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SUMMARY 

The report describes a digital analogue written in 1900 Fortran. 

which is suitable for computing natural ventilation rates in multi- 

storey buildings. The assumptions made, data requirements and output 

available are listed. A print-out of the programme is given. 



1. INTRODUCTI@J 

1.1. D i g i t a l  analogue techniques a r e  being used t o  produce design 

information on i n f i l t r a t i o n  and n a t u r a l  v e n t i l a t i o n  i n  bu i ld ings .  

Th i s  is being done d e s p i t e  t h e  l a c k  of any comparative s t u d i e s  t o  

e s t a b l i s h  t h e  accuracy of  t h e  assumptions and d a t a  used i n  t h e  analogue 

techniques.  A major p a r t  of t h e  work i n  t h e  t h e s i s  was concerned with 

comparative s t u d i e s  between a d i g i t a l  analogue model and f u l l  s c a l e  and 

model s c a l e  s t u d i e s .  From t h e s e  s t u d i e s  it was hoped t o  ga in  

information on t h e  inhe ren t  accuracy of t h e  d i g i t a l  analogue method 

and t h e  d a t a  requirements  i n  o rde r  t o  improve design methods. 

Consequently a programme was w r i t t e n  which c a l c u l a t e s  n a t u r a l  v e n t i l a t i o n  

o r  i n f i l t r a t i o n  r a t e s  i n  a s imple bui ld ing .  

1.2.  The programme used t h e  same b a s i c  assumptions as used by 

o t h e r  n a t u r a l  v e n t i l a t i o n  p r e d i c t i o n  programmes. These a r e :  

( 1 )  t h a t  t h e  bu i ld ing  is considered a s  a s e r i e s  of  compartments, 

each of which has  a l i m i t e d  number of  a i r  f low pa ths  i n t o  

and out  of  it through which n a t u r a l  v e n t i l a t i o n  o r  i n f i l t r a t i o n  

may occur.  

( 2 )  t h a t  each flow p a t h  has a c h a r a c t e r i s t i c  f low r e s i s t a n c e ,  

r ep re sen t ing  a doorway, window, a i r  duct  o r  open area ,  

which may be expressed by an equat ion  r e l a t i n g  a i r  flow 

through it t o  p re s s=  d i f f e r e n c e  a c t i n g  a c r o s s  it. 

( 3 )  t h a t  t h e r e  is no r e s i s t a n c e  t o  a i r  flow i n s i d e  each  

compartment of t h e  bui ld ing .  

(4)  t h a t  wind f o r c e s  and s t a c k  e f f e c t  produce e x t e r n a l  p re s su re s  

ou t s ide  each e x t e r n a l  opening i n  t h e  b u i l d i n g  which a r e  time- 

i n v a r i a n t  over t h e  pe r iod  of  t ime considered i n  t h e  c a l c u l a t i o n .  

( 5 )  t h a t  t h e  i n t e r n a l  a i r  temperature i n  t h e  b u i l d i n g  is uniform 

throughout t h e  bu i ld ing .  
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2. PROGRAM?iE SPECIFICATION 

2.1. I n  t h e  programme t h e  maximum number of  compartments which may 

be analysed was 211. These cons i s t ed  of  a  maximum of 200 s i n g l e  rooms, 

up t o  10  c o r r i d o r s ,  one f o r  each f l o o r  of  t h e  bu i ld ing ,  and one common 

s t a i r w e l l .  The s i n g l e  rooms were assumed t o  be d i s t r i b u t e d  a s  a 

maximum o f  20 on each of  up t o  10 f l o o r s ,  each f l o o r  being a b l e  t o  

have a  unique number of rooms. The rooms could be o f  any r equ i r ed  

3 s i z e  a s  v e n t i l a t i o n  r a t e s  were expressed d i r e c t l y  i n  m /hr from a 

knowledge of t h e  room opening c h a r a c t e r i s t i c s .  Each s i n g l e  room was 

assumed t o  have two v e n t i l a t i o n  openings, one connect ing i t  wi th  t h e  

e x t e r i o r  of t h e  b u i l d i n g  and one connect ing i t  wi th  t h e  c o r r i d o r  on t h a t  

f l o o r .  The s t a i r w e l l  compartment w a s  assumed t o  be l i nked  t o  each 

c o r r i d o r  and t o  have no o t h e r  v e n t i l a t i o n  openings. The s t a i r w e l l  

compartment could be used t o  r ep re sen t  e i t h e r  one o r  s e v e r a l  s t a i r w e l l s  

a l l  opening onto  t h e  c e n t r a l  c o r r i d o r .  Some r e p r e s e n t a t i v e  bu i ld ing  

p l a n s  s u i t a b l e  f o r  a n a l y s i s  by t h i s  type of programme a r e  shown i n  

F igure  2.  

