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The American Society of Heating, Refrigerating and Air Conditioning Engineers (ASHRAE) has been actively developing consensus
standards to govern and recommend energy use in buildings. One of these standards is Standard 119, Air Leakage Performance for
Detached Single-Family Residential Buildings, which sets air-tightness requirements for single-family residential buildings and defines
a classification method suitable for all buildings. Such standards do not generally include the reasoning behind them, although these
deliberations can be of value to those making use of the final recommendations and requirements they contain. In this exegesis, we
have provided the derivation of the standard and an interpretation of its potential effect.
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AUTHOR’S PREFACE

To develop ASHRAE Standard 119 required extensive deliberation over a significant length of time. As chairman of the Stan-
dards Project Committee (SPC), it became my responsibility to document the reasoning of the committee so that we would have a
record of why we made certain decisions. Initially, we felt this record would be useful to the committee both during the initial
development of the standard and during our response to public review comments. It soon became apparent, however, that this exe-
gesis would be of value to a wider audience. Accordingly, I have prepared this document for broad distribution.

As the term ‘“‘exegesis” implies, I have written this document in an attempt to demystify Standard 119. To those not intimately
involved in the creation of a consensus standard, the final product often appears to be black magic; but, in general, the actual process
used is well reasoned and solidly based. It is my hope that this document will communicate this rationality to you. Although the
words contained herein are mine, the effort behind the standard belongs to the committee as a whole. In addition to writing Stan-
dard 119, the committee also gave this exegesis extensive review to assure that its views were properly represented.

During the development of the standard, the membership of SPC 119 changed somewhat, but I would like to acknowledge the
committee members during the time of preparation of the documents: Norman Buckley, Donald Colliver, Don Carr, Earl Ferguson,
Ross Gridley, David Harrje, Charles Hedlin, Peter Keyes, George Starsmeare, Jack Verschoor, Gren Yuill, Richard Weimar, and
David Wilson. Several non-members regularly attended the SPC meetings and materially contributed to both the standard and its
exegesis; included among these are Bill Jones and David Saum.

During the formation of Standard 119, over 300 weather datasets were investigated. Furthermore, several significant computer
programs had to be written to reduce this data and prepare tables and plots for the committee. Every time the committee made
some change to the standard, the data had to be rerun and replotted. To acknowledge the seemingly Sisyphean labor, I give my per-
sonal thanks to Bruce Dickinson and Brian Smith.

Maz Howard Sherman
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FOREWORD

The American Society of Heating, Refrigerating, and Air Conditioning Engineers (ASHRAE) formed a Standards Project Com-
mittee (SPC) 119P, to develop a standard on residential air tightness. The standard we proposed, ASHRAE Standard 119—Air
Leakage Performance for Residential Buildings, is referred to in this document simply as the standard, and the committee members

are referred to as we.
The first order of business for any such committee is to establish goals. We decided that our goal was to set maximum air leak-
age limits for the purpose of reducing energy conservation attributable to infiltration. Our purpose and scope at the time of this

writing are included below.

PURPOSE

The purpose of this Standard is to establish performance requirements for air
leakage of residential buildings to reduce the air infiltration load.

This standard provides a method to classify the air tightness of residential
buildings.

SCOPE

This standard sets upper limits of leakage area and provides a method of
classifying air tightness for detached, single-family residential buildings.

This Standard does not apply to buildings which are conditioned for human
comfort less than 876 hours of the year.

Although this Standard is intended to reduce energy use associated with air
leakage through the envelope of residential buildings, use of this Standard may
preclude the use of air infiltration alone to achieve adequate indoor air quality.
The reduction of air leakage is separate from the need to provide adequate venti-
lation, adequate combustion air and adequate indoor air quality. Consideration of
these issues is the responsibility of the user.

During the course of development of the standard, it became clear that many decisions were being make that would aflect the
standard but which would not be clear by simply reading the standard. We directed the chairman of the committee to chronicle
these choices and to produce a document for internal use that would summarize these decisions and the thoughts bekind them.

