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PREFACE 

Information on the a i r  leakage performance of windows 
continues to  be of some importance,  fo r  use  in the a s ses smen t  
of window performance and in the est imat ion of heating and 
cooling loads. Resul ts  obtained on the a i r  leakage per formance  
of r e  sidential horizontal  sliding windows ca r r i ed  out a s  pa r t  of 
a p rogram of window studies were  previously reported.  The 
studies have now been extended to include a number of other 
types,  the r e su l t s  for  which a r e  now reported.  

The main conclusions f r o m  both of these s tudies  have 
a l ready  been published in  a paper enti t led "Air Leakage Values 
fo r  Residential  Windows" by J. R. Sasaki  and A. G. Wilson. 
This was presented a t  the 72nd Annual Meeting of ASHRAE a t  
Portland, July 1965 and will appear  in  ASHRAE Transac t ions  
P a r t  11 1965. The present  repor t ,  a s  does DBR Report  No. 251, 
provides fu r the r  detai ls  of the window constructions and of the 
resu l t s  than was possible in  the paper. 

The author,  a mechanical engineer and a r e s e a r c h  
officer with the Building Serv ices  Section of the Division, i s  
i n  charge of the window leakage studies.  

Ottawa, Ont. , 
September 1965 

N. B. Hutcheon, 
Assis tant  Director .  



AIR LEAKAGE PERFORMANCE O F  VERTICAL 

SLIDING, DOUBLE-HUNG AND HINGED WINDOWS 

FOR RESIDENTIAL USE 

J .  R.  Sasaki  

Ai r  leakage measu remen t s  of twenty-one hinged, ver t ica l  
sl iding,  and double-hung factory-bui l t  windows for  res ident ia l  u s e  a r e  
reported.  Th i s  s e r i e s  of t e s t s  i s  the second pa r t  of a p r o g r a m  under -  
taken by the Division of Building Resea rch  to  investigate the  a i r  l eak-  
age performance of some typical Canadian res ident ia l  windows pu r -  
chased in the period,  1960-61. The f i r s t  s e r i e s  of t e s t s ,  on horizontal  
sliding windows, was  reported in DBR Internal  Report  No. 251. The 
presen t  repor t  compares  the leakage cha rac t e r i s t i c s  of the t e s t  windows 
with (1)  a i r  leakage c r i t e r i a  for  res ident ia l  windows establ ished by the 
Canadian Government Specifications Board and (2) design values for  
res ident ia l  windows suggested by the Guide of the Amer ican  Society of 
Heating, Refrigerating and Air Conditioning Engineeers  . The sou rces  
of leakage a r e  a l so  descr ibed.  

DESCRIPTION OF TEST WINDOWS 

The twenty-one windows tes ted  can be divided into nine 
groups according to the ma te r i a l  of the s a s h  and f r ame :  

(1)  E 1 to  E 3  - ver t ica l  sliding and double -hung 
windows with wood s a s h  and f r ame ;  

(2)  F 1  and F 2  - ver t ica l  sliding and double-hung 
windows, wood f r a m e  , aluminum 
s a s h  and t r acks ;  

(3) G1 and G2 - double -hung windows, aluminum 
f r a m e ,  s a s h  and t r a c k s ;  

(4  H1 - ver t ica l  sliding windows, s tee l  
f r a m e ,  s a s h  and t r a c k s ;  

( 5 )  K1 to  K4 - projected windows, wood f r a m e  
and sa sh ;  

(6)  L l  - projected windows, a luminum 
f r a m e  and sa sh ;  



(7)  M1 to  M4 - casement  windows, wood f r a m e  
and sa sh ;  

(8)  N1 and N2 - casement  windows, aluminum 
f r a m e  and sa sh ;  

(9) P 1  and P 2  - casement  windows, s tee l  f r a m e  
and s a s h .  

The ver t ica l  sliding and double-hung windows of grouFs (1)  
t o  (4) a r e  descr ibed  in Table I. The s a s h  of the double-hung window i s  
attached to  the f r a m e  by some f o r m  of balance device such a s  a counter-  
weight, a sp i ra l - spr ing  o r  a spring -wound tape; the s a s h  in a sliding 
window i s  held open e i ther  by friction of the s a s h  in  the t r a c k s  o r  by 
sash-mounted lock pins that engage holes along the jamb t r acks .  
Windows F 1 ,  F 2 ,  G1 and G2 a r e  double windows with near ly  identical 
inner  and outer operating units; window H1 i s  a single window; and 
windows E l  and E 2  a r e  basically single windows equipped with s t o r m  
uni ts .  The detai ls  of the ver t ica l  sliding and double-hung window 
types a r e  shown in F igu res  1 to  7.  