2.2. Each room i n  t h e  b u i l d i n g .  and t h e  openings i n  and out of t h a t  

room, were i d e n t i f i e d  by a  f l o o r  number and room number. The lowest  

f l o o r  is taken  t o  be f l o o r  1. The rooms could be numbered i n  any 

o r d e r ,  t hus  al lowing t h e  u s e r  t o  choose a  numbering system s u i t e d  t o  

t h e  bu i ld ing  plan.  Each opening i n  t h e  bui ld ing  was assumed t o  have 

a i r  flow r e s i s t a n c e  c h a r a c t e r i s t i c  va lues  which were used i n  an 

equat ion  of t h e  form: 

V = C.L. (dP) l /n  

The va lues  of t h e  t o t a l  leakage c o e f f i c i e n t ,  C X L, imd flow exponent,  

n, could be unique f o r  each opening i n  the  bui ld ing .  



2.3. The input  information r equ i r ed  by t h e  programme cons i s t ed  of  

t h e  fol lowing va lues :  

( 1 )  number of  f l o o r s  i n  t h e  bu i ld ing ,  

(2)  f l o o r  t o  f l o o r  h e i g h t ,  m ,  c,- ~ 

(3)  number o f  rooms on each f l o o r  (even number), 

(4)  va lues  of t o t a l  leakage c o e f f i c i e n t  f o r  exter ior / room opening 

3  0.6. and room/corridor opening f o r  each room, m /hr/mm wg 

(5)  va lues  of flow exponent f o r  in te r ior / room opening and room/ 

c o r r i d o r  opening f o r  each room, 

(6)  va lues  o f  t o t a l  l eakage  c o e f f i c i e n t  and f low exponent f o r  

each c o r r i d o r / s t a i r w e l l  opening, 

(7) wind p re s su re  o u t s i d e  each opening expressed as a p re s su re  

c o e f f i c i e n t  wi th  r e s p e c t  t o  f r e e  s t ream wind speed a t  

bu i ld ing  roof  h e i g h t ,  

(8) assumed meteoro logica l  wind speed ,  m / s ,  

0 
( 9 )  assumed mean i n t e m a l / e x t e r n a l  temperature d i f f e r e n c e ,  C. 

One s i g n i f i c a n t  l i m i t a t i o n  o f  t h e  programme is t h a t  co rne r  rooms wi th  

windows opening onto two facades  a t  two d i f f e r e n t  e x t e r n a l  p re s su re s  

a r e  n o t  accu ra t e ly  modelled. I n  t h e s e  s i t u a t i o n s  a  r e p r e s e n t a t i v e  

e x t e r n a l  p re s su re  should  be taken. I f  t h i s  f a c t o r  is l i k e l y  t o  be 

important t h e  flow from one window t o  t h e  o t h e r  could  be considered 

s e p a r a t e l y  and an e s t ima t ion  of t h e  e x t r a  f low found. 

2.4. The programme w a s  designed t o  compute v e n t i l a t i o n  r a t e  e i t h e r  

f o r  one s p e c i f i e d  s e t  of design meteoro logica l  c o n d i t i o n s  o r  f o r  an 

a r r a y  of meteorological  cond i t i ons  cover ing  t h e  combinations of wind 

speed and temperature d i f f e r e n c e  normally encountered. The a r r a y  of  

meteorological  va lues  used c o n s i s t e d  of  wind speeds 0.001, 1.0,  2.0. 



4 , 0 ,  6.0, 8.0 m / s  and temperature d i f f e r e n c e s  of  0 .0 ,  8.0, 16.0 and 

24.0 OC. The des ign  meteoro logica l  va lues  may be any values of wind 

speed o r  temperature d i f f e r e n c e  which do n o t  occur i n  t h e  a r r ay .  The 

meteorological  wind speed inpu t  w a s  an assumed wind speed from a  remote 

s i t e  i n  open count ry  a t  a he igh t  o f  10 m.,  which was then converted t o  

t h e  s i t e  wind speed ,  assuming t h e  s i t e  t o  be i n  an urban area .  This  

form of i npu t  may e a s i l y  be  a l t e r e d  as w a s  done i n  t h e  comparative 

t e s t s ,  t o  use t h e  s i t e  wind speed a s  a  d i r e c t  i npu t ,  o r  t o  produce 

s i t e  wind speeds c h a r a c t e r i s t i c  of  suburban o r  open s i t e s .  

2.5. The output  in format ion  given by t h e  programme cons i s t ed  of  t he  

fol lowing va lues :  

(1)  review of  t h e  inpu t  information used i n  t h e  programme, 

(2) meteoro logica l  wind speed ,  m / s ,  

0 
(3)  i n t e r i o r / e x t e r i o r  temperature d i f f e r e n c e ,  F, 

3 (4 )  t o t a l  i n f i l t r a t i o n  r a t e  f o r  t h e  b u i l d i n g ,  m /hr ( t o t a l  of 

a l l  a i r  flow r a t e s  e n t e r i n g  t h e  bu i ld ing  through ex te rna l  openings).  

3  ( 5 )  average room v e n t i l a t i o n  r a t e .  m /hr. 

