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A I R  CONDITIONS OF BUILDINGS AND ALLOWANCE FOR 

A I R  PENETRATION I N  CALCULATION OF THE HEATING DUTY 

The hea t ing  duty f o r  modern mul t i - s torey  bu i ld ings  depends on t h e i r  

a i r  condi t ions .  The a i r  flow through t h e  w a l l s  and between rooms a f f e c t s  

t h e  temperature i n  t h e  rooms, a l t e r s  t h e i r  h e a t  l o s s e s  and t h e  des ign  

hea t ing  capac i ty  of t h e  hea t ing  systems. 

The a i r  exchange i n  t h e  rooms t akes  p lace  due t o  e x t e r n a l  wind, 

g r a v i t y ,  and opera t ion  of t h e  fans.  A i r  e n t e r s  t h e  b u i l d i n g  through 

imperfec t ly  f i t t i n g  windows, through b u t t  j o i n t s ,  through pores and 

c a p i l l a r i e s  i n  e x t e r n a l  w a l l s ,  and i s  hea ted  t o  t h e  temperature of t h e  

i n s i d e  a i r .  Through t h e  doors opening t o  t h e  s t a i r c a s e s  o r  co r r ido r s  and 

through leaky i n t e r n a l  w a l l s ,  a i r  moves throughout a  b u i l d i n g  and g e t s  out  

through e x t r a c t i n g  v e n t i l a t i n g  systems and leakages i n  t h e  w a l l s  of t h e  upper 

s t o r e y s  on t h e  leeward s i d e .  

A i r  p e n e t r a t i o n  reduces t h e  h e a t  s t o r a g e  i n  t h e  wal ls (by  i n f i l t r a t i o n  

of cold  a i r  through t h e  w a l l s ,  by condensation of humid i n t e r n a l  a i r  on t h e  

i n s i d e  su r face  of w a l l s ) ,  and increases  f u e l  consumption f o r  h e a t i n g  t h e  rooms. 

The i n t e n s i t y  of a i r  pene t ra t ion  depends on t h e  he igh t  of a  bu i ld ing  and 

i t s  o r i e n t a t i o n .  The l o c a t i o n  and t h e  dimensions of t h e  i n f i l t r a t i o n  zone 

vary over a  h e a t i n g  season,  which complicates t h e  s e l e c t i o n  of t h e  capaci ty  

and t h e  c o n t r o l  of t h e  hea t ing  systems f o r  i n d i v i d u a l  rooms. 

A I R  CONDITIONS OF A BUILDING 

I n  most cases  complete imperviousness of t h e  wa l l s  i s  no t  t e c h n i c a l l y  

poss ib le .  I n  designing and cons t ruc t ing  of bui ld ings  we aim a t  minimum 

permiss ib le ,  o r ,  a s  i s  commonly known, a t  t h e  requi red  r e s i s t a n c e s  t o  a i r  

p e n e t r a t i o n  of t h e  wa l l s .  



The a i r  condi t ions  of a  b u i l d i n g  a r e  determined by t h e  air pene- 

t r a t i o n  r e s i s t a n c e  of t h e  e x t e r n a l  and i n t e r n a l  wal ls .  Low ( n o t  r e s t r i c t e d  

by t h e  b u i l d i n g  s t andards )  r e s i s t a n c e s  of i n t e r n a l  s t r u c t u r e s  t o  a i r  pene- 

t r a t i o n  l e a d  t o  increased  a i r  i n f i l t r a t i o n  i n t o  t h e  b u i l d i n g s ,  leakage of 

a i r  from room t o  room, and t o  a  decrease i n  t h e  n a t u r a l  v e n t i l a t i o n  of 

rooms on t h e  upper s t o r e y s ,  p a r t i c u l a r l y  i n  t a l l  bui ld ings .  