The projected and casement  windows a r e  descr ibed  in 
Table 11. All the windows of groups (5)  to  (9)  a r e  single windows, 
but the wood projected and casement  windows a r e  provided with r e -  
movable glazing units, with light aluminum sur rounds ,  attached to  
the operating sash .  The light a luminum s a s h  o r  glazing unit does not 
have the s t rength required of a full -weight a luminum resident ia l  window 
s a s h  in CGSB Specification 63-GP-3. I t s  p r i m a r y  function i s  to  p r o -  
tec t  the g l a s s  edge f r o m  chipping and t o  c a r r y  the ha rdware  and weather -  
stripping; it adds l i t t le r igidity o r  s t rength to  the g lass .  The four wood 
projected windows a r e  bottom-outswinging awning types;  the aluminum 
projected window i s  a side -outswinging unit. All the casement  windows 
a r e  side-hinged outswinging units.  The detai ls  of typical wood p r o -  
jected and casement  windows a r e  shown in F igu res  8 and 9. Details 
of the aluminum and s tee l  casement  windows a r e  shown in F igu res  10 
to  12. 

APPARATUS AND TEST PROCEDURE 

The t e s t s  were  performed in the DBR window a i r  leakage 
apparatus  (F igure  13).  It consis ts  of two air- t ight  boxes with provision 
for  mounting the window between them in a n  a i r - t igh t  panel. Air i s  
supplied to  the high p r e s s u r e  chamber  f r o m  a d -c  motor-dr iven blower. 
Calibrated orifice m e t e r s  a r e  mounted on the r e a r  wall of the meter ing 
chamber .  As the chambers  a r e  sealed to  the mounting panel,  the a i r  
supplied to  the p r e s s u r e  chamber  flows through the window into the 
meter ing chamber ,  then through the flowmeter t o  the room. The flow 
of a i r  measured  a t  the or i f ice  m e t e r  i s  nominally equal to  the flow of 



a i r  that passes  through the window. Perfec t  sealing i s  never  achieved, 
however, and the extraneous leakage f r o m  the metering box must be 
determined before the t e s t  and accounted for  in the calculation of the 
window a i r  leakage. 

The window under t e s t  was mounted in the panel, with 
sealing between the panel and moulding along the exter ior  face of the 
window f rame  only. The sash  and lock adjustments a s  well a s  any 
other 'alternations to the window configuration were  made and the a i r  
supply to  the high p ressu re  chamber varied to  give the required p r e s s u r e  
difference ac ross  the window. The resulting p ressu re  difference 
a c r o s s  the orifice me te r  was then measured.  This  procedure was r e -  
peated in each tes t  for  approximately eight values of a i r  p ressu re  
difference ranging f r o m  0. 10 to 0.79 in. water gauge (wg) corresponding 
to  the stagnation p ressu re  for wind speeds of 15 to 40 mph. 

The method used to  calculate the window a i r  leakage 
value is shown in Appendix A, which a lso  includes a table of stagnation 
p ressu res  for  various wind speeds. 

TEST CONDITIONS AND RESULTS 

The resul t s  of the a i r  leakage t e s t s  a r e  shown in Figures  14 
to 17, and a r e  summ,arized in Tables 111 and IV. The a i r  leakage values 
listed in the tables  and quoted elsewhere in the repor t  correspond to a 
window pressu re  difference of 0. 30 in. wg (1. 56 lb/sq f t ) ,  the total 
stagnation p ressu re  equivalent of a 25 mph wind. This value of p ressu re  
difference i s  commonly used in Canada and the U. S. A. for  the com- 
parison and specification of window a i r  t ightness.  

P r i m e  Unit Air Leakage 

The pr ime unit a i r  leakage values were obtained with the 
pr ime o r  inner operating unit of the window locked and the s to rm o r  
outer operating unit, i f  any, open. This  i s  the window tes t  configuration 
required fo r  double windows by the CGSB specifications. The pr ime 
unit leakage is the most convenient value to use  when comparing the 
performance of different window units. 