3 (6)  s t anda rd  dev ia t ion  of room v e n t i l a t i o n  r a t e s .  m /h r ,  

(7) f o r  each room: 

p re s su re  d i f f e r e n c e s  a c t i n g  ac ros s  t h e  cxt.erna1 and 

i n t e r n a l  v e n t i l a t i o n  openings, expressed i n  mm.wg. and 

as p re s su re  coe f f i c i en t .  va lues ,  

3  flow r a t e  and d i r e c t i o n  of  flow, m /hr 

(8)  flow r a t e  and d i r e c t i o n  o f  flow from t h e  s t a i r w e l l  t o  the  

c o r r i d o r  a t  each f l o o r  l e v e l .  m 3 / h r ,  

( 9 )  p re s su re s  i n  t h e  s t a i r w e l l  aud each i n t e r n a l  c o r r i d o r ,  mm.wg. 

The s i g n  convention used f o r  a i r  flow r a t e s  and p re s su re  d i f f e r ences  

i n  t h e  programme was: 

A l l  flows towards the  c e n t r a l  c o r r i d o r  on t h a t  f l o o r  l e v e l ,  from 



any o t h e r  p a r t  of t h e  f l o o r ,  a r e  taken  t o  be p o s i t i v e .  

A l l  p r e s su re  d i f f e r e n c e s  which would a c t  t o  cause p o s i t i v e  flow 

r a t e s  a r e  taken t o  be p o s i t i v e .  

3 PRCERAECIE DESCRI PT1 ON 
> ,~ 

3.1. The programme was w r i t t e n  i n  Fo r t r an  1900 language f o r  use  

on t h e  S h e f f i e l d  Univers i ty  1.C.L. 1907 computer. The programme 

works on t h e  b a s i s  of making succes s ive  approximations of t h e  v e n t i l a t i o n  

r a t e s  occuring throughout t h e  bu i ld ing  u n t i l  t h e  e s t ima ted  r a t e s  a r e  

w i th in  t h e  r equ i r ed  accuracy l i m i t s .  The approximation techniques  

used i n  t h e  programme a r e  i l l u s t r a t e d  by t h e  flow c h a r t s  shown i n  

F igure  1. These a r e  d iscussed  i n  more d e t a i l  i n  t h e  fo l lowing  s e c t i o n  

and r e l a t e d  t o  t he  a p p r o p r i a t e  s t e p s  i n  t h e  f u l l  programme. A p r i n t -  

ou t  of t h e  f u l l  programme is given i n  Appendix A l .  In  t h e  fol lowing 

paragraphs f i g u r e s  i n  parentheses  r e f e r  t o  l i n e  numbers of t h e  

programme shown i n  Appendix A l .  

3 .2 .  The a n a l y s i s  is car r , ied  out i n  t h r e e  main consecut ive  s t e p s  

i n  t h e  programme. These a r e  shown i n  F igure  1. I n i t i a l l y  t h e  e x t e r n a l  

p re s su re s  ou t s ide  each of  t h e  e x t e r n a l  openings, caused by wind p re s su re  

a l o n e , a r e  found. Each f l o o r  is ana lysed  s e p a r a t e l y ,  cons ider ing  i t  

t o  be i s o l a t e d  from t h e  r e s t  of t h e  bu i ld ing .  The p a t t e r n  o f  

v e n t i l a t i o n  f o r  t h e  f l o o r  is found, and a l s o  t h e  a b s o l u t e  p re s su re  on 

t h e  c o r r i d o r  of each f l o o r .  A f low diagram of t h i s  s e c t i o n  may be 

seen  i n  Figure l ( a ) .  The d e t a i l e d  ope ra t ions  a r e  noted  below: 

(1 )  Each f l o o r  is considered i n  t u r n ,  (74, 152) .  

(2 )  The convergency r a t e  f i g u r e  is s e t  t o  one, (75) .  

( 3 )  I n i t i a l  i n t e r n a l  p re s su re s  a r e  s e t  up (76 - 85):  

t h e  c o r r i d o r  p re s su re  is s e t  t o  t h e  average o f  a l l  t h e  e x t e r n a l  
p re s su re s  a c t i n g  o u t s i d e  t h a t  f l o o r ,  

t h e  room p r e s s u r e s  a r e  s e t  t o  h a l f  t h e  d i f f e r e n c e  between the  
c o r r i d o r  p r e s s u r e  and t h e  a p p r o p r i a t e  e x t e r n a l  p re s su re .  



( 4 )  The accuracy l i m i t s  a r e  s e t  up, (86-7): 

t h e  c u r r e n t  va lues  of  two p re s su re  d i f f e r e n c e s  a r e  s e t  t o  
LlM1, LlM.2; a t  t h e  end of t h e  cyc l e  t h e  c u r r e n t  values a r e  
compared wi th  LlM1, LlM2. If t h e  p re s su re  d i f f e r e n c e  
va lues  have changed by more than  1/1000 of  t h e i r  value during 
t h e  cyc l e  LlMl and L1M2 a r e  s e t  t o  t h e  new cu r ren t  values and 
t h e  cyc l e  repea ted .  