1n t e c h n i c a l  c a l c u l a t i o n s  a s soc ia t ed  with a i r  condi t ions  of a  b u i l d i n g  

use i s  made of d i f f e r e n t  a i r  pene t ra t ion  c h a r a c t e r i s t i c s  of t h e  s t r u c t u r e s  

and m a t e r i a l s ,  such a s :  a i r  pene t ra t ion  r e s i s t a n c e  R .  a i r  p e n e t r a t i o n  
1 ' 

c o e f f i c i e n t ,  " r e s i s t ance  c h a r a c t e r i s t i c "  of a  w a l l  S, c o e f f i c i e n t  of l o c a l  

r e s i s t a n c e ,  and c o e f f i c i e n t  of f lowrate .  S  and Ri a r e  used most of ten .  

The i n t e n s i t y  of a i r  p e n e t r a t i o n  depends on t h e  d i f f e rences  between 

a i r  p res su re  on t h e  i n t e r n a l  and e x t e r n a l  s i d e s  of t h e  wal l .  

To determine t h e  pressure  d i s t r i b u t i o n  i n s i d e  and ou t s ide ,  and t h e  

a i r  f lowrates  through t h e  b u i l d i n g  it i s  necessary t o  c a l c u l a t e  t h e  a i r  

condi t ions  of t h e  bu i ld ing  as  a  whole. The fol lowing d a t a  must be known: 

t h e  shape, planning and dimensions of t h e  b u i l d i n g ,  a i r  pene t ra t ion  charac t -  

e r i s t i c s  of a l l  t h e  elements of t h e  bu i ld ing ,  aerodynamic c o e f f i c i e n t s ,  

wind v e l o c i t y ,  and e x t e r n a l  and i n t e r n a l  a i r  temperatures.  

The problem amounts t o  so lv ing  a  system of equations of a i r  balances 

of t h e  rooms, complicated by t h e  non-linear r e l a t i o n  between a i r  f lowra te  

and d i f f e r e n t i a l  pressures  f o r  windaws, doors,  and v e n t i l a t i n g  ducts.  

The a i r  condi t ions  a r e  c a l c u l a t e d  by t h e  hydro- and electro-analogy 

method, a l s o  on l i n e a r  l a t t i c e s * ,  on a  d i g i t a l  computer, o r  by N.N.Razumov's 

semigraphical  method. 

"See M.A.Latyshenkols a r t i c l e  i n  t h i s  i s sue .  



To es t imate  t h e  e f f ec t  of t h e  a i r  conditions i n  buildings on t h e  

heating duty one can use s impl i f i ed  ca lcu la t ion  methods. 

Let us consider th ree  d i f f e r en t  instances:  

a) a m u l t  i -storey bu i ld ing  with mechanical a i r  supply and 

ex t rac t ion  f o r  a l l  rooms (adminis t ra t ive  publ ic ,  and 

r e s i d e n t i a l  bui ldings  with a i r  heat ing systems and 

mechanical a i r  ex t r ac t i on  from f l a t s ,  o r  buildings without 

mechanical ven t i l a t i on  systems ) ; 

b )  a multi-storey bui lding with only ex t rac t  ven t i l a t i on  and 

na tu ra l  i n f i l t r a t i o n ;  

c )  a multi-storey bui lding i n  which, i n  addi t ion t o  ex t rac t  

ven t i l a t i on  with na tu r a l  i n f i l t r a t i o n ,  provision i s  made 

f o r  preheated ex te rna l  a i r  supply t o  t h e  s t a i r ca se .  

Instance a. Fig.1 shows t h e  layout of a  building with pressure 

d i s t r i bu t i ons  p lo t t ed  r e l a t i v e  t o  t he  conventional zero which is  assumed 

t o  be t he  pressure on t h e  ex te rna l  surface a t  t h e  highest  point  on t h e  

leeward s ide .  

Fig.1. Layout of a  bui lding and d i s t r ibu t ions  of pressures 
causing a i r  flow through the  bui lding s t ruc tu r e s  
( coventional zero datum ( q) . 