As we approached the end of our deliberations, we realized that the summary document would be of use to others beside our-
selves. We anticipated that this document could be used by anyone using Standard 119. Prior to publication, reviewers of the stan-
dard would benefit from having available the thinking of the committee while making their comments. Users of the standard may
wish to know why and how some parts of the standard were derived or what impact this standard might have on indoor air quality,
perhaps. Writers of future standards (e.g. revisions to 119, or new standards incorporating parts of 119) may need to have an expla-
nation of the development process we followed. -

Accordingly, we directed the chairman to prepare a document for general circulation. The result is this Exegesis, which was
prepared during the SPC 119 approval phase. Final approval of the standard will depend on other approvals within ASHRAE,
including the resolution of comments resulting from public review. Therefore, there may be minor changes in the description of the
standard herein caused by modification to the standard from the review comments. We have reviewed this document, and find
that—at the time of its writing—it adequately reflects the position of the committee.

INTRODUCTION

ASHRAE Technical Committee TC4.3, which is responsible for infiltration and ventilation requirements, realized that even
though ASHRAE Standard 90 addresses the problem of energy conservation in residential buildings, it does not specifically set limits
on air tightness, and that ASHRAE Standard 62 addresses ventilation requirements but does not specifically address infiltration.
This committee therefore recommended that a Standards Project Committee (SPC) be formed to create a standard that addresses
energy loads caused by infiltration and fills the gap between those two standards.

As will be discussed later, there are two parts to the standard: a classification scheme and a set of air-tightness limits. The stan-
dard was constructed this way to allow the classification methodology to be used for other purposes or in other standards, and to per-
mit air-tightness limits to be changed in future revisions to 119 without affecting the classification mechanism.

Before discussing other choices and tradeoffs in the standard, readers may wish to become acquainted with the theoretical back-
ground that went into the standard. The appendix contains a summary of the models and equations used in the formation of the
standard.
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DEVELOPMENT OF THE STANDARD

One of the first major decisions approached by the committee was whether the standard should be a prescriptive standard or a
rformance standard. A prescriptive standard would specify the components and/or techniques and materials to be used in the
building. Its advantage is that it is easy to design a structure that meets such a standard and, further, quality control is just a
matter of checking to see whether particular components already exist in the building. The disadvantage of a prescriptive standar.d
is that there is no assurance that the mere presence of a particular component will have an impact on the quantity of interest, in this
case, air leakage.

Because the committee felt strongly that air tightness is highly dependent on the quality of the construction, we decided to
require a performance-based standard. With a performance-based standard, actual.me.asurement.ig necessary .to_dete_rmine'whetl.ler
existing air tightness meets the standard. The committee appreciated the implication in this decision that buildings in their design
stages could not be guaranteed to meet the standard, but felt, as indicated in the Foreword to the standard, that the standard should
be used for labeling-type functions and not occupancy-permit type functions.

The decision to have a performance-based standard has other advantages as well. Because the measurement is independent of
the limits set by the standard, a tightness classification scheme can be created. Furthermore, it is often difficult to use a prescriptive
standard in an older building where the component information may not be available. A performance-based standard is applicable to
both kinds of buildings, and ours contains an independent classification scheme.

Having made the decision to use performance criteria, the committee then had to decide on the appropriate quantities to be
measured. As suggested in the foregoing, to a large extent the problem can be separated into building characteristics and climate
characteristics. In effect, because it is the building that the standard addresses, only the building characteristics (i.e., leakage area
and related quantities) need to be addressed.

Leakage Measurement and Classification

Writing a measurement procedure for air leakage was not in the purview of the committee, which simply sought an approved
procedure for measuring the necessary quantities. In North America there are two accepted measurement standards for residential
air tightness: ASTM E779-86" by the American Society for Testing and Materials (ASTM) and CAN/CGSB-149.10-M86~ by the
Canadian General Standards Board (CGSB). Although the ASTM and CGSB standards both measure air tightness, there are
significant differences: the ASTM standard uses an implicit discharge coefficient of unity whereas the CGSB standard uses an explicit
discharge coefficient of 0.61, and the ASTM standard uses a reference pressure of 4 Pascals whereas the CGSB standard uses a refer-
ence pressure of 10 Pascals. The leakage area calculated in the ASTM standard is the one used in the LBL infiltration model (see
Appendix), accordingly, the committee decided to accept the ASTM standard in its entirety and to list procedural changes and a cal-
culation method for converting the results obtained from using the CGSB standard to those that would have been obtained using the
ASTM procedure.