( 5 )  The v e n t i l a t i o n  r a t e s  a r e  c a l c u l a t e d  through a l l  openings on 
t h e  f l o o r  and a r e  balanced,  (88-104) : 

f o r  each room i n  t u r n  t h e  flow r a t e s  i n  and out  a r e  equated, 
each being s e t  a t  t h e  average of t h e  two flow r a t e s ,  

f o r  t h e  c o r r i d o r ,  t h e  n e t  f low is found and t h e  room/ 
c o r r i d o r  flow r a t e s  a l t e r e d  p r o p o r t i o n a l l y  s o  t h a t  t he  
n e t  flow is made zero.  

t h e  balance of  a i r  flow through each room is checked and i f  
necessary  a d j u s t e d ,  

t h e  balance of  a i r  flow i n t o  t h e  c o r r i d o r  is checked and i f  
necessary  ad jus t ed .  

( 6 )  The pressi l re  d i f f e r e n c e s  a-c r e - ca l cu la t ed  and balanced, (105- 
134) : 

they  a r e  c o r r e l a t e d  wi th  t h e  va lues  of t h e  e x t e r n a l  pressures  
and a l t e r e d  s o  t h a t  they  a r e  i n  agreement wi th  t h e s e  va lues .  

(7)  The number of  c y c l e s  c a r r i e d  out  is checked. I f  t h i s  is over 
50 t he  a n a l y s i s  i s  s topped ,  t h e  number of cyc1 .c~  and cu r ren t  
va lues  being w r i t t e n  o u t ,  (135-6. 141-2). 

(8 )  The r e l evan t  p r e s s u r e  d i f f e r e n c e s  a r c  c h c c k ~ d  aga ins t  L1111, 
L11Q and i f  n o t  s u f f i c i e n t l y  accu ra t e  t h e  approximation cyc le  
is repea ted ,  (137-140). 

(9) The v a r i a h l c  va lues  used t o  c a l c u l a t e  t h e  comhincd v e n t i l a t i o n  
r a t e s  a r e  s e t  up (143-151). 

3  0 3 -  In  t h e  second s e c t i o n  of t h e  a n a l y s i s  t h e  s t a c k  c f f e c t ,  a s s ~ u n c d  

t o  be a c t i n g  a lone ,  is considered.  A n e u t r a l  zone height  is found 

such t h a t  t h e  n e t  flow from a l l  c o r r i d o r s  t o  t h e  s t a i r w e l l  is zero. 

The c o r r i d o r s  a r e  assumed t o  be a t  ze ro  p re s su re  r e l a t i v e  t o  each o t h e r  

from f o r c e s  o the r  than  s t a c k  e f f e c t .  The s t a c k  pressl l res  found by 

t h i s  a n a l y s i s  a r e  added t o  a l l  r e l evan t  wind induced pressures found 

i n  t h e  i n i t i a l  a n a l y s i s  s t e p .  Figure l ( b )  shows a  flow diagram f o r  



t h i s  s e c t i o n  and t h e  d e t a i l e d  s t e p s  a r e  a g a i n  n o t e d  below: 

( 1 )  Assume an  i n i t i a l  n e u t r a l  zone h e i g h t  o f  h a l f  o f  t h e  
b u i l d i n g  h e i g h t ,  and c a l c u l a t e  t h e  p r e s s u r e s  due t o  s t a c k  
e f f e c t ,  (157-160). 

(2) C a l c u l a t e  t h e  n e t  f l o w  i n t o  t h e  c o r r i d o r  from each s t a i r w e l l  
(161-5). 

( 3 )  I f  t h e  n e t  f low i n t o  t h e  s t a i r w e l l  is z e r o  add t h e  r e l e v a n t  
s t a c k  p r e s s u r e s  t o  each l e v e l  o f  t h e  b u i l d i n g  assuming t h e  
c u r r e n t  v a l u e  o f  n e u t r a l  zone h e i g h t  (166,  159-1951. 

(4)  I f  t h e  n e t  f low i n t o  t h e  s t a i r w e l l  is p o s i t i v e ,  d e c r e a s e  t h e  
n e u t r a l  zone h e i g h t  p r o g r e s s i v e l y ,  i n  s t e p s  o f  1/500 b u i l d i n g  
h e i g h t ,  u n t i l  t h e  n e t  f low becomes z e r o  o r  n e g a t i v e ,  (166-177, 
189-1951 

i f  t h e  n e t  f low becomes z e r o  assume t h e  c u r r e n t  n e u t r a l  zone 
h e i g h t  v a l u e ,  

i f  t h e  n e t  f low becomes n e g a t i v e  assume a  v a l u e  h a l f  way 
between t h e  c u r r e n t  v a l u e  and t h e  v a l u e  used  i n  t h e  p r e v i o u s  
c y c l e ,  

add t h e  r e l e v a n t  s t a c k  p r e s s u r e s  t o  each l e v e l  o f  t h e  b u i l d i n g .  

(5) I f  t h e  n e t  f low i n t o  t h e  s t a i r w e l l  is n e g a t i v e  i n c r e a s e  t h e  
n e u t r a l  zone h e i g h t  p r o g r e s s i v e l y ,  i n  s t e p s  o f  1/500 b u i l d i n g  
h e i g h t ,  u n t i l  t h e  n e t  f low becomes z e r o  o r  p o s i t i v e ,  (166, 
178-1951 : 

i f  t h e  n e t  f low becomes z e r o  assume t h e  c u r r e n t  n e u t r a l  zone 
h e i g h t  v a l u e ,  

i f  t h e  n e t  f low becomes p o s i t i v e  assume a  v a l u e  h a l f  way 
between t h e  c u r r e n t  v a l u e  and t h e  v a l u e  used  i n  t h e  p r e v i o u s  
c y c l e ,  

add t h e  r e l e v a n t  s tac lc  p r e s s u r e s  t o  each  l e v e l  o f  t h e  b u i l d i n g .  