In  Fig.1 K ww and pw = aerodynamic coef f ic ien t s  on t h e  windward and 

leeward s ides  of t h e  building; 

v  = wind velocity,m/s; 
W 

Yexsy i n  = volumetric weight of t h e  ex te rna l  and i n t e r n a l  air,kg/m3; 

H = height of t h e  bui lding,  m; 

g = accelera t ion due t o  gravity,m/s2; 

pww ' Plw = pressure on t h e  windward and leeward s ides  of t h e  bui lding 

a t  a rb i t r a ry  l eve l s  ,kg/m2; 

Po = pressure constant  over t h e  height of t he  s t a i r ca se  ,kg/m2. 

If ex te rna l  a i r  passes i n  t u r n  through windows and doors, the  problem 

concerning t h e  a i r  conditions of t h e  bui lding can be reduced t o  ca lcu la t ion  

of t h e  a i r  conditions of the  s t a i r w e l l  with uniform pene t r ab i l i t y  of t he  

walls  over the  height .  

A so lu t ion  of t h e  problem f o r  t h e  case when t h e  pene t rab i l i ty  of 

t he  building wal ls  i s  i den t i ca l  f o r  d i f f e r en t  storeys both on t he  wind- 

ward and leeward s ides  shows t h a t  t he  di f ference between pressure outside 

the  building and t he  pressure ins ide  t h e  s t a i r ca se  f o r  any s to rey  n  i s  

Here hst = height of a  s to rey ,  m; 

IY = t h e  number of s toreys  i n  the  building; 

n  = number of a  s to rey  considered 

(p lus  corresponds t o  windward s i d e ,  and minus corresponds t o  leeward s ide  

of t he  bui lding) .  

For the  ground f l oo r  on t h e  windward s ide  Apl,stc i s  highest  and 

equals 



To ca l cu l a t e  t h e  i n t e n s i t y  of a i r  i n f i l t r a t i o n  through t h e  ex t e rna l  

w a l l s  of individual  rooms it i s  necessary t o  know t h e  d i f f e r e n t i a l  pressures  

on two s ides  of t h e  w a l l  (on t h e  outs ide  p and i n  t h e  room p 
n ,ww( l w )  n,x 

n w  n x  ' A ~ n , r o o n  can be found by t h e  graphical  method, and 

a l s o  from t h e  condit ion 

Here Swn, Sdr = res i s t ance  c h a r a c t e r i s t i c s  of t h e  windows of a room ( o r  a 

f l a t )  and of a door opening t o  t h e  s t a i r c a se .  SYh i s  a conventional charac- 

t e r i s t i c  ca lcu la ted  f o r  t he  average range of t he  d i f f e r e n t i a l  pressures  

from the  Equation: 

where S and ST = coef f ic ien t s  determining t he  nature  of a i r  penetra t ion L 
through t h e  window; 

G = f lowrate determined fo r  average pressure  difference,kg/h;  
wn. av 

Fwn = area  of t h e  windows i n  a room ( o r  a f l a t ) ,  m2. 

Instance b. The layout of t h e  building is  similar t o  t h e  one shown 

i n  Fig.1. Extract ion ven t i l a t i on  i s  i n s t a l l e d  i n  t he  rooms on a l l  f loors .  

The ex t r ac t  ducts ensure t h e  a i r  exchange i n  t h e  rooms Gex kg/h required by t he  

na tu r a l  ven t i l a t i on  standards (tex = + 5 ' ~ ) .  Consequently, t he  e x t r a c t  duct 

r es i s t ance  cha rac t e r i s t i c  of t h e  n-th s torey is determined by t h e  formula 

Here y + 5 and yin = volumetric weight of t he  externtrl a i r  a t  tex = + 5 " ~  

and of t h e  i n t e r n a l  a i r ,  respect ively .  

