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. . ‘I‘he present work deals’ with air ]nfﬂtrat‘ion . and thermal beha-
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) A : (
: s . ‘viour of door frames-. ihe main purpose is to simulate exterior tempera- - , <. J

¥ .

: 19

-0 : ture and wind pressure cond1t10ns under .whwh door or wmdow frarhes could
‘ -, v.r P " o /;\ * . i o .
A 4 be teSted for aIr leakage and thermal behakur. e ’ -

i

For the conrp1et1on ‘of this work, two tasks were undertalﬁn, the'. . ' J

[ W i

' #st bemg the modification and4he cahbratio(of, the test equ1pment

L ' ' for. the achlevement of test conditions, and the second the tests on a ' ' g

* ! .
. , .
" ' ¢ o - -

St e wooden door’ frame. The first test is -under 1sotherma1 andpressure dif-, ®

ferentlal, and tne second under d1fferent1a1 pressure and temperature con- . . "y

il 4

e " ditions. "Fina

n thenna] deformations on the door were measured, such

as warping“and bowing under pressure and temperatuf"e differfential conditions.

. ’ These tests were conducted on beh%‘ﬁ» the Buréau de Normaliza- ', 4 ‘e
' , tion ‘ec for the deve]opment' of standards on Air Leakage and, Thermal ’ .
e “ l. ) Béhé\’f‘i‘oui‘ of qur Frames. . NV' - . " ,’
| ‘ . L ' }
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; a . s , . .
. “—"tion of pressure across building enclosures, 7he‘_resu1tmg pattern of air

f

[

b

~ 1. INTRODUCTJON -~ .~

Air “leakage throuéh*mﬁldihg enclosures has certair‘t,implioations.

o wi’gh respect ‘to overall performance of the,buﬂaing. Air flow through'

building openings 15‘ ‘a result of wind action or- chinin’eys. )

It is well Known that air infiltration and exfiltra'f.ion will
affe;t the building envirogment for human comforg a great deal. Controlling .
the by’i]ding envirohment :311 ‘decrease tl'\g‘ heating load during the winter a
apd l,,fhe cooling load during the sumer. As a rgsult, energy costs regard-

£ > |

int that aspect will decrease as well.  “ ' i

./
s the extent to which air leakage ‘is responsible for serious condénsa- . J

/
'

Another implication 4n relation to ;‘.he performance of buildings

t{oﬁ pr‘bqb’l.er}ls which contribute to the deterioration of buﬂdiﬁg 'structuves- ‘
How these implications could be eliminated or mininized is a

) matter of undertsta‘nd'ing the characteristics of air Jeakage, the distribu-

*« flow and the behaviour of elements of building enclqsures.. Being aware

-

of all ‘thée, a good design and carefut constryction will resol\ie_the air’

» 4

- leakage problems and improve the overall building performance.

Exterigr door frames -are one of the most important elements
of building enc]osuréé that create sources of air 1nf1‘1t§'aAt'ion and exfil- .
“tration in buldinds. For this reason, it is important to know their
Behaviour in order éo improve théir berformange. o .

4

The purpose of the present work is to test exterior door or Lo

window frames for air infil€ration afid thermal behayioyr, It commences -

\

.
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mth he appar‘ﬁtus and its cahbyatwn. By the caHbration, the extraneous .
,l air leakage (QL) escaping from £ht interior chamber of ‘the apparatus has
. been determined for the various pressur-e levels in thé chamber “

IH continuation, two tests have beén conducted on a wooden exter-

jor door. The first test was under 1sotherma'l cond1t1ons and d1ffere}|t1al
 pressure, and the second under differential pressure and temperature across

_the specimen. Humidity measurements were not made but it was assumed that

during the first test (upoer isothermal conditions and differentia] pres-

sure) the humidity across the ‘specimen ;vas constant. '

. ~
o The total flow (QT) through the specimen was measured in both

tests by a ﬂowmet r and- cor‘rected for exfiltration fr'om the tnterior

P

<«chanmber. '_F1_na]1y. the defofmations on the wooﬁen door (warping: and bowing) -

, : K|
. due to differential temperdture, were measured.
13
[Y // . e
* ’ .
A Ce K\__ - ' 5
© A ' 4 >