3.4. The combined v e n t i l a t i o n  r a t e s ,  assuming b o t h  wind and s t a c k  

e f f e c t  t o  be a c t i n g  s i m u l t a n e o u s l y ,  a r e  c a l c u l a t e d  i n  t h e  t h i r d  s e c t i o n  

o f  t h e  programme. Each f l o o r  is a n a l y s e d  a g a i n ?  t h i s  t ime  w i t h  t h e  

p r e s e n c e  o f  t h e  s t a i r w e l l ,  a t  t h e  a p p r o p r i a t e  p r e s s u r e  t a k e n  i n t o  

account .  Flow r a t e s  a r e  b a l a n c e d  u n t i l  t h e  n e t  f low i n t o  each c e n t r a l  

c o r r i d o r  from t h e  rooms on t h e  f l o o r  and t h e  s t a i n + . e l l  is a g a i n  z e r o .  

These  r e s u l t s  a r e  t a k e n  t o  r e p r e s e n t  t h e  f i n a l  e s t i m a t e d  v e n t i l a t i o n  

p a t t e r n  f o r  t h e  b u i l d i n g .  Once a g a i n  a  f low diagram is g iven ,  ( s e e  

i n  F i g u r e  l ( c ) )  and t h e  d e t a i l e d  s t e p s  n o t e d  below: 

( 1 )  Each f l o o r  is c o n s i d e r e d  i n  t u r n  (200, 2 5 6 )  



(2)  The p r e s s u r e  d i f f e r e n c e  between the  r e l e v a n t  c o r r i d o r  and t h e  
s t a i r w e l l  is c a l c u l a t e d  (201: 202).  

( 3 )  The increment va lue  is s e t ,  (203): 

t h e  v e n t i l a t i o n  p a t t e r n  is found by a  s e r i e s  of  approximations, 
a l t e r i n g  t h e  c o r r i d o r  p re s su re  by increments;  t h e  incremental 
va lues  a r e  made p rog res s ive ly  sma l l e r  and t h e  accuracy l i m i t s  
a r e  assumed t o  be met when t h e  incremental  va lues  become equal  
t o  p r e s e t  l i m i t i n g  va lues .  

( 4 )  The s t a i r w e l l  t o  c o r r i d o r  p re s su re  d i f f e r e n c e  is decreased by 
a f a c t o r  o f  one increment ,  (204-5): 

a s  t h e  f low p a t t e r n  f o r  each f l o o r  was prevously balanced, 
t h e  i n t r o d u c t i o n  of t h e  s t a i r w e l l  a t  a  d i f f e r e n t  p re s su re  
w i l l  cause t h e  c o r r i d o r  p re s su re  t o  be a l t e r e d ,  t h e  c o r r i d o r  
p re s su re  becoming n e a r e r  i n  va lue  t o  t he  s t a i r w e l l  p ressure .  

(5)  A l l  p r e s su re  d i f f e r e n c e s  on the  f l o o r  a r e  r e - ca l cu la t ed ,  
(206-219): 

t h i s  procedure is c a r r i e d  out  by a  s e r i e s  of approximations; 
t h e  p r e s s u r e s  cannot  be simply a l t e r e d  i n  p ropor t ion  due t o  
t h e  d i f f e r e n t  p o s s i b l e  flow exponent va lues  of  t h e  openings. 

( 6 )  The flow r a t e s  a r e  c a l c u l a t e d  f o r  t hese  new p res su re  d i f f e r e n c e s ,  
t h e  flow f o r  each room balanced,  and the  p re s su re  d i f f e r ences  
r e - c a l c u l a t e d  from t h e  balanced flows (220-239). 

(7 )  The n e t  flow i n t o  t h e  c e n t r a l  c o r r i d o r  is c a l c u l a t e d ,  (240-250) : 

i f  t h e  n e t  flow is p o s i t i v e  and t h e  s t a i r w e l l  t o  c o r r i d o r  
p re s su re  d i f f e r e n c e  is p o s i t i v e  o r  i f  t h e  n e t  flow is negat ive  
and t h e  s t a i r w e l l  t o  c o r r i d o r  pressure  d i f f e r e n c e  is  negat ive  
then  t h e  c o r r i d o r  p re s su re  has no t  been a l t e r e d  s u f f i c i e n t l y  
t o  ba lance  t h e  t o t a l  flow on t h e  f l o o r ;  t he  s t a i r w e l l  t o  
c o r r i d o r  p re s su re  d i f f e r ence  is reduced f u r t h e r ,  i f  these  
condi tons  a r e  n o t  met then  t h e  c o r r i d o r  p re s su re  has been 
compensated a t  l e a s t  enough and the  accuracy check is made. 