- 5 -  



When every s t o r ey  is  provided with ind iv idua l  ex t r ac t  ducts ,  t he  

magnitude of t he  res i s t ance  c h a r a c t e r i s t i c  remains constant  a t  d i f f e r en t  

pressure drops over a winter. I n  t h e  case of a combined system of 

ex t r ac t  ducts ca lcula t ions  show the  var ies  - l i t t l e  f o r  t h e  lawer 

s to reys ,  and f o r  t he  upper s toreys  it sharply  increases with t he  decrease 

i n  ex te rna l  a i r  temperature. This makes it necessary t o  i n s t a l l  individual  

ex t r ac t  ducts i n  rooms i n  t he  upper t h i r d  of t he  building.  

Let us discuss a bui ld ing with individual  ducts (sex, = cons t ) .  

Pressure d i s t r i b u t i o n  on t he  ex t e rna l  s i de  of t h e  bu i ld ing  ( see  ~ i ~ . l )  

and t h e  magnitudes of t h e  res i s t ance  cha rac t e r i s t i c s  S ex.d,n9 'wn' and 

a r e  known. We have t o  determine t h e  a i r  pressure i n  t he  s t a i r c a s e  po 

and i n  t h e  rooms of a l l  t h e  s toreys  

The problem i s  solved according t o  t he  following procedure: 

1) An approximate value of pressure i n  t h e  s t a i r c a s e  is  assigned 

( i n  the  conventional s ca l e )  which can be determined from the  expression: 

where p' l.x and p 'N = pressures i n  t he  rooms on t h e  ground f l o o r  and on 
¶ 

t h e  upper s to rey ,  found on t he  windward and on t he  leeward s i de s ,  respect-  

i ve ly ,  on condit ion t h a t  t he  doors opening t o  t he  s t a i r c a se ,  a r e  hermetically 

sealed. 

SlI, i ; pYv, . - . -- P.v. S3,,v (6) 
P;, .y = P I *  H 

so,; + SI3, 1 s o , .  + sn,.v 

2) Pressure p i n  t he  rooms opening t o  the  s t a i r c a s e  ia 
n,x 

determined graph.ically. 

The approximate value of po adopted e a r l i e r  is  re f ined  by t h e  

formula : 



where m = t o t a l  number of rooms o r  f l a t s  opening t o  t h e  s ta i rcase .  

4)  When necessary t he  values of p a r e  found again by using 
n,x 

t h e  improved value of p . 
0 

For determining the  i n t e n s i t y  of a i r  i n f i l t r a t i o n  a calcula ted 

pressure di f ference on a s to r ey  n w i l l  be Apnyroom = 
Pnyww(lw)-Pn,x* 

This ca l cu l a t i on  procedure i s  applicable when t h e  plan of t h e  

bui lding is  t h e  same f o r  a l l  f l o o r s ,  and when air i n f i l t r a t i o n  through 

t h e  ex te rna l  door i s  s l i g h t  compared with t h e  air t o t a l  i n f i l t r a t i o n  

f o r  t he  building. 

Instance c. The formulation of t h e  problem i s  d i f f e r en t  from t h e  

version b only by t h e  f a c t  t h a t  we need t o  ca lcu la te  t h e  a i r  conditions 

of t h e  rooms under conditions when t h e  pressure i n  the  s t a i r c a s e  i s  

given. This pressure i s  ensured by t he  operation of t h e  a i r  supply system, 

o r  by a i r  en te r ing  t h e  s t a i r c a s e  through t h e  rooms on t h e  gromd f l o o r  

(non-typical s to rey) .  The condit ion of t h e  air i n  t h e  s t a i r ca se  can d i f f e r  

from t h a t  i n  rooms on other f l oo r s .  

Quantity of a i r  i n  kg/h passing through t h e  wal ls  i n  t h e  cases a ,  b ,  

and c can be round by the  formulae: 

f o r  wal ls  
I 

f o r  b u t t  jo in t s  

~ ~ ~ l l ~ > \ ~  ( j c  z- XLC : 
Kc, 1, 

f o r  windows 



f o r  e x t e r n a l  doors (when c losed)  

Here R 
o . i y  R l j , i  

= r e s i s t a n c e s  t o  a i r  p e n e t r a t i o n  of t h e  w a l l s  and of 

t h e  b u t t  j o i n t s ;  Fo,ZBlj = w a l l  a r e a  and t h e  length  of  b u t t  j o i n t s  i n  

t h e  room under d iscuss ion .  