2. WPARATUS - 7

| The apparatus consists of two chamber‘s' (F"i'g 2.1), fthe .chamber

-representing the exterior (cold box ), and the chamber representing the

rinterior (hot box). The exterior chamber s to simu]ate the outside huild-

ing temperature and wind pressure conciitions whereas the interior simmiates
the: inside buﬂding copditions Between the two chambers there is a panel

| to which the specimen is attached ’ v 4[ ',

A

The exterior chamber includes in it refrigerationeeoi]s for the

o
,achievemant of . Tow temperature conditions In addition. there is a fan

faor afr circulation purposes near the top of the interior face of the "

l
J‘ : exterior chamber. The refrigeration coiis are positioned in a shaft
| . through which the air circuiates aided by the ')f’an Also, the exterior

i ,
3 \ — ehamber includes one thérmos tat sensor at the bottom "and two themocoup] es,one being.
. . .

a- - at the top and the other at the bottom of the chamber.
Y

g, - ‘ The inlet A "to the exterjor chamber, fllustrated in the same ™

R e figure, is for compressed air flow to create a differential pressure

- between ‘thd two chambers. _ ' Co ' : |

.

) - . a % In the interior chamber there is a lamp to kee‘%rthe temperature A -
\ ‘0€ theé interfor chamber constant while the refrigeratjon System is on.
c ' . The fan in the same chamber is to circulate the air to ensure uniform : )
temperature There isone thermos tat sensor at the bottom and three thermocoup'les ,

- ©in the “interior chamber. One fhermocoupie is attached to the top, one,\at

B \

g
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. . the bottom and anothe/v on, the surface of the door at,,md he‘vght g - .

[
e

c . - In the outlet B of_the interior chamber a flow meter is 1nserted

: to ‘measure the air passing through the specmen. fma?'ly, ‘there are two -
. v B : . .

gnbers for the measuremént. of their
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Identification of Parts . .

Control valve ‘
Refrigeration coils 'of exterior chamber
Compartment of refrigeration motor
‘Test specimen
Interior chamber
Heating lamp
Fan for air circulatiof
Thermostat sensor '
Flow meter .

A. air flow inle :

B. air flow outlet .]‘

c

.
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3. CALIBRATION OF INTERIOR CHAMBER ;
3.1 MEASUREMENTS : ' , .
The hot box was c]osed with a plywood pane] as illustrated in ‘
Fig. 3.1. The pressure in the box was increased-up to 5 inches of water ~ T

(at T= 24°C) with compressed afr derce At 5 inches of water the com-
pressed air flow was cut off and as the pressure in the box dropped to
zero,.time and pressure readings were taken (see Table 3.1). Based‘on
these readings the rate of air loss as é/l function of pressure wa¢ deter- (

mined. 2

3.2 ANALYSIS FOR AIR LEAKAGE®

LY

The density of air contained in the chamber increases

directly proportionally with prés§urei

According to the equation of state of ideal gases, the following

relation exists: ' ; ' Y
Pv}='_RT ................ R S & J¥ §)
where — '
. P = absolute pressure .
v, = specific volume (v = 1/p, p = density) ‘
> ' ’ - . e i
- , ! » ;

T s ahsolute temperature - e

R = gas constant

[~
PO
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L, ,‘ TABLE 3.1 — DEPRESSURIZATIQN MEASUREMENTS ON TIME AND PRESSURE . -

.
- - . . . N

& ’ . / .
L -
. ' S | o . ‘ . B Lk - ~g§- . . {
! R h-in e ot . t Lave. - ™ L
A : " inches of in &  in in Inh ‘ '
: o of water sec. _Sgc. sec. -
i / , ! 5.0 . | ‘
! A N . .
é ' 4.5 7 TR 7 1.504
¢ 4,0 o S . 14 14 1.386 -
{ .
v ‘ 3.5 . / 2 22 22.5 1.253 :
. 3.0, N \‘J i 1 - 1099 S © s
7 A ) , . .
: S 2.5 - '\'42 . a2, 42 0.916 ‘
2.0 55 55 55 0.693
- 1.5 72 1 71.5 © 0.405 ) ;
.0 - 9%’ 92 93 00 . - i
) - ' |
0.5 133 133 133 - -0.693 |
“. 0.3 170 170 170 -1.204 " ' b
— . . R H
. ° ] 4’ {
4 i’ ! [ ]
/
v ;o \ ~
N
\ - ' .
t
b , : i
s \ ! i \
v b L >
tem \\ (’. |
’ , . e 4
t
¥ » )




