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ABSTRACT: Data from detailed tracer concentration decav and induced pressurization

measurements were obtained in tests of duplex and ¡orv apartments at Norfolk, Virginia
and Pensacola, Florida to accurately determine air leakage characteristics of selected na-

val housing. Local meteorological information also was collected to facilitate conlparison

of predicted versus measured air leakage rates. For the Norfolk data. the 4'Pa leakage

areãs inferred from pressurization/depressurization measurements are uniformly lower

than those calculated from the measured tracer dilution air leakage rate via the Sherman

air leakage model.
Considerable tracer dilution testing was performed on a single unit of duplex housing at

Pensacola. Air leakage testing within rooms of this unit disclosed a uniformly lorv air
leakage rate. The data also illustrated the directional nature of air leakage in a duplex. Of
particular additional interest were two measurements taken over a 24-h period utilizing a

iingle tracer injection followed by monitoring of dilution decay. Samples were taken by

the container method and analyzed.

KEY WORDS: infiltration, tracer dilution method, fan pressurization. air leakage. sul-

fur hexafluoride. automated air leakage measurement. leakage area

This paper presents induced pressurization and tracer concentration decay

measurements performed in naval hOusing at Norfolk, Virginia and Pensa-

cola, Florida. In both locations, air leakage or air infiltration data or both

were required to fulfill a need by the local naval civil engineering center. In

the case of the Norfolk data, measurements were undertaken to understand

whether addition of insulation to uninsulated or poorly insulated structures

would reduce air leakage t1-31. In the case of the Pensacola data, the mea-

b---



6 MEASURED AIR LEAKAGE OF BUILDINGS

surements were undertaken to accu

res in order to
-damagewittr'i

[4],. During th

are owned by the Navar civl Engi"'îîîî:HJå'Ïi Ji,ï;iüï:',i::

pressurization measurements were

iermining Air Leakage Rate bY F

Gadzco blower door assemblies'

Norfolk Data

The HVAC blower oPerated continu-

cay ga

the Ph'

uct olY-

n Fig. 1. Living units are identified by

Ñotã tnat winã directions around 360

s equai'ly, wtiile winds from 90 to270"
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cooling were'aêcomplished through a

heater, âs well as the HVAC blower,
y room. 'r¡ì

rtments similat to those under study

showed that two units exhibited no change in the'rhdasured infiltration rate

due to duct leakage, and two units exhibìted a 25Va increase in measured

infiltration rate due to duct leakage.. These data were obtained by performing
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two tracer dilution me

system on and one wit

On successive da-vs'

lected for measuremen-t'

in each building rvith res^

tially measured on 'utt""iot 11ï;:"t 
each apartme

surements were performed-one in äiã*o*ing ánd one in millafternoon'

These measurems¡f$ w€ nter and sumnÌer time pe-

riods, The winter period and ternperature differ-

ences than did the sumn ' provicle four nominally

independent measuremel a are summarized in Ta-

bles 1 through 4, rvhich p nd direction (e)' temper-

ature differences (Af)' and measured air leakage rates (/)'

Someoftheinfïltration.ut.,*.u,*.¿u,.considerablyhigherthanmight
first be expected. Ñ;,., r,o*"n.r. that the winter *.uru"n.,t"i' *ttt obtained

during a'pt'io¿ oì'iti'-*9o'O o'inds in the Norfolk area'

It should u. .*pi"rized that in ä. 24 apartment units tested no attempt

was made t" br"':l:';;'*åäùi-åo:,ü; ,oori., of leakage such as bathroom

vents. kitchen bii;,;, ;i.. Átt of the apartments were óccupied during test-

ing.Theresidentsrvere,askedtominimizeingressandegress.Allclatarvere
ä1;,.tit3.;;,;"îi;ä "as available" basis' 

rents were perrormed in all

of these apartments a iî:l;JJ:ïä','åtîffi:'1
evacuation measureme the apartment of inter-

simultaneouslY' with fl
est.Adjacentblowersservedto.equalizepressureswithinadjacentapart-
ments, eliminating or at least mrnimizing cross-apartment leakage' Blowers

TABLE l-DatoJrom Building 108'

Summer,Data
Winter Data

o /, ACH AT. OC IV,, M/S E, O /, ACH

Unit/Time Af.oC W,, m/s e'

8118/a.m.
8l l8/P.m.
8l l9/a'm.
8l l9lP.m.
8120/a.m.
8120/P.m.
8l2l /a.m.
8l2l/P.m.
8122/a'.m.
8122/P'm.
8123/a.m.
8123/P'm.