Having settled the question of measurement procedure, the committee called for three quantities to be extracted: the effective
leakage area, the building height, and the building floor area. Our objective in having these quantities measured was to arrive at a
single quantity for describing the leakiness of the structure, called the normalized leakage. (See Appendix or the standard for the
defining relation.) The committee chose to normalize the leakage area by the floor area to make a dimensionless quantity. We
include a height-correction term which takes into account the fact that houses of different heights have different aspect ratios and
different leakage distributions; the form of the height-correction term was chosen to lie between that characteristic of stack-induced
flow and that characteristic of wind-induced flow. Additionally, a normalization factor was chosen for numerological convenience.

Typically, the normalized leakage turns out to be between 0.2 and 1.0, but factor-of-two differences could easily happen. The
committee felt it would be easier for the user to classify the leakage with a letter grade and, therefore, constructed a classification
table translating ranges of normalized leakage values from below 0.1 to above 1.6 into ten letter designations A to J. The span is
sufficiently large that new classes should not have to be devised. At the present, only the most super-tight houses fall into the tight-
est classes (A-C); and only the leakiest houses typically seen in mild climates fall into the loosest classes (H-J). The spacing of the
classes is geometric; the top of each class is 41% greater than the bottom (the actual ratio is the square root of two)

Designing the Standard. Although classifying leakage values is useful for comparing tightness across houses, it does not indicate
what tightness level is appropriate for which climate. The committee spent a great deal of time debating the issue of what form the
standard should take with respect to climate: constant infiltration across climates, constant infiltration load across climates, or the
average between them.

If the constant infiltration form were to be chosen, then all houses would have to satisfy the same standard. Constant
infiltration represents the simplest form because it does not require any climate calculations, but it unduly penalizes these buildings
in mild climates would be faced with a requirement far more stringent than normal and less cost-effective. If the constant infiltration
load form were chosen, then the emergy use attributable to infiltration would be the same for all climates. Here it was argued that
those building in the more severe climates would have to invest substantially more in air tightness for the same payback. And so it
appeared that a pseudo-economic optimum would be somewhere in between these two. In the end, however, the committee decided
to go with the constant infiltration load option. The main reason for this decision was that it conforms to present practice in colder
climates, where houses are made tight to provide comfort and'to prevent structural damage due to condensation in wall cavities.
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Once the form of the standard was settled, it was necessary to decide the level. The committee did not want to set a standard so
stringent that no one could meet it, nor so loose that it accomplished nothing. The consensus was to set the level so that approxi-
mately 80-90% of new construction could and would meet, it. In this case the standard had the effect of cutting off the tail of the dis-
tribution of bad buildings and Enoving current practice in the direction of tighter construction. The level of annual infiltration
energy use was set at 150 MJ/m* to determine the relationship between IDDs and leakage class. (Infiltration degree-days (IDD) is a
statistic developed along with this standard, to describe the severity of climate as it specifically relates to infiltration. The use and
calculation of IDD is analogous to that of standard degree-days.) The calculations (described in the Appendix) were used to determine
the range of IDDs that would be acceptable for each leakage class under the level of energy use chosen.

The biggest single effort involved in preparing the relationship, included in the standard, was in locating a sufficient number of
sites having acceptable weather data. The problem of producing ¢ypical weather data is well known and was not in (J‘ls purview of
this committee. The committee elected to use weather data from the Weather Year for Energy Calculations (WYEC)™" deemed by
others to represent the best possible source of reliable data. Unfortunately, there are only about 50 sites for which this type of data
has been generated, and this is far too sparse to cover the U.S. and Canada. There is, however, a large (over 200) source of weather
data known as the Typical Meteorological Year (TMY) tapes. Although TMY data is not as carefully adjusted as is the WYEC data,
a comparison using the same cities in both sets (of which there were approximately 30) showed a difference of less than 5% in IDD
between the two. Therefore, we supplemented the WYEC sites with TMY sites. Because of the paucity of Canadian data in the
WYEC and TMY sites, we compiled a set of actual weather files and constructed 10-year average values of IDDs assuming it would
be representative of what is typical. In the standard, approximately 250 sites throughout the U.S. and Canada are included, and

these cover 2lmost all major population centers.