-

( \ ~ . i
‘ = 9 .° y
The. uniits of R cén be determined from the equation when the K '
are known. ‘For instance, for P in pounds per square foot, ) 1
in slugs per chbic, foot and T (°F + 459.6) in degrees Rankine {°RY ‘
. ) ‘ ) l - B h \'
R = (1b/ft2)(ft*/slug x °R) = ft. 1b./(slug x °R)
. - :
for p ‘'in.pounds-mass per cubic foot . _— i |
. ) 0 o' ) ¢ ' N ¥ N L, ““
. R=ftx 1b/(1bm x “R)(m x.kq/(kq;n x R) L ' . |
In our;, particular case, since the volumé of the chamber lremajhs ' |
constant whereas the mass, of air inside it change-e\, Boy1e's' Law applies - "R J
(derived from equation‘n3.g,_for J and R constant). Thus, "e
P=mxconstant . . . . ... e e e e e e (3.2) )
where — k Co I‘ ’ P g
' m = mass of air A "W oo '
i From equation (3.2) if the pressure ir.the chamber changes from = , °
Py to Piy, then N | . % - % § ”
. _ ’ ’ . \ ! ! - . “, .
Po/pj = Mo/My ' -
' - 4 . . . * ‘;.
b 'YO"O/V1§ ) : . !
L] # .
‘ . "}opo/viepo .
therefore — N
o V“2 v P1/Po . . . -(3.3)
1 ) ./ 1
i ——
, 1
RS ' i
. - et 5 PO




P

w?

T

“

.

Note that the%‘émper‘ature inside the _intérior chamber waét'cqnstant through-

» ) . h
’. ' * ’ s ‘ . ”
o ' 4’ . fge. " ) v -
i B A L AN
I\r' - 1. - “'10“"‘ ) ;
'\D‘ X - " o -
\\ -k : ; - ‘
where — ' ) - o
o , @ ; . .
0 - w . ’ - :
- \' . . . ‘ . o . o
¥ . Po = initial pressure in chamber, atmospheric, pressure : .
- \ B . 4 I ¢
.7 =343 ft of water U
S . ‘: R . N P . ' ]
L P; = absolute pressure ajbove P i, ' I
. . . ¢ u . s a R . . s 4
\.’.U ) - . O . N - 2
e 7 m =-mass of a¥r in chamber when P =" P
SN 0 - » 0 ,

& - .-y = mass of afr in chamber when P = P, ‘ oo
- . . . [ .. - 1&‘
- s ' V(; = the volume of the chamber with room air density s .

« Q - - -
. - »= 130 cu t- N .
,“ bo = room air density, chamber air density at P = P0 ' <
LB le_ , ‘ .: .
- { R . "«‘ ' " . R i l' - ‘
“  Vy="the volume of air in’chamber with o = p, g | o
__p; = air.density in the chamber when P = P, ' o
- ~Nd T - . {1 o,
Vlie‘ = expanded volumé of-air wg__th room air density when Pi pressure
is 1ntr0d'ced in the chamber .
‘\
oo . .

out the calibration and it was th&€ same as the room temperature (T = 24°.C)

’
h 2

4

Equdtion (3.3) can pé transformed to:

V K}

v 5 (P_+ h), or‘"’ ' *

ie

i
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Using thealues of P, and V_ as given-previously, equation (3{4) becomes
. " Y
. V13004 0032h 4w i e e e e e e e e e (3.5)
. » . [ o v .\ [a)

In equation (3.5), V is expressed in cu. ft. whereas h in inches of water:

In addition, equatdion (3.5) is represented by Fig. 3.2 and the dbservations -

- 1llustrated oh Table 3.1-by Fig. 3.3 (seé experimental points). ffﬁﬁkiﬁg"