ALLOWANCE FOR THE A I R  CONDITIONS WHEN 

CALCULATING HEAT EXCHANGE OF A BUILDING 

For t h e  h e a t  l o s s  c a l c u l a t i o n  of t h e  w a l l s ,  and i n  dete+ning t h e  

minimum temperature on t h e  i n s i d e  su r face  t h e  i n t e n s i t y  of i n f i l t r a t i o n  i s  

usua l ly  adopted f o r  ground f l o o r  condi t ions .  The procedure f o r  t h i s  

c a l c u l a t i o n  has  been published e a r l i e r .  

Addi t ional  hea t  l o s s e s  ( k c a l / h )  f o r  a i r  i n f i l t r a t i o n  i n /  t h e  hea t  

balance of a room must be  taken i n t o  account f o r  each s t o r e y  ind iv idua l ly  

by t h e  formula I 

A(>,,:! ;, = AGI.,: i t ,  - -  t,,) , (12, 
- -. 

where A = c o e f f i c i e n t ,  t ak ing  i n t o  account some hea t ing  of a i r  during 

i n f i l t r a t i o n  through t h e  s t r u c t u r e .   o or windows t h e  average/ value of t h e  

c o e f f i c i e n t  A i s  0.8; f o r  t h e  w a l l ,  0.6; f o r  t h e  b u t t  j o i n i s ,  0 . 7 ) ;  

Gca thermal  capaci ty  of t h e  i n f i l t r a t i n g  a i r  flow,kcal/h.degE; 

c = s p e c i f i c  hea t  of a i r ,  equal  t o  0.2bkcal /kg.deg~.  
a 

I n  c a l c u l a t i o n  of a d d i t i o n a l  hea t  l o s s e s  f o r  a i r  i n f i l t r a t i o n  i n  

modern bu i ld ings  it i s  s u f f i c i e n t  t o  t ake  i n t o  account t h e  a i r  i n f i l t r a t i o n  

through t h e  windows only. The i n t e n s i t y  of a i r  i n f i l t r a t i o n  i n  each room 

depends on t h e  e x t e r n a l  condi t ions  which vary  over t h e  h e a t i n g  per iod ,  The 

c a l c u l a t i o n  of  a d d i t i o n a l  h e a t  l o s s e s  should amount ko determining t h e  



maximum heat  losses  f o r  each room. 

I n  analysing the  nature of va r i a t i on  i n  addi t ional  heat  losses  

f o r  i n f i l t r a t i o n  over winter  it is convenient t o  make use of comparative 

u n i t s  of heat  losses .  A comparative un i t  of heat  losses  f o r  a i r  i n f i l -  

t r a t i o n  of n-th s torey a t  any ex te rna l  a i r  temperature t i s  determined 

by t h e  formula: 

Here AQinf,  n  , t = addi t iona l  heat  losses  f o r  i n f i l t r a t i o n  of t h e  n-th 

s to rey  a t  ex te rna l  a i r  temperature t with allowance 

f o r  wind ve loc i ty  depending on it ; 

'Qinf, 1, t e x  = t he  same, as above, f o r  t he  ground f l o o r  on the  windward 
ex s ide  f o r  t he  r a t ed  winter conditions. 

Comparative heat  losses  f o r  i n f i l t r a t i o n  f o r  a  ten-storey bui lding 

a t  d i f f e r en t  ex te rna l  a i r  temperatures are  given i n  Fig.2 ( s o l i d  l i n e s  

f o r  t he  leeward s ide )  . 
With increase  i n  temperature the  values of j in(a)decrease  m. t 

proportionately f o r  t he  lower ha l f  of the  building; and i n  t h e  upper hal f  

increase  t o  a  c e r t a i n  maximm,afterwards decreasing. l n (b ) they  decrease 

proportionally f o r  a l l  s to reys ,  t h e  maximum values of j corresponding 
n  ,t 

t o  r a t ed  winter conditions. 