Demonstrating Compliance. In any standard there is a mechanism for demonstrating compliance and, in the case of Standard
119, it is comparing the tightness of the building to the allowable tightness. You will recall that IDD data was used to generate the
range of acceptable leakage classes for each of the 250 cities. This data was incorporated in a Locations Table in the Standard and it
forms the primary mechanism for demonstrating compliance. That is, if the leakage class determined for a given building falls into
the acceptable range indicated in the Locations Table, the building is deemed to have met the standard.

Because of the committee’s concern that there may be locations of interest not in the Locations Table, we saw to it that two
alternatives were included in the Standard.

Firstly, il the location of interest is not listed and it is determined that no location is close enough, then a calculation of
infiltration-degree days must be made with user-supplied weather data. Infiltration degree-days are calculated using a technique
based on the equations in the Appendix and then the Acceptable Leakage Class table (Table 2 of the Standard) is used to determine
which classes are acceptable.

If the Locations Table and calculation techniques cannot be used because of lack of data, the map, Figure 1 of the Standard, may
be used. The map was developed by interpolating and extrapolating the data in the Locations Table to generate a grid covering the
U.S. and Canada. Because of the potential of having local variations in climate, data far from the measured points is suspect.
Furthermore, vagaries in the interpolation process imply that class boundaries are not necessarily unique; curves, loops, and wiggles
in the class boundaries may occur as artifacts of the procedure. The user must take care in using the map for areas that are closer to
class boundaries than to measured locations.

ADDITIONAL INFORMATION

The appendix to Standard 119 contains information that may be useful to the user, but is not required by the Standard itself.
Specifically, it lists the IDDs and related information about the sites in the Locations Table, and it gives recommendations concerning
ventilation requirements. Over this latter issue, the committee vacillated.

As demonstrated in the appendix to this exegesis, methods are available for estimating seasonal air change rates from the infor-
mation required by the standard. Estimates of air change rate could be useful to users of other standards, such as ASHRAE Stan-
dard 62. Because SPC 119 could not determine the methodology to be used for meeting other standards, however, it adopted a
compromise position. That is, it adopted a compromise position whose intention was, without making explicit recommendations, to
alert users to the possible ramifications on indoor air quality of applying the Standard. We achieved this goal by including a metho-
dology using IDD and specific infiltration but not specifying exact procedures or explicit recommendations.

SUMMARY

This report, along with the mathematical derivations contained in the appendix, has presented the rationale of ASHRAE Stan-
dard 119P and has chronicled its development within the responsible committee. It is hoped that this exegesis proves useful to
reviewers and users of the standard and to the developers of related efforts.
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APPENDIX: THEORETICAL DERIVATIONS

Infiltration Modeling
Climate Modeling
Load Calculations

Standard-Specific Equations

The first part of this appendix deals with the general equations used in the Standard, specifically those dealing with infiltration
models and the characterization of infiltration-related climate. The second part of this appendix is specific to the choices made in the
Standard.

In the first section many of the auxiliary terms (e.g., f,, Hj, etc.) are left open. In the second part of the appendix, as in the
Standard, specific values for are chosen for these terms and are indicated in the NOMENCLATURE section.

GENERAL MODELS

If the goal of the standard is to limit infiltration-related energy consumption in different climates by reducing air leakage, it is
necessary to be able to calculate this load from the measurable air-tightness parameters. We therefore need a model of infiltration
that would allow us to separate the air tightness of the building from climate-dependent factors. The LBL infiltration model” was
chosen as the basic computional tool.