-4, an

at the experimental points of Fig. 3.3, one can predict that ihﬁ“ﬁ@uqiiop i

vy

of the "best fit" curve could he regresented by an exponential decay e

function such as: R ' . RSN
@ hce (3.6)"
“The constants €, and‘C, could be calculated by the use of the experimental

a

4

. observations in #h@ following manner. Takind the patural logarithm of °

- ~both sides of equas;gn,(3.ﬁ); the following relation exists:

mo

[ 4 .
ua ¢ ¥
- - M S bt -
8, . .8 . v ‘-
. ) - =~ . n
. & 4 '\ W.k
where — .. . y ol
’ - " - A "y '
g . .. ‘ ) = . o
% - * _h =< the'manometer reading in inches of water o
. , ' . )
Vi Ve - ' e
& ’ ° . e

s

mh =% € - Cat -
> ‘% ) . 1 .
Let — - ' ' .
th=y .
1.hCy =g .
Ca =D .
t = x -
then - L‘;‘ -~ ’
- _y=atbx” ‘ ]
e . B . } .
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Using Tinear

the constants a

and

et [ T Y ksl

regressfon aMalysis with the results of Table 3.1,

b can be estimated and then from these; the con-

. stants Cq and C,. The two latter constants were found to be:

= 5.053 j R 5

R
.,
<
(]
-
{

. S 6= 0017 | o

' . ' & .- /‘ ) .
By substituting the values of ;. and C, back to the equation (%.6),.we

have: )
N\ E h'=5.083 e 017t T L a (3.7)
- “ ) "
L / - ,
As can be seen FﬁSﬁlFig.B;B, the points %ue to observation do not deviate .

much from-the curve répresented by the Ubest fit" curve of The exponential
fuhdti&ﬁ of.equation (3.7), ilMustrated in the same figuré.

Equation (3.7} gives fall in pressure from which the eakage
through the interior chamberhfs ca]cu1at;d’in thé following manner.

"By substituting equation (3.7) into (3:5):
V = 130 + 0.32(5.0537°" 017t)

S130 4 e e OOV L (3.8)

R

The above rate’is then:: .
$ C .
dV/dte= LQL ..... e e e e Lo e (3.9)

where — , ‘

DL air leakage from the interior chamber

A

-
1]

volume o fair under standard test conditions

The neuativE‘siqn in equation (3.9) is due to the fact that zero time was
e
taken at maximum value of air mass in the chamber (depressurizatiou process).
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By differentidting equatipd (3.8) with reéiect to time and .substituting
) ¢ R
it 4nto equation (3.9), then —

~

. O - 0.027 07t - L L. c . (3.10)

. From équation (3.7), by taking the natural loqarithm ‘of both sides of

the equat1on and solving for t, we “have —
f/

= 95.29 - 58.82 7, h

S

| : . L \
Substituting the value of t into equézion (3.10), the relatidQ§hip bet-"~
N

ween air teakage and preséure is: ¢ . : '
o . (
" Q0005 e L. ()
g‘-.

:% Equation (3.11) 1s‘représentéd by Fig, 3.4. Fromrthis fiquré one can

‘ read the theortical leakage (QL) of the intefior fjwmber for various pres-
sure levels. Note_that when the calibration was perfyrmed the room temper-
ature was 24%C. To minimize the error in calcuﬁatinq the theoretical air
leakage (QL) when tests are performed, the room tgmneratu}e sho&ld Be close

- to 24°c.

The value of QL is added to the measured flow 0M to give the

tota] flow QT from the exterior chamber to the 1nter1or chamber
. ) .
/- . Therefore, -

N . ' QT=QLfQM..‘.......;..'.’.'....(3.12)
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_panel ds illustrated in Fig. 4.1. The origifal dimensions of the door L

~ -

4, TEST SPECIMEN AND INITIAL OBSERVATIONS

- .. ,
4Thé:specimen is a test door prehung in its frame on a closure™

- N

height. . .. . ST - ... 80.53" (2.05m) .

were as follows: o ,

Tength. . . . . . ... ... .- 33.81" (0.86 m) ~
- thickness. . « .. v v v v e vu v 1.75" (4.4 cm) *

Before the test, measurements on bowing'and:warping were made. Figures

.
. .
' L]
,ﬂ.