(8) The va lue  of t h e  increment is checked, (251-254) : 

i f  t h i s  is l a r g e r  than  t h e  p r e s e t  l i m i t i n g  va lue  then t h e  
va lue  of t h e  increment is reduced by a  f a c t o r  of  t e n ,  the  
c o r r i d o r  p r e s s u r e  r e s e t  t o  i ts  previous value and t h e  
c a l c u l a t i o n  r epea t ed  from s t e p  4 ,  

i f  t h e  incremental  va lue  is s u f f i c i e n t l y  smal l  t h e  ana lys i s  
is stopped.  

3.5. Summary v e n t i l a t i o n  r a t e  values a r e  c a l c u l a t e d  from the  f i n a l  

c a l c u l a t e d  d e t a i l e d  v e n t i l a t i o n  r a t e s  (257-274). and t h e  r e s u l t s  a r e  



p r i n t e d  (275-306). The va lues  of  temperature d i f f e r e n c e  and wind 

speed assumed i n  t h e  input  a r e  cycled i n  t u r n ,  and i n  t h a t  o rde r ,  i f  

t h i s  type of  a n a l y s i s  is requ i r ed  (308-327). Each t ime the  temperature 

d i f f e r e n c e  is  changed t h e  second and t h i r d  s t e p s  a r e  repeated.  Only 
.. . 

when the  wind speed i s  changed is t h e  f i r s t  s t e p  r epea t ed  i n  add i t i on .  

3.6. h e  f u r t h e r  approximation is made i n  t h e  programme which has 

n o t  been discussed.  The s t a i r w e l l  p r e s s u r e  i n  t h e  f i n a l  a n a l y s i s  is  

s e t  t o  t h e  mean wind-induced c o r r i d o r  p re s su re  and t h e  flow r a t e s  i n t o  

and out  of t h e  s t a i r w e l l  a r e  no t  balanced by t h e  programme. However the  

s t a c k  p re s su res  a r e  c a l c u l a t e d  from t h e  e s t ima ted  n e u t r a l  zone he igh t  so  

t h a t  t h e  s t a c k  induced v e n t i l a t i o n  through t h e  s t a i r c a s e  would be 

balanced (paragraph 3.5.). A s  t h e s e  v e n t i l a t i o n  f o r c e s  a r e  l i k e l y  t o  

produce t h e  major p a r t  of t h e  v e r t i c a l  a i r  movement. i t  was decided t h a t  

t h e  added accuracy which might be achieved i n  ba lanc ing  t h e  s t a i n v e l l  

a i r  flow system would no t  j u s t i f y  t h e  i n c r e a s e  i n  computing t ime requi red .  



Fiqure 1. F l w  chart for buildinq ventilation prediction 
proqram, BT5VENT4. 

S;;.::~ol..s 1.15r'd i n  f l o , ~  d i a ~ r a ~ .  

h y  processing CZII operat ion except  
a  decision.  

/ I n p u t  o r  output.  

De c i  s i  on. 

a - 

Flow cliarrx, su.-:-:ar:/ c:?3z-t. 

S t a r t .  Lf' 

See Figure 5 . l ( a )  f o r  
d e t a i l e d  f1.o:~ c h a r t  f o r  
t1.i s sec t ion .  

See Figure  5 . l (b)  f o r  a l c u l a t e  t h e  neutral zons 
d e t a i l e d  . f l o u  c h a r t  f o r  
thi S sect ion.  

See Figure ~ . i ( c )  f o r  
d e t a i l e d  f low chart f o r  
thi S section.. 



Calculation of ventilat~on rates due to wind aicne, 
floors considered in isolation 

S e t  fl.oor nu;nier t o  1. I 

*- --l S c t  conver-ency t a s t ,  CYCL: t o  0. 
L I 

S e t  up i n i t i a l  a s s !ned  i n t e r n a l  roo:n 
p r e s s u e s .  

4 S e t  acc lcacy  l i : r i t s ,  L LIil2. 
L I 

7 . 

I 

f e r c n c e s  so 
s i s t e n t  16 th  t h e  

Ca lcu la t e  flo.,r r a t e s  t h r o u z ? ~  a l l  
open in .5~  from t h e  i ~ A t i a l  p re s su re  
d i f  f ercnce va lue  S. 



Figure l(b). Calculation of neutral zone heiqht , 

. - . - - - - - . - - . - - - - - - - - - - - - - . - . -- 

I 
I Calcl l la te  f1o1.r r a t e s  i n t o  and o u t  of 
1 s t a i r w e l l  f r o n  each co r r ido r .  I 

by one increment ,  and by one i n c r e n e n t ,  and 
r e c a l c u l a t e  c o r r i d o r /  . 

r r r e l l  + ive  



F i~u re  . l(c). Calculation of combined vent ~latton rates. 

1 

S e t  incrr?r ,ent  valu?. I * 
?edl?ce c o r r i d o r /  stsir:ie? 3. pressure 
d i f f  ercnce kg ons  i n c r s ~ e n t , .  

ca.c!~ roon  1 s  zero. 