2.5'
2.1
1.5
3.0
4.1
4.8
9.1
8.7

10.5
10.4
1.3
6.4

of b5" during. r-est-from 75"' during

')<
2.i
2.5
t?l./

l;9

3

1

I
3

2

0
2
0
2
5

6

l0

24
22
24
23
27
24
l9
l5

9

l0
9
4

345
290

1.03
0.85
1.09
0.84
1.02
0.96
1.96
r.35
2.11
2.50
0.94
1.65

1)

1.7
3.0
2.5
3.5
3:6
2.3:

255
360
030
050
010
025

. 010
025
060
010
2ó0
260

0.52
0.76
0.92
0.81
l.49
r.29
0.62
0.58
0.64
0.78
0,60
0.52

290
320
285
255
260
240
240
140

180

'Wind shift
first
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TABLE 2-Datu Jrom Buildirtg I14. '

r : .:.1

" ':, '..ii, ''

Unit/T!r^ne

' Wiriter:Dâta r., .; : , r Summer Data

AT,oc w,, m/ Í, ¡,Crt' ar, dC' W,, m/s e, 3 /, AcH

a.m
8'ló0/p.m;
8ló11a,m.,

., .8161/p.m.
ur;2/a,.in:

':'8t622þ.m.
81631a.m.
8163/p.m.
8164/ a.m.

' i 8l ó4lp. m.
' '8165/a.nr.

8165/p.m.

24
1) .'

'r,.5
2.1
1.5
3.020

26'
23

22

l8
l5
'\6'¿it

8

3

10,5
10.4
4.8
6.4

2.2
t.7

:.Jl0i
-7.5,,,;;

3.5
3.6 I'
2.3
2.5
2.3
2.5
t.7
1.9

I

I )r 345

4eol

;s
:320
285
255
2dol
240
240
140
180

4.1
4.8
9.1
8.7

7

l0
6

8
3

0
I
2

I
4
q

9

, 1,23
l.ll' 1.06

. t ,0.96

; 1.63
1.28
t.62; t,5r,
2.53
2.73

2ss
¡ðo
030,
050
010
025
010
025
060
040
2ó0
260

0.60
0.79
0.83
0,63
r .10
1.36
0.99
0.88
0,61
0.67
0.68
0.52

2l

0.78
1.40 r'

'rirVirrd shift of 65o during resf: frór4 75' during first half to l0o during second half

TABLE 3t-Dato Jiont Building I10.

Winter Data
ií) Summer Data

Uhitu Time ' aT.oC W,, nt/s O. ", ; 1, ACH ^aT. 
oC w,, m/s e I. ACHo

8130/a.m.
pl30/p.m.
813l /a.m.
8l3l /p.m.
8132/a.m.
8132/p.m.
8133/a.m.
8133/p.m.
8134/a.m.

'bt34tp,m.
8 1 35/a. m.
8135/p:m.

4.8
6.4

-I0.5
., 10.4

9.1
8.7
4.t
4.8
1.5
3.0
2.5
2.1

9

4
t4
l5
23

t9
26
23

24

23
29

22

260
260
060
040
0t0
025
010
025
030
050
255
360

I

140
r80
240
240
255
260
320
285

290
345
290

0.68
l.l6
2.35
2.34
1.91

1.58
0.85
0.82
1.05
0.94
0.81
0.77

t.7
r.9
2.3
2.5
3.5
3.6
3.5
3.6
3.0
2.5
2.2
1.7

4

8
I
4

2

0

2

0
6

8

2

6

0.51
0.62
0.56
0.75
0.99
1.04
0.85
1.25
0.76
0.87
0.5 r

0.58

'Wind shift of 65o during tes¡-from 75o during first half to l0o during second half

were stañdard blower-door units obtained from Gadzco. Inc. of Princeton,
New Jensey. Pressurization and evacuation tests were performed in each of the
24 apartments at positive and negative pressures of 25, 50, and 75 Pa. For
tþese 24 apartments. the cross-apartment leakage at 50 Pa averagedl47o of
the single blower flow rate and varied from a low of 7To ,to. a high ol 24% .

