vancouver and Toronto respectively.

Hay’s anisotropic correlation for a monthly average clearness index by given in

the following equation:

H _ [0.1572+0.5566 (n/N) ] (18)
H, [1-plpy(n/M +pc(i-n/M11"’

where: p = monthly average ground reflectance;
p, = the cloudless sky reflectance- 0.25;
p. = the cloud reflectance- 0.6;
n = number of hours of bright sunshine;
N = theoretical day length.

The reflectance from the ground, the clear sky and cloud cover are introduced in
equation (18). A polynomial relationship for the ratio of the diffuse to the horizontal is
then developed in terms of monthly clearness index [17]. By the application of a
correction for the ratio of the daily bright sunshine to the total daylight hours and
reflection transmissivity, correlation was extended to daily rather than hourly values. The

correlation was verified within the accuracy of the instrumentation for Vancouver and
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Whitehorse at 30, 60, 90 degrees tilt angles facing south. The method is extremely
complex and restricted to mid-latitude and continental climate.

Professor J.K. Page, University of Sheffield, developed a correlation [18] which
was thorough and verified by solar data collected from 10 wide-spread sites from latitude
40°North to 40°South. It gives excellent results for high latitudes, Bergen, Italy, Norway
(Lat.60N), as well as Canadian cities. The method is simple and easy to use. The RMS
error is between 0.18 and 0.756 for nine sites checked in Europe and Canada.

Version 5.06 of HOT-2000 program started out with the Erbs et al [15] model
(equations 15,16,17) to obtain the direct and diffuse components and then converted these
into monthly apparent values using the technique developed by Hay to create an
anisotropic model. Hay used variables such as, fraction of bright sun, cloudless sky
reflectance and a cloud reflectance to correlate the data. HOT-2000 modified the
polynomial relationship developed by Hay by expressing the clearness index in terms of
the fraction of bright sunshine.

The Hay model has not been accepted widely by the engineering community. It
depends on human judgemental variables such as the cloud and clear sky reflectance
which weakens his approach. The correlation is shown in Fig.12 and tends to yield
considerably lower values of radiation on the tilted surfaces as shown by the AES plot
in Fig.13. Whereas later developments at the University of Wisconsin used variables
provided by the actual weather data. The more recent work by Reindl et al (University
of Wisconsin) 1990 was finally selected as the best model currently available. The reason

being that an anisotropic model depends upon unmeasurable variables such as cloud and
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sky reflectance whereas Reindl et al use measurable variables such as the clearness index
(K), altitude angle (o), ambient temperature (T,) and relative humidity (¢) (see equations
19, 20, 21). The Erbs et al model was not selected because it is an isotropic model and
provides higher radiation on a vertical surface (Fig.13).

Interval: 0<K,<0.3;  Constraint: I/I<1.0.

T
-3§=1.000—o.2333;+o.0239sin(a)-0.0006827;+o.0195¢ (19)

Interval: 0.3<K,<0.78; Constraint: 0.1 <I,/I< 0.97.

T
-7§=1.329—1.1716R;+0.267sin(a)—0.003577;+o.106¢, (20)

Interval: 0.78<K; Constraint: I/ > 0.1.

T
-j§=o.4263;—o.zsssin(a)+o.oo3491;+o.o734¢, (21)

Their correlation reduce the residual sum of the squares by 14% over the use of
the clearness index only [16]. The data has been verified experimentally in Gainsville,
Fa, New York, Copenhagen, Hamburg, Oslo and Valentia (Ireland) and agrees with Erbs
et al model which is verified by 20 world sites [15].

2.4 Heat Recovery Ventilator Analysis
The purpose of a heat recovery ventilator (HRV) is to maintain ventilation in a

space sealed by a continuous vapour barrier and recover some of the heat from the
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exhaust air to preheat the fresh incoming air. During the winter months the cold fluid
is fresh outdoor air and the hot fluid is the indoor air. The two fluids are forced to cross
through the HRV core as illustrated in Figs. 15 and 16. The core consists of a series of
flow passages; the hot and cold fluid flow through adjacent passages without interacting
with each other, which is achieved by placing a heat transfer surface between them. This
heat exchange configuration is known as a cross flow because the fluid streams flow
perpendicular to each other. By using the HRV the house is able to receive the required
airchanges per hour (ACH) while reclaiming some of the energy from the air exiting
from the house.
2.4.1 Theory

Residential heat recovery ventilators use a cross flow heat exchange flow pattern
illustrated in Fig.16. Performance is analyzed by the determination of effectiveness and
temperature efficiency. Effectiveness is defined as the ratio of the actual heat transfer to
the maximum possible heat transfer rate. The maximum heat transfer rate is a function
of the mass flow rate, specific heat capacity and maximum temperature difference

between the two fluids and is given by:

anax: (mcp)min(Ame) . (22)

where: m = mass flow rate;
¢, = specific heat capacity;

AT, = maximum temperature difference between hot and cold fluid.

The term (mc,),, denotes the minimum heat capacity of the fluid. Therefore the
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effectiveness for heating the cold fluid is given by :

_ mccpc ( Tco— Tci)

= (23)
(mcp) min ( Thi"Tci)

4

The temperature efficiency for a balanced system and the same fluid is then given by:

- (Tco—Tc.i)
VT, T (24)

It is equal to the effectiveness when the heat capacity of the cold fluid is equal to
the minimum heat capacity, that is balanced flows, which should be closely approximated
for residential application.

2.5 Infiltration Test Description

To determine the air tightness of the residence the fan depressurization method
was used which is in accordance with the Canadian General Standards Board. Before the
test was conducted, certain preparatory steps were necessary. The openings such as the
fireplace, furnace combustion air intake, ventilation air intake, exhaust fans and dryer
vents were sealed. Also the windows and doors were latched.

A fan was used to exhaust air from the building at rates required to maintain the
specified pressure difference of 50 Pa across the building envelope. The air flows and
pressure differences were measured. The purpose was to subject the complete envelope
to a simultaneous air pressure difference [19]. The relationship between the flow and the
pressure difference is used to calculate the equivalent leakage area of the building

envelope. For a more detailed theory and calculation method, see Appendix C.
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2.6 Above Grade Heat Losses

The rate of heat loss, through building elements such as the ceiling, doors or
windows, and main walls were obtained from the HOT-2000 program results. For further

details refer to [17].

2.7 House Energy Balance
The calculation procedure for the house energy balance is similar to the HOT-2000
program. The different types of heat gains and heat losses are shown in Fig.17 [31]. The

basic equation for the heat balance is given by:
H=Lt+La+Lb‘n iGi-.nBGS’ (2 5 )

where: H = Total space heating required (w);
L, = Total heat losses above grade by transmission through exterior walls,
ceilings, windows, doors (w);

L

a

= Total heat losses due to indoor-outdoor air exchange (natural
infiltration+mechanical);

L, = Total Basement Heat Losses by Transmission below-grade;

1 ; = Utilization factor for the internal gains from appliances and lighting, hot

water heater and from occupants (%);

G.

1

= Total heat gain from internal sources (w);
1 , = Utilization factor for solar gains through glazing (%);

G, = Total solar heat gains through glazing (w).
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3. EXPERIMENTAL PROCEDURE

The test home used in this study is located at 1 Stormont Drive and is the
permanent residence of Prof. J.D. Welch, of the Faculty of Architecture, University of
Manitoba. The R-2000 building guide was used in the design and construction of the test
home. Some features of the test home include: an air-to-air heat exchanger, double

thickness insulation in the walls and ceiling, and a leak proof vapour barrier.

3.1 Thermocouple Placements for Ground Temperature Measurement

During construction of the residence, thermocouples were placed at 27 stations to
measure the soil temperatures at the locations as shown on Fig.1. The thermocouples are
located two meters from the centre plane of the basement walls and at three levels A, B,
C. These levels are located approximately 0.5 meter, 1.5 meters and 2.5 meters below
grade respectively. Other thermocouples, located one meter from the centre plane of the
basement wall, have two levels, A and B. A profile of each station is shown in Fig.2 and
Fig.3.

The thermocouples used in this study are copper-constantan. All thermocouple
sets, once installed, were fed into one of three rotary dial switching boxes which facilitate
recording the soil temperatures from each thermocouple. Switching boxes were located
at the north-east and south-west corner of the building respectively. In total, 65
thermocouples were installed during the fall of 1987; 57 thermocouples remained
operational during the period from September 1988- August 1990.

The wiring for the thermocouples was installed using three different methods. The
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first method consisted of placing conduit under the foundation and the floor during
construction. The second method consisted of thermocouples placed inside PVC tubing
encased in urethane foam, and protected from environmental damage by the use of
silicone cement. The third method consisted of inserting thermocouples into grooved
dowels. For the last two methods, the locations were augered to the appropriate depths
before the site was landscaped.

The thermocouples were read using a digital voltmeter and a reference temperature
simulating zero degree Celsius. Measurements were recorded on a weekly basis during
the heating season and on a two week basis for the rest of the year. Readings began on
September 26th 1988 and ended August 31st 1990.

3.2 Solar Radiation Measurement

An Eppley Black and White Pyranometer was used for measuring total radiation
on a vertical surface. The experimental period was from Feb-Mar 1989 and for the full
heating season of 1989/90.

The pyranometer produces a voltage from thermopile detectors that is a function
of the incident radiation. A potentiometer/analogue recorder was used to detect and
record the output. Radiation data must be integrated over the period of time, such as an
hour or a day for the test period.

3.3 Heat Recovery Performance Monitoring

The heat recovery ventilator used in this residence is the Lifebreath model 195

DCS. This particular HRV is a dual core unit, to increase the heat transfer area without

an excessively large case. A schematic of the flow of stale air and fresh air is represented
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in Fig.18.

The heat transfer coefficient of two fluids and amount of heat transfer area
determines the amount of heat transferred. In order to maximize the heat transfer
coefficient, it is desirable that both fluids have turbulent flow. This is achieved by
mounting the plates, close together in the core as shown in Fig.15. The maximum
number of plates in the core is constrained by the allowable pressure drop across the core
and space. Also shown in Fig.15, is the flow of the hot and the cold fluids through the
core which are isolated by the plates.

3.3.1 Equipment used to Monitor HRV

The temperatures at the inlet and outlet of the cold and hot air were measured as
well as the pressure differences in the ducts using a Hewlett Packard 3056L data logger
system.

Temperature Measurement: Three copper- constantan thermocouples were placed in each

duct (#1,2,3,4) as shown in Fig.18. The thermocouples were evenly spaced to obtain an
average temperature profile in the duct. During the test period the reference junction is
provided by the Hewlett Packard data logger. The accuracy of the thermocouple and data
logger combination was tested against a mercury thermometer in two situations. The first
was at room temperature, while the second was in an ice bath. In both cases the
difference between the two measurements was 0.5 °C.

Pressure Measurement: This was required in order to determine the air flow in the ducts.

The flow rate was obtained through the use of flow collars illustrated in Fig.19 connected

to pressure transducers. The flow collars were located in the fresh air intake and stale



29

exhaust ducts. In order to obtain the flow rate from the data logger, voltage output
calibration curves for both the pressure transducer and flow meter had to be considered.

The transducer calibration curve was obtained by placing a pressure differential
across the transducer as well as a micromanometer. The transducer output was monitored
with a voltmeter. The calibration curve along with the flowmeter calibration, obtained
from the manufacturer, is included in Appendix D.

3.4 Thermohygrograph

The relative humidity (RH) inside the residence is an important factor for human
comfort. Since temperature is linked to changes in RH, both temperature and RH were
monitored using a thermohygrograph manufactured by Casella London LTD, model
T9240. The measurements were carried out at three locations: basement bathroom and
laundry room and kitchen on the main floor.

The humidity measurement is performed by a humidity element which is sensitive
to changes in RH. This element has the capability of shortening as RH decreases and
conversely lengthening as the RH increases. Changes in length is transmitted via a linkage
to a pen arm carrying a pen which marks the scaled (0-100%)graph paper.

The temperature measurement is performed using a bimetallic strip sensitive to
temperature changes. The movements of the strip are transmitted via a linkage to a pen

arm and pen which marks the scale graph paper (-15-40°c) [20].



30
4. RESULTS AND DISCUSSION

4.1 Results of Mitalas Research

Determination of basement heat losses depend on numerous factors including
several which have a large impact on the heat loss rate. As an example, a one degree
change in the basement temperature can change basement heat loss by 5 to 10 percent [7].
Other important factors include the thermal conductivity of the soil, the mean ground
temperature, the effect of snow cover, the ground water temperature and level.

The accuracy of the Mitalas method was tested by comparing the calculated values
with NRC test facilities in Ottawa, Saskatoon and Charlottetown. These facilities were
equipped with calorimeters on the basement walls and floor. A comparison of each of
these basements, which had different insulation placements, with the Mitalas computer
simulated results is given in Table III. Tables IV and V illustrate the results for the
HUDAC Mark XI Houses and the test homes in Gatineau, Quebec, respectively and
compares them with the Mitalas results [7].

A comparison of the results demonstrated that the calculation procedure for
basement heat loss is capable of accounting for all the weather parameters and basement
shapes. The only significant shortcoming of the program was the factors used in the
calculation of floor-surface heat loss which were under-estimated. This indicates that the
conductance between the basement and the lower thermal boundary layer is larger than
what the formula indicates. This was corrected by increasing the floor shape factor by
50 %. The corrected values are the values listed in Table VI

The other minor change which was made in the heat loss factors was the
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amplitude attenuation which was increased to account for the underestimation of the

variation in the floor surface heat flux. The corrected values are listed in Table VI for

a small cross section of basement insulation placements at the given soil thermal

conductivity.

4.1.1 Conclusions and Recommendations based on Mitalas Research

There are many conclusions made from the comparison of measured and calculated

basement heat losses, some of these include:

ey

()

3)

4

&)

The variation of ground surface temperature can be estimated accurately
by a periodic heat flow calculation approach,

Simple rectangular basements can be treated well using the straight wall
calculations and shape factors along with the comer allowance factors,
Total heat loss and sectional heat loss of a basement can be determined
within +/- 10 percent provided there is some form of insulation present,
Allowance for high ground water may be incorporated by assuming a 30%
to 70% decrease in ground thermal resistance depending on the assumed
severity of the ground water effect, |

The basement heat loss prediction does not take into account the variation
of ground surface temperature caused by solar gain, snow cover, and

adjacent structures.

The Mitalas method of calculating basement heat loss is correctly used in

HOTCAN 3.0. For instance, the results illustrated in Fig.20 and Fig.21 which indicate

the heat loss versus the time history were in good agreement with that of the Earth
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Sheltered Housing Design [EHSD] and Interzone Temperature Profile Estimation [ITPE]
computer programs.
4.2 Results of University of Manitoba Research
4.2.1 Experimental Ground Temperature Behaviour

Two years of underground temperature records at No 1. Stormont Drive have been
completed. The thermocouples were strategically placed in the ground during the
construction of the house as shown in Fig.1, to determine the behaviour of the ground
temperatures at specific locations under the premises and in its proximity.

Station 8, shown in Fig.1, is located several meters from the house and is used as
a reference point. It has thermocouples A,B and C which are at depths of 0.5m,1.5m and
2.5m respectively. The temperature obtained for two years at these locations were
graphed and examples are shown in Fig.22. The ambient temperature is also shown to
point out the relationship between the ground temperature and the ambient temperature.
The interesting features are the sinusoidal shape of all curves and that the ground
temperatures lags the ambient temperature by approximately eight to ten weeks. Penrod
and Steward (1966) measured soil temperatures to a depth of 3.4 m for ten successive
years and showed conclusively that the annual variation in daily mean soil temperatures
is harmonic. As anticipated, the winter underground temperature increases with depth.

It will be noted that no freezing occurred at station 8. There was also evidence
of considerable natural snow drifting at this location, which demonstrates the insulating
effects of snow. To confirm the obtained results, ground temperature records from

Atmospheric Environment Service (AES) located at the Winnipeg International Airport
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were plotted against experimental data at corresponding depths and illustrated in Figs.23,
24 and 25. Fig.25 shows no freezing occurring at 2.5m. At 0.5m,1.5m and 2.5m the
curves are similar in shape, but in the case of 0.5m and 1.5m the AES curves intersects
the experimental curves which indicates the ground at the AES station is warming faster
due to less snow cover depth and/or different soil conditions. AES later decided their site
was not suitable and it has been relocated, additional data are not available. Research
conducted on soil temperatures indicates that a time lag exists between seasonal mean
air temperature and seasonal mean soil temperature. Soil temperatures at depths more
than two meters remain relatively constant in spite of variation with location, type of soil,
depth, time of year, etc.

Station 8 is not subjected to any effects from the house, but it is interesting to
compare the effects of the residence on Stations 1,9 and 14 (relative to Station 8), as
shown in Fig.26, 27 and 28. The thermocouples A,B and C, of Station 1,9 and 14 are at
the same depths as at Station 8. The temperature trends at Station 1,9 and 14 were
observed; there is indication of freezing at 14A which is at the 0.5m depth. Station 1,9
and 14 should be warmer due to the heat loss from the basement in comparison with
Station 8. During the winter months there tends to be limited snow cover around the
perimeter of the house because most of it is wind-swept, depending on the direction of
the wind, thereby decreasing the insulating effect of the snow. The turbulence caused by
the wind around the house also gives rise to a higher convective heat transfer coefficient.
With the decreasing thermal resistance due to snow removal and the high convective heat

transfer the increased heat loss from the ground results in lower temperatures at Stations
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1,9 and 14 compared with Station 8 for the same depth.

An analysis of the ground temperature was performed on thermocouples 14B,15
and 16 and on 1B,2 and 3 (all 2m apart,and all at a depth of 1.5m) as shown in Figs.29
and 30 respectively. Thermocouples 3 and 16 are beneath the concrete basement floor,
thermocouples 2 and 15 are under the basement wall and 1B and 14B are 2m from the
wall. It was observed that thermocouples 3 and 16, which are under the floor, were at
the warmest temperatures. Thermocouples 2 and 15 were intermediate temperatures due
to basement heat loss. At thermocouples 1B and 14B, lowest temperatures were observed
because of the lack of snow cover and the influence of the wind. But these temperatures
must be affected by the basement heat loss since there is no lagging of the temperature
profile at these positions.

In order to find the ground temperature, analyticaliy, it can be modelled as
conduction in a semi-infinite solid and either the surface temperature of the ground or the
ambient temperature has to be known. The problem is mathematically modelled in such

a way that the ambient temperature is periodic with time and given by:

tuw=tacOs (wt), (26)
and the boundary condition is:
—k(%)ﬁ0=h(tx=0_tn)’ (7)

The solution to the governing equation (26) with boundary conditions (27) is given by;
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t(x)= Con® COS (wr-Ax-tan™[ 1)
[1+22K 5 (AK)2as R
h h Ak
where: too = Ambient temperature;
teom = Ambient mean temperature;
® = 2nf, where f is the frequency;
k = constant, thermal conductivity of ground;
X = depth;
h = constant, convection coefficient;
1 = time lag = x/(VQ2am));
A = VR,
o = thermal diffusivity.