I n c r e a s c  f l o o r  
nt~rrlber by 1. 

I 
Yes. 



Fiqure 2. 

S Stairwell 
C Corridor 

Slab block: 

Typ~cal plan forms su~table for analysis by 

BT5VENT4 

Uniformly glazed building : 

Courtyard building: 



Appendix A 1  A p r in t -ou t  of t h e  D i g i t a l  Analogue Programme 

Developed t o  Determine Bui ld ing  V e n t i l a t i o n  

Rates 

The following a r e  t h e  major abb rev ia t ions  used i n  t h e  programme: 

N ( J )  Number o f  rooms on f l o o r  J 

M 

K 

J 

FLT OFL 

HT 

WINDMET 

Room number 

Number of  f l o o r s  i n  bu i ld ing  

Floor  number 

Floor  t o  f l o o r  h e i g h t ,  m 

Building he igh t ,  m 

Meteorological  wind speed,  m / s ,  a t  10 m he igh t  i n  

open country 

WIND S i t e  wind speed, a t  bu i ld ing  roof  h e i g h t ,  m / s  

0 
TDIFF ~ n t e r i o r / e x t e r i o r  temperature d i f f e r e n c e ,  C 

SP P res su res  generated by s t a c k  e f f e c t .  mm.wg./mP~ 

vE(J ,M)  o r  Volumetric flow r a t e  through t h e  e x t e r n a l  opening i n  

VEI (J,M) room bl, f l o o r  J, m'/hr 

PDE(J,M) o r  Pressure  d i f f e r e n c e  a c t i n g  a c r o s s  t he  e x t e r n a l  

PDEI ( J , M )  opening i n  room M ,  f l o o r  J, mm.wg 

FCOEFEE(J,M) Pressure  d i f f e r e n c e  a c t i n g  a c r o s s  t h e  e x t e r n a l  

opening i n  room M, f l o o r  J, expressed  a s  a  p re s su re  

c o e f f i c i e n t  

T o t a l  leakage c o e f f i c i e n t  f o r  t h e  e x t e r n a l  opening 

3 i n  room M, f l o o r  J, m /hr/mm.wg l /n 

Reciprocal  o f  t h e  flow exponent f o r  t h e  e x t e r n a l  

opening i n  room M ,  f l o o r  J 

Externa l  p re s su re  o u t s i d e  room M ,  f l o o r  J ,  caused by 

t h e  wind speed. mm.wg 

Externa l  p re s su re  o u t s i d e  room M .  f l o o r  S, caused by 

t h e  wind, expressed a s  a  p r e s s u r e  c o e f f i c i e n t  



r e l a t i v e  t o  t h e  f r e e  s t ream wind speed a t  t h e  

bu i ld ing  roof  he ight  

VC(J,M) o r  Volumetric f low r a t e  through t h e  i n t e r n a l  opening 

VCI (J,M) 3 i n  room M ,  f l o o r  J ,  m /hr 

PDC(J,M) o r  P re s su re  d i f f e r e n c e  a c t i n g  ac ros s  t h e  i n t e r n a l  

PDCI ( J ,M)  opening i n  room H, f l o o r  J, m'/hr 

PCOEFFC(J,M) Pressure  d i f f e r e n c e  a c t i n g  ac ros s  t h e  i n t e r n a l  

opening i n  room M ,  f l o o r  J ,  expressed as a p re s su re  

c o e f f i c i e n t  

Pc(J )  

ZTrnVENT 

ZINFI LT 

ZAWENT 

ZSTDEV 

T o t a l  leakage  c o e f f i c i e n t  f o r  t h e  i n t e r n a l  opening 

3 i n  room M ,  f l o o r  J ,  m /hr/mm.wg l /n  

Reciproval  o f  t h e  flow exponent f o r  t he  i n t e r n a l  

opening i n  room M ,  f l o o r  J 

Volumetric flow r a t e  through t h e  c o r r i d o r / s t a i r w e l l  

3 opening, f l o o r  J ,  m /hr 

Pressure  d i f f e r e n c e  i n  t h e  s t a i r w e l l ,  mm.wg 

T o t a l  leakage c o e f f i c i e n t  f o r  t he  c o r r i d o r / s t a i r w e l l  

3 opening, m /hr/mm.wg l /n 

Reciprocal  of flow exponent f o r  t h e  co r r ido r /  

s t a i r w e l l  opening, f l o o r  J. 

Pressure  d i f f e r e n c e  a c t i n g  ac ros s  t h e  co r r ido r /  

s t a i r w e l l  opening, f l o o r  J, mm.wg 

Corr idor  p r e s s u r e ,  f l o o r  J ,  mm.wg 

3 Sum of  v e n t i l a t i o n  r a t e s  f o r  a l l  rooms, m /hr 

Sum of v e n t i l a t i o n  r a t e s  f o r  a l l  rooms where the  flow 

3 d i r e c t i o n  is i n t o  t h e  bu i ld ing ,  m /hr 

3 Average room v e n t i l a t i o n  r a t e ,  m /hr 

Standard dev ia t ion  of a l l  room v e n t i l a t i o n  r a t e s ,  m3/hr 
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Append~x A1 Digital analogue programme t o  d e l - r r n ~ n e  nabral v c n t l l a t l o n  in buildings, 
L~ne. Column. 