The LBL infiltration model assumes that infiltration flows caused by weather-induced pressures can be treated as flows through
perfect orifices caused by weather-induced pressures. The only two weather factors that significantly influence infiltration are tem-
perature difference (stack effect) and dynamic wind pressures (wind eflect). This model leads to a simple superposition treatment that
allows separation of the stack and wind terms:

Superposition:

Q="V Qi +¢; (1)
The stack and wind effects depend on the eflective leakage area, L,, and the induced pressures in the following way:
Stack-induced infiltration:

Q0=Lo fn }AT= (2)
Wind-induced infiltration:
Qu=L, [yv (3)
Both terms contain constant factors which depend on building configuration but not on total leakage area or weather. These two
factors need be calculated only once for each building (or class of buildings) and then used repeatedly:
Stack factor:

2 V281~ '\/ g
fi=3 (14R/2) 7;_5{71-% Ty 4y
_(14Rp) X ap ks
pettilhn oI i (1
Wind factor:
Jo= (5)

The wind factor contains shielding and terrain parameters that depend on the environment surrounding the building. The two
tables below contain the values of these parameters for different classes of terrain and shielding. (Terrain refers to the far-field geo-
graphic features while shielding refers to near-field features—i.e., a few building heights.) Each class has a qualitative description:
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Table 1. Generalized shielding coefficients

Shielding Class C Description
I 0.324 No obstructions or local shielding whatsoever.
o 0.285 Light local shielding with few obstructions.
o 0.240 Moderate local shielding, some obstructions
within two house heights.
v 0.185 Heavy shielding, obstructions around most of
perimeter.
A" 0.102 Very heavy shielding, large obstructions sur-
rounding perimeter within two house heights.
Table 2. Terrain parameters for standard terrain classes
Class vy a Description
I 0.10 1.30 Ocean or other body of water with at least 5 km
of unrestricted expanse.
I 0.15 1.00 Flat terrain with some isolated obstacles.
m 0.20 0.85 Rural areas with low buildings, trees, or other
scattered obstacles.
v 0.25 0.67 Urban, industrial, or forest areas or other built-
up area.
v 0.35 0.47 Center of large city or other heavily built-up
area.

To summarize the model, the infiltration can be expressed as a product of the effective leakage area and a specific infiltration:

where the specific infiltration is defined as follows:

8§ =

Q=1L,s

iHarl + it

(6)

(7)

Infiltration Load;lnﬁltration Degree-Days (IDD). The previous expressions provide the hourly infiltration; the load associated
with infiltration can be calculated from the infiltration and the enthalpy difference between inside and outside. The infiltration-
related load can be treated in a manner analogous to that used for conduction loads; specigcally, equivalent infiltration conductances

and degree-days can be calculated. This approach, presented in detail in a technical paper,” is summarized below.

Using our definition of infiltration, the infiltration- related heat loss can be expressed as follows:
Fl'nﬁltratl'an . p*Cp *La *3*( Ti}; - Taut )

and the total heat load is

Freq = UA*( Tlhfl -

We use the following assignments:

to get the instantaneous load:

Fheat = UA *( Tl’blase -

h h
Tyope = Tia —

Tou )+ p*oﬂ L, *s¥( Tl":l = Tout ) — F free
for icat >0

IUA = p*C, *s, *L,

F [ree
UA + IUA

8
Taut ) +1UA *—8_ *( Tglau - Tout )
for Tbaac > Tout- .
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The annual consumption is calculated by summing this quantity over the heating season:
h S
Epear = UA* Z( Thase — Tout ) + IUA* 2‘ —_*( Tl?au = Tout ) (12)
hours hours Yo
The first sum is recognizable as standard HDD (actually, these are degree-hours). The second sum, however, is a degree-day-type
gum with a weighting factor included (calculated from the relative infiltration) and is defined as Heating Infiltration Degree-Days
(HIDD):
— | s h
HIDD = -27 — ( Thase = Tour ) for TéhM£> Tou (13)
hours So
It should be noted that the factor *“24" has the units of hours/day.
Combining our definitions, we now have a simple but accurate expression for the total annual load due to both conduction and
infiltration:

Epegt =24 *[ UA*HDD + IUA*HIDD ] (14)

The presence of the specific-infiltration weighting factor in the definition of infiltration degree-days is the fundamental difference
between HDD and HIDD. In calculating infiltration degree-days, periods of high infiltration (i.e. a relatively large s) are weighted
more heavily than periods of low infiltration. If infiltration were constant, or even randomly varying, there would be no significant
difference between infiltration degree-days and standard degree-days but, in reality, the differences can be significant.