4.2 and 4.3 illustrate their maximum values. The measurement of bowing

were obtained by the aid of a stretched string and a ruler, whdreas the

measurements of warping by the aid of a'plumb. The plumb's position is

. illustrated in Fig. 4.3 by the dotted 1ines. In addition, maximum gaps ' ;

between the frame and the door specimen were measured with the aid 'of a

ruler and are illustrated in Fig. 4.4. .

oo
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- J . 5. TEST PROCEDURES

5.1 TEST UNDER -ISOTHERMAL CONDITIONS

-

_The specimen of Fig. 4.7 was positioned between the two chambers

of the apparatus as illustrated in Fig. 5.1 (for har{zontal cross_sectiod‘

detailg of the apparatus see Fig. 2.1).

£

The conditions of air for this test were:

Pressure: 31.05 in. Hg (105.1 kPa) )
\-7> Temperature: 175°F'(24°C)
M Density: 0.0731 1b/ft2 (1.173 kg/m?)

1]

(e By‘iﬁtroducing compressed air into the exterior chamber a differential

pressure between the two chambers was created. Air flow out from the

interior chamber was measured for differential,pressures of up to 150 Pa.

Table 5.1 gives the measured air flow (QM) and the corresponding pres-
sure (P) -

N < -
\

5.2 TEST UNDER DIEFERENTIAL TEMPERATURE
&

The,ambient‘\conditions for air in this test were approximately
the same as in the previous test.

- ¢
¢

By the aid of the refrigeration system, the temperature 1n!%he——a—-’ g

-extgrior chamber was reduced to -16°C (average temperature with a fluctua-

tion of ¥ 1°C). In the other~chamber the temperature was kept to 24%¢

e
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1 — Set Up of Apparatus for Testing.
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TABLE 5.1 — AIR FLOW-PRESSURE MEASUREMENTS UNDER ISOTHERMAL .
CONDITIONS
P Q
AP : AP Pressure of M.
v~ Differential Differential interior Air Flow in
pressure 1in f pressure in chamber in gr/sec
Pascals (P,) in. of water in. of water
)
25 ) 0.1 ©0.012 ;. 239
50 0.2 " 0.024 | 3.23
75 0.3 0.036 3.83
300 . T 0.4 ‘ | 0.048 4.38
125 0.5 . . 0.057 4.74
150 ' 0.6 7 0.066 5.12
( . /

(average teslperature with a fluctuation of ? t 2°C) For seven days the

-door specimen was under the d1fferent1a1 temperature. After' 7 days, the

measured air flow (Qy) out from the interior chamber was found to be 3.83

gr/sec for a differential p}'essﬁre of 75 Pa (0.3 in. of water). Under these

conditions/the -pressure in the'interj'lor chamber was measured to be
above- the atmospheric pressure. , . 5
5.3 THERMAL Dskowrmns Lo C ,

9 Pa

Riqht after the measurements in-5.2, therma1 defomation measure-

L4

ments of b‘owing and warping were taken on the door specimen. These ’

4

N 0

prdiaa,

23
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°
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ngw deformations are illustrated in Figs. 5.2 and 5.3. )
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t, Fig. 5.2 — Thermal Deformations (Bowing)
A reduction of 1 mm of bowing was, observed at the centey of :
. the door in the ‘vertical direction and a reduction of 0.5 mm in the hori- K ~
_ zontal. (See Figures 4.2 and 5.2). .
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In addition,’ regarding warping, an increase of 6 mm was

recorded. (See Figures 4.3 and 5.3), o | | e
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\ 6. ANALYSIS OF RFSILTS

The measured air f}ow (QM) under isothermal conditions given -
in Section 5.1 added to the leakage (QL) gave the total air flow (QT)
through the specimen for various pressure differentials. These total
air flows were calculated by the aid of the following eqqationS\ as §11us-~
trated 1ﬁ Section 3. a

Q = 0.0054h .. ........ Ce e (6.1)

\\

Qp = QU+ Qg cvv e L (8.2)