From equation (28) [21] the higher the frequency () the less the penetration (depth) and
there is additional attenuation due to convection. Also the greater the thermal diffusivity
(), the deeper the penetration. From equation (28) the phase lag depends on the
convection coefficient, and thermal conductivity. As the convection coefficient (h) goes
to infinity, the phase lag with the tan™ term goes to zero, therefore suggesting a decrease
in phase lag, which ties in with Figs. 29 and 30 which shows no relative lag of
temperatures at thermocouples 1B,2,3 and similarly with temperatures at 14B, 15 and 16.

A comparison of the ground temperatures under the basement floor was made.
The ground temperatures were measured by thermocouples 3, 11, 16, 21 and 24 and the
results are shown in Fig.31. The south thermocouple temperature (11) was found to be

consistently higher than the other thermocouples. This could be due to the effect of solar
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radiation on the basement floor and good snow cover that existed over thermocouple 9.
The east floor thermocouple temperature (16) is lower than the rest of the under floor
temperatures. One reason is the lack of snow cover on that side of the house as a result
of easterly winds. The west under floor thermocouple temperature (3) is the next
warmest, which suggests that side of the residence is sheltered from frequent westerly
winds, hence a higher temperature compared to the temperature of thermocouple 16. The
north (24) thermocouple is however colder than south (11), this is due to sheltering from
solar radiation. The north comer (21) is the second overall coldest temperature
measurement, as a result of lack of exposure of the ground from solar radiation. Another
factor that could affect the temperature of thermocouple 21 is the easterly wind which
decreases the ground temperature on that side of the house and thermocouple 21 is closer
to the east wall than thermocouple 24.

A comparison of the temperatures under the basement wall as measured by
thermocouples 2, 10, 15, 20 corresponding to the west, south, east and north walls
respectively shows (Fig.32 ) that the highest temperature occurred at the south wall which
is a result of solar exposure on that side of the residence.

4.2.2 Basement Heat Loss Results

The basement model below-grade used in ANSYS program consisted of 1045
(Fig.8) elements with varying thermal properties over time. The calculations performed
by ANSYS were the temperature distribution, thermal flux, and the temperature gradient
all on a weekly basis for the period of September 1989 to August 1990. The basement

heat loss was also determined from the thermal heat flux.
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4.2.3 Accuracy of ANSYS Computer Model

The experimental results for Stations 1 and 14 were compared with ANSYS results
and are shown in Fig.33 and Fig.34 respectively. For the case of thermocouple 1A the
maximum temperature difference between ANSYS and the experimental data was 3°C,
for the case of 1B was 1°C and for 1C was 2°C. Similarly the maximum temperature
differences were 5°C, 2°C and 2°C for thermocouples 14A, 14B and 14C respectively.

The trends of both experimental and ANSYS temperature profile are similar to
each other which indicates that the proper combination of freezing and thawing of
adjacent ground and snow cover was used. However the differences in temperatures is
a direct result of the choice of thermal property values for the soil. The ANSYS
temperature curve could match the experimental data curve by adjusting the thermal
conductivity of the soil. However it was considered that the resulting temperatures were
accurate enough to proceed with the basement heat loss calculation, since the basement

model program takes nine hours to run for each trial of different soil thermal conductivity.

4.2.4 Thermal properties

The thermal properties consisted of the thermal conductivity, density and specific
heat capacity. Most of these properties for the building materials were obtained from the
ASHRAE handbook. However, difficulty was encountered when selecting the property
of soil, specifically the thermal conductivity. There are substantial amounts of data

scattered throughout the literature on thermal properties of soils with wide difference in
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texture. Gravel, sand, sandy loam, silt loam and clay and even rocks and peats have been
thermally described.

Kersten (1948) [22] did many experiments to determine the properties of soil.
Nineteen different soils were monitored at various conditions of moisture content and
density. It was also found that the thermal conductivity differs according to phase of
moisture in the soil. At a constant moisture content, an increase in density results in an
increase in conductivity. An increase in moisture content at a constant density also results
in an increase in conductivity.

For unfrozen silt and clay soil :

K=0.1442[0.91log ($moist) -0.2] 100-0006243p (29)

For frozen silt and clay soil :

K=0.1442[0.01 (10°-9013197p) 10 025 (10°:90087P) gmoist], (30)

where: %moist = % moisture content in soil;
p = density of soil.

Equations (29) and (30) apply to soil moisture content greater than 7% and the
predicted values of thermal conductivity should be within 25% [22]. A graph was
generated using equations (29) and (30) (Fig.35) to show the effect of moisture content
on thermal conductivity and also indicates the regions of dry, wet and permafrost soil
which was defined in the Mitalas study, and applied to the University of Manitoba
basement model presented in this study.

The specific heat capacity of the soil was assumed to be constant over the study
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period because it varied only by 9% over the temperature range from -15°C to 20°C based
on Kersten’s work. The specific heat of twelve different mineral soils and soil materials
were measured by Kersten(1948) [22]. He found that the specific heat of mineral soils
varied linearly from 0.67 J/cm’°C at -18 °C to 0.8 J/cm’ °C at 60°C.

The density of the soil was also assumed constant based on a Carter study [23].
Carter (1951) measured both the specific heat and thermal diffusivity of various soil
samples. It was reported that in most cases the variation in thermal diffusivity with
moisture is small over the range of 10 to 25% moisture content [23].
4.2.5 Boundary Conditions

Fig.7 shows the basement model which has four boundary conditions as follows:
(a) a fixed mean ground temperature of 6.1 °C at a depth of 15 m which was obtained
from the HOT-2000 weather data file corresponding to Winnipeg, (b) an inside basement
temperature and a convection coefficient of 18.3 °C and 10 W/m? °C, (c) mean weekly
temperature and a convection coefficient for 52 weeks, obtained from Atmospheric
Environment Services, (d) adiabatic surface since the heat flow is only in the y-direction.
4.2.6 Basement Heat loss Results

The basement heat loss calculation was performed in the post1 postprocessor. The
results obtained were for the walls and floor below grade. The calculation was as follows:

(1) Specify the path by node selection, to define the outline of the area which

requires the heat loss calculation.
(2) The heat flux is then loaded from the results file, and an integration is

performed over the path, therefore the solution will be in heat loss per unit
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length.
(3) The overall heat loss is then calculated by multiplying by the width of the
basement.
An example of the calculation steps and explanation is given in Appendix B [24].
4.2.7 Results

The basement heat loss below grade was found to be 15835 MJ/year based on
weekly calculations. This includes the wall and the floor below grade. Fig.36 illustrates
the heat loss characteristics together with the ambient temperature from September 1989
to August 1990.

Throughout the period of September 89 to August 90, basement floor heat loss
was observed and varied from 90 W to 200 W (weekl corresponds to first week of
September 1989 and week 52 corresponding to last week of August 1990). There is also
a lag in the floor heat loss, since the effect of the cold weather starts to appear 18 to 20
weeks from the coldest week which is week 22 (corresponding to -33°C ambient
temperature), whereas the peak heat loss occurs in week 40 to 42. The thermal contours
below grade were also generated from ANSYS for the month of March of 1990 and are
illustrated for each week in March 1990 in Figs.37-40. The different thermal contours
showed warmest temperatures below the basement floor. The change in level of the
basement floor increases the floor heat losses at that location. The soil adjacent to the
wall and under the weeping tile styrofoam insulation shows no sign of freezing
throughout the study period. According to the sequences of the thermal contours around

the basement model for each week from March to mid-April 1990 (Figs. 37-42) the
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pattern of the thermal regimes for week 3 in March is similar to week 2 in April. The
heat loss from the basement floor is still affected from the summer of the previous year
which is shown in Fig.36 from week 25 to 29. In April the heat loss below the floor
increases due to the lagging effect from the winter conditions. Therefore, there is a good
reason to insulate the basement floor or use the ground as a storage medium for the
application such as a heat pump or another heat recovery method.

The basement wall heat losses were influenced most by the ambient temperature.
There was very little lag shown by the weekly calculations and modelling of the adjacent
ground when it freezes or thaws. The peaks observed are the results of phase changes
(Fig.36) occurring in the soil adjacent to the wall and it is clear that these peaks are
present when the ambient temperature is below 0° C. Three peaks are noticeable between
weeks 12 to 22 which corresponds to the change in the thermal properties of the soil from
the ANSYS program. The heat below 0 W indicates that there is heat gain from the soil
which is apparent from week 35 and onwards and is occurring only at the walls. The
sudden sharp behaviour change in the week 43 to 45 indicates a phase change from frozen
to unfrozen soil.

The right (east) wall curve heat loss is not identical to the left (west)wall. It is
evident that the left wall heat loss is consistently higher than that of the right due to the
change in the depth of the basement (bi-level) and perhaps variation of snow cover.
4.2.8 Comparison of Mitalas Method(HOT-2000) with ANSYS

The Hot-2000 program predicted a basement heat loss of 17110 MJ/year. This

study indicated that the actual heat loss for the same house to be 15836 MJ/year. The
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Mitalas method is higher by about 7.5% compared to this study. There is evidence that
the Mitalas method uniformly predicts higher heat losses. For example Yard, Profile and
ASHRAE results are shown in Fig.43 together with Mitalas method [25]. A portion of
the difference in the basement heat loss may be explained by the fact that the values of
the floor shape factor in the Mitalas method were arbitrarily increased by 50% above
those predicted by the numerical model so as to agree with observed results from a series
of monitored basements [25].

The wall heat losses below grade was higher using ANSYS. For basement walls
below grade, the temperature difference for winter conditions is greater than for the floor.
Also the option of changing the thermal properties over time as well as snow cover may
have a direct effect of this behaviour.

4.3 Solar Energy Results

The original total solar heat gain was estimated by the HOT-2000 program to be
36% of the annual space heating, therefore it is a significant source of heat.

The calculation of the passive solar heat gains for a residence is complex and
involves the following three distinct steps:

1. From the available sources of weather data which are measured on a horizontal
surface, the total or global readings (RF1) must be broken down into direct and diffuse,
unless the diffuse is measured directly (RF2). Then the straight forward geometric
relationships (section 2.3) are used to calculate the respective components on vertical
surfaces at any desired orientation. Several methods have been developed for this

purpose but there is no general agreement as to which technique will yield better results
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for a specific purpose. Methods now in general use assume an isotropic sky although it
is anything but isotropic. This step is then to establish a method to calculate the diffuse
and direct components which will yield results on the vertical surface that compares best
with the available experimental data.

2. The second step involves the selection of a source of solar resource database
that predicts the solar heat gains for a residence providing confidence for use at other
sites. All Canadian data has been collected by the Atmospheric Environment Service
(AES) and a few researchers. However AES and some of the researchers have little
knowledge about the needs for engineering design requirements. Therefore, the use of
some of the available databases is questionable.

3. Calculation of the usable solar heat gains on the vertical surfaces, such as walls
and windows due to the absorptivity of the walls, glazing transmissivity of windows and
overhangs. In Winnipeg, most of the surfaces with southern exposure are oriented so
that a normal to the surface is 18° east of south which is the case with this residence.

The experimental data were measured for Feb/Mar 1989 and for the full season of
1989/90. Unfortunately, a data logger was not available and the readings were obtained
by an analogue recorder. The time required to convert the readings to digital format and
massage the data was considered excessive and its value is limited since a general
solution is being sought. However, the experimental data are valuable for identifying the
most suitable data source and for checking questionable heat balances.

The intent then was to establish the most acceptable source of solar data. The

following three sources of solar data were available:



1. The University of Manitoba (U of Man) experimental,

2. Typical Meteorological Yearly (TMY),

3. Solar Radiation Data for Canada 1967-1976 published by AES, Environment

Canada(AES).

The TMY concept was initiated in Canada by the Solar Energy Centre of Excellence,
University of Waterloo for use with WATSUN solar simulation program. The WATSUN
is an internationally accepted program used for the design of solar facilities such as hot
water systems, swimming pool systems, etc. The program performs an hourly analysis and
thus typical data are required for the transients since the effects of peaks and valleys are
lost by using averaged data.

The TMY records are made up of typical months that have been statistically
determined to be the most representative of that particular month. For instance weather
data for the months of January and February are excerpted from records for 1965 and the
year 1975 is isolated as providing the most representative data for March. AES provides
TMY data on diskettes available for use in personal computers and the data available
from the WATSUN computer program.

The AES data, referred to in item 3 above, are available in hard copy format [26].
Average hourly monthly radiation values are provided for the total horizontal(global) as
well as diffuse and direct. They are listed as long term averages for years 1965 to 1976.
The long term averages are acceptable for this study since it is to perform average weekly
audits. However, the AES lists the global and diffuse (RF1 & RF2) readings respectively

which implies these readings were taken in Winnipeg. RF2 readings were not in
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Winnipeg during the 1965 to 1976 period [26]. Upon investigation, the 1985 AES

publication [26] is based on Hay’s [27] 1979 anisotropic model which was verified by
limited site studies compared to many of the University of Wisconsin and other models.

The HOT-2000 author refers to Erbs et. al as well and appears to have developed his
own approach which has not been published. The details of the models used to calculate
the diffuse and direct solar radiation components from the global radiation on a horizontal
surface are provided but need experimental verification.

Fig.12 was generated by using the normal geometric techniques used for the
isotropic models. The discrepancies between the different methods are minimal. Bradley
(HOT-2000) did not use the normal geometric methods in transferring the data from the
horizontal to a vertical surface but rather used a more recent development (1981) [28] by
the New Zealand Meteorological Service. At this stage the only rational approach is to
proceed with reliable well proven methods. The Erbs et al model was originally selected
even though it is not the simplest but it is well proven and provides a method of coping
with dawn conditions. Diffuse radiation is available before sunrise and after sunset which
is not important as far as energy is concerned but few models acknowledge the existence
of these conditions.

As indicated previously, three sources of solar data were available. The
experimental data were used to evaluate the other available sources which essentially
consist of the TMY data versus the AES long-term (1967 to 1976) averaged data. The
sample of the experimental data selected for this evaluation was recorded from Feb. 18th

to Mar.17th 1989, the eighth to the eleventh week of the year, but experimental
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verification is limited.

A graph has been prepared for each week which shows a plot of the average
hourly radiation (W/m?) on a vertical surface (90° tilt) versus solar time for the average
weekly day. Fig.13 indicates the results for a typical week (Feb 18th-25th). The AES
data for February, recall that the AES represents the average hourly data for the month
and thus theoretically should represent Feb.15th. The values are significantly lower than
the TMY data using the Erbs et.al and University of Wisconsin (Reindl et.al) models to
calculate the radiation on a vertical surface.

In this case the experimental data are higher but there are some noteworthy
differences in other characteristics. The peak occurs at 1:00PM which in part is due to
the fact that Winnipeg streets run 18° east of north (see Fig. 1) and thus the vertical
surface for the measurements was not mounted perpendicular to the N-S plane. This
orientation also accounts for the higher AM readings and the lower PM readings over
the other plotted data in Fig.14. However, it will be noted the TMY data also peak at
1 PM. Since Winnipeg’s longitude is 97° 14min this causes a delay of 29 min since the
sun has certain perturbations in its orbit. Another 13 to 14 min delay exists in February
and solar noon occurs at approximately 12:42 in mid-February. This means the TMY
data is corrected to central standard time whereas the AES data is not since it peaks at
solar noon.

Again in Fig.13, the AES average March data has been included and it is lower
than the TMY data used with the University of Wisconsin and Erbs et.al sky model.

Because of the anomalies encountered in the AES data, the radiation on the vertical
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surface was calculated in the same manner as it was for the TMY, namely from the
horizontal global radiation. The AES also includes the average monthly daily energy on
a vertical surface with their data. A comparison of the sources of data for the four week
average is shown in Table VII. The average daily energy for each source for the period
shows reasonable agreement.

The difference in using the TMY data instead of the experimental data is 9% based
on this limited analysis. However, the results can only be universally acceptable by using
a national data base. Experimental solar data was used to check the results in an attempt
to consolidate the energy balance.

4.4 Heat Recovery Ventilator Results

The HRV was tested by the Energy and Mines and Resources Canada, and
Ontario Research foundation at 0°C and -25°C; with varying flow conditions. The
effectiveness, temperature efficiency and mass flow at 0°C were 91%, 80%, and 117 cfm
(60 L/s) whereas in the case of the -25°C condition, were 91%, 77% and 117 cfm.

The testing of the HRV at 1 Stormont Drive was conducted from mid-January to
the end of March 1991. The daily results (efficiency, effectiveness and mass ratio) were
obtained when the unit was operating. Then the results are superimposed on one graph
for each month (Jan, Feb, March) and are shown in Figs. 44-46. The average temperature
efficiency, effectiveness and mass ratio for the month is shown in Table VIII as well as
the monthly efficiency used in the HOT-2000 program.

The mass flow is dependent upon the average velocity, density of fluid and

temperature, from Table VIII, Fig. 44,45 and 46 it is evident that the HRV flow is
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balanced since the mass ratio is near unity.

Balancing importance: Balanced air flow is very important for proper operation
of an HRV. If the supply air from outside is greater than exhaust air from the house, the
imbalance may induce frosting of the HRV and the freezing of leakage points such as
doors and locks. If the exhaust air from the house is greater than the supply air from
outside, combustion appliance backdrafting may bring exhaust fumes into the house. A
balanced condition ensures optimum performance [29].

A result of balanced mass flow rates under insitu conditions indicate that the
equations (23) and (24) are equal, which suggest that effectiveness and temperature
efficiency are equal.

Three plots of HRV efficiency against outdoor temperature (Figs.47-49) for each
month shows that the actual HRV efficiency is 76% at 0°C and 74% at -25°C. The
efficiency used in the HOT-2000 program was higher in comparison with experimental
results. The reason is due to the use of a typical weather data for Winnipeg, whereas the
experimental results were for the actual temperature conditions. The scatter of the
efficiency for the month of January 1991 is a direct effect of an unusually warm month
(Fig. 47).

4.5 Infiltration Test Results

The test performed by UNIES Ltd., revealed major leakages in the exterior door
weather stripping, in the living room area and patio doors, around the fire place unit,
electrical wires through the wall in the office, window latches in the basement, electrical

panel, beam penetrations and plumbing in the basement and the vent through the floor
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in the basement laundry room and specifically through the cantilevered floor joist in the
living area. Some minor leakages were observed in the office, doors and switches along
the bottom of the house and the garage interface and finally plumbing through the wall
in the basement laundry room.

The test results indicated an air change of 3.02 ACH at 50 Pa depressurization of
the residence which is twice the value of an airtight house according to Table IX. The
results fall in the category of 1961-1980 airtightness test. Therefore a great deal of heat
loss is attributed to the infiltration losses. The HOT-2000 program indicates losses of the
order of 24% of the input energy.

4.6 House Energy Balance Analysis

An original HOT-2000 house analysis for 1 Stormont Drive was available at the
beginning of this study [Appendix E]. However, there were a few discrepancies in the
input. The original basement was modelled as a combination of shallow and a full depth
basement with exterior insulation and both having one side attached. From the original
drawings of the residence it shows that the basement was insulated on the inside and only
on one side, the shallow side was attached to the garage, and the full basement was not
attached. A summary of the energy analyses are shown in Table X which were carried
out and discussed in the following steps:

Case 1. Original HOT-2000 house analysis (Sept 1989)

Case 2. Modified version to accommodate for correct interior insulation and

actual infiltration from the blower door tests (3.02 ACH at test pressure

of 50 Pa. (Aug 5/91)
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Case 3. Same as Case 2 but with new solar data from an improved sky model
included and the revised basement heat losses obtained by ANSYS program
shown separately for comparative purposes.