- Th. Sherman air leakage model [5-Z] allows calculation of infiltration
rates in a structure under specified wind and temperaturþ conditions. The
model requires a measure of 'the 4-Pa leakagÞ area. This is normally obtained
from the least squares fit to induced pressurization data. Sherman and co-
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TABLE A-Dan Jront Buílding 112'

Winter Data
Summer Data

1, ACH ATr ?C W" m/s E. O /, ACH

Unit/Time ÀT,oC l{,. m/s eo

8148, a.nr.

8148, P'm.
81492 a.m'
8149, P.m'
8150,'a.m'
gl50 / p.m.
8l5l 'a.m'
8151i P.m'
8152; a.m'
Bt52/ p.m.
8153/a.m'
8153rP.nr

'Wind shift o{ 65o during test during first half to l0o during

10

6
14

l6
2l
l1
21
)'')

23

23

29
26

290
345
290

0.85
1.70
2.77
2.44
3 .73

2.00
0.97
0.84
1.01
0.86
0.98
1.06

6

10
1

2'
6

3

2'
0

5
1
'7

'lo

li
1.9
)'l

2.5
3.5
3.6
3.5
3.6
3.6
2.5
11
l.'l

0.60
0.47
0.51
0.66
0.87
1.26
1.02
1,05
0.67
0.70
0.30
0.55

4.8
6.4

10.5
10..1

9.1
8.1 ¿'

4.1
4.8
1.5
3.0
lq
2.r

260
260
060
040
010
025
010
025
030
050
255
360

140

180

,240
240
255

,260
320
285

second half

-fronr 
75o

at it is possible to use tracer dilution data to force

akage *"åti';;ã tt't"uy calculate an equivalent

traãer dilution measurement

e average leakage area

.¿ i" fãute 5' Also incl

it to the tracer dilution t.. 
*.r. obtained by a1e:39-

in Tables 1 through at Tltis

(249 m3)' allows calculation

Note that, for these P

Dossible to utilize trace [îf*t 
areas for the pur-

Por"t of comPahison or'

Measurements at Pensacola' Florida ;rì'
ola, Florida were Per-

Measurements in selecte ßBZ/1983. Data were

formed during the sunrmet ,tructures in order to

t.q"*¿ to characteriz"- ai

!
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TABLE 5- Leukuge tu:euu culcultttetl J'rotrt presuti=utirttt/

,ruruuik"' uttd trucar diluti<tn tlutu'

,4o, Pièsiurizarion/' Evacultion
Aþartihent

Number'
.4¿. I racer"

8l b5

8164
8163
8162
8l6l
8160

0.038
0.048
0:042
0.038
0.049
0.039

0.0ó5
0.074
0.089
0.088
0.073
0.080

8135
8r34
8r33
8132
8l3l
8130

0.036
0.033
0.047
0.046
0.018
o'9lu

0.036
0.062
0.039
0.039
0.055

, - )0.038

' o.oqo
i 0.036 r

.,0.026, 
.

0.053
0.030
0.044,.

0.063 '

0.074
0.065
0.069
0.071
0.058

8r53
8r52
8l5l
8150
8149
8148 

,

8123 ,

8r2z"'
dTZL ;

8120
8l l9
8l l8

0.058
0.067
0,067
0.087
0.072
0.066

0.066
0.075
0.063
0.083
0.081
0.073

r; íi

assist'ongo ing research into theôauses of moisture Sama!e'w'ithin naval hous-

ing in and aro¡rPd Pensacola,

the measurèments 'we,re perfoqn\ç4rin
Flôrida 14,8,91, ,

an unocc uþied unit of a du-
Many of

plex within the Corey Ëi.t¿ tto tsing comPle-¡" The arë slab-on-grade.

single-storY construction with concret€; block' rva lls änd have verY tightlY

weather-striPPe d doors and windows¡t A..drarrt',ing of a typiôat floor Plan ts tn-

cluded on Fig. 3 . The HVAC sYstem is contain inside the structure ln a

, i¡
se unlts

ed

sep arate utility room . The air-conditioning exchange condenser is located on

a conc rete slab immed iately in front of'the duPlex un it. The floor area of the