The previous descriptions of degree-days have been strictly true only for those conditions where heating, not cooling, is required
to keep the building comfortable. Because of problems such as latent loads, it is impossible to use the same formalism for estimating
cooling loads. Accordingly, the concept of analygous cooling degree-days (CDD) has not proven widely usable. Because the approach
herein separates the conduction from infiltration loads, a more appropriate definition of CDD can be made.

The instantaneous cooling load contains parts that are both sensible (from conduction and infiltration) and latent (from
infiltration only):

Fconl - Ffru + UA*( Tout - Tfn ) + P*Q*( Haut _H'g" ) (15)
for F cool > 0
Note that because the dominant moisture transport mechanism is bulk air movement (i.e. infiltration of moist air) latent-heat loads
due to moisture diffusion through materials are ignored.

We can go through the same procedure used to derive HDD and HIDi) with the exception that for the standard degree-days we
use temperature differences, and for infiltration degree-days we use enthalpy differences:

1

CDD o 7 E ( Taut - T;“g ) for T:MG<TOU‘ (16)

hours

CIDD = . - H ;
24Cp "g‘z’ 5 ( Huut base ) for Hbue <Haut (17)
where
Faenfl'blc
S || S— 18.1
bse =TT UA + IUA ¥ e
C Flatelnt

th:eent — H‘(:teut _ __ﬁo_ (18.2)

and the sensible base enthalpy is calculated from T',,,.

The total seasonal load becomes the following:

Eooo = 24*[ UA*CDD + IUA*CIDD ] (19)
Summarizing both heating and cooling gives the following result for the infiltration load:
E"nﬁum“‘m = 24 *IUA *I.DD (20)
where:
IDD = HIDD + CIDD (21)
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STANDARD-SPECIFIC MODELS

In this part of the appendix the simplifications and calculations used in the Standard will be derived from the general arguments
above. The Standard does not use all of the quantities in quite the same way as the previous part of the appendix might indicate,
For example, the IDD expressions above require the prior calculation of free-heat to determine the base temperatures and enthalpy.
Because this calculation is both building- and climate-dependent, it is impractical to expect a user of the standard to make such a
calculation. Therefore, all of the IDDs quoted in the standard use fixed base temperatures and enthalpies, which—along with f, and
[y—are indicated in the NOMENCLATURE. These values were chosen to be consistent with other ASHRAE base values, which are
assumed typical of the housing stock.

Normalized Leakage. The Standard uses for its leakage variable a quantity called the normalized leakage, L,, which is a combi-
nation of the eflective leakage area, the height of the building and the floor area:

L[»f?
L, =1000'I E (22)

By including the height and floor area in the definition of normalized leakage, it is hoped that all of the important building charac-
teristics are considered. Specifically, the height dependence is removed from the definition of specific infiltration and included in the
definition of L,. All of the calculations regarding the Standard will use the normalized leakage.

This expression is somewhat simplified from the exact one. We have assumed that the stack height, A,, and the wind height, 4,,
are the same and are replaced by a single quantity. We have also assumed that the height dependence of the two terms f, and f, is
the same and can be factored out. (The exponent of 0.3 was chosen as intermediate between the lower limit of wind exponents, 0.1
and the upper limit of the stack effect, 0.5.) Thus when using the normalized leak'age, one deals only with the specific inﬁltration,
terms for single-story structures.

Relating Leakage to Load. As indicated in the body of the text, the committee decided to set the standard in such a way that the
infiltration-related load (calculated from IDDs) would be a constant, independent of climate. If we have a target of annual
infiltration load per unit of floor area, we can rewrite the equation of load as follows:

* *
24*UA"IDD _ b/ )

where E/A represents the target value (13 kBTU/ft.2), (42 kWh/mz].
We assume that for a particular site the IDD is fixed. We then substitute in the definition of IUA and solve for the normalized

leakage:
IDD,

Lv="1op

PCy s,
For the values in this standard, the value of IDD‘D is approximately 3500°F-day and 2000°C-day.