'In addition, the total air infiltration per unit length of the door peri-

meter was calculated for each pres'sure difference. These results are

illustrated in the 1ast column of Table 6.1. Furthermore, Fig. 6.1

f1lustrates the variation of total air flow per unit length of door peri- °

9

meter with respect to bressure difference (h), across the specimen,
Under differential pressure of 75 P;—:a%di;‘ferentjal tempera-
ture with =16 ¥1°C 4n the exterior chamber and 24 ¥ ZOC in the interion)
the total air ﬂow’was found to be 7.48 x.10'4 (m3/sec)/m, which is 25%
highér than in the 1sotherm$1 condition caée. (See Table 6.1).
In addition, from the observations (sections 4 and 5.3) on

deformations (bowing and warping), it fs concluded that after the door

!
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v, wind speed, KPH

Fig. 6.1 — Door Air Infiltration Characteristics.
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,Specimen has been-exposed to differential temperature for 7 days, the
bowing was reduced whereas its warping was increased (see Figs. 4.2, 4.3,
5.2 and 5.3). In addition, twenty-four hours from the timé the refrigera-

tion system was set on, the temperature on the interior surface of the door

- rd

specimen was recorded to be 22°C. S
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7. CONCLUSIONS AND COMMENTS

e

There is no doubt that air 1eakage affects the building per-

\ fommance several ways. Heat load and buﬂding re1at1ve humidity are

affected by oyeraH air jnfﬂtration and ventilation rates.
Since doors represent one of the major sources (;f air le‘akage

much consideration must be given to their design and ._constructiom The .
designer before undertak‘ing the“task to design doo: frame's and especially
their; tolerances, should be aware of the behaviour of:door elements under
pressure ang‘ temperature differentials. That is to say; for certain
gaps‘arﬂound doors, with or without weatherstripping, an;l for‘ various wind
speeds the quaﬁtity ofﬁair infiltration should be known. With this lfnow-;

ledge, the designer can design accerdingly for heatiné anq air condition-

ing loading. But, if th‘ehair 16aka_qe is above acceptable levels, the air

\ .
" tightness of the door frames could be increased for a better overall build-

'ing performance. , ' N I

&

For satisfactory des1gn of door frames w1th respect-to air

leakage, tests have been performed in "the past on doors}. Window, elevator

“shaft walls, stair shaft walls, etc. To my knowledge, ‘those tests were

under isothermal conditions. The present research on door frames extends
the tests to differential ;cemperatyres as well,
: The method adapted in Section 3 fpr;«the estimation of the extran-

eous'air lgakage (OL) out from the interior chambe‘ﬁdifftzrs from that




o

H
-

mentioned 1n ASTM E283-73 In the present Method for extraneous a1r Ieakage,

*

QL could be measureﬁ by the aid of a manometer only'(see equat1on3 11, sec-

tlon 3) whereas in thePASTM E283 73 by the aid of a flowmeter. In case

of a compress1bfe flow (with variable air density), measurements of air
density through the specimen apd through the flowmeter are required 1n
ASTM E283- 73 method. With the present method direct neasurements of "

o

‘air denéit are not required. The measured afr flow (QM) out from the
interior fhamber s measured Jdngr/sec and converted to-m’/sec with rela-. .

tive hum1d1ty 50% and Temperature 24°C.

- The air 1nfi1tration rate Q as 11lustrated in Figa’ﬁ 1, was

very low compared to 0.02 m’/s for 2 mm gaps which means that the weather-,
stripping;ua; eﬁfectivee In addition, in the test.under differential

'preseure and temperature‘{he tota1.a1r infiltration ratziwas higher’than

“ the corre;poqding (for pressure difference of 75 Pa)‘rat _in the isother- -
.ma1.case. ,Another observation uhichdis of importance to be mentioned is . .

‘tha} afterf;he door has been exposed to-d1ffereht1a1.temperature for 7

days, ite hewing has. been reduced whereas its warpingvhas been “tncreased.

Finally, it is hoped that the present testing method for air

1

infiTtration and thermal behaviour will lead to a better understanding

of the behaviour of door or window frames under differential’pressure
and- temperature and consequently; to a better design for the achievement

» of satisfactory perforpance of the overall building struqtu[e. ‘FJ
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