The pr ime unit leakage charac ter i s t ics  of the double -hung 
and vert ical  sliding windows a r e  shown in Figure  14 and the charac ter  - 
i s t ics  of the projected and casement windows in Figure 15. T-he CGSB a i r  
leakage cr i ter ion for residential  windows, 3/4 cu ft/(min)(ft of sash  
crack)  a t  a window pressu re  difference of 0.30 in. wg, is shown in 
both figures for  comparison. 



Windows F 2 ,  G1, G2, H1 and K1, KZ, K 3 ,  L1 ,  M1, M2, 
N2 m e t  the CGSB air leakage l imit  without modifications.  

ASHRAE Configuration 

The Guide of the Amer ican  Society of Heating, Refr igerat ing 
and Air  Conditioning Engineers  gives  a i r  leakage values f o r  var ious  
window types for  use  in calculating building heating and a i r  conditioning 
loads.  Values fo r  double-hung, single wood windows and fo r  s t ee l  
casement  windows a r e  given. The  Guide a l s o  sugges ts  that  the  desi.gn 
values for  average  -fit double -hung windows a r e  appropria te  fo r  wood 
casement  windows. 

Guide design values were  obtained in t e s t s  in  which the 
double-hung windows were  c losed but unlocked and the hinged windows 
were  locked. These  configurations were  assumed to  be those normal ly  
found on a building. The comparable  s a s h  configuration for  n o r m a l  
operation of double windows was a s sumed  to  be with both the outer  
( s t o r m )  unit and inner  (p r ime)  unit c losed but unlocked, except when 
locking occur red  automatically.  

All the double-hung and ver t ica l  sliding windows, with the 
exception of G2, were  tes ted with the ASHRAE configuration. The 
r e s u l t s  a r e  compared with the ASHRAE design values for  wood double- 
hung windows (F igure  16) .  The ASHRAE values  shown in  F igu re  16 
have been modified f r o m  the  Guide table  values by excluding the 
adjustments  for  leakage between window f r a m e  and wall and f o r  p r e s s u r e  
build-up in the building. 

The ASHRAE configuration fo r  hinged windows i s  the s a m e  
a s  that  used to  de te rmine  the p r ime  unit a i r  leakage.  Leakage values 
fo r  wood casement  and projected windows a r e  a l s o  shown in F igu re  16. 
The  values  for  the me ta l  casement  and projected windows a r e  compared  
with the ASHRAE design values fo r  res ident ia l  s tee l  ca semen t  windows 
in F igure  17. 

With the exception of window E3,  all the  sliding windows 
and wooden hinged windows were  a t  l e a s t  par t ia l ly  weathers t r ipped.  
Leakage values ranged f r o m  just above the ASHRAE values fo r  poor -  
f i t  weather  s t r ipped,  double -hung windows down t o  values  well below 
those fo r  average  -fit weathe r s t r ipped  windows. The  leakage c h a r a c t e r  - 
i s t i c  for  the non-weathers t r ipped double-hung window, E3, coincided well 
with the ASHRAE value for  the poor-fi t ,  non-weathers t r ipped,  double- 
hung window. These  r e su l t s  indicate that  the Guide design values can 
be applied to  sliding and wooden hinged windows in cu r r en t  use .  



The t e s t  r e su l t s  for  metal. hinged windows were  not 
consistent with the values given in the ~ u i d e .  The th ree  weathers t r ipped 
windows leaked m o r e  than the two non-weathers t r ipped windows; 
leakage values f o r  the l a t t e r  were  much lower than the ASHRAE value 
f o r  average -fit,  non-weatherstripped, s t ee l  casement  windows. The 
r e su l t s  demons t ra te  the effect on a i r  t ightness  of a good sash- to-f-ame 
fi t  and good locking hardware .  The a i r  leakage r e su l t s  obtained fo r  
the t h r e e  weather  s t r ipped meta l  windows cannot be considered r e p r e  - 
sentative because they were  f r o m  a single manufac turer .  The value 
of weatherstripping on meta l  projected and casement  windows and the 
applicability of Guide data  to  cu r r en t  meta l  hinged windows cannot be 
de te rmined  on the bas i s  of the l imited experimental  evidence obtained 
on th i s  type of window. 

Leakage Sources  

Infiltration t e s t s  were  per formed on a l l  the windows with 
some of the following t e s t  configurations in o r d e r  t o  de te rmine  the 
amount of leakage occurr ing a t  the var ious  leakage sou rces .  