Copies of the computer analysis are contained in Appendix E. The following

points may be noted from summary table:

i) Case 1 the heat loss from the shallow basement walls below grade was double
the same item for the other Cases. This suggests it is beneficial to insulate the basement
on its interior. However, the heat losses in the centre area of the floor of the shallow
basement increase substantially for Cases 2 and 3. An explanation for this behaviour is
the increase in the overall resistance of the wall when insulated from the interior and
certainly higher than the uninsulated basement floor which is another major area for the
heat transfer by a parallel path with a lower resistance.

ii) In Case 2, although the basement insulation placement was corrected, the
purpose of this case was to show the effect of increased infiltration which was determined
by standard test procedure. According to the R-2000 homes building code, a residence
with 1.5 ACH at 50 Pa is considered airtight and for this residence the infiltration was
3.02 ACHs at 50 Pa.

The ventilatibn and infiltration ACHs increased to 0.79 from the standard of 0.5
ACH required for ventilation purposes of which 0.45 ACH was provided by the HRV.
The associated heat loss increased from 10398 MJ/year to more than 26000 MJ/year. The
seasonal efficiencies of the HRV were adjusted by the results obtained from the field

tests. The laboratory results used in the program are 80% at 0°C and 77% at -25°C and
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these were changed to 76% and 74% respectively.

iii) Case 3 demonstrates the effect of changing the method of determining the solar
heat gains. The changes are not significant (+4%) but the program does not allow for
orientation of the vertical surfaces from south except to provide inputs for south-east
(azimuth angle=-45°) and south-west (azimuth angle=45°) surfaces. Most buildings in
Winnipeg with pseudo south facing surfaces have an azimuth angle of -18°. The values
of the solar radiation on the vertical surface oriented at 18° for the Winnipeg latitude were
from 3 to 5 % lower than on a vertical surface facing south. The variance depends upon
the time of the year. Although the total energy difference is not significant, the solar
gains are higher in the mornings and lower in the afternoon as can be observed on Fig.14.

It will also be noted that the solar heat gains tend to increase with an increase in
infiltration. Without more detailed knowledge of the HOT-2000 program it is not
possible to provide an explanation. One cause may be due to the fact that the heat
capacity of the walls, plumbing fixtures, electrical fixtures etc, around which the
infiltration occurs, is at lower temperature and thus provides more potential for a heat
sink.

The basement heat losses were also adjusted for this case by subtracting the total
below grade heat losses as calculated by the program using the Mitalas method and
adding the heat losses determined by a two-dimensional analysis using ANSYS program
The ANSYS, as previously explained, is a complex finite element program. The
experimental data recorded over the two year peﬁod was used to compare the ANSYS

temperature profile. The basement heat loss results were lower than those predicted by



the Mitalas method by 7.5%.

Typical Meteorological Yearly (TMY) data were used throughout the analysis
since it is well established database for Canada and the United States. All the data are
available on an hourly basis and the analysis was performed on a weekly basis using
average hourly values for the week. It was antcipated that additional accuracy would
result.

Based on the natural gas consumption for the calendar year 1990. The predicted
losses were at least 5% higher than the annual furnace load using the manufacturer listed
seasonal efficiency for a condensing furnace of 90%. Discussion with personnel of
UNIES Lid. Winnipeg, who have monitored numerous R-2000 homes indicate that this
is a considerable variation in the results obtained. However, unless the fumnace is
oversize there is no justification for assuming that the seasonal efficiency of the
condensing furnace is below 85%. In this case the design heat loss at -33°C is 12.6 KW

and the furnace output capacity is listed as 17.6 Kw.
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Conclusion
1. The major energy losses of the residence were as follows:
HOT-2000 HOT-2000 (revised)

Windows 37% 33%
Infiltration 10% 24%
Envelope 28% 27%
Basement (below grade) 22% 14%
Unaccounted for 29% 6%-8%

2. Basement floor losses for this home totalled approximately 10000 MJ/year, more

than half of the total basement heat losses, thus basement floor insulation should

be considered.

3. Soil temperatures adjacent to the house (within 1 meter) do not normally decrease

below 0°C thus there is no necessity for thermally protecting the weeping tile.

4. The basement heat loss calculation using ANSYS indicates good agreement with

the Mitalas Calculation (7.5% discrepancy) for the same residence site specific).

Recommendations

1. Develop a three-dimensional use of ANSYS for the prediction of heat transfer in
soils.

2 Investigate the effects of differences in exterior and interior insulation on below-

grade basement walls.

3. Adjust the thermal conductivity of the soil so that the ANSYS basement model

temperature profile exactly fits the available experimental data and repeat the

energy analysis.
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Necessity for research on the thermal conductivity of soil versus moisture content.
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Winnipeg, Man. - 12.4 .
Saskatoon, Sask. . 14.6 .
Regina, Sask. . 14.0 .
Swift Current, Sask. . 11.4 .
Lacombe, Alta. . 12.2 .
Edson, Alta, . 8.9 .
Peace River, Alca. - 12.0 .
Calgary, Alta. . 12.2 .
Vegreville, Alta. R 12.1 .
Summerland, B.C. 12. 1.9 .
Vancouver, B.C. 11, 8.5 .

In: all cases, the minimum ground surface temperature occurs in January.
1f January is designated as m = 1, then the first harmonic can be
expressed as Gv o sin (30 o (o+8)) where m Is in months and sine angle
is in degrees.

Table I : Ground Surface Temperatures for Selected Locatlions
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Diffevence
between

Basement Winter weasur ed and
Test Insulation Space Season . calculated
Test Area apd R value , Tenmp. , Ilca& loss, Steady-State Varlable valyes,
Lacatlon Year Location meK/W ° W/m Component Component:  Total W/n
Saskatoon, 18/79 N, Wall R=1.6;0.6 m helow gr. 13 14 6.2 6.7 13 |
Bascment A ., Wall None 1) 1) 17 1} 30 )
79/080 u-u None 20 40 31 17 48 0
Corner
H, Wall None 20 hh 26 11 39 Y
H. Hall R=1.6;0,6 m bhelow gr. 20 22 11 7 18 h
Floor None 20 3.4 3 1.3 4.8 1.4
Saskatoon, 18/79 . Mall None 17.3 30 24 12 37 ~1
Bascement B u. Hall R=1.87;Full helght 17.3 10 5.1 3.1 8.1 1.9
Saskatoon, 18/79 Floor None 20 5 3 0.6 3.6 1.4
Basement C 79/80 N. Mall R=1,32 above gr. 20 23 17 11 28 -5
i, Hall f=1.32 above gr, 20 18 9 4,17 14 l
and 1.2 m on gr.
Ot tava, 19/80 M. Mall None 20 20 13 10 2) -3
Hasement E Floor Hone 20 3 2.9 0.6 3.5 -0.5
Charlotcetoun, 18/79 H, Wall - R=1,41 Full ligc. 17 14 7 4 11 3
Bancment A 79780 N, Hall R=3.52 Full lgt, 20 6 2.5 1.3 2.8 3.2
Floor Hone . 20 6 1.8 0,2 2 &
O ava, BO/B1 M. Wall  R=1,76 Full Mgt 23 ] 4 3 7 1
Nasement D L. Hall Rel, 76 Full Hgt. 21 i} 4 i) 7 ]
Floor Hone 2] 5 3 4 3.4 1.6

Acee Nelfervences 16 and 17 for detalls of measurements

Pable IIT

HRC Test BDasements

Heasured and Calculaled Basement Heal Losses of

19
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3asezent
G- Uninsulazad
Maasured®= 2.3 to 2.7 kW
Calculacted Jan. 2.5 kW
Feb. 2.6 kW
March 2.4 kW
G-2 Iasulacion; 0.9 a strip on top section of wall.
R = 1.32 =lk/u
Measured®* 1.6 to 1.8 kW
Calculated Jan. 1.6 kW
Feb., 1.6 kW
Mareh 1.5 kW
G-3 Insula:ion; Wall full height
R = 1.58 m°K/W
Measured*x 1.2 to 1.5 kW
Calculacad Jan. 1.1 kW
Teb. 1.1 xW
¥arch 1.0 kW

*See Referanc2 13 for derails of experizent.

**The measured total basement heat loss was reduced by the estimated
allowance for air infiltraction loss. Depending on the asswmed air
infiltracion race, lower and higher loss values were obtaizned.

isasured and Calculated Basement Heat Losses of

Table IV : Me
the HUDAC Mark XI Te=t Houzes
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Keat Loss, W/mz
HOUSZ Measured® Calculated®
House & 5.7 + 4.8 sin 30 (m + 7) 5.7 + 4.4 sin 30 (m+ 7)
west Wall o T ) o ’
House & 8.4 + 6.7 siz 30 (2 + 7) 6.1 + 4,6 sin 30 (= + 7)
North Wall

Bouse 1l*=
Norch Wall

House &4
Floor

11.0 + 8.5 sin 30 (m + 7)

5.2 + 0.3 sin 30 (m + 2)%**=*

10.1 + 6.6 sin 30 (= + 7)

2.7 + 0.5 sin 30 (m + &)

%January is denoted by @ = 1, February by m = 2, etc.

%%yl with parzial insulacion on basezent wall

x%*Time lag could not be determined from measured daca.

Table V : Measured and Calculatad Rasement Heat Losses ¢

Gatineau Test Homes

(D)
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SOURCE DAILY -W/M? STD.DEV
AES 4104 ]
™Y 5017 1034

U OF MAN 5478 368

Table VII . Average Daily Available Radiation on Vertical Surface.



Month/1991

Efficiency Effectiveness | Mass Ratio HOT-2000
Efficiency
January 77.40% 78.40% 0.9994 77.8%
February 78.36% 77.45% 0.9926 78.6%
March 76.92% 77.02% 1.0025 79.4%

Table VIO: Heat Recovery Ventilator Performance Under Insitu Conditions.

AC/hr at 50 Pa depressurization

Pre-1945 10.35
1946-1960 4.55
1961-1980 3.57

Special airtight house 1.49

Table IX : Values for Airtightness Test Over the Years.




SUMMARY OF HOT- ZB98 STORMONT HOUSE ENERGY ANALYSES

ITEMS SEFT 1998 AUG 5/91 AUg 5/91 67
REV*SED INFLT REV'SED INFLT
HEAT LQSSES MIL BT WJ " SOLAR & BASEMENT
DATA
AROVE GRADE R
{eiling g.5368 9858 9848 9851
Main walls 15,588 17588 17368 17581
Doors 1,164 1228 1278 228
Floor overhang 1,182 1143 1163 1163
Pase walls above grd 3.72 3921 3921 3922
Total Envelore 27 32977 3gvz 0 38T
Percent of total losses 297 A 27
Windows south 23.359 24644 24544 25972
' gast 3.948 3741 3741 4895
*  north 5. 134 6471 71 TRE
' west 3,552 3747 3747 4182
Total window losses 37 38504 3848 57249
Percent of total losses 374 33% 34 ANSYS DAGEMENT HEAT LOSS
BEFT  2568.15  792.5
Ventilation .5ACH  9.836 18398 Z2R6i3 38242 00T 3116 847.89
RSI = .70 RSI = .78 NGOV 394,17 1832.78
Percent of total losses 18% 247 25% DEC 775,85 2835.49
JAN 531,85 1787.97
GHALLOW BASE AREA FER 748.35 1948.82
Pase walls below grd 9433 4152 3912 MAR 622,353 183117
Perimeter area 2591 1858 T3k APR £83  1579.93
Centre area 5388 525 477 MAY  &BB.36 1782.53
FULL PASE AREA JUN  583.7 1476.98
Upper base walls 388 388 497 JUL 444,68 1163.13
{ower base walls 2227 227 123 AUR -41.11 -187.71
Perimeter area 1545 1643 1481 TOT 4B43.74 15833.33
Centre area 753 733 847
Total basement heat losses 22336 17284 17118 15834
Percent of total heat losses 274 {3% 14% 13
Total heat losses 1@3831 117385 122294 121172
GROSS HEATING LOAD  97.66 183831 1173835 122444 121170
Usable heat gains -14.72 -158@2 -14983 15883 -15B83
Usable sol heat -35.52 -37474 -39744  -41348  -41348
Vent equip elec -1.544  -182 -1529 ~1588  -1604
Furnace annual load 46.38 48927 61829 b4497 6322
3 987 annual eff 51.52 54334 7818 71663 76248
Actual Gas Consumption
75280 cu ft=75200E95B=72.39 76371 78371 76371 78371
Unaccounted for z2e17 8351 4788 6123
{r equivalent furnace {29%) {1130 {&4) {8%)
seasonal efficiency of 4% o8z 84% g93%

TABLE X HOUSE ENERGY ANALYSIS
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Fig. 3 : Location of Stations and Thermocouples Placement on Shallow Side.
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Basement Temperature and Convection

Y Ambient Temperature and Convection
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BASEMENT MODEL BELOW GRADE - AREAS

Fig.7: Areas to be Meshed of Basement Model Below-Grade.
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BASEMENT MODEL BELOW GRADE - MESHED

Big.8: Basement Model Below-Grade Meshed.
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Time Properties Changes

MAY 1989 - NO snow cover
Zone 1 - Moist soil
. Zone 2- Moist soil
Zone 3 - Moist soil

NOVEMBER 1989
Rest of ground- constant

- Snow cover
Zone 1 - Frozen soil
DECEMBER 1989 — Zone 2 - Moist soil

Zone 3 - Moist soil
Rest of ground- constant

- Snow cover
Zone 1 - Frozen soil
JANUARY 1990 = Zone 2 - Frozen soil

Zone 3 - Moist soil

Rest of ground- constant

- Snow cover

Zone 1 - Frozen soil
Zone 2 - Frozen soil
Zone 3 - Frozen soil

Rest of ground- constant

FEBRUARY 1990 B

Fig.9: Time and Corresponding Property Change Sequence in Basement Model,



Property Changes

Zonel - Wet soil
Zone 2 - Frozen soil

Rest of ground - constant

- No snow cover

Zone 1 - Wet soil
Zone 2 - Wet soil
Zone 3 - Wet soil

Rest of ground - constant

Time
. Snow cover
MARCH 1990 o
Zone 3 - Wet soil
APRIL 1890 &
MAY 1990
- B

AUGUST 1990

Fig.10: Time and Corresponding Property Change Sequence in Basement

Model.

- No snow cover

Zone 1 - Dry soil
Zone 2 - Moist soil
Zone 3 - Moist soil

Rest of ground - constant
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Fig.11: Solar Celestial System.
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Fig.13: Comparison of Sources of Data for the Eighth Week-Feb 18th to 25th.
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Hot Fiuid

Fig.15: View of Core and Flow Pattern of Hot and Cold Fluid.

Cold air intake Stale warm air intake

—--_———— ——  —— -

Stale air exhaust Fresh warmed air supply

<

Fig.16: Residential Heat Recovery Flow Path.
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Fig.17: Schematic of Heat Losses Present in a Residence [2].
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Fig.18: Schematic of Heat Recovery Ventilator on Site.

83



84

AIR FLOW
DIRECTION

TUBING
CONNECTION

FLOW STATION (GRID})

CONVERSION
CHART

HIGH

Fig.19: Schematic of Flow Collar Used in Heat Recovery Ventilator Duct [29].
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Fig.21: Comparison of HOTCAN 3.0 with EHSD and ITPE, for Monthly
Average Heat Loss for a Basement with Exterior Wall Insulation.
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Fig. 37: Thermal Contour for Week 1/March 1990.
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Fig. 38. Thermal Contour for

Week 2/March 1990.
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Fig. 42: Thermal Contour tor Week 2/April 1990.
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Two-Hourly Results of HRV
For Month of February 1991
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Two-Hourly Results of HRV
For Month of March 1991
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APPENDIX A

The Mitalas Sample Calculation.



The following example caleulation is for the heac loss from one of the DBR/NRC rest
basemenCs, that with insulation aover the full helght on the tnside surface of the basemenr

wall.
Stens 1. The given fnput data are:
3asement dimensions -
length, L = 3.2 n
width, W = 8.5 =
tocal wall heighe, H=2.13 m
height of wall above grade, D=20.38 =
Insulation -
above grade, 1/R= = U = 0.53 W/(= + K)
{nsulatien resistance, ® = 1.35 o o K/HW
height of insulation cover, H = 2.13 = (full height)
floor is uninsulated
Tezmperatures =
basement spacs Ctexmperature, 83 = 21°¢C

ground surface tezperature (from Tab. 1)

= 6g+ 8, + sin (we) = 8.9 + 114 = sia (30(a + 8))

outside air te:pera:ure.3 (For Ottawa 8o, o = -11, -9, -3, 6, 13, 18, 21, 18, 18, 9, 2,

-7°C M = 1 to 12)
Stens 2. The area segments are calculated as follows:

Gz = (4)(8.5) = 3% a

Gy = (2)(9.2-8.5) = 1.4 2

G. = 34+ 1.4 = 35.4m

= (34)€0.38) = 12.92 & .
Apn = (1.6)(0.38) = 0.53 =

Ay = 36 -4 =30F

Ay = Lob =

Az = (8.5)(8.5) - 20 = 42.25 =

Ay = (1.2) = (3.5 - 2)/(2) = 4.55 =
Aoz = 34 . 0.6 = 20.4 =

Aay = (1.4)(0.6) = 0.84 =

Aez = (34)(2.13 - 0.28 - 0.5) = 39.1 =

g = LLLAN(2 : 5 51
Ay = (1.83(2.12 - 0.28 = 0.8) = 1.6l =
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Steo

3. Because the soll surTounding the basement (s clay, the lower values of thermal

conduclivity vere used to obtain the following basement factors £rom Tab. 2, Sect. A. For
insulation syscem No. 3 the faczors are:

Area Segmenct: n e 2 o= 3 n o= 4 n =5
s (0.58 + 1.10r)"t (1.23 + L.4R)% (1.81 + 0.9543)™" 0.19
(0.58 + 1.12R)7L 1.34 + 1.55)~L (2.77 - 0.11R)"% 0.07

o 0.9 0.7 0.4 0.3

at 0 -1 -2 -4

c 0 0.6 2.4 0.5

ng R = 1.55 = - X/W and 2t_, and noting that (¢ +4t)) = (a + 8 +ac,),

ar

Area Segmenc: n = 2 n =3 n =4 n=35
s 0.4% 0.29 0.58 0.19 W/ (F - X)
v 0.43 0.27 0.38 0.07 W/(=* + X)
g 0.9 0.7 0.4 0.3 Di=ensionless
(¢ + Ac) =+ 8 a+ 7 a+ 6 =+ 4 Monzh
c* 0 0.5 = 2.6 = 0.5 Dimensiocnless

* C value

has different unit, as noted.