(24)

where:

CALCULATION OF AIR CHANGE RATE

It is often of interest to estimate the average air change rate for a building as a function of climate and leakage. For any
detailed analysis the more rigorous methods summarized in the first part of the appendix are appropriate, but often it is desired to
have simple rule-of-thumb estimates.

The basic equation comes from the LBL infiltration model, but requires substitutions to put it into the framework of the stan-

dard:
L
L B T 5 (26)
Ah, 1000 A,

The term on the left (when in proper units) can be recognized as the air change rate. The factor of 1000 comes from the definitjon of
the normalized leakage. The follwing expression results from the numerical values of k, and s,, and the substitution for ACH:

ACH =L, (27)

0

This expression obtains its simple form from our choice of normalization used in the normalized leakage. Thus, this expression is
numerological in origin, but useful nevertheless.

If a crude estimate of the seasonal air change rate is desired and no knowledge of the climate is available, the specific infiltration
can bf approximated by using its average value, s, to get a simplistic relationship between leakage and average annual air change

rate:
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NOMENCLATURE

A floor area (f t2) [m2]

ACH  air changes per hour [h'l]

c generalized shielding coefficient (see table 1)
Cp heat capacity of air ( 0.245 BTU/Ib-F) [1024 J/kg-K]

CDD cooling degree-days (OF-day) [°C-day]
CIDD  cooling infiltration degree-Days (°F-day) [* C-day]
E seasonal energy (BTU) [Wh) ®

=]

load (BTU/h) [W] ®

enthalpy (BTU/Ib) [J/kg) ® ¢4 )

Hy (Cooling) base enthalpy ( 28 BTU/Ib) (65000 J/kg)

HDD heating degree-Days (°F-day) [°C-day]

HIDD  heating infiltration degree-Days (°F-day) [°C-day]|

IDD infiltration degree-Days (°F-day) [°C-day]

IDD,  standard infiltration degree-Days (3500°F-day) [2000°C-day]

a) Subscripts ““heat’”” and ““cool” are used to indieate what season the load applied to.
b) Superscripta “‘sensible’” and ““latent’’ are used to distinguish the two parts of the (cooling) load.

;) Subscripts “out”, “in", and “base” are used to indicate whether the quantity is for outdoors, indoor set-point, or indoor
ase use,

d) Superscripta “h"” and “c” are used to indicate whether the set-point or base quantities are for heating or cooling cli-
mates, respectively.

NOTE: This relation is an artifact of the system of units chosen and values of specific variables; it is not a general result.

—_—
* Final approval of these standards is expected during 1986,
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infiltration-load coefficient (BTU/h/°F) [W/K]

effective leakage area (ft2) [m2]

normalized leakage area |-]

air flow (infiltration, ventilation) (fts/hr) [ms/s]
stack-induced infiltration (fta/hr) [ma/s]
wind-induced infiltration (fts/hr) [m3/s]

fraction of total leakage area in the floor and ceiling |-]
absolute temperature © d
(indoor) reference temperature (530 R) [295 K]
conduction-load coefficient (BTU/h/°F) [W/K]
difference in ceiling/floor fractional leakage area |-]
terrain coefficient (see table 2) [-]

dimensionless position of the neutral level |-]

stack factor (1056 ft/hr-oFo's) [0.12 m/s-KO's]
wind factor [0.132)

terrain exponent (see table 2)

height of building (ft) [m)

stack height of building (highest-lowest leak) (ft) [m]

height of weather tower (ft) [m]

wind height of building (ceiling height above grade) (ft) [m]

height of a single story (8 [t) [2.5 m]

reference height for wind measurement (33 t) {10 m]
the density of (outside) air (0.075 ]b/ft3) 12 kg/m3]
specific infiltration (ft/hr) [m/s]

average specific infiltration (8400 ft/hr) [0.71 m/s]
measured wind speed (ft/hr) [m/s]

inside-outside temperature difference (°F) [K]
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