Maximum values of comparative heat  losses  f o r  i n f i l t r a t i o n  f o r  

d i f f e r en t  s toreys  i n ( a  )and(b ) a t  N = 10 ( see  t he   able) were calcula ted f o r  

buildings with symmetrical f l o o r  plans ,  r e l a t i v e  t o  t he  s t a i r ca se .  

The values of j n. mar f o r  t he  discussed versions ( s e e   able) make it 

possible t o  determine a  maximum value of heat  losses  f o r  i n f i l t r a t i o n  i n t o  

any storey. For t h i s  purpose it i s  necessary t o  ca lau la te ,  according t o  the 

given recommendations, the  add i t iona l  heat losses  f o r  t h e  ground f l o o r  under 

t h e  r a t ed  winter conditions. We f ind  t h i s  by multiplying t h e  value obtained 



Instance (a 

Instance (b 1 

. . 

Fig.2. Values of comparative heat  losses  f o r  i n f i l t r a t i o n  
f o r  d i f f e r en t  s toreys  i n  a 10-storey building.  



Table 1. Values of j - f o r  d i f f e r en t  s toreys  of bui ld ings  with a d i f fe ren t  
number of s h r e y s .  

Storey I The number I 

Note. The numerator ind ica tes  f o r  case a ,  and the  denominator 
ind ica tes  f o r  case b. 

I n  rooms f o r  which j i s  observed higher than t he  ra ted  
n  ,max 

temperature, some overheating w i l l  occur over t he  period of loy ex te rna l  

a i r  temperatures. I f  jn reaches maximum values under r a t ed  condit ions,  

overheating i s  found a t  higher temperatures. 

EXAMPLES OF CALCULATTON 

Example 1. Calculate t h e  add i t iona l  heat  losses  f o r  i n f i l t r a t i o n  

f o r  a  10-storey adminis t ra t ive  bu i ld ing  equipped with in take  and ex t r ac t  

ven t i l a t i on .  The bui ld ing i s  i n  Moscow. The height  of a  s to rey  hst = 3m. 

Windows on the  windward and leeward s ides  a r e  i d e n t i c a l  i n  area- 10m2 f o r  

one room. R . = 0.133 m2 .h.mm W .G. 
wn. 1 kg The res i s tance  t o  a i r  penetra t ion 

of t h e  i n t e r n a l  doors opening t o  t he  corr idors  and t h e  s t a i r c a s e  

R = 0 ( t h e  doors a r e  not hermetic. The aerodynamic coe f f i c i en t s  door. i 

kww = 0.8; K l w  = -0.4. 



Solut ion 1. Different i a l  pressure Ap f o r  t he  s t a i r ca se  space 
1 , s t c  

at t h e  l e v e l  of t h e  ground f l o o r  on t h e  windward s i d e  is caculated b y  t h e  

formula ( 2) : 

Here wind ve loc i ty  fo r  the  r a t e d  winter conditions of Moscow i s  determined 

as t h e  average wind veloci ty  over t he  building height  by t h e  formula: 

2. The ra ted d i f f e r e n t i a l  pressure Ap 
1, room i s  found by 

formula ( 3 )  and i s  Apl,room " 
" %,stc  = 4. 3kg/m2 s ince R = 0. 

door. i 

3. From the  value of t h e  coef f ic ien t  of a i r  penetra t ion of 

a window 

- : 7.5 Lk5 
low - - - A  I 

- - I - - I - - 
'wind _ 

Rwn. i 0.133 m2 .h.mm W.G. 

we f i n d  t h e  values of S and S (us ing da t a  given by E .I   eme en ova) : L T 

S, = 0.06; sT = 0.008, 

and by formula (10) we f i nd  t he  amount of a i r  admitted through t he  windows 

i n t o  a room on t h e  ground f l oo r :  