4, Using the allowance faczors from Tab. 2, the corner allowances, X, are:

X—,EO

<~

12 Cqy=4(0.6) = 2.4 =
LGy = 4(2.4) = 9.6

Cs » Vg = 0.5(0.07) = 0.035 W/ (= - XK)

5. Calculate the areas of the segoents that include corner allecwance faczors:

-

12.92 + 0.53 = 13.5 =2
2004 + 0.346 = 21,2 =2
39,0 + 1.61 + Z.4 = 43,1 =

20+ 1.4 -+ 9.6 (0.33)/(0.53) : 37.7 =
I0 - 1.4 - 9.8 = 41,0 =

\

(42.25){1 = (0.035)/(0.19)] = 4.55 = 54.5 =

(a2.29)1 - (o.0138y /¢

PR <« Z=
2.23)0 1 (7. JICLCTY D = 4055 = Ay,

)
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Steo 6. The =onthly neat loss (power) values of the f{ve basement segments are. 117

G127 AL ¥ (8 g o) = 1350525, ) - T.2(212, L)
92,2 " A2(S3 - (33 -8 =V, e 0, . 0, « stn (30(a + 8))]

= 21.2(0.44(2L - 8.9) ~ 0.43(0.9)(11.4) sta (30(a + 8))]
= 112 = 93 stn (30(a + 8))
43,2 = A3[S3(83 = 8g) = vy« oy 8« sia (30(a + 7))]
= 43.1{0.29<i1 = 8.9) - 0.27(0.7)(11.4) sin (30(a + 7))}
= 151 - 93 sin (30(= + 7))
= A,

“s

= (37.7) (0.58 (21 - 8.9) - (41.0)(0.38)(0.4)(11.4) sia (30(a + 6))

© Sy (83 =8g) = Ay, s Vo 0, = 8, - sin (30(2 + 6))

= 265 = 71 sin (30(a + 6))
95,3 = Asg " S5 v (83 - 85) = Ag, + Vg e ag e+ 8, + sin (30(a + 4))
= (54.6) -+ (0.19)(21 - 8.9) - [67.9 (0.07)(0-3)(11.4) sta (30(a + 4)]
= 126 - 16.3 sin (30(= + 4))
In sum=ary, the zonthly heat losses of the five basezent segments are:
91,2 = 7.2 (21 -8, )
= 112 - 93 sin (30 (= ))
))
)
)

92,4

94 5 = 265 = 71 sia (30 (=

+ 8
93,5 = 151 = 93 sin (30 (=2 + 7
+ 6
+ 4

45,5 = 126 = 16 sin (30 (a

The average heat loss values for the five basement segments for each sonth of the year,
the toctal basement average values, and the annual average values for each seg=ent are lisced
in Tab. A-l. '

The annual average heat loss rate was 762 Y. The annual heat loss (enezzy) f£zom the
whole bagement would bhe

82 & 12 x 730 = 6675 kkh = 24 GJ
1000

As a =atter of Llatarest, the measured and caleulacad values are plotted f(n
whers

srve (1) = geasured energy consumorion

Curve (1) = sinusoidal power curve cbrained using Lle measured eneIrg’ va.ues
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APPENDIX B
ANSYS Heat Loss Determination and Element Library
Basement Model and Load File.
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455 2-D [SOPARAMETRIC THERMAL SOLID

This isoparametric thermal element can be used as a biaxial plane element or as
an axisymmelric ring eiement with a two-dimensional thermai conduction capability.
The element nas Tour nocal points with a singie gegree cf ‘reedom, temperature, at
each node.

The element is applicable to a two-dimensional, stezcy-state or transient,
Thermal (KAN=-1} anaiysis. The element can aiso compensate for mass transport heat
flow from a constant velocity fieid. If the mode! containing the isoparametric
temperature slement is also to be analyzed structurally, tne eiement should be
replaced by an eauivaient structural element (sucn as STIF42), see Section 2.21
Thermai~Stress “rocedure. A similar element, with mid-sice node capability (STIF77}.
is described in Section 4.77. A similar axisymmetric eiement wnich accepts
nonaxisymmetric !oaaing (STIF75) is described in Section 4.75.

An option exists tnat allows the element to mode! noniinear steady-state fluid
¥low througn a oorous medium. With this option the thermai parameters are interprete
as analogous fluid fiow parameters.

4.55.1 Input Data

The geometry, nodal point locations, face numbers, loading, and the coordinate
system for the eiement are shown in Figure 4.55.1. The eiement is defined by four
node points ang the orthotropic material properties. Orthotropic material directions
correspond to the element coordinate directions. The element coordinate system
orientation is a2s described in Section 4.0.12. The specific heat and the density may
be assigned any values for steady-state solutions. Properties not input defau!t as
described in Section 4.0.2. An average internal heat generation rate may be applied
to the etement. All of the element lateral surfaces have convection capability and
are numbered as snown in Figure 4.55.1.

KEYCPT(1) cefines the procedure for evaluating a temperature dependent fiim
coefficient. The nonlinear porous flow option is selectea with KEYOPT(3)=1. With
this option temperature boundary conditions (input with the NT command) are
interpreted as pressure, and heat flow boundary conditions (input with the HFLOW
command) are interpreted as mass flow rate (mass/time). A summary of the element
parameters is given in Table 4.55.1. A general description of element input is given
in Section 4.0.2.

4.55.2 Output Data

a) Printout - The solution printout associatad with the element is in two forms:
1) the node temperatures are inciuded in the overall nocal temperature solution
printout, and 2} the element printout is as shown in Table 4.55.2. Nodal heat flows
can be printed with the KRF command. For an axisymmetric analysis the face area ang
the heat flow rate are on a "per radian” basis. Heat flowing out of the element is
considered to be positive. If KEYOPT(9)=1, the standarc thermal output should be
interpreted as the analogous fluid flow output. The element output directions are
parallel to the sliement coordinate system. A general gescription of element printout
is given in Section 4.0.3.

b) Pecst Data - The post data associated with the element is snown below. The
data are written on Filel12 if requested, as described in Section 4.0.4.

STIF33



120

1 TGSUM g TAVG(1) 40 TOTAL VELOCITY
2 TFSLM 10 TBULK{(1) 41-42 VELOCITY(X,Y)
3 VoL 11 HEAT RATE(1) 43-44 TG(X,Y)
4  FACE NO. 12-35 4-11 8 (2,3,4) 45-48 TF{X,Y)
5 AREA(1) 36 TOTAL PR GRAD S
6-7 FACE NODES(1) 37-38 PRESS GRAD{X,Y)
8 HFILM(1) 38 MASS FLUX
Items 5 through 11 for each face are zero unless convecticon is present. Items 38

through 42 are zero unless KEYOPT(S) = 1.

4.55.3 Theory

The temperature distribution for this element is obtained from the numerical
solution of the following eauation (for the piane analysis):

oo (A .y a2y -2 3Ty L2 (v ).y
o at X 3X y 3y Ix XX dX 3y yy 3y
where: p = density (Weight (or Mass)/Volume)
Cp = specific heat (Heat/Weight (or Mass)*Deg)
k = thermal conductivity (Heat/Length*Time*Deg)
g = internal heat generation rate (Heat/Volume*Time)

v = velocity for mass transport option (KEYOPT(8)>0 only)

For the axisymmetric analysis the eguation (for constant k values) is of the form:

2 2
pC (QI + v 3T + Vv al) =k (l T + é—;) + k é—% + g
p 2t X 3% y 3y XX X 3X X yy 3y

where the x-axis is in the radial direction and the y-axis is in the axial direction

The temperature functions used for the element are bilinear as described in
Section 2.55 of the ANSYS Theoretical Manual {Ref. 5). A 2x2 lattice of integration
points is used for the numerical (Gaussian) integration procedure.

For the nonlinear porous flow option (KEYOPT(8)=1), see Section 4.70.3 with any
reference to the Z terms ignored for the analogous flow parameters.

4.55.4 Assumptions and Restrictions

The element must not have a negative or a zero area. The element must lie in a
X-Y plane as shown in Figure 4.55.1 and the X-axis must be the radial direction for
axisymmetric problems. Also, axisymmetric structures should be modeled in the +X
quadrants. A triangular element may be formed by defining duplicate K and L node
numbers as described in Section 4.0.9. The specific heat is evaluated at each

STIFZ5S



ration peint to atiow for abrupt changes {sucn as meiting) within a ccarse gric

tructural element with

1f the thermai siement is to be replaced by a S
ad u ienteg such that face 1

surface stresses reguest the thermal element sho

T
d, | r

and/or face 3 is a free suriace, see Section 2.2%. A free surface of the element

(i.e.. not adjacent to anotrer element and not subjectec to 2 oouncary constiraint) ic

assumec to be adiabatic. Thermal transients having a fine integration time siep anc

severe thermai gradient at the surface will aisc require a Tine mesh at the surface,
see Section 2.21. With the mass transport option, temperatures should be specified
along the entire inlet boundary to assure a stacie solution.

Y

{or Axial)
IS @

K.L

(Tri. Option)

Q -~ Convection Face Numbers

Heat flow out of the element is positive

X (or Radial)

Figure 4.55.1 2-D Isoparametric Thermal Solid
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Structural Point }

Structural 2-D Line |

Generalized "Mass

®

STIF21
1 noge 3-D space
DOF: UX, uY. uZ.
ROTX. ROTY, ROTZ

Sgar

TIFY

2 noces 2-D spacs
DOF: UX. UY
Features: P.R.S

Elastic Beam

Pl

—

DOF: UX. UY. ROTZ
Features: R.S

astic Beam

-

DOF: UX. UY. ROTZ
Features: P .R.S

Tapered
Unsymmoetric Beam

_

% )
STIF3 Y STIF23 STIF54
2 nodes 2-D space 2 nodes 2-D spacs 2 noges 2-D space

DOF: UX, UY, ROTZ
Featuras: R.S, Qffse:
nodes.

Structural 3-D Uine

Spar

STIF8

2 noaes 3-0 space
DOF: UX. VY. UZ
Features: P.R.S

Tension-Oniy Spar

—

STIF10

2 noces 3-D space
DQF: UX. UY. UZ
Features: R.S.G

Elastic Beam

STiF4

2 nodes 3-D space
DOF: UX. UY., UZ.
ROTX. ROTY, ROTZ
Features: R,S

Thin Wailed Plastic
Beam

STIF24

-

2 nodes 3-D space
DOF: UX. UY, UZ,
ROTX., ROTY. ROTZ
Features: P.R.S,
Arbltrary cross-section

Tapered
Unsymmaetric Beam

N

» b

STIF44

3 nodges 3-D spacs
DOF: UX. UY, UZ.
ROTX., ROTY. ROT
Features: R.§, Offse
nodes.

Elastic Straight Pipe

STIF16

2 nodes 3-0 space

DOF: UX, UY, UZ,
ROTX, ROTY. ROTZ

Features: R.S

Elastic Pipe Tee

STIF17

4 nodes 3-D space

DOF: UX, UY, UZ,
ROTX., ROTY, ROTZ

Features: R.S

Curved Plpe (Eibow)

STIF18

3 nodes 3-D space

DOF: UX, UY, UZ.
ROTX. ROTY. ROTZ

Features: R

Plastic Straight Pipe

STIF20
2 nodes 3-D space
DOF: UX, UY, UZ.

Features: P.R.S

ROTX. ROTY. ROTZ

Ptastic Elbow

STIFE0

3 nodes 3-D space

DOE: UX, UY, UZ,
ROTX. ROTY, RO™

Featuraes: P.R

Iimmersed Pipe

STIF5S
2 nodes 3-D space
DOF: UX. Uy, UZ,

ROTX. ROTY. ROT
Features: R,S, Wave

Structuraf 2-D Soild

Isoparametric Solid

STIF42
4 nodes 2-D space
DOF: UX. UY

Z
Featuraes: P.R.S

Axisymmetric
Harmonic Stress Solid

STIF25
4 nodes 2-D space
DOF: UX, uY, UZ
Features: S

Triangular Solld

STIF2
§ nodes 2-D space
DOF: UX. UY

Features: P .R.S

Isoparametric Selid

STIFB2
8 nodes 2-D spacse
DOF: UX, UY

Features: P.R.S

loading

Figure 4.0.1

P = Plasticity. R = Large Deflection. S = Stress Stiffening, G = Geometric Nonfinearity

Element Types

C1 SMENT QEI EOTION
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P = Plasticity. R = Large Dsfiection. S = Stress Stiffening, G = Geometric Nontinearity

Figure 4.0.1

ELEMENT SELECTION

Element Types (continued)

Structural 3-0 Solld |
Axisymmetric Hypareiastic Solid isoparametric Soiid 1 Anisotropic Solld Reinforcad Sgiig
Harmonic Stress Soild
STIF8S
STIF64 8 noces I-D scace
STIFE3 STIF84 STIF4S 8 noces 3-D space DOF: UX. UY. uZ
8 nccees 2-D space 8 noages 2-D space 8 nodes 3-D space’ DOF: UX., Uy, UZ Features: P,
DOF: UX, UY., UZ DOF: UX. UY DOF: UX, Uy, Uz Features: S, R. Aniso- Conerete. rock,
Features: S Features: Rubber-like Features: P.R.S tropic or crystailine fibergtass. ccmoos
materals. matenals. etc. matenais,
Hyperelastic Solid Layered Solid Crack Tip Selld Tetranedral Solid isoparametric Solid
STIFBG STIFdE STIFBS STIF92 STIFSS
8 noces 3-D space 8 nodes 3-D space 8 nodas 3-D space 10 noges 3-D space 20 nodes 3-D spac
DOF: UX, UY. UZ DOF: UX, UY. UZ DOF: UX, UY, UZ DOF: UX. UY, UZ DOF: UX, UY, UZ
Features: Rubber-iike Features: R.S Features: P Features: P.R.S Featurass: P.R.S
rmatertals.
Structurai 2-0 Shell Structurai 3-0 Shell
Axisymmetric Plastic Axisymmetric | Quadrilateral Shell Ptastic Shell Membrane Sheil
Harmonic Stress Sheil | Shell with Torsion
STIF81 STIFS1 STIF83 STIF43 STIF41
2 nodes 2-D spacs 2 nocss 2-D space 4 nodes 3-D space 4 nodes 3-D space 4 nodes 3-D space
DOF: UX. UY. UZ. DOF: UX, UY, UZ, DOF: UX, UY, UZ. DOF: UX. UY. UZ. DOE: UX, UY. UZ
ROTZ ROTZ ROTX., ROTY. ROTZ ROTX. ROTY. ROTZ Features: R.S.G.
Features: S Features: P,R.S Features: R.S Features: P.R.S Cloth-type structe
Isoparametric Shell Layered Shell Layered Shell
STIFS3 STIFS1 STIFSS
8 nodges 3-D space 8 nodes 3-D space 8 noges 3-0D space
DOF: UX, UY, UZ. DOF: UX, UY. UZ. DOF: UX, UY. UZ.
ROTX. ROTY. ROTZ ROTX, ROTY, ROTZ ROTX. ROTY. ROTZ
Features: P.R.S Features: R.S. Features: R.S.
16 layers 100 layers.
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Tmermal Pont

Lumped Thermal
Hiass

Trhermal Bar

—

STIF32
2 noces 2-0 scace
DCF: TEMP

Thermat 2ar

-

STIF23
2 nodges 3-D scace
DOF: TEMP

Convection Link

o
11y
fs
1
STIF34
2 nodes 23-2 space
CCF: TEMP

Racdiation link

STIF31

-

2 rcces 3-D scace
DCF: TEMP

Thermal 2-0 Solid

isoparametric
Thermatl Scolid

Axisymmetric
Harmonic Thermal
Solid

Triangular Thermal
Solid

Isoparametric
Thermal Solid

Axisymmetric
Harmonic Thermat
Solid

STIFSS STIF7S STIF35 STIF77 STIF78
4 nodes 2-D space 4 noces 2-D scace 6 nodes 2-D scace 8 noces 2-D space 8 nodes 2-D space
DOF: TEMP DOF: TEMP DOF: TEMP DOF: TEMP DCF: TEMP
Thermal 3-0 Solid

isoparametric
Thermal Solld

STIF70
8 nodes 3-0 space
DOF: TEMP

isoparamaetric
Thermai Solid

STIF87
10 noges 3-D space
DOF: TEMP

Isoparamaetric
Thermal Solid

STIFS0
20 nodas 3-0 scace
DOF: TEMP

Thermai Shell

Fluid

Isoparamaetric
Quadrilateral
Thermal Shell

STIF57
4 nodes 3-D space
DOF: TEMP

Transient Fluid Flo
Thermal Pipe

STIFE6
2 nodes 3-D space
DOF: PRES. TEMP

Contained Fluid

STIF79
4 nodes 2-D space
DOF: UX, UY

Axisymmetric
Harmonic Contained
Fluid

STIF81
4 nodes 2-D space
DOF: UX. UY. UZ

Contained Fiuid

STIF80
8 nodes 3-D scace
DOF: UX, UY. UZ

iseparametric Fluid
Flow

STIF1§
4 nodes 2-D space

PRES

DOF: VX, VY, TEMP,

|soparametric
Acoustic Fluid Flo

STIF30

8 nodes 3-D spac

DOF: UX, UY. UZ
PRES

® = Plasticity. R = Large Deflection, S = Stress Stffening, G = Geomerr:e Nonlinearity
Figure 4.0.1 Element Tyces (continued)

ELEMENT SELZZTICN



125

Siecinc
|
Thermal-Ziectric Thermal-Eiectric Thermai-Eiectric isccarametric
Line Solid Solid Magnetic-Thermal-
clectric Solid
/ A
C
STIFS8 STIFS7 STiFBS N STIFS7
2 ncces 3-D space 4 ncces 2-D sdace 8 nodes 3-O scace 20 ncdes 3-0 scace
DOF: TEMP, VOLT OCF: TEMP, VOLT OOF: TEMP, VOLT DOF: TEMP. VOLT.
MAG
Multi-field Specialty
Multi-fieid Solid Multi-fieid Solid Tetrahedral interface Interface

Multi-field Solid

%

ek

PRES. TEMP

ROTX. ROTY, ROTZ.

PRES, TEMP
Features: G

ROTX. ROTY. RQTZ,

ROTX, ROTY, ROTZ.
PRES. TEMP
Features: G

ROTX, ROTY, ROTZ.
PRES. TEMP
Features: G

STIF13 STIFS STIF98 STIF12 STIF52
4 nodes 2-D space 8 nodes 3-D space 10 nodes 3-D space 2 nodes 2-D space 2 nodes 3-0 space
DOF: UX, UY.TEMP | DCF: UX, UY, UZ. DOF: UX. UY, UZ. DOF: UX, UY DOF: UX. UY, UZ
VOLT .MAG TEMP, VOLT, MAG TEMP, VOLT. MAG Features: G Features: G
Features:R.S Features: S
Spring-Damper Neonlinear Force- Control Combination Contact Surface
Deflection
Q
nimd
STIF14 STIF39 STIF37 STIF40 STIF26
2 nodes 3-D spacs 2 nodes 3-D space 4 nodes 3-D space 2 nodes 3-D spacs 3 nodes 2-D space
DOF: UX, UY, UZ, DOF: UX, UY, UZ. DOF: UX, UY, UZ. DOF: UX, Uy, UZ. DOF: UX., UY

Features: R.G

Revolute Joint

STIF7
5 nodes 3-D space
DOF: UX. UY, UZ,
ROTX, ROTY, ROTZ

Feawres: R.G

Dynamic Fluid
Coupling

(=2

STIF38
2 nodes 3-D space
DOF: UX, UY, UZ

Stiffness, Mass or
Damping Matrix

STIF27
2 ncdes 3-D space
DOF: UX, UY, UZ.
ROTX, ROTY, ROTZ

Surface Effect

STIFS
4 nodes 3-D space
DOF: UX, UY, UZ,
TEMP
Featues: R.S

Supereiement

STIFs0
Up to 3000+ DOF
2-D or 3-0 spac:
DOF: Any
Features; Matrix ¢
standard ANSYS
elemeants.