10 20 30 40 50 60 70 83 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ; 1 1 1 1 1 1 1 1 1 1 ~  

L 89 3 1 0  C I N T I N U E  
2 Q d  W i I T E ( 2 , 3 0 7 )  
L 9  1 D J  339 J = ? , K  
29 2 339 W I I T E ( ~ ~ ~ U ~ ) J I V S T A I H ( J ) ~ P ~ T A I K ( J ) , ~ C ( J )  
L93 3 0 1  F  I W M A T ( 1  H1 , Z 2 ' 1 U E C U L T S  F09 W I N O  S P t . F D ,  F ' j . Z r  
L9 6 1 2 9 H M l S .  . T F I I ~ E R A T ~ ~ ,  O I F F E R ~ : ~ ~ C F , F ~ . ~ , . ~ H D C : .  1 
L9 S 3 0 2  F . ) R M A T ( l H 0 , ? 9 : I T O r A l  I Y F I  L i - R A T I n N  8 A T E ,  C H H .  1 2 1 X ,  F8.2) 
L9 6 3 0 3  F ) R b l A T ( 1  H O I  J ~ ~ ~ A V ~ K A G E  R O O i I  V E Y T I  L A T I O Y  R A T E ,  C M H .  ,I S X .  F 8 -  7 )  
297 3 0 4  F n I R M A T ( 1  H O t 4 6 t I S T  A N P A R 1 1  D €  .!N. O F  R u O M  V F N T I  L A T I O N  R A T E S .  t b i q . ,  

2 9 8  1 4 ~ r F 8 . 3 )  
2 9 5 ,  i305 F I R b l A T ( 1  H O ,  ~ O H F L I ~ O R  R 1 ) 0 H , S X r 7 t f V E  ( C ~ I H )  , 5 X , 7 H F " E ( C P ,  , $ X . T H M M \  , 5 X ,  
300 1 7 H P D C ( P t d )  I ~ X ~ ~ O ; ~ F L L J O R  R O . J M I S X ~ ~ H V ~ ( C N H )  , S X , ? H P D E ( C P ,  , 5 X ,  T H t 1 H ) .  
301 2 S X , 7 H P D C ( M q ) )  
S02 306  F ~ ~ R M ~ T ( I ~ ~ ~ K ~ I ~ I ~ X I F ~ . ~ ~ S : : , F ~ . ~ I ~ X ~ F ~ . ~ I S X ~ F ~ . ~ , ~ X ~ ~ ~ ~ T X , I ? ~ ~ X ~  
3 0 3  1 F 8 . 2 n 5 X , F 5 . 2 n 3 X t F 7 . : 3 t 5 X , F 7 . 3 )  
3 0 4  307 F l R H A T ( 1  H O t S H F l . O ( l ~ ,  ~ O X ~ ~ H ' ! S T A [ R ~ ~ X . ( ~ H P S T A I R , ~ ~ X ~ ~ ~ ~ P C O R R I ~ ~ R ~  
3 0 5  308 F * ) R M A T ~ I G ~ ~ ~ X ~ F ~ . ~ , ~ X I F ~ ~ ~ I ~ ~ X , F ~ . ~ )  
306  C 
307 C 
308 I: R E C Y C L I N G  O F  [ J T N D  A N D  TEf-!; 'FRATURE V A L U E S  
;JOY C 
31 0 ~ ~ I F F 1 = 1 0 0 0 . 0  
31 1 I F ( T D ~ F F . E ~ . D . O ) ~ D I F F ~ = ~ , V  
31 2 I F ( T D I F ~ . E ~ . 8 . 0 1 ~ D I F F 1 = 1 6 . 0  
313 lF(TDlFF.E0.16.0~TnIFF1=ZG.0 
31 6 I F ( T D I F F . E o . 2 4 . O ) G n  T o  337 
51  5 T o I F F = T D I F F l  
31 6 I F ( T D I F F . E ~ . 8 . 0 . ~ R . ~ D I F F . i Q . l 6 . 0 . 0 s . 7 D I F F . F . 2 . G  T O  31R 
51  7 W 1 N D 1 = 1 0 0 0 . n  
31 8 337 T a ~ l F F = O . U  
5 l I F  ( W I N ~ M E T , F Q , ~ , ~ O ~ ~ W [ P J D ~ = ~  . O O  
32(~ IF (WINDAET,EQ.~  . 0 0 ) ~ 1 ~ n 1 = 2 . 0 0  
321 I F ( Y I N D M E T . F Q . ~ . ~ O ) I J I ~ J D ~ = ; . ~  - 
5 2 2  I F ( W I N D X E T . F Q . ~ . ~ ~ ~ ~ ~ ~ I ; J D ~ = ~ ~ . ~ ~  
323 1 6 ( W I N D f 4 F T , F Q . 6 . 0 ) W I N i ~ l = d . n 0  
3 2 4  I f ( W r N D f l E T . F Q . 8 . o d ~ ~ O  T O  400 
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