( i)  inner  unit locked - s t o r m  o r  outer unit, if any, open; 

( i i )  configuration ( i )  with head t r a c k  sealed; 

( i i i )  configuration ( i i )  with s i l l  t r a c k  sealed; 

( iv) configuration ( i i i )  with jamb t r a c k s  sealed;  

(v) configuration ( iv)  with meeting r a i l  sealed ( s l i de r s ) ,  

o r  corlfiguration ( iv)  with hinges sealed;  

(vi)  configuration (v)  with f r a m e  face  moulding (if any) sealed.  

Vert ical  Sliding and Double -Hung Windows - Wood 

The p r ime  unit a i r  leakage r a t e  of a l l  t h r ee  wood s l i d e r s  
exceeded the CGSR l imi t .  The ma jo r  source  of leakage f o r  window 
E l  was the f r a m e  moulding. Leakage around the s a s h  p rope r  was 
relative1 sma l l  and evenly dis t r ibuted.  The face moulding of EZ 
was a l so  a l a rge  leakage source ,  but a l a r g e r  one was around the jamb 
t r acks .  This  window had spring-tensioned light aluminum t r a c k s  s e t  
in the wood f r a m e ;  the t r a c k s  were  not weathers t r ipped.  Leakage 
occ:urrerl through the c r acks  betw?en s a s h  and t r a c k s  a s  well a s  through 
c r a c k s  between t r acks  and f r a m e .  Window E3, which had a leakage 
r a t e  exceeding four  t imes  the rnaximum permiss ib le  r a t e ,  was badly 



c:onstructed for  a i r  t ightness .  The fit of thc s a s h  in the t r a c k s  and 
framct was poor,  the meeting r a i l  lock was ineffective, and weather -  
str ipping was not provided. 

Vert ical  Sliding and Double -Hung Windows - Metal 

All the meta l  sliding windows except F 1  me t  the CGSB 
c r i t e r i a  for  a i r  t ightness .  Metal sliding sa shes  mus t  be made to  fit 
loosely in the t r a c k s  in o rde r  to  permi t  e a s e  of operation; wea ther -  
str ipping i s  therefore  n e c e s s a r y  to  ensu re  a i r  ' l ightness. Without 
exception,  a l l  the windows in the group were  weathers t r ipped.  The  
jamb t r a c k s  and meeting r a i l s  were  normal ly  the wors t  leakage 
sources,  but where they intersected weather  str ipping was a l s o  difficult.  
Insufficient closing p r e s s u r e  a t  the meeting r a i l s  was  the main cause  
of a i r  leakage a t  th is  point. Another source  was  the f r a m e  which, 
being fabr icated f r o m  many sepa ra t e  me ta l  sec t ions ,  p resen ted  sealing 
difficult ies.  Window F 1 ,  which had a l a rge  f r a m e  leakage had a wood 
f r a m e  with an ex te r ior  cladding of a luminum. Air  was able t o  pas s  
through the c r a c k s  in the me ta l  cladding, around the wood f r a m e  and 
leak to  the inside.  

Hinged Windows - Wood 

The four wood projected windows and casement  windows 
M1 and M2 me t  the CGSB c r i t e r ion  for  a i r  t ightness .  Except for  K 2  
and M2, a l l  the wood windows had very  l a rge  f r a m e  moulding leakage,  
but when this  was e l iminated,  a l l  the wood hinged windows m e t  the a i r  
t ightness requi rement .  Casement  windows, M2 and M4, with c lose 
hinges had re la t ively l a r g e r  leakages than had M1 and M3, which had 
extended hinges;  weather  str ipping around the s a s h  i s  probably s impli  - 
fied with extended hinges. 

Hinged Windows - Metal 

Of the five meta l  hinged windows tes ted ,  only L1 and N2 
m e t  the a i r  t ightness  requi rement .  Both- windows were  non-weather - 
s t r ipped,  but the fit of the s a s h  in the f r a m e  was good and the locks 
were  v e r y  effective. The maximum measu red  c learance  between 
s a s h  and f r a m e  was  0.01 5 in. and was  measu red  on window N2 along 
the hinge jamb. Windows N1, P1 and P 2  were  weathers t r ipped,  but 
failed to  m e e t  the a i r  t ightness  requi rement .  The weathers t r ipping 
provided was e i ther  too sma l l  o r  poorly positioned t o  compensate for  
the la rge  c learance  between s a s h  and f r a m e .  The hinge- jamb c learance  
of window P 2  was a s  l a rge  a s  0 . 0 8 5  in. 