© = Plasticity, R = Large Deflection, S = Stress Stitfening, G = Geomaetric Nonlinearity

Figure 4.0.1

ELEMENT SELECTION

Element Tyges (c

ontinued)



Determination of Total Heat Loss or Gain

In a thermal analysis, we often want to determine the total amount of heat loss or
gain across a structure or through a portion of the structure*. This total heat flow

may be obtained by integrating the local heat flux over the entire surface, as
shown below:

total heat flow = [ (heat flux) s d(area of surface)
area
or
= d
q fASq As

" This procedure is not restricted to a steady-state analysis, however, it is presented here because
it is required for your steady-state exercise.

971

DN-5221 Chapter 4  Steady-State Analysis



In ANSYS, we can perform such integration usﬁing the POST1 path commands.

Let’s evaluate the total heat flow integral for a 2-D problem. Four steps are
required:

1. Define the path (LPATH command)

2. Map heat flux onto the path by interpolation (PDEF command)

3. Integrate heat flux over area associated with the path to obtain total
heat flow (PCALC command)

4. List and display total heat flow (PVIEW command)

DN-S221 ' Chapter 4  Steady-State Analysis

LT1



Step 1. Define the path (LPATH command)

2-D model

LPATH, 15,23

DN-5221 Chapter 4 Steady-Slate Analysis

heat flow

8¢l



The LPATH command defines a path through a model to be used in subsequent
path calculations.

LPATH, NODE1, NODE2, . . ., NODE10

Up to 10 node numbers used to define a path. The path between
two nodes listed consecutively (NODE1 and NODEZ2, etc.) is
determined by linear interpolation.

Note: The path operations discussed in the following steps cannot be performed

in non—Cartesian coordinate systems.

DN-5221 Chapter 4  Steady-State Analysis

6¢CI



Step 2. Map heat flux onto the path by interpolation (PDEF command)

node 23

node 15

heat flow

PDEF , INTR,FLUX,TFY

DN-S221 Chapler 4 Steady-State Analysis

0¢l1



PDEF, INTR interpolates nodal or element data along the path.

PDEF, INTR, Lab1, Lab2

Arbitrary label to be ltem to be interpolated along a path:

assigned to the “Label” — of postdata item (heat flux

resulting path item. component) as defined by the
STRESS command.

Note: The number of heat flux points mapped (by linear interpolation) onto the

path = 48 (N-1)+1 where N is the number of nodes defining the path.

DN-5221 Chapter 4 Steady-State Analysis

1el



Step 3. Integrate heat flux over the area associated with the path to obtain total

heat flow (PCALC command).

heat flow

PCALC, INTG,FLOW,FLUX,S

*path distance, s, is automatically calculated by ANSYS.

NAE Q921 Chapter 4 Sleady-Slate Analysis

(43!



PCALC, INTG integrates a path item with respect to any other path item

PCALC, INTG, LabR, Lab1, Lab2, FACT1

Integration equation is
LabR = FACT1x* [(Lab1 d(Lab2))

Factor used in INTG
equation (defaults to 1.0).

Arbitrary label to be
assigned to the resuilt.

Labeled path items (as
defined by PDEF command)
to be operated on.

DN-5221 Chapler 4 Steady-State Analysis

eel



Obijective:
llustrate the series of POST1 path commands required to determine the

total heat flow for the 2-D problem above.

/POST1

STRESS,TFY, 55,46 * Brings in item 46 (TFY) for STIF55 elements

SET

/PNUM,NODE, 1

NPLOT = pisplays node numbers needed for path definition
LPATH, 15,23 * pefines path from node 1 to node 2

PDEF, INTR,FLUX,TFY * Interpolates TFY onto path and calls it "FLUX".
PCALC, INTG,FLOW,FLUX,S * Integrates FLUX with respect to S and calls it "FLOW"
PVIEW,PLOT,FLOW,FLUX * Displays FLOW and FLUX

©
-

o

DN-5221 Chapler 4 Sleady-Slate Analysis
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XX XXXXXXTRX XXX XX
Jorep?
i+l a

, BASEMENT

np, kxx, 2,
mp, kxx,3,0.
mp, kxx,4,2.
mp, kxx, 5, 1.
np, kXX, 6,2.
mp, kxx,7,0.
mp, kxx,8,0.
mp, kxXx, 9,1 115
mp, kxx,10,0.028
mp, KXX, ll,999°
mp, kxx,12,1.2

mp, kxx,13,1.2

K,4,7.582,~.344
K,7,7.81,~.496
10,-.152,-.152

K,13,-8.09,0
X,16,-7.84¢6,0

1,1,2 $1,2,3
1,8,9 $1,9,10
1,15,16 81,1l06,1
1,5,8

lssel,,lS 21,1 S
lssel,,5,7,1 $
ldvs,16,,5 S
ldvs,8,,5 S
type, 1
mat, 1

*®

* Define veid £
X,17,7.658,-.0648
K,20,-.304,-.304
1,8,17 $:1,17,1
1,11,21 §$1,10,2
issel,,25,27,1
lssel,,29,33,1
ldvs,28,,1
mat,2 $a,11,10,

a,%,8,18,

al, 29,30,

model
cdefin

o
g
e

XXX XXXX XXX KK XX

MODZL 3ELOW GRADE -
S$mp, dens, 1,2400
; {&Smp,dens, 2,1.1614

NE

-
jo

N VERSICN

Smp,c,1,633
$mp,c,2,1007

rocrerties

135

x

x

x

x

A A XX XAXX XX LR XRX KRR XXX XRXARTX KX XX

flocr
form

Concrete
=~ Void

Smp, dens, 3,1520 Smp, ¢, 3,800 =~ Compacted gravel
Smp, dens, 4,2400 Smp,c, 4,633 * Concrete wall
Smp, dens, 5,1490 smp,c, 55,1770 * Unfrozen soil
Smp, dens, 6,200 sme, ¢, 6,800 * Base clad
Smp, dens, 7,53 Smp,c,7,1210 * Wall insulation
Smp, dens, 8,1200 $me,c, 8,1080 * Drywall
Smp, dens, 9, 13820 smp,c, 3,600 * Concrete pile
$mp,dens, 10,42.5 $mp,¢, 10,1210 * Styrofaom ins.
* Snow
Smp, dens, 12,1420 Smp,c,12,1770 *x Trozen soil - zor
mp,c, 13,1770 = Trozen soil - zone 2
$¥,5,7.658,-.344 $K,6,7.81,~-.344
$X,8,7.858,-.49¢ $K,9,-.152,-.496
S¥,11,-7.938,~-.132 $K,12,-8.09,-.152
SK,14,-7.938,0 SK,15,-7.862,0
$1,23,4 $1,4,5 $1,3,6 $L,6,7 $1,7,8
$1,10,11 s$1,11,12 $1,12,13 $1,13,14 $1,15,14
$1,14,11 s1,16,11 $1,1,10 $1,2,9 $1,3,8
ldvs,all,, 4,3 $lsall
lsasel,, 22 Sisasel,,11,13,1 $lsasel,,17 Sldvs,all,,1 $lse

ldvs, 10,,5 $idvs,1,,1 $ldvs,9,,1 $§ldvs, 2,,5
ldvs, 14,,3,2 S$ldvs,4,,3,2 $ldvs,15,,2 $ldvs,3,,2
9,,2 $a,13,14,11,12 $amesh,1 Selsize, 98
;15,18 $amesh,?2 Selsize,99,,2
0,11 Samesh, 3 $a,1,2,9,10 Samesh, 4
9 Samesh, 5 Selsize, 89
2,21 Samesh, 6 Selsize, 99,,2
8 Samesh, 7
orm:
$K,18,7.572,~.548 S$¥,19,-.304,~.648
$K,21,-7.85,-.3C4 $¥,22,-7.938,-.304
8 51,18,19 $1,19,20 s1,20,21 $1,21,22 $1,11,22
0 81,9,19 $1,8,18
$idvs,all,,5 S$lsall
$isas, ,23 $ldvs,all,,2 Slsall
$ldvs,26,,1 $ldvs,24,,1
20,21 Samesh,8 $a,10,%,19,20 Samesh, 9
19 Samesh, 10 Selsize, 99
28 Samesh, 11 $a&l,33,23,2¢4 Samesh, 12



on
(53

¥,2%,7. -. eI, - 3%, 25, - g, -.
1,.8,23 $1,23,24 s., 24,22 31,238,225 $i,2
1gvs,33,,5 Sidvs,37,,°% $idws, 28,1
lssel,,38,40,1 S$lisasel,, 34 $idvs,ail,, 2,1.5
elsize, 98,,2
maz,2 $a,21,20,2%,258 Samesn, 13 5a,20,1%,24,25
a,19,18,23,2¢ Samesh, 1S

x

= Define left wall

*
x,27,-7.938,-0.45% $x,28,-8.167,-0.456 $k,29,
x,30,-8.187,-0.152 $k%,31,-8.1567,0 Sk, 32,
¥,33,-7.938,0.622 $x,34,-8.09,0.622

1,22,27 s$1,27,28 $1,28,29 $1,29,30 $1,30,31
1,33,14 $1,31,13 $1,30,12 $1,29%,22 s$1,1i2,22

lssel,, 43,45,1
ldvs, 46,,2
ldvs,31,,2
ldvs, 49,,2
mat,4 $a,22,27,28,2%
a,13,12,30, 31
a,34,33,14,13
al,11,28,52

$lsasel,, 41,352,111
Sldvs, 4&,,2
Sidvs, 47,,2

$idvs,all,,1
$ldvs, 50,,2
$ldvs,53,,2

Samesh, 1%
$amesh, 18
Szmesh, 20
Samesh, 21

$a,12,22,29,30
$a,13,31,32,34
Selsize, 89

®

* Define right wali:

k,35,7.658,-0.8 $k,36,7.887,-0.8 $k,37,7.8
x,38,7.887,-0.496 $k,39,7.887,-0.344 Sk,40,7.8
x,41,7.658,0.622 $x,42,7.81,0.8622

1,17,35 $.,35,36 $i,356,37 $1,37,38 $1,38,38
1,42,41 $1,41,5 $1,42,6 $1,6,39 $1,7,38
1,7,17

lssel,,37,58,1
lssel,,65,67,1
ldvs, 60,,2

Sisasel,,55 S$isasel,,68 $ldvs,
Slsasel,,56,61,5 Sidvs,all,,2 $
Sldvs, 64,,2 Sldvs,63,,2 sldvs, 62,,

al,7,23,68 Samesh,22 Selsize,99,,2 $a,17,37

a,7,38,37,17 S$amesh,24 Sa, 6,39,38,7 Samesnh,

a,42,40,39,6 Samesh,26 Sa,41,42,6,5 Samesh,
x

*~ Define insulation and drywall:
k,46,~7.862,0.622
1,46,33 S$1,46,15

$k,45,-7.846,0.622

$1,45,46 $1,45,16

idvs, 63,,3,2 $ldvs,7i,,2 $ldvs,70,,2

ldvs,75,.,2 $ldvs,74,,2 $ldvs,76,,2

mat,7 S$a,33,46,15,14 Samesh, 28 Smat,8

mat,7 Sa,43,41,5,4 Samesh, 30 Smatc,8
*

$1,43,41

Sa, 46,4
Sa,44,4

* Define paseclad:

*
k,47,-8.243,-0.304
k,50,-8.243,0.432
k,£3,7.983
k,56,7.963,0.622

$k,48,-8.243
$kx,351,-8.243,0.622
$x,34,7.963,0.063

$k,52,7.
S$k,55,7.

Sk,44,7.586,0.622

$ldvs,72,,2

136

P cor me _m onz - .
iZ2 S¥,268,-7.8Z,-.422

-~ o ~ A~z & - -
2,22 $1,20,22 $L,1.¢,24
isall

-8.167,-0.304
-8.167,0.622

$1,31,32 §1,32,34
$1,13,34 $1,34,33
Slsall
Sldvs, 42,,2
Sidvs, 34,,1
Samesh, 17
Samesh, 19
87,~-0.648
87,0.622
$1,39,40 51,40,42
$1,17,37
all,,1 $lsall
1sall
1
,36,35 Samesh,23
25
27

$k,43,7.582,0.822
$1,43,4 S1,44,43 $1,44,3
S$idvs, 73, /312

5,16,15
3,4,3

Samesh, 29
Samesh, 31

$k,49,-8.243,0.0633

863,-0.648
863,0.432

1,47,29 51,48,47 $1,49,48 $1,50,4% $1,50,31 $1,51,32 $1,50,32
1,49,31 $1,52,37 $1,32,53 $1,53,54 $1,53,54 $1,56,535 $1,56,40
1,85,40 $1,54,39

lssel,,77 Slsasel,,82,84,1 Sidvs,all,, 3,2 Slsall

dvs,78,,2 $ldvs,79,,1 $ldvs,80,,2 $ldvs, 81, ,1

issel,,85 S$lsasel,,90,82,1 Sidvs,all,, 3,2 3Slsall
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idvs,86,,3 Sidvs,&87,,°C sidwvs,58%,,2 $1dvs, 5%, ,1
mat, 6 $a,s0,22,31,49 cSamesh, iz Sel ize, 99

al,4%S,44,77,78,75%,534 Samesh, 33

al,8z,83,81 Samesh, 34

al,$2,87,86,85,38,33 Samesh,35 $elsize, 8%,,2

a,40,33,54,3¢ Samesh, 36 Selsize, 28

al,%0,8¢9,91 Samesn, 37

* Define styrofoam & gravel:

x,57,-8.846,-0.152 $k,58,-8.846,-0.2133 $k,539,-8.695,-0.162
x,60,-8.556,-0.456 $k,61,-8.256,-0.456 $k,62,-8.256,-0.304
x,63,~-8.256,-4 Sk, 64,-8.167,~-3.98¢ $k,63,-7.938,-3.888
k,66,-7.85,-4 $k,67,8.553,-0.152 $k,68,8.553,-0.215
k,69,8.391,-0.162 $k,70,8.278,~-0.8 $k,71,7.878,-0.8
k,72,7.978,~-0.648 $x,73,7.978, -4 Sk,74,7.887,-3.9¢¢
x,75,7.658,-3.999 $k,76,7.572,-4
1,49,57 $1,57,58 $1,58,5% $1,48,59 $1,57,39 $1,5%,60 $1,60,61
1,61,62 $L,62,47 $1,62,58 $1,61,63 $1,63,64 51,64,65 S1,65,66
1,26,6%6 1,26,27 S1,28,61 §$1,28,64 $1,27,65 $1,23,76 $1,76,75
1,75,74 $1,74,73 $1,71,73 s1,71,36 $1,35,23 §1,35,75 81,36,74
1,52,72 $i,72,71 $%,71,70 $1,70,69 S$1,6%,72 $1,54,67 $1,67,68
1,68,69 $1,53,6% S$1,67,69
1dvs, 93,,3,2 S$ldvs,86,,3,2 $ldvs,97,,1 $ldvs,94,,1 $ldvs,95,,1
ldvs, 98,,3 $1dwvs,100,,3 $1dvs,102,,2 Sldvs,99,,2 $ldvs,101,,3
lssel,,103,111,4 $lsasel,,110,119,9 S$lsasel,,112,120,4
ldvs,all,, 8,4 Slsall $lssel,,104,108,2 $lsasel,,109,118,9
lsasel,,113,117,2 $idvs,all,,1 S$lsall $issel,,1035,114,9

ldvs,all,, 2
ldvs, 124,,3
ldvs,127,,1

elsize, 99,,2
$a,49,48,58%,57
al, 87,985,994
$a,48,47,62,58

mat, 10

mat, 5
mat, 9

mat, 3

Selsize, 99

$lsall
Sldvs,125,,

$ldvs,128,,1

a,61,28,64,63
a,27,26,66,865
a,22,21,26,217
a,23,35,75,76
a,36,71,73,74
al,85%,121,122,117,%57
Selsize, 99,,2
mat,10 $a,54,67,69,53 Samesh,34 Selsize,9%
*®

$ldvs,121,,3

Samesh, 38
Samesh, 39
$amesh, 40

Sidvs,122,,3

$ldvs, 123,,3
3 $idvs,12%,,3,28idvs,129,,3,2%1dvs, 130, ,1

Selsize, 99

Selsize,99,,2

Sa,62,61,80,59

$al,101,77,43,109,100

Samesh, 43
$amesh, 45
Samesh, 46
$amesh, 48
Samesh, 50

$a,72,63,70,71

=~ Define surrounding soil:

®

k,77,-20.963,1.432

x,80,-9,
x,83,-8.
k,86,-8
k,89,-8
k,%2,-8.
k,95,-7
k,98,-0.
k,101,8.
k,104,8.
k,107,8.
k,110,8.
k,113,8.

0.432
35,0.237

.35,0.043
.846,-1

846,-15

.5,-0.8

456,-15
553,-15
553,-1.3
1,0.043
1,0.237
7,0.432

$k,78,-9,0.519
Sk,81,-20.963,0.237
$%,84,-20.963,0.043

$a,28,27,65,¢64

Selsize, 99

$a,18,17,35,23
$a,35,36,74,75

Selsize, 99
Samesh, 51

Samesnh, 52

Samesh,
Samesh,
Samesh,

Samesh,

Samesh,

$a, 33,6
Sal,130,1

41

42 Selsize,99,,2

44

47 Selsize,99,,2

49

8,72,%
27,128

$k,79,-20.963,0.432

Sk,82,-9,0.237

Sk,90,-20.963,-15

$k,93,-
$k,86, -
$k,99,7
$k,102,
S$k,105,
$k,108,

Sk,83,-9,0.043

-0.152
556,-5
85,-5.5
456,-5.5
572,-15%

$kx,103,20.963,-15
$%x,106,20.963,-0.152
$k,109,20.963,0.043

$kx,87,-20.963,-0.152 Sk, 88,-9,
Sk,%1,-8.
7.85,-15 Sk, %4,-7.
0.456,-4 sk, %7,-0.
.572,-3.5 Sk,100,7.
8.278,-5
8.7,-0.152
8.7,0.043
8.7,0.237

Sk, 111,

Sk,114,20.963,0.432

$%,112,20.963,0.237

$kx,115,8.