4. Additional hea t  losses  f o r  i n f i l t r a t i o n  f o r  t h e  ground 

f l o o r  rooms on t h e  windward s i d e  per m2 of a window a re  determined by 

formula ( 12 ) : 



5. Using t h e  Table we adopt t h e  values of j which govern 
n ,max I 

t he  heat  l o s se s  f o r  i n f i l t r a t i o n  of rooms of t he  remaining s to reys -  / 

Example 2. Calculate add i t i ona l  hea t  losses  under Moscow condit ions 

f o r  i n f i l t r a t i o n  f o r  a 10-storey r e s i d e n t i a l  bui lding equipped with na tu r a l  

ven t i l a t ion .  The a i r  penetra t ion cha rac t e r i s t i c  of t h e  door opening t o  t h e  

s t a i r c a s e  S = 92 x lom6. The a i r  exchange required by standards f o r  a d r  
two room f l a t  gex = 200kg/h. The height of one s to rey  hst = 3m. Window 

area  of a f l a t  i s  10m2 (Swn = 130 x 

Solution 2. The values of t h e  res i s tance  cha rac t e r i s t i c s  of t he  

ex t rac t  g r i l l e s  a r e  determined a t  tex = + 5 ' ~  ( f o r  t h e  case of individual  

ex t rac t  ducts)  by t h e  formula ( 4 ) .  

The values of Sexed f o r  d i f f e r en t  s to ryes :  

The values of pressures ac t ing  on t h e  bui lding from t h e  outside 

( s ee  F'ig.l) 

Storey p 
n,ww 'n,lw kg/m2 s to rey  p n,ww 'lw kg/m2 



2- The values of p t X  f o r  a  lower room on t h e  windward s i d e  and 

f o r  an upper room on the  leeward s ide  of t h e  bu i ld ing  a r e  ca lcu la ted  

by t h e  formula ( 6 ) :  

Approximate value of pressure  i n  t h e  s t a i r c a s e  is 

3. Pressures p  on t h e  windward s i d e  and on t h e  leeward s ide  a r e  
X 

determined by t h e  graphical  method 

Storey p  x,m P ~ , ~ ;  kg/m 2 Storey P x.ww px.1w kg/m2 

The f i n a l  pressure value i n  t h e  s t a i r c a s e  is  found by formula ( 7 )  : 

The improved value of pressure  i n  a  room on t h e  ground f l o o r  on 

t h e  windward s i d e  a t  p  = 0.75kg/m2 i s  
0 

k.r Quantity of a i r  passing through t h e  windows on t h e  ground f l o o r  

i s  ca lcu la ted  by t h e  formula (10)  : 

f o r  Jm2 of a  window it i s  24kg/m2 .h. 

5. Addi t ional  losses  f o r  i n f i l t r a t i o n  on t h e  ground f l o o r  per  m2 

of a window a r e  ca lcu la ted  by t h e  formula (12)  : 

- 1 4  - 



Additional  hea t  losses  f o r  i n f i l t r a t i o n  of  rooms on t h e  remaining 

storeys a r e  found i n  a s imiIar  way o r  from t h e  tabula ted values of 
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SUBSCRIPTS 

Vw = wind v e l o c i t y  

H = ww = windward 

(3) = l w  = leeward 

3T = s t  = s to rey  

S1K = s t c  = s t a i r c a s e  

XI3 = D r  = door 

OK = Wh = window 

tlOM = room 

CP = av  = average 

- 
G~ - Gex = e x t e r n a l  

'BN = 'ex.d.n = e x t r a c t i n g  duct 

- 
'B - 'ex.d = e x t r a c t i n g  duct 

'OM = Roi = a i r  pene t ra t ion  

- 
'CM - ,i = b u t t  j o i n t  

GC = G = b u t t  j o i n t  xi 
'n = Si = ) 

) a i r  penet ra t ion  c o e f f i c i e n t s  

CB = C = a i r  
a 

- tH - tex = e x t e r n a l  

Clc = E l a  