Exfil tration values (for a i r  flow f r o m  inside to outside) 
a r e  given in Tables  III and IV a s  a percentage of p r ime unit infil- 
t rat ion values and were  determined with the s a m e  s a s h  configurations. 
The exfil tration values fo r  the weathers t r ipped windows, with the 
exception of K 2 ,  differed f r o m  the infi l trat ion values by no m o r e  than 
30 pe r  cent. This  indicates that  locking l imited the s a s h  movement,  
o r  that the effect of s a s h  movement was  compensated for  by weather  - 
stripping. The ra t io  of exfil tration t o  infi l trat ion fo r  K2 i s  apparerttly 
l a rge  because of the exceptionally low infiltration. The re la t ively 
la rge  exfil tration through N2 would be expected of a non-weathers t r ipped,  
outswinging, hinged window because of the tendency of the  p r e s s u r e  t o  
push the s a s h  away f r o m  the f r ame .  Window L1,  which was  s i m i l a r  in 
design,  showed an exfil tration r a t e  only slightly g r e a t e r  than the infi l-  
t ra t ion ra te ,  probably indicating v e r y  effective locking. 

Lock and S a s h  Confieuration 

The two single sliding windows with s t o r m  units,  E l  and E2,  
and the four  double windows, F 1, F2 ,  G1 and G2, were  tes ted  with 
some o r  a l l  of the following configurations: 

( i )  inner  unit closed and unlocked - outer  unit open; 

( i i)  inner  unit locked - outer  unit open; 

( i i i)  inner  unit locked - outer  unit locked; 

( i d  inner  unit open - outer  unit locked. 

Configurations ( i )  and ( i i )  indicate the effectiveness of the 
lock on the inner  o r  p r ime  unit. Vert ical  sliding windows, E 1 and F 2 ,  
could not be tes ted  in the unlocked configuration s ince the locks 
engaged upon closing. The locks on windows E 2  and G1, both cam-type 
locks mounted on the meeting r a i l ,  did no t  i nc rease  window tightness.  
The locks on windows F 1  and GZ, however,  reduced leakage by a s  
much a s  70 p e r  cent. 

Configurations (i i)  and (i i i)  indicate the reduction in  ove r -  
a l l  window leakage effected by closing and locking the ou te r  o r  s t o r m  
unit. The leakage through windows E2,  F 1  and F 2  was  noticeably 
dec reased  by the s t o r m  unit, whe reas  the leakage through E l  and G1 
was  only slightly reduced. Resis tance t o  condensation between panes 
and t o  ra in  1,enetration r equ i r e s  an  inner  o r  p r ime  unit many t i m e s  
t ighter than the ou te r  o r  s t o r m  unit. To  ensu re  this  deg ree  of inner  
s a s h  t ightness the CGSA window specifications s ta te  tha t  the a i r  t ight-  



ness  requirement must be met by the pr ime unit alone. 

COMMENTS AND CONCLUSIONS 

The following factors  determine the initial a i r  tightness 
of windows: 

(1) design and workmanship in fabrication; 

(2) fit of the sash  in the t r ack  o r  f r ame;  

(3)  design, position and installation of weather stripping; 

(4)  design and adjustment of the lock. 

The present  s e r i e s  of t e s t s  demonstrates  how window a i r  
tightness suffers when these factors  a r e  not given adequate consideration. 

Following a r e  some comments on the a i r  tightness of the 
hinged, vertical sliding, and double -hung windows that were tested: 

(1) Factory  -built, non-weather stripped, wood double -hung 
windows, such a s  E3, will probably not meet the 
specification a i r  tightness requirement  unless the 
design and workmanship in fabrication a r e  exceptionally 
good. 

Spring-tensioned aluminum jamb t r acks  used in double - 
hung wood windows (such a s  E2 and E3) introduce 
additional leakage sources  in providing ease  of sash  
removal,  and a r e  not a satisfactory substitute fo r  
weatherstripping. 

Aluminum cladding applied to the exter ior  face of the 
wood window f rame ,  a s  in window F1 ,  must be 
carefully sealed to avoid excessive f r ame  leakage. 

Effectiveness of the sash  lock becomes increasingly 
important a s  the quantity of applied weatherstripping 
decreases .  

Weatherstripping for vert ical  sliding and double -hung 
windows should be located along the innermost  sealing 
surface on the upper sash  and along the outermost  
sealing surface on the lower sash  to prevent a i r  
penetration up along the jamb t racks .  