7,0.516

Z Samesh, 33
Samesh,5S
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x,116,20.883,1.422

.,30,78 $.,30,8C S1,823,82 $.,88,8% $1,35,11% 3,353,113 51,110,111
1,107,108 $1,30,83 $1,4%,88 51,335,110 S$1,54,107 $1,78,77 5.,8C,7¢2
1,82,81 $1,85,84 $1,88,87 51,8%,50 $1,%1,%82 51,%4,83 s1,97,98
1,99,100 $1,102,101 $%1,104,103 $1,103,106 $1,108,109 s1,111,112
1,112,114 $1,115,11+16 32,77,7% §1,78,80 $1,115,113 $1,116,114 $1,79,81
1,80,82 $i,113,111 51,114,122 $1,81,84 $1,82,83 $1,83,85 $1,110,107
1,111,108 $1,112,10¢ $2,84,87 $1,85,88 s1,85,37 $1,108,57 $1,108,103
1,109,106 $1,87,90 $.,88,8% S1,105,104 $1,106,103 $1,90,92 51,889,291
1,104,102 $1,103,101 $1,%2,93 $1,94,91 s1,102,%9 s1,101,100 S1,83,°¢°38
1,94,97 $1,658,96 §1,85,24 $1,76,89¢6 S;,99,9/ $1,100,98 $1,95,65%

-,60 94 $1,96,97 $1,76,9% $1,91,63 $1,73,102 51,60,89 $1,61,8¢%

1,770,104 $1,71,104 $1,57,88 $1,67,105 51,24,

g6 $1, 26,95

lssel,,131,138,1 $ldvs,all,, 3,2 $lisall Slssel,,ld,,l4l,2 $ldvs,all,,3,2 Slisa.
lssel,,140,142,2 $ldvs,all,,2 $lsall $lssel,,143,159,1 $ldvs,all,,8 Slsa.
lssel,,160,167,1 S$ldvs,all,,3 $lsall Slssel,,168,179,1 $ldvs,all,,2 Slsa.
lssel,,180,183,1 $ldvs,all,,3 $1sall S$lssel,,184,187,1 S$ldvs,all,,2 Slsa.
lssel,,188,191,1 sldvs,all,,?2 $lsall $lssel,,192,198,1 Sldvs,all,,5s S$lsa’
ldvs,198,,8 $lssel, , 200,202,1

ldvs,all,, 2 $lsall Slssel,,203,208,1 $ldvs,all,,3 Slsall

ldvs, 209,,2 $ldvs,210,,2 $icdvs,211,,8 $idvs,212,,1

mat, 11l Selsize,99,,2 Sa,77,78,80,79 S$amesh,56 Selsize, 99

al, 131,132,161

Samesh, 57

$al, 135,162,136 Samesnh,S58 Selsize,®9,,2

a,115,116,ll4,113 $amesh, 59
mat, 12 $a,79,80,82,81 Samesh,60 S$a,80,50,83,82 $amesh, 6l
a,55,113,111,110 $amesh, 62 Sa,llB,_l4,--2 111 Samesn, 63
$a,81,82,85,84 Samesh, 64 $a,82,83,8%6,85 $amesh, 65
a,110,111,108,107 Samesh, 66 $a,lll,112,109,108 Samesh, 67

mat, 13

mat, 14

finish
/eof

$a,84,85,88,87
a,85,86,49,57
elsize, 99,,2
elsize, 99
al,l39,80,l40,l70
al,177,178,210

Samesh, 68 Selsize, 99
Samesh, 62 $a,107,108,87,54
$a,108,109,106,105

$al, 175,176,209
Samesh, 73 Sal,
Samesh, 75

Samesh, 70
Samesh, 71
$amesh, 72
141,171,142,88 $amesh, 74

$al,209,94,95,98,205,181 Samesh,76 $al,203,99,206 Samesh,77

al,104,105,106,200,189,203

Samesh, 78

al,202,113,114,115,204,190

amesh,79 $al, 123,207,208
amesh,81 $%al,107,212,199

a,87,88,89,90
a,89,61,63,91
elsize, 99,,2
a,26,25,24,95
elsize, 99,,2
a,66,96,97,84
a,24,23,76,96
a,%7,99,100, 98
a,102,73,71,104
amesh, 96

Samesh, 80 $al,207,124,128,127,210,182
Samesh, 82 S$elsize,9%,,2
Selsize, 99 $a,90,89,91,92 Samesh, 84

Py

$amesh, 83
Samesh, 85
$a,91,94,93,%2 Samesh,
$amesh, 87
$a,95,24,%6,66 Samesh, 88

Samesh, 89 Sa,94,97,98,23 Samesh, 90
Samesh, 81 Sa,96,76,99,%7 Samesh, 92
Samesh, $3 $a,%9,102,101,100 Samesh,94
Selsize, %9 Samesh,%3 Sa,102,104,103,101
$a,104,105,106,103 Sameshn, 97

86 Selsize, 99
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= Tnhnis file contains the lcad for the basement mcdel Irom ~*
Aoy . Tha- o}

* May 1989 to ARugust 188C. i
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X*X'XXXX*X*XX*XXXX‘KXX‘XXXXXXXXX’(RX*'KXXXXXxx*x*’(?***rr*xxr!*!xx
/erep’

rasume

kbc, C Stref, S Stunif, s $nsel,y,-15 $nt,all,temp, 6.1
nall

time, 0 Siter,7,,0 Slssel,,81,89,8 Slsasel,,131,135,4

lsasel,, 143,159,156 Sicvss,all,22.%82,6.51 $lsall Slssel,,l,2,1
lsasel,, 16 Slsasel,,72,76,4 Slcvsi,all,10,18.3
lsall $lwrite *1.stepl

time, 604800 Siter,7,,-1 S$Slssel,,81,88,8 Slsasel,,131,135,4

lsasel,,143,159,16 Slcvsf,all,22.62,18.7 $lsall S$issel,,1,2,1
lsasel,, 19 Slsasel,,72,76,4 Sicvsf,all,10,18.3
lsall Slwrite *],step?

time, 1209600 $iter,7,,-1 Slssel,,81,8%,8 Slsasel,,131,135,4

lsasel,,143,159,16 Slcvsf,all,21.53,16.8 $lsall $lssel,,1,2,1
lsasel,, 16 Slsasel,,72,76,4 $lcvsi, all,10,18.3
lsall Slwrite *1.step3

time, 1814400 $iter,7,,-1 Slssel,,81,89,8 $isasel,,131,135,4

lsasel,, 143,159,116 Slcvsf,all, 22.62,10.84 $lsall S$issel,,1,2,1
lsasel,,l6 Slsasel,,72,76,4 Slcvsf,all,10,18.3
lsall $lwrite *1.stepd

time, 2419200 $iter,7,,-1 Slssel,,81,89,8 Sisasel,,131,135,4

lsasel,,143,159,16 Sicvsf,all,24.72,14.08 $lsall Slssel,,1,2,1
lsasel,, 16 Slsasel,,72,76,4 $lcvsi,all,10,18.3
lsall Slwrite =1,stepb

time, 3024000 Siter,7,,-1 Slssel,,81,89,8 $lsasel,,131,135,4

lsasel,,143,159,1%6 Slcvsf,all, 18.43,13.33 $lsall S$lssel,,1,2,1
lsasel,, 1% Slsasel,,72,76,4 Slcvsf,all,10,18.3
lsall S$lwrite *l.stepéb

time, 3628800 $icter,7,,-1 Slssel,,81,89,8 Slsasel,,131,135,4

lsasel,, 143,159,1%6 Slcvsf,all,17.9,17.64 $lsall S$lissel,,1,2,1
lsasel,, 16 Slsasel,,72,76,4 Slcvsf,all,10,18.3
lsall Slwrite *1.step’

time, 4233600 $iter,7,,-1 Slssel,,81,89,8 $lsasel,,131,135,4

lsasel,,143,159,16 $lcvsf,all,25,18.4 $lsall $lssel,,1,2,1
lsasel,, 16 Slsasel,,72,76,4 $lcvst,all,10,18.3
lsall $lwrite *1.step8

time, 4838400 $iter,7,,-1 Slssel,,81,89,8 $lsasel,,131,135,4

lsasel,,143,159,1¢6 Sicvsf,all,26.9,21.8 Slsall Slssel,,1,2,1
lsasel,, 16 Slsasel,,72,76,4 Slcvsi,all, 10, 18 3
lsall Slwrice *1.stepl

time, 5443200 $iter,7,,-1 Slssel,, 81,89,8 Slsasel,,131,135,4

lsase‘,,l43,159,16 Schsf,all,26.9,22.l4 $lsall Slssel,,l1,2,1
lsasel,, 16 Slsasel,,72,7%6,4 Slcvsfi,all, 10,18.3
lsall $iwrite *1l.stepll

time, 6048000 $iter,7,,-1 Slssel,, 81,89,8 Slsasel,,131,135,4

lsasel,,143,159,16 Slcvsfi,all, 20,20.94 $lsall Sissel,,1,2,1
lsasel,, 16 $lsasel,,72,76,4 SlevsE,all,10,18.3
lsall $lwrite *1l.stepll

time, 6632800 $icter,7,,-1 Slssel,,81,89,8 $lsasel,, 131,135,4

lsasel,,143,159,1%6 Slcvsf,all,13.15,21.24 Slsall Slssel,,l1,2,1

lsasel,, 16 Slsasel,,72,76,4 Slcvsi,all, 10,18.3

139
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sall Siwrits .steapll
Time, 7237500 $izer,>,,-. Slssel,,8.,89,8 Slsasel,,13.,122,4
igasel,,142,135,1¢ Sicwvs?,all,20,24.54 Sisall Slssel,,1,2,1
lsasel,, 25 Sisasel,,72,76,4 Slevs?s,all,10,18.3
isall Siwrice *l.stepls
time, 7862400 Siter,7,,-1 S$lssel,,81,89,8 S$lsasel,,131,135,4
isasel,, 143,158,156 Sicvsi,all,20,21.45 $isall $lssel,,1,2,1
lsasel,, 156 Sisasel,,72,76,4 $ilcvsi,all,10,18.3
lsall Slwrite *l.stepld
time, 8467200 Siter,7,,-1 S$lssel,,81,89,8 $lsasel,,131,133,4
lsasel,,143,158,16 $icvsf,all,17.32,21.73 $lsall Slssel,,1,2,1
lsasel,, 16 Slsasel,,72,76,4 $icvsf,all,10,18.3
lsall Slwrite *1l.stepls
time, 8072000 $iter,7,,-1 $lssel,,81,89,8 $lsasel,,131,135,4
lsasel,,ld3,L59,l6 Slcvsf,all,192.91,20.7 $1sall S$lssel,,1,2,1
lsasel,, 16 Slsasel,,72,76,4 Sicvsf,all,10,18.3
lsall Slwrite *1l.steplé
time, 9676800 Siter,7,,-1 $lssel,,81,89,8 $lsasel,,131,135,4
lsasel,,143,159,16 Slcvsf,all,23.16,18.2 $1sall Sissel,,1,2,1
lsasel,, 16 Slsasel,,72,76,4 $icvsi,all,10,18.3

lsall
time, 10281600 Siter,7?
lsasel,,143,159,16

Slwrite
7 $lssel,,81,89,8

1/
Slcvsf,all,17.5,19.

lsasel,, 16 $lsasel,, 72,
1sall Slwrite

lsall

afwrite

finish

/input, 27

finish

/eof

Srename filel2.dat file39.dat

Sansysdéda

/prepl $resume Skrstrt,18
nall

time, 10886400 Siter,7,,0 $lssel,, 81,8

lsasel,, 143,158,116 Slcvsf,all,23.16,16

*1.stepl?
$lsasel,,131,135,4

3 Slsall $lssel,,l1,2,1

76,4 $lcvsf,all, 10,18.3
*1.stepl8
$nsel,y,-15 $nt,all,temp, 6.1

9,8 Slsasel,,131,135,4

Slsall

Slssel,,1,2,1

lsasel,, 16 Slsasel, ,72,76,4 Slcvsf,all,10,18.3
lsall Slwrite l.stepl?®

time, 11491200 Siter,7,,0 $lssel,,81,89,8 Slsasel,,131,135,4

lsasel,,143,159,16 Slcvsf,all,17.7,14.9 Slsall Slssel,,l1,2,1
lsasel,, 16 $lsasel,,72,76,4 Sicvsf,all,10,18.3
lsall Slwrite l1.step20

time, 12096000 $Siter,7,,0 $lssel,,81,89,8 $1lsasel,,131,135,4

lsasel,,143,159,16 Slcvsf,all,26.7,14.48 Slsall $l1lssel,,1,2,1
lsasel,, 16 $lsasel,,72,76,4 Slecvsf,all,10,18.3
lsall Slwrite *1l.step2l

rime, 12700800 $iter,7,,0 $lssel,,81,89,8 Slsasel,,131,135,4

lsasel,, 143,159,16 Slcvsf,all,26.8,10.58 $lsall Slssel,,1,2,1
1sase1,,16 $lsasel,,72,76,4 Sicvsf,all, 10,18.3
lsall Slwrite *1 . scep2l .

time, 13305600 Siter,7,,0 $lssel,,81,89,8 Slsasel,,131,135,4

lsasel,,143,159,16 Slcvsf,all,24.38,11.%6 $lsall Slssel,,l1,2,1
lsasel, , 16 Slsasel,,72,76,4 Sicvsf,all,10,18.3
lsall $lwrite *1l.step23

time, 13910400 Siter,7,,0 $lssel,,81,8¢,8 $lsasel,,131,135,4

lsasel,,143,159,16 Slcvsf,all,20.83,7 $lsall Slssel,,1,2,1
lsasel,, 16 $lsase1,,72 76,4 $lcvsf,all, 10,18.3
lsall Slwrite =1.stepld

time, 14515200 $iter,7,,0 $lssel,,81,8%,8 Slsasel,,131,135,4
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Lszsel,,l42,138,186 $icwvs®,zll,18.35,3.25 $isall Slssel,,:,2,1
lsasel,, -9 Slsasel,, 2,75,4 $lowsS,all, 10,1802
isall Slwrice ~l.stepzs

t-me,lSlZOOOO $izer,7,,0 $lssel,,B81,89,8 Sisas=l,,131,13%,4

lsasel,, 143,139,116 Sicvs<,all,18.38,7.74 $lsall Slsseli,,1,2,1
lsasel,, 15 Sisasel,,72,76,4 Sicvss,all,10,18.3
lsall Slwrite *1.steplb

time, 15724800 Sirer,7,,0 $lssel,,81,8¢9,8 Sisasel,,131,135,4

lsasel,, 143,188,186 Sicvsf,all,19.53,3.15 $1sall Sissei,,1,2,1
lsasel,, 16 Slsasel,,72,76,4 $icvsi,all,10,18.3
isall Siwrite *1.stepl’

“ime, 16329600 Sizer,7,,0 $issel,,81,89,8 $lsasel,,131,135,4

isasel,, 143,159,116 Slcvsf,all,22.31,11.11 $lsall Sissel,,1,2,1
lsasel,, 16 $lsasel,,72,76,4 Slcvsf,all,10,18.3
lsall Slwrite *1.scep28

rime, 16934400 Sizer,7,,0 Slssel,,81,89,8 Sisasel,,131,135,4

lsasel,,143,159,16 Slcvsf,all,20.4,-5.8 $lsall Slssel,,1,2,1
lsasel,, 16 S1 sasel,,72 76,4 $icvsf,all,10,18.3
lsall $iwrite *l.stepl’d

time, 17539200 S$iter,7,,0 Slssel,,81,89,8 Slsasel,,131,135,4

lsasel,,143,159,16 Slcvsf,all,22.35,-.073 $lsall Sissel,,1,2,1
lsasel,, 16 SLS&SEl,,72,76,4 $lcvsi,all,10,18.3
lsall Slwrice *1.step30

time, 18144000 Sicer,7,,7 $lssel,,81,89,8 $lsasel,,131,1235,4

lsasel,,143,159,16 $lcvsf,all,24.45,-10.2 $lsall Slssel,,1,2,1
isasel,, 16 $lsasel,,72,76,4 Sicvsf,all,10,18.3
lsall Slwrite *1.step3l

afwrite

finish

/input, 27

finish

/eof

Srename filel2.dat £filedO.dat

Sansysdda

/orep’

resume

krstrt, 31

mp, kxx,12,.3 Smp,dens, 12,1430 Smp,c, 12,1770

mp, kxx,11,.19 Smp, dens, 11,500 $mp,c,11,500000 *fer decl-dec31/88

nsel,y,-15 snt,all,temp, 6.1

nall

rime, 18748800 Siter,7,,0 Slssel,,81,89,8 $lsasel,,131,135,4

lsasel,,143,159,16 $lcvst,all,19.52,-11 $isall Slssel,,l1,2,1
lsasel,, 16 Slsasel,, 72, 7o,. Slcvsf,all,10,18.3
lsall S$lwrite *}.step32

time, 19353500 Siter,7,,0 $lssel,,81,89,8 $lsasel,,131,135,4

lsasel,, 143,159,116 $ Slevsf,all,17.2,-8.¢ Sisall >1ssel,,l,2,l
lsasel,, 16 $lsasel,,72,76,4 Sicvsf,all,10,18.
lsall Slwrite =1.step33

cime, 19958400 $icer,7,,0 $lssel,,81,88,8 Slsasel,,131,135,4

lsasel,,143,159,16 Sicvsf,all,16.7,-10.2 Sisall Slssel,,l,2,1
lsasel,, 16 $lsasel,,72,76,4 Sicvs?,all,10,18.3
lsall $iwrice *1,sTep34

time,20563200 Sicer,7,,0 $lssel,,81,89,8 $lsasel, ,131,135,4

lsasel,,143,159,16 Slcvsf,all,21.8,-9.7 Slsall Slssel,,l,2,1
lsasel,, 16 Slsasel,,72,76,4 $lcvsf,all,10,18.3
lsall $lwrite *1.step3d

time, 21168000 Siter,7,,0 $issel,,81,89,8 $lsasel,,131,135,4

lsasel,,143,159,16 $lgvs?i,all,22.1,-17.1 $lsall Slssel,,1,2,1
lsasel,, 186 Slsasel,,72,76,4 $icvsf,all,10,18.3
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krstrz, 36
mp, kxx, 13,
nsel,y,-15
nall

time, 21772800 Siter,7

cime, 22377600 Siter,7,,0

lsasel,, 143,159,156
lsasel,, 16
lsall

time, 22982400 $iter,7,,0

lsasel,,143,159,1%8
lsasel,, 16
lsall

time, 23587200 Siter,7,,0

lsasel,,143,158,16
lsasel,, 16
lsall

lsall

afwrite

finish

/input, 27

finish

/eof

.3 Smp, dens, 13,1480
Snt,all,temp, 6.1

Smp,c, 13,1770

$issel,,81,89,8
Slsasel,,72,76,4
Slwrite *1l.step37
$lssel,,81,89,8
sicvsf,all,22.27,-23.6
Sisasel,,72,76,4
$lwrite *1.step38
$issel,,81,89,8
$icvsf,all,21.5,~33
Slsasel,,72,76,4
Slwrite *1,step39
$lssel,,81,89,8
$lcvsf,all,21.5,~-20.7
$lsasel,,72,76,4
$lwrite =1 .step40

Srename filel2.dat filed42.dat

Sansys4da

/prep?

resume

krstrt, 40

mp, kxx,14,.3

nsel,y,-15

nall

time, 24192000 Siter,7,,0

lsasel,,143,159,16
lsasel,, 16
lsall

time, 24796800 Siter,7,,0

lsasel,,143,158,16
lsasel,, 1€
lsall

time, 25401600 Siter,7,,0

lsasel,,143,139,16
lsasel,, 16
lsall

time, 26006400 Sirer,7,,0

lsasel,, 143,159,186
lsasel,, 16
lsall

$mp, dens, 14,1490
$nt,all,temp,6.1

$mp,c, 14,1770

$lssel,,81,89,8
Slcvsf,all,19.23,-17.9
Slsasel,,72,76,4
$lwrite *1.stepél
$lssel,,81,89,8
Sicvsf,all,21.81,-10.9
Slsasel,,72,76,4
Siwrite *x].stepd2
$lssel,,81,89,8
sicvsf,all,22.27,-20
Slsasel,,72,76,4
Slwrite *].step4dl
$lssel,,81,89,8
Sicvsf,all,23.5,-13.6
Sisasel,,72,76,4
Slwrite *] .scepdid