23634 unit is approxrm âtely 102 m2.'
determined that

with the HVAC system runntng in the CoreY unit, tt was

' it

!+!:..,>r

approximatelY 30 min were required to obtain a roughlY homogeneous SF6
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Ki tchen

0edroom 3

Bedroon 2

B¿ th

Bòth

Bedroom ì

Ityuttì t
Roon

I{ORTH

Livlng Room

FIG' 3-Scå en'atic Üoor plun 'l'or 2363A Corev'

andairmixture.Tracerdecaymeasurementswereinitiated'therefore,30

and outside air'-"ó.o 
"Utained 

in the 23634 unit o
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TABLE 6-Selected uir leukuge tlutu |or 236'?A Corev'

Date Time' I A T, "C O. .' V. m/s Commcnts

t gtntaz 1 730
t745
l 750

8/13/82 1000

l0l0

tt/t7 /82 1400
1525

1525

. -0.19.
3.2'

36

3

3
3

7.2 atl doors closed/HVAC on

7.2 front door oPen/HVAC on

7.2 front back doors oPen/HVAC
on

HVAC on
HVAC off/kitchen baths fans

on

0.01
0.75

3.1
3.1

4.1
4.6
4.6

7

7

0.19
0.16
0.04

1525 0.1 I

1525 0.16

0.25
0.07

0.25

0.22

3

2

2

2

2

090
090
090

160
160

HVAC oh

HVAC off/in Living room
HVAC qff/Bedroom I door

open
HVAC off/Bedroom 2 door

open
HVAC off/Bedroom 3 door

open

tl/18/82 1045

1045

1045

1045

3

3

3

3

090

090, "

160

l8o 
',

4.6

4.6

4.6
4.6

4.6

4.6

HVAC off/in Living room
HVAC oÊf/Bedroom I door

closed
HVAC off/Bedroom 2 door

closed
Évnc offlBedroom 3 door

closed

'Figur-es are iD militar-v timP.

folk, Virginia. These data also."demonstrate the direction'dependent nature

of air leaka$é in the duplex. The,lealiage rate on 18 Nov. 1982 is roughly 75%

greater than that meaiured on 17 Novo 1982. ._:.n though rvind speed and

iemþerature differences are rorryhly jdentical. However' the wind direction

on i7 l.{ov. 1982 during.the meas¡írèqF.lt,,p-e.ïigg rvas from the east (90").

while orí-18 N,ovr, 1982 itlwas from almoti ¿üe #=rt'(tOO"). Thus, rvinds on 18

Ñ";: rpg2'impinged on the 23634 duplex directly, wliile on 17 Nov' 1983 they

impinged onlt, companion unit 23638. rvith 23634 being dorvnu'ind' Note

iirã ,ñ"a the measurèments taken with 23634 indicate that Bedroom No' 1

exhititS an extraordinarily low infiltration rate. Iir fact. the equivalent venti-

i;,tbh rate is less than the 8.5 m3/h (5 ftr/m) pei person recommended in

ASHRAE Standard ó2.

A few additional measurements were performed in several unoccupied

units àt'Lexington Terrace. These units are cor{siderably smaller-averaging

approximately 65:m2-and are slab-on-grade'construction.
^ 
bata were obtained qn lg Nov. lgg2 and 1g Nov. 1982 in apartments at 333

and 375 Lexingtdn Terrace. These data are notable in that they represent a

24-h tracer concentration decay measurement due to a single injection of

l1
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ible to utilize the HVAC in the Lexington Terrace

ng during the entire

hèating" According

easuieinent to ensure mt

After this. the fan u'as tunied off " Subsequent m

ine 60-cmr polup'oii[nt '1''ingts' 
Five lO'cnr] s

,irli:ti'."Jr,- åi ti". toonìs "Ill"'the 
structurq'

:i;jäñ'Pt' dota Point' rlris samPli

;;;,;i;.; sampling t"thniqut co'tained

Dara are pr.r"n,.d- graphically in Fig' 4' 
velv." ', i

s'ind speed over 24 h are .J'to, the 23634 Corey

,,,-"ï'"',ïlXî::;ililtt':Ë s rhe averase 4-Pa reak-
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o
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Fi n i sh

Start
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i1

FlG. 4-C<,'rr cetúrutir¡tt clecuv orer u 24-h periotl itt 333 utttl 375 Lexington Terrace

---::il
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data

Conclusions

i¡ì

0.7 ACH.
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