When the vert ical  sa sh  edges of double-hung windows, 
such a s  F1 and GZ, a r e  hare  g lass ,  they should s i t  
well inside the jamb t r acks ;  otherwise the edges will 
jump out of the t r acks  onto the weatherstripping and 
damage the weather stripping, making s a s h  operation 
difficult and possibly chipping g lass .  

Wood projected and casement windows a r e  satisfactorily 
a i r  tight provided that c a r e  i s  taken to  ensure a tight 
f r ame  construction. 

The p r imary  a i m  in the design of hinged metal  windows 
should be to  obtain a good fit of the sash  in the f r ame  
and to provide a lock capable of exerting a positive 
closing p ressu re .  Only when the fit and locking of the 
s a s h  a r e  not satisfactory does weatherstripping become 
absolutely necessary.  This i s  demonstrated by the 
tightness exhibited by windows L1 and N2, both non- 
weather stripped. 

h general ,  the a i r  leakage charac ter i s t ics  of hinged 
windows were more  affected by the direction of a i r  flow than 
were sliding windows. 

Air leakage t e s t s  using tes t  configurations comparable 
to  those used to obtain the ASHRAE Guide values would 
indicate that the ASHRAE window design a i r  leakage 
ra t e s  for  wood double-hung windows can be used for  
residential  double-hung, vert ical  sliding, and wooden 
hinged windows. Because of insufficient data,  a s imi lar  
statement cannot be made concerning metal  hinged 
windows . 
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FIGURE 13 
TWO-CHAMBER WINDOW AIR LEAKAGE APPARATUS 
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11E;Tb~KMINA'TION OF' WLNIIOW AIR LEAKAGE RATE 

The following values were obtained during the window a i r  
leakage tests :  

Ba = barometr ic  p ressu re  a t  room tempera ture ,  
in. mercury  column 

Qa = room relative humidity, per  cent 

t a = room tempera ture ,  O F  

t 1 = high p ressu re  box a i r  tempera ture ,  O F  

2 - metering box a i r  tempera ture ,  O F  

Apw = window pressu re  difference, m m  water column 

ho = orifice p ressu re  difference, m m  water column. 

The specific weights of a i r  flowing through the window 
and through the orifice a r e  found a s  follows: 

- 
Wo - 320 TB, - 0. 378pv ] pcf 

To 

where, 

Tw = absolute temperature,  window air OR 

To = absolute tempera ture ,  orifice me te r  a i r  OR 

Pv = a i r  water vapour p ressu re ,  in. m e r c u r y  column 

Bc = temperature correc ted  barometr ic  p ressu re ,  in. 
mercury  column 



0. 378 - 1 - 
R ( a i r )  

R (water  vapour)  

R = gas  cons t an t .  

The me te red  flow i s ,  

- r .  188 cd . d & F ,  cu ft/min Q m  - 

where ,  
Cd = orif ice  flow coefficient, 

do = orif ice  d i ame te r ,  in .  

The meter ing  box extraneous leakage,  QL, which had been 
obtained by cal ibrat ion,  i s  added t o  the me te red  flow; the actual  flow 
through the window i s  

The  window flow i s  converted t o  flow a t  s tandard conditions 
a t  7 0 ° F ,  14. 70 ps ia  and 0 p e r  cent R H a s  follows: 

where ,  
W s = specific weight of a i r ,  s tandard conditions, 

= 0.075 lb/cu f t .  

The above conversion is c o r r e c t  only when fully turbulent 
flow through the window i s  a s sumed .  Because  a l l  but ex t r eme ly  tight 
windows will probably experience near ly  fully turbulent flows a t  the 
conditions of t e s t  ( i .  e . ,  a t  a window p r e s s u r e  difference g r e a t e r  than 0.  2 
in .  water  column),  the cover  sion is a good approximation.  

Qws 
The window a i r  leakage r a t e  = , cfm/ft 

whe r e ,  
L C  = length of p r i m e  unit c r ack ,  f t  

The stagnation p r e s s u r e  equivalent of a wind of V mi l e s  
p e r  hour for  s tandard condition a i r  i s  given by 

hw = 4 . 8 2  x v 2 ,  in. water  column. 



The stagnation pressures  equivalent to various wind 
speeds are  given below. 

hw, in.  wg 

0 . 0 1 2  

V, mph 

5 