~for Janl-jan3l

~
e}
-

$isasel,,131,135,4
Sicvsi,all,10,18.3

Slsasel,,131,135,4
Slsall $lssel,,1,2,1
$lcvsfi,all,10,18.3

Slsasel,,131,135,4
Slsall S$lssel,,1,2,1
$lcvsi,all,10,18.3

Slsasel,,131,135,4
Slsall Slssel,,1,2,1
Sicvsf,all,10,18.3

*for £ebs0

$lsasel,,131,135,4
$lsall $1lssel,,l,2,1
$lcvs$,all,10,18.3

Sisasel,,131,135,4
$isall Slssel,,1,2,1
$icvst,all,10,18.3

Slsasel,,131,135,4
$isall $lssel,, i,2,1
$levsf,all,10,18.3

Slsasel,,131,135,4
$lsall $S$lssel,,1,2,1
Slcvsi,all,10,18.3



$mpe,c, 12,1770
Smp,c,14,1770

lsail

atwrize

firnish

/input, 27

finish

/eof

Srename fileil2.dat ZiledZ.dat
Sansysdda

/prep?

resume

krscrt, 44

mp, XXX,12,1.35 $mp,dens, 12,1490
mpe, kxx,14,1.35 Smp,dens, 14,1499
nsel,y,-15 $Snt,all,temp,6.1
nall

time, 26611200

Siter,7,,0

lsasel,,143,158,1¢
lsasel,, 10
lsall

time, 27216000 $iter,7,,90

lsasel,,143,159,16
lsasel,, 16
lsall

time, 27820800 Siter,

lsasel,,143,159,16
lsasel,, 16
lsall

7,,0

$lssel,,81,89,8
Slcvsf,all,23.42,-10.1
Slsasel,,72,76,4
Slwritce *1.stepdd
Slssel,,81,89,8
Sicvsf,all,28.62,-2.2
Sisasel,,72,76,4
Slwrite *l.stepdb
$lssel,,81,89,8
Sicvsf,all,26.33,-1.66
Slsasel,,72,76,4

*for mar%0

$lsasel,,131,135,4

Slsall

$lssel,, 1,

Slwrite

*1.stepd’

time, 28425600

S$iter,7,,0

lsasel,,143,159,16
lsasel,, 16

lsall
lsall
atwrite
finish
/input, 27
finish
/eof
Srename filel2.dat £iledd.
Sansysdda
/prep’
resume
krstrt, 48
mp, kxx,13,1.35 Smp, dens
mpo, kxx,11,9959%
nsel,y,-15 Snt,a

nall

time, 238030400 $iter,7,,0

lsasel,,143,159,16
lsasel,, 16
lsall

time, 29635200 Siter,7,,0

lsasel,,143,159,16
lsasel,, 16
lsall

time, 30240000 Siter,7,,0

lsasel,,143,159,16
lsasel,, 16
lsall

time, 30844800 Siter,7,,90

lsasel,,143,159,16

$lssel,,81,89,8
Slcvsf,all,17.69,-7.97
Slsasel,,72,76,4

$lwrite *1.step48
dat
,13,1490 S$mp,c,13,1770
11, temp, 6.1

Slssel,,81,89,8
$lcvsf,all,24.53,~-.57
Slsasel,,72,76,4
$lwrite *1.step4?d
Slssel,,81,89,8
$lcvsf,all,21.6,-2.1
Slsasel,,72,76,4
Slwrite *1.step50
$lssel,,81,89,8
$lcvsf,all,27.03,-.61
Slsasel,,72,76,4
Slwrite *1.stepSl
Slssel,,81,89,8
Slcvsf,all,23,2.78

2,1
Slecvs?®,all,10,18.3

$lsasel,,131,135,4
$Slsall $lssel,,1,2,1
levsf,all,10,18.3

Slsasel,,131,135,4
$lsall $issel,,l,2,1
Slevsi,all,10,18.3

$lsasel,, 131,135,

Slsall

$lssel,, 1,

4
2,1
Sicvsf,all,10,18.3

x

th

or aprilse

$lsasel,,131,135,4
$lsall Slssel,,1,2,1
Slcvsf,all,10,18.3

Sisasel,,131,135,4
$1lsall $lssel,,1,2,1
$levsf,all, 10,18.3

Slsasel,,131,135,4
$lsall $lssel,,l,2,
$lcvsf,all,10,18.3

bt

Sisasel,,131,135,4
Slsall $lssel,,1,2,1
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$mp,dens, 1

time, 31449600 Siter,7,,0

lsasel,, 143,159,156
lsasel,, 16
lsall

time, 32054400 Siter,7,,0
1sasel,,l43 159,16
1sase1,,l6

lsall

time, 32659200 Siter,7,,0

lsasel,,143,159,.5%
isasel,,l6
lsall

time, 33264000 Siter,7,,0

lsasel,,143,1539,16
lsasel,, 16
lsall

time, 33868800 $iter,7,,0

lsasel,,143,153,16
lsasel,, 16
lsall

time, 34473600 Siter,7,,0

lsasel,,143,159,16

' lsasel,, 16
lsall

rime, 35078400 $iter,7,,0

lsasel,,143,139,16
lsasel,, 16
lsall

time, 35683200 Siter,7,,0

lsasel,,143,159,16
lsasel,, 16
lsall

time, 36288000 $iter,7,,0

lsasel,,143,159,16
lsasel,, 16
lsall

time, 36892800 Siter,7,,0

lsasel,,143,159,16
lsasel, , 16
1sall

~ime, 37497600 Siter,

lsasel,,143,152,16

7:40

3,1

ct

Smp,dens,lZ,lAQO

Smp,dens, 14,1490
Snt,all,cemp,6.1

$mp,c, 12,1770
$mp,c,13,1770
Smp,c,14,1770

430

$issel,,81,89,8
Slcvst,all,17.94,3.44
Sisasel,,72,76,4
Siwrite *1.steps3
Slssel,,81,85,8
Slcvsf,all,21.9,5.08
Slsasel,,72,76,4
Slwrite *1.step54
$lssel,,81,89,8
$lcvsf,all,23.81,6.68
Slsasel,,72,76,4
Slwrite *1l.stepts
Sissel,,81,89,8
Slcvsf,all,19.92,7.85%6
Slsasel,,72,76,4
$lwrite =1.step56
Slssel,,81,89,8
Slcvsf,all,28.68,15.74
Slsasel,,72,76,4
$lwrite *1.step57
Slssel,,81,89,8
$lcvsf,all,21.82,16.12
Slsasel,,72,76,4
Slwrite *]1 . stepS8
Sissel,,81,85,8
Slcvsf,all,21.1,15.83
$‘sasel,,72 76,4
Slwrite *1.step39
$lssel,,81,89,8
Slcvsf,all,15,16.4
Slsasel,,72,76,4
$lwrite 1l.stepbl
$1ssel,,81,89,8
Slcvsf,all,15.31,18.1
Slsasel,,72,76,4
Slwrite *1,stepbl
Slssel,,81,89,8
Slcvsf,all,19.64,21.47
Slsasel,,72,76,4
Slwrite *]1.stepb?
$lssel,,81,88,38
Slcvsf,all,16.7,18.07

*for may20-augd0

Slsasel,,131,135,4
Sisall $lssel,,1,2,1
Sicvs?,all,10,18.3

$lsasel,,131,135,4
Slsall $lssel,,1,2,1
Slcvs?, all,10,18.3

Slsasel,,131,135,4
$lsail Slssel,,1,2,1
Slcvs$,all, 10,18.3

Slsasel,,131,135,4
Slsall S$issel,,1,2,1
Slcvsf,all,10,18.3

$lsasel,,131,135,4
Slsall S$lssel,,1,2,1
Slcvsf,all,10,18.3
Slsasel,,131,135,4
$lsall $lssel,,1,2,1
Slcvsf,all,10,18.3

Slsasel,,131,135,4
Slsall Slissel,,l,2,1
S$lcvsf,all,10,18.3

$lsasel,,131,135,4
$lsa:l Slssel,, 1,2,1
Slcvrsf,all,10,18.3

Slsasel,,131,135,4
$lsall Slssel,,l,2,1
$lcvsf,all,10,18.3

$lsasel,,131,135,4
$lsezll SWSsel,,-,Z,l
Slcwsf,all, 10,18.3
131,135,4

S;s sel
il sel,,1,2,1

I
Sls
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B - 1A
lsasel,, %
lsall

time, 38102400 Sizer,7,,0

lsasel,, 143,159,116
lsasel,, 18

time, 387077290 iter,7,,0
lsasel,, 143,159,118
1

time, 39312000 $icer,7,,9

lsasel,,143,159,1¢6
lsasel,, 18
lsall

time, 39916800 Siter,7,,0

lsasel,,143,159,16
lsasel,, 16
lsall

time, 40521600 $iter,7,,0

lsasel,,143,159,16
lsasel,, 16
lsall

time, 41126400 Siter,7,,0

lsasel,,143,159,16
lsasel,, 16
lsall

time, 41731200 Siter,7,,0

lsasel,,143,159,16
lsasel,, 16
lsall

time, 42336000 $iter,7,,0

lsasel,,143,159,16
lsasel,, 16
lsall

lsall

afwrite

finish

/input, 27

finish

/eof

Srename filel2.dat filedé6.dat

Sshow time
$logoff

Slsasel,,72,7¢,4
Siwrite =}, 351v2p0o3
Slssel,,81,89,8
Slcvsf,all,17.12,18.4
Slsasel,,72,76,4
Slwrite ~1.stcepbtd

$issel,,81,89,8
1cvsf,all,21.26,18.2
Sisasel,,72,76,4
Slwrite =1 .scep6d
$issel,,81,89,8
Sicvsf,all,19.64,21.57
$isasel,,72,76,4
$lwrite *1.stepbd
$lssel,,81,89,8
Slecvs?,all,18.71,20.14
Sisasel,,72,76,4
Slwrite *] .stepb?
$lssel,,81,89,8
Sicvsf,all,23.04,18.11
Slsasel,,72,76,4
Slwrite *1.scep6d
$lissel,,B81,89,8
$icvsf,all,19.12,18.7
$1sasel,,72,76,4
. Slwrite =] .stepbd
$issel,,81,89,8
$lcvsf,all,31.41,21.81
Slsasel,,72,76,4
$lwrite *]1.step’0
$lssel,,81,89,8
Sicvsf,all,18.99,20.92
Slsasel,,72,76,4
Slwrite *1.step’l

() 1N o
-
[

Sisasel,,131,135,4
$lsall S$issel,, 1,2,1
Slcvsf,all,10,18.3
Slsasel,,131,135,4
$lsall Slssel,,1,2,1
$lcvsf,all,10,18.3

$lsasel,,131,135,4
$lsall Slssel,,1,2,1
$lcvsf,all,10,18.3

Slsasel,,131,135,4
$isall Slssel,,1,2,1
$lcvsf,all,10,18.3

$lsasel,,131,135,4
$1sall Slssel,,1,2,1
Slcvesf,all,10,18.3

$lsasel,,131,135,4
$1sall Slssel,,1,2,1
$lcvsfi,all,10,18.3

Sisasel,,131,135,4
$1sall S$lssel,,1,2,1
$lcvsf,all,10,18.3
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APPENDIX C
Infiltration Calculation and Theory.



Quantity
Symbol
C.Ce

ELA
NLA

A Psy

A Pot

>
]

-m

AP

TABLE ¢

SYMz JLS

Quantity Definition

a regression cceffic:ent: a consiant usag ic
aeterrmine Q, {Appenaix C)

equivaient leakage area

ncrmatized leakage area

a regression coefficient; flow exponent: a csnsiant used
to getermine ELA (Appendix C)

Zmpient aunospnerc pressure

imtial ¢ ressure difference across the building enveicoe
with the fan(s) not operaung ana seated

final pressure difference across the buiiding enveiooe
with the fants) not coeraung and sealed

mezasurea oressure cifference acress the ouiiding
envelcoe

corrected pressure difference acress the turiding
enveioce

barometnc oressure under reterance conciticns
(101.325 kPa)

corrected volumetnic air flow rate into the building at
outagor test conditions

measured ar flow rate indiczted by the flow measuring
cevice pefore any cerrections for the difference in the
ooperating temperature and the calibration temperature

corrected arr flow rate (Apcendix C)

zsumaied ar flow rate (Aopendix C)

czrreiznon coefficient (Aocencix C)

gas constart for ar (Q.287CES J.g'K>'

outSaCr air Iemearature

1mizke air temoerature at the fan

rererence (2moerzre of outsice ambient arr (20°C)

censity of air a1 reference conditions

CAN/CGSE-148.10- 48,

Si Unit

5
metre®

centimetre?
metre*

kilopascais

Pascats
Pascais
Pascais
Pascais
kilogascais
lit'reszsecond
liressecond
litres'second

litresrsegend
quies.gram-Kevin
degrees Celsius
degrees Calsius
gegrees Ceisius

xilogramsmetra®
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Unit Sympaot

xP3

Pa

‘u

Y

Pa

kP13

kgim?



= wme :mgocr air mowving out iNrougn e measunng cewice ancC tne cuiecor ar movin
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cuncing

i

wnere pis

tar cme ciffzrances moarr Sensity o) T2iween

ol g 1 Nrougn the

m
o
Pa
n

itre arr flow Ztimeresl.

fiow measgunng 0evices (onfice Dizles. NCIIIES. venwns, ounst wees. 2.

ge<1.+~/p (see Accencix B-1.par. 5).

Cm =

ccz.ce the czlibration curve rom AgDencix 2 was used 1o coiain Gm rCM (NE

ne Mmeasunng Zevic2 outtul

zonsiant

—_—
~/ e

me caiiprancn air CeNnsity.

¢ flow f2i2 Nrougn e Measunng gevice s

~.
ey

sonsEnt

= «JT

e INGoo! air Gensity

—
o]

Tnus ci = C(n —

P

~ =

k. ~onunuity of mMass iof comoressible flow means

pC = consiant

Trus. the in-eaxage arr flow rae.

D1
= Qi —
[4s]

wrere pg 1S the outcoor air aensity

wnere Qg
Cm

From par 7.7.1;

Now e nccor anc CulCoOr Emessnenc sressures are ecsenuzlly the szme. Tnus the full correzis

)
ER et
'.';;3.'-5

Crn 1o Cive Gp 1St

J————
- c (o *+273.15 Pe h=-273.13
“e ¥ wm - TR

w23 Pa (e =273.%2)
B3

i

[p)

o

e

me correcled oulsice vowmetne air fHlow rate intc N ouic "G 2t Suiccor 12st congitions. LS

:ne measired ar flow rate mowcz ed Dy he fiow mezsinng Cevice Defdre any Correcion fc

_‘arence n the CoerEing temperzture and e caiibrzion te—oerature, LS. irom oar. 5.2.5

< e gutaT or ar temoerawre. *C.drom c7o. 810

W2 INS00r 3 emIergre. °C. irom oar. 8.2.3
me cziTrIuon & iemprralure. °C, rcm Accencix 2
the calibration EUMOSCr 2M1C pressure. xa. frem Agpencix B

me zmotent aum  tohens presture. kP2
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AlR FLOW CORRECTIONS FOR CALCULATING ELA 149

Cz. as getermined using ine icrmuia genveda .n D-1 aDove 1s corrected 10 reference conditions of
and P3 = 101.32S kPa and yreias Q as loilows:

From D-1;
(ts ~273.15) P- {+273.15)
Qa = Gm e — st
(4= 273.15) Ps (te+273.19)

Deriving Qr for esumaung ELA:

Qa’\/.oa (20 + 273.15)

Qr =
101.325 (tg + 273.15)
Thus:
o = am (t0+273.15)'\/§s {ti +273.15) \f\/pa (20+273.15)
(6 +273.15) Pa (tc+273.15) \ 101325 (1 +273.15)
Simpiifying;

(ty +273.15)  P¢ (20 + 273.15)
Qr Qm . .
(i +273.15) 101325  (te +273.15)
Note that this can be reduced to:

(to +273.15)
(t +273.15)

where Qa, Cm. to. 4. tc and P and P. are as defined in D-1.

x constant for any given fan

CAN/CGSB-149.10-1. 23
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150

Determination of Correiation Coefficient — Acoiving Ne orocedure cescriced :n Accencix C o the oo

caia. it a curve of he fgrme
Cr= Cr(aPY
wnere: Qr. Cr and A P are as cefinec in par. 7.1.2
n 1s the flow exzenent and s dimensiontess.
Calculation of Equivalent Leakage Area

The density of air at the reference conditions of ¢ = 20°C ang Py = 101.325 kPa. p,. 1s:

Pt = TR - 273.15)
wnere: p. is in units of kgm?

R = gas consiant for air = 0.2B7085 Jig-K

P, = barometnc pressure under reference conditions (kPa)

tr = reference lemperature of outside amoent ar (*C)
Theretore:

or = —-————101'325 = 1.204097

287085 x 293.15

Caicuiate the ecuivaient leakage area. L~ uzing hz Zilowing ecuancn:
ELA = 207127 A/57 - G- 107703
where ELA is in units of m®
p¢ 1S the 2ir density at reference conditions, as provided in par. 771
C; and n are determined in accordance with par. 7.6.

The above equaton is Sased on the assumoucn that the lezkage coenings in the building envelcoe can te com:
ana representec by a singie sharp-eaged orifice.

Caiculation of Mormalized Leakége Area
When the purocse of the test is to compare the ELA of different buildings, it is reccmmenced that the nerma
leakage area. NLA, sniouid be used. To caiculate NLA, use the following equation:

ELA

S e x 10 000
(Area of the auncmg>

Enveicce
whera: NLA is in umts of cm3?m?
ELA is in uruts of m?

Area of the Building Eavelcpe is in units of m?.
TEST REPORT

The test repont snall :nciuage the feiiowing inforr.ation:

a. The name anc zadress cf the company wnich conducied the test
0. Tne nzme of ths tester

c. Trie accress of ine building under test

¢. The date ¢f test and the c1ite ¢ the regort

in
r

e. The test conditions which include the outdoor tomg rature in degrzes Celsius, comments on the wind
direcuen and venekity

. A gescrizuen ¢f the ouiic.ng envelope

. The ar.- in Zzuzre metres of tre buiiding envelope

uy

CAH/CGS8-143.10-1486



(37
[ 3]
[19)

4

[13]
[N

Comezietion of the Test - Aftar :he tesu
&, remove ail 38als EoCHEed N ElIorIancs wan Tabe 2

0 reccen gampers as necessary,

c. rengnt the gas priot lignt.
CALCULATIONS
Generai Descniption

This meinod gives an ecuivalent leakzge area (ELA). a Cr value (often used to coiain forced-aw cnange rates; ang ar
air How rate wrugn are consiant for all test amcient corditions.

A P. Ce.and Q, are gefined as follows:

A P s the corrected pressure difference across the buiiding envelepe and s in units of Pa.

C, '3 a constant used to determine Q.

Cr 's a consiant used (o getermine ELA.

The method described i this standard sneuld Le usec 1o cetermine ZLA, a consiant Cr value anc air cnange rates. o
the zciuai outside ar flow under tast concitions i€ requirad. « can be determinad using the tollowing:

101.328 {tg = 273150
Qs = c,”\[ = 5=
Fa (20 - 273.15)

wnere: Qg

< the correcied outside volumetnic arr flow rate into the tuiiding 3t cutccor test conditions (L's)
Qr s as defired apove (L's)
Pa 15 the ampient atmosphenc pressure (kPaj from par. 6.1.2

< the cutcoor arr temperature (°C) from gar. 6.1.1.

lo
Determinztion af the Area of the Building Enveiope
Use intenor dimensions wnen determining the area of the buiicing envelcoe.
Inciuce all ceilings (fiat or sioping). floors and wails (including coors and windows) that are correspondingly beiow
zcove and adjacent 1o unneated soaces and spaces heated o less than 10°C. For example, inciuce:
a. c=iings beiow unnezted aiCS ang roofs:

b, zasement ficors anc fiocrs above unneatsd basements {or unneated corucns hereof), ceilars. craw! scaces. coiC

<
icrage rooms. garages ond floors expesed to the amBient environment sucn as flocrs acove czroons. flsers o
av winczws end fleors of tuidings (or nars thersci) succenea acave grace:

(S AT NS

(3]

. exterior acove grace and beicw grade wails anc wails aciacent o unneatec cortions ¢f Dasements, ceilars. Craw:
SC2Ces. COIC 510rEge roOMs, unneltad porenes. Jarages ana siarwels 1o basement entranies.

The area cf tne building enveicce is the tal area of all eligicie ceilings. flcors zna walls.

Determinaton of the interior Volume Enc!osed by the Building Enveioce — It is recommenced tnat the
intericr velume encicsed by the cuilaing enveicoe Ce determined and recorCed. Incluge the tcal volume of ail rcoms
specihied in acgorcance witn par. 6.1.3.

Ccrrection of Air Flow Faadings — Correct each ar flow reading for cifferences in the indecr. outccer anc
caubratidn air 12mperalires in accarcance witn Accencix 0.

Correction of Fressure Difference Readings — sing the following equauon. correct eacn pressure difierence
rezairg. 4 Fm.
{APc, » 8Py

AP = APm - 3

CAN/CG38-148.10-ME
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APPENDIX D
Calibration of Equipment.



CFM

153

TRANSDUCER CALIBRATION

300

250 Z////
200 ///Z//
150 —
N i

50
4+

.

0
0.0 1.0 2.0 3.0 4.0 5.0 6.0
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Flow Meter Calibration Curve
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APPENDIX E
HOT-2000 Energy Analysis Output.
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Component Area = Heat Loss % oAnmual
Frz Mil.BTU Heat Loss
abpove Srade Campanents
Celling
5&. 08
S 2l
21.686
TOTal e 51.46G a2.588 T8z
Main MWalls l.gss windows and doovrs)
1551.48 24, A
TOT a8 1551 .48 =4, @A 16.588 14,32

Doore iless windows)
42,09 ]
8.8%5 12 6@
TOTS s 5@, 35 12. 8@ 1.144 1.81

Exposed o overhanging floors
l&. 0@ PSR 10
44, A5 5. 58
&4, GHA =506

TOTAL 124, @E 28, HBa 1. 182 .

S
L

Pasemsnt walls abhove agrade

L

£l

GE. 1P 3
T@. G 24, 0@
TOTaAL s G455, 19 32.37 R 3.1
Shallow Baszement Area
Pasement walls bhelow grade
47704 19, 48
TOTAL: G7E2.04 1%, 48 3. 78T Rl
Ferimeter area
159,24 3. 469
TOTHL g 159,24 .69 1,648 1.42
Centre area
FAS. 17 1.14
TOTAL 2 TS, 1T i 7. 887 H.1%
Full Bazement Ares
Upper Rasement Walls
47 .50 17,538
TOTAL: 47 .58 19,56 It P

l.ower basement walls

14z.5@ 19.5@
TioTals 142.58 17.5@ 1.1a6 1.@1
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Component Area R Heat La % Annu=al
FtZz . Mil.BTU Heat Lozs -~

mn
w

FPerimeter aresz

10z2.76 8.71
TOTAL: 10z2.7¢6 2.71 1.5589 1.58
Centre aresx
10z.7¢6 1.74
TOTAL : 10z.7¢6 1.14 L7123 72

WINDOWE

Orientation Glazing K Heat Loss % Annual
Areal{FtZ} Glazing (Shutter) Mi1.BTU Heat Loss

South
5&.70 4,35
79.10 4,325
74 .76 4,35
49,13 4,35
1&8.20 4,35
44,354 4,35
45,94 4,358
TOTAL : 389,37 4,3% 23,359 22.72
Ezast
47 .50 4,35
2.25 4,325
TOTAL: 26.13 4,35 2,546 .60
Horth
§2.02 4,35
4,11 4,35
TOTAL: 97.13 4,35 £§.124 &.23
West
47 .34 4,325
.91 4,35
TOTAL : S26.25 4,38 2.857 2.81
VYentilation
Houcse Air Heat Laoss % Annual
Voiume Change Mi1T.BTU Hezat lLoss
186Z6.5 Ft2 .50 ACH 9,856 10,03
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wxx AIR LEAHASE AMD YENTILATION ==
. - g
Building Envel mliL.: :Eﬁ
&ivr Leakage Te a.iB.2 in HZO0) = Ao ACH
Fauiwalent l.ea ‘ 45,48 1nd
Building Envel ered from the Wind.
i it = 0 N I s DR o
J-2@EE Mormalil L;mlg e = @1 ima.
fri1mﬂtea %?r% Fa Prezsure Difference = 8% ofm
Exstimated airf Pa Fressure Difference = 135 ofm
—2EEG VENTILATION CHJITREMERMTS S
Kitchens living.,dinings 3 yrooms & 1@ cfm = 3@ cfm
Dedrooms: 1 roaoms & 18 cfm = 1@ cftm
Bedroomss ® rooms @ 1@ ofm = 2@ ctm
Fathroomss 3 rooms @ 168 cofm = 2@ oTm
Utdlity roomss 1 roomz @ Z8 cfm = A cTm
Other habhitable roomss 2 vooms A& 1@ ofm = 2@ cfm
Fequired continuous tion vate = 130 ofm a"%QQgﬁj
Reguired VYentilatian spacity (Additional @ cfm) = 18@ cfm (.41 ACH
average Yentilation Rate | Balanced } = .45 ACH (132 cfm
! ol i Sustem LS ! Hes rocovery ventilataor (HRV:
Ventilation Sgsetem 18 H @eat recovery wventilataor (HRyd
Marutfacturer: LIFERREATH
Flodel Mumber:s 195
Fann and Preheater Powsr at 32 F = 117. Watts
Fan and Preheatesr Power at —13 F = 123, Watts
PreHeater Capacitys = @, Watts
HMeat Recovery Efficiencu at 32 F = a8, %
Heat Recovery Efficiency at —-13 F = 7. H
Law Temperature Yentilation Reduction = 1. =
Low Temperaturs Yentilation Reductiont Airflow Adjustment = 184 ofm (Lz&W:!
Gross Air Leakage and ¥Yeniilation Energy Load = 44,39 Mil.BTU
Seasonal Heat Recovery Ventilator Efficiency = 78 %
Eetimated Yentilatiaon Electrical Load: Heating Hours = ZA,.@38 Mil.EBTU
E=stimated Ventilation Electrical Load: Non—Heating Hours = A28 Mil.EBTU
Net aAir Lealkage and VYentilation Energy Load = 11.3% Mil.BTUY

Primary Space
Space Heating

Heating Fuel
Eauipment z

Space Heating
Space Heating Eauipment Model
Space Heating System
Average Seasonal Efficiency

S5PaCE

Equipment Manufacturer

Output Capacity

HEATING BYSTEM x*#%
NMatural Gas

Condensing or pulse furnacesboiler

=

LERMMOX
;o SPBRA
HBWUER3.T7 BTUS

el



Design Heat Lo
Grozs Space He

Sensible Daily
Uzable Interna

Uzable Interna
Usable Solar o
Uzmahle Solar G

Auxiliary Ener
Ventilation Ea
Furnace /Boiler

FRIMARY Water
Hater Heating

Water Heating

Water Heatinsg
ater He=ating
Smasonal Effic

O

=

i ly Hot Wate
=t

FRIMARY Domest

vl N

Daily Electric

wEF ANMUAL SFACE HEATING SUMMARY
== at —F27.4 F
ating l.oad
Heat Gain From Occupanits
1 Gains
1 Gains Fraction
ains
ains Fraction
gy Feauired
wipment Electrical Contributiaon
Annual Energy Consumption
v DOMESTIC WATER HEATIMNG SVYSTEM
Heating Fuel ¢ Electricity
Eauipment P Electric tank
Eguipment Manufacturer H
Eauipment Model :
EFaguipment Tank Capacity = S8 Imp.
ilency = ?3 A
#a% AMNNUAL DOMESTIC WATER HEATIMG SUM

b

ic Water
_,,_,3_\_,)._, L
al l.oad

Heating

Consumption
imated Domestic Water Heating Load

GHTING

Estimated Annnai Eriergy Consumption

R

—-Z@@aE HOME PROGRAM EMER

Estimated Annual Space Heating Energy

Ventilator Ele

ESTIMATED alMNU
SRNNUAL R-2@06
Estimated #&Ann

Ventilator Ele

ctrical

Al BPACE

SPaCE

ual Rase
cirical

Consumptions:

+ DHW EMERGY
+ DHW ENERGY

Electrical

onsEumptioni

Energy

AND APP

Heating Hours
EFatimated Annual DHW Heating Energy Consumption

CONSUMPT TON
CONBUMPTI

Energu
Mon Heating

Consumption
LIANCES SUMMARY

gt

GY COMNSUMPTION

5

Consumption

i

OGN TARGET

Consumption=
Hours=

161

BTU hir

Mil.BTU
ki S day

i

= 14,22 Mil.BTU
= 5 %
= A5.52 Mil.BTU
= Bh %
= 47,93 Mil.BTY
=  1.54 Mil.BTU
= 51,54 Mil.RBTU
Gal
MARY %%
= 41.8 Imp. Gal/day
= 172,824 Mil.RTU
= 13.79@G Mil.BTU
e
= F.@8 kkh/day
3285, hwh
UMMARY REPORT #=%

54376 MJ 15184 kb

3238 MJI = F03.1 klh
14549 MJI = 4841 LWh
T218EMI = 28851 kWh

ZHEE5.F kb

1i

Ta43b1MT

11826MT = 3285 klh
4a1MJ 128 kWb



#=xe ESTIMATED ANMMNUAL FUEL COMSUMPTION SUMMARY sxx
FLIEL SPACE HEATIMG + DHW HEATIMG + APPLIANCES = TOTAL
Matural Gas (MIF) . & S MCF
Electricity kb 441 .3 R 253591 LKk
FEE RH-ZUEG MONTHLY TABR -
#EFE MOMTHLY ENERSY PROFILE ##%%
Flonth Energy Load Infﬁrnai Gains Scolar Gains Aux Enevrgy FReag HEY EFf.
Mil.BTU Mil.BTU Mil.BTU Mil.BTU A
Jan =1 . 2EE i S.7E9 14,247 &
Feabl 17,5887 i 5.771 14, &38
Mar 15, 309 i . O 8. 203 i
ST 3.59x7 1 2. 38E 4. BET TEL 4
Maw 4,945 1 Z3F 1.489 T332
Jun 2L 345 i 1.1&1 - B &7 . T
Jul 1.511 1 LA - QARG &4, 4
Aug 1.21@ 1 o T « BEE a7 a1
Sep 4, @335 1 1. 55845 . 2T 4 T
b . l&sg i 2. 897 NI v T4, 8
MNov 12,839 1 3.7791 Ta 8863 Ta.®
Des 18. 427 1 &4, &97 12,5685 s I
R

Ensrgu

unitsa

MIL.BTU =

Million

British

Thermal

Units

ated heat losses and energy conswmp

tions are

estimates,

hased

WRPon

the data entered and assumptions

within

the progvail.

Adctual snergw consumption and

heat

losszes will be influsnced by construction pra
localized weather, eguipment characteristics
lifestyle of the occupants.

ctices,
and the

{3

1

bl )
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%% PUILDIMNG PARAMETERS ®=#
Component Area RST Heat Loss YoAnnual
s MJ Heat Loss
Abave Grade Components
Ceiling
14783 2.84
L83 .
H.73 8. 44
TOTAL: 149,29 @05 GR&HL .3 7.5
Main Walls {(Less windows and doors?
144,14 473
TOTAL: 184, 1% 4, 23 175@1.1 14.4%
Doore f(Less windows)
3. 9@ .11
. I
TOTAL R LN Zall It = A .82
Evposed or overhanging Tloors
1.4% 5.11
4, B9 4,67
5. 95 5.11
TOTaAL.: 11.52 4,94 11832 . 7E
Pacement walls above arade
35,81 &. 08
&H, 5@ 4,03
TOTAL R 43,31 5. 7@ A2zl.l 3.:25
Shallow Pasement Area
Pasement walls below grade
43,98 Z.43
TOTAL.: 43,78 F.43 4154 .6 L
Perimeter ares
14.79 1.53
TOTAL: 14.79 1.53 186@. 4 1.54
Centre area
65.61 .
TOTAL: H55.561 . 2 LPAG. & 5.18
Full Rasement Area
Upper Pasesment Walls
4.41 3.43
TOTAL S 4,41 3.43 45,9 o 34
Lower basement walls
13. 24 3. 43
TOTALS 13.24 3. 43 1135.9 - G4
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Component Aarea R&1 Heat Loss %o oAnnual
m T Heat. Loss

Perimeter area

.55 1.53
TOTAL : 2,55 1.53 1206, 3 -7
Centre area
2.55 . 2
TiaTalls 2.55 . 2 85&8.7 o
WIMNDOKS
Orientation Glazing R5I Heat Loss WoAnnual
Areaimsd ) Glazing (Shutter: Mg Heat Loss
South
34,34 Y
TOTAL: 34, 34 « 7@ FHETL.T PRSI Y
East
i QR R
ToOTal s 5,27 . 7 LAF94 , A 3,39
Mowr th
A T . 7@
TOTAL P Az . TR Tagr. 9 5.84
West
5,23 . 7
TOTAL s 5.23 . 1 41@1.9 3.39
Ventilation
House Alw Heat Loss %oAnnual
Yolume Change MJ Heat l.oss
TS5, 068 m3 . &5 ACH SREsE. @ 24, 88
##% AIR LEARKAGE AND VENTILATIONM #xx
Building Envelope Surface Areas = 2&67.9 mZ
Air Lealkage Test Results at 58 Pa.i@.2 in HZO3 = .82 ACH
Equivalent lLeakage &Area = RP5.458 cmz
Puilding Envelopes is Sheltered from the Wind.
R—=@08% Novrmalized L.eakage fArea Limit = LTE cmZSmE
Ezstimated Airflow to cause a 18 FPa Pressure Difference = 134 /s

Eestimated Airflow to cause a 78 Pa Pressure Difference = 204 Lis
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ThH.1H
= Z258.5 HJ
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=E14F1.3 MJ
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#EE ANMMUAL SPACE HEATING SUMMARY
Design Heat Loss at -33.8 ¢

oross Space Heating Load

Senzible Daily Heat Gain From Occupants
Usable Internal Gains

Usable Internal Gains Fraction

Usable Solar Gains

Usalrle Solar Gains Fraction

Auxiliary Energy Required

Yentilation Eauipment Electrical Contribution
Furnace/Boiler annual Energy Consumption

i
&
g
in
pay

167
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i
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ol
]
£

i
0 o
g

##% DOMEBTIC WATER HEATIMG SYSTEM wxx
PRIMARY Water Heating Fusl s Electricity
Water Heating FEauipment < Electric tank
Water Heating Equipment Manufacturer :
Water Heating Equipment Model H
Water Heating Eaquipment Tank Capacity = S Ll tres
Seasonal Efficiency = 93 %

#EE ANMUAL DOMESTIC WATER HEATING SUMMARY #%x

Daily Hot Water Consumption
Estimated Domestic Water Heating Load

PRIMARY Domestic Water Heating Energy Consumption

i

kbl day

ML

Md
M.T
MJ
M

=  13&8.4

= 135358.

= 14549,

#%% LIGHTING AND APPLIANCES SUMMARY #%%

Daily Electrical l.oad
Eztimated aAnnual Energy Consumption

®EE R-Z@OE HOME PROGRAM ENERGY CONSUMPTION
Estimated Annual Space Heating Energy Consumption
Ventilator Electrical Consumption: Heating Hours

Estimated Annual DHW Heating Energy Conzumption

ESTIMATED ANNUAL SPACE + DHW ENERGY CONSUMPTION
ANNUAL R-Z@@@ SPACE + DHW ENERGY CONSUMPTION TARGET

Estimated Annual Base Electrical Energy Consumption
Ventilator Electrical Consumption:z Non Heating Hours

= 3285,

it
MJ

MJ

TRe

F.8 kbh/day

b

SUMMARY REFORT

H4855,
3238,
14549,

Py e o
FEH32.

1827487,

11825,
4592,

MJ
MJ
MJ

MJ
MJ

MJ
M

I

Wh

229

=85

33
i

53.5
4é, b

£

85.0
27 .5



##% ESTIMATED ARNNUAL FUEL CONSUMPTION SUMMARY *x%

FUEL SPACE HEATIMNG + DHW HEATING + &PPLIANCES

=  TOTal
Matural Gas {(m3) 1739.2 . @ . @ 1739.2 m3
Electricity (kKR FE5., 1 441 .3 341Z.4 [EST. 1 kWh
FEad B-Z@E0R MONTHLY TARLES #xx
*¥¥F MONTHLLY ENERGY PROFILE #%%
Month Eneragy Load Internal Gains Saolar Gains aux Energy Reqg HRV Eff.
MJ MJ MJ MJ o
Jan ZEZEE.E 12923 TEI1. 8 13918.1 5.8
Feh 18276@. 4 1167.2 &6858.8 11844.5 T5.9
Mar 15891.9 1292.3 Hlss.5 8433, 2 77 .3
Apr FAZT . 4 1250, 4 44185.6 3171.8 Tie &
FMay 5158.8 12923 S2177.3 H89. 3 A=Y
Jun =2388.8 1245.8 1142.9 . & TEa 4
Jul 15607.7 1121.4 S85. 3 . @ T@. 1
Sug 1955.5 12346. @ 719.5 . @ T2.8
Sep 4253, 1 1288, 4 2Ta3. 4 237.1 k)
et 794, 4 1292, 3 4E35 . & Z2EAE.5 T2
Nawv 13295, 2 1250.46 47RZ. 9 TE91.8 T7.9
Dec 19744, 2 1292.3 5684, &4 12267.3 ThH. @

Energy units: MJ = Megajoules (3.6 MJI = 1 kW)

The calculated heat losses and energy consumptions are aonly
estimatesy based upon the data entered and assumptions
within the program. Actual energy consumption and heat
logses will be influenced by construction practices,
localized weather, squipment characteristics and the
lifestyle of the occupants.





