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ON FIRE FLAMES OUT OF V E R T I C A L  OPENINGS 

P H Thornas 

SUMMARY 

Some r e c e n t  Swedish d a t a  on compartment f i r e s  a r e  reviewed. Measured burn ing  

r a t e s  were a s  h i g h  a s  7.7 ~ X k g / m i n  where A is t h e  opening a r e a  i n  m* and H 

i s  i t s  h e i g h t  i n  m.  

A c o n v e n t i o n a l  power l a w  i s  shown t o  r e l a t e  t h e  b u r n i n g  r a t e  and t h e  measured 

e x t e r n a l  f l a m e  l e n g t h  a s  we l l  a s  does  an  e m p i r i c a l  p r o p o r t i o n a l i t y .  The 

c o r r e c t i o n s  t o  be  a l lowed  i n  both  methods f o r  t h e  burn ing  w i t h i n  t h e  

compartment and f o r  t h e  e f f e c t i v e  o r i g i n  of t h e  f l a m e s  a r e  both  somewhat 

u n c e r t a i n .  
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ON FIRE FLAMES OUT OF VERTICAL OPENINGS 

P H Thomas 

INTRODUCTION 

Law' has reviewed the early work on correlating flame length data including 

the early works of Yokoi2, Thomas3, Webster and Raftery' and Seiga15. 

Following the studies of Yokoi2 and Thomas3 she has shown that one is 

justified in correlating flame data by means of dimensionless parameters 

derived from considerations of buoyancy in plumes and she has discussed 

correlations of the type 

where Zf is flame length 

H is opening height 

W is opening breadth 

P. is air density 

g is acceleration due to gravity 

and R' is the rate of mass loss of fuel per unit window breadth (kg/m.s). 

Thomas originally developed for wood a correlation of the form 

on the grounds that the origin of the effect of buoyancy was at the base of 

the window opening. This is likely to be valid only for some situations, not 

universally. Compare Fig 1 and Fig 2, where some factors influencing the 

type of flow are suggested. For some fully developed fires a datum at the 

neutral pressure axis may be most suitable; for others the base of the 

emerging hot gas layer would be the better choice if there is a well defined 

layer. 

The 2 / 3  power law is analogous to that for a plume from a line heat source. 

If a flame were represented by a zone of uniform temperature the 

characteristic vertical and entrainment velocities would increase as and 
3 / 2  the total air flow into the flame would increase as Z . For a flame to be 

as long as is determined by the air 



A l l  c o r r e l a t i o n s  r a i s e  t h e  problem of c o r r e c t i n g  a  t o t a l  measured mass l o s s  

r a t e  f o r  t h e  combustion o c c u r r i n g  w i t h i n  t h e  compartment and of d e f i n i n g  t h e  

a i r  r e q u i r e m e n t s  of t h e  unburn t  f u e l s  t h a t  l e a v e  i t .  One might be  tempted t o  

a l l o w  f o r  5.5 AJFi-~g/min t o  be a l l o c a t e d  f o r  t h e  burning i n s i d e  a  compartment 

hav ing  a  window a r e a  A m Z  and window h e i g h t  H m i n  which t h e  f i r e  is f u l l y  

developed.  T h i s  would be i n  accordance  w i t h  t h e  w e l l  known view t h a t  

v e n t i l a t i o n  c o n t r o l l e d  f i r e s  burn ,  on a v e r a g e  a t  a  n e a r l y  s t o i c h i o m e t r i c  

r a t e  

R = 5.5 AK ( 3 )  

a l t h o u g h  t h e r e  a r e  d a t a  w i t h  l a r g e r  v a l u e s 6  of t h e  r a t i o  R / ~ ~ a s  we l l  a s  

some of t h e  p r e s e n t  d a t a  quoted h e r e .  What however i s  germane t o  t h i s  

d i s c u s s i o n  is t h a t  i t  i s  t h e  a i r  f l o w  and hence  t h e  energy l i b e r a t e d  i n s i d e  

which i s  l i m i t e d  t o  a  v a l u e  30 A&- kg/min. The works of Gross  and 

R o b e r t s o n 6 ,  t h e  r e p o r t  of t h e  i n t e r n a t i o n a l  c o o p e r a t i v e  r e s e a r c h  programme by 

CIB7, Thomas and N i l s s o n e ,  and S a i t o 9  have shown t h a t  - R i s  n o t  c o n s t a n t .  
A&- 

Another e m p i r i c a l  r e l a t i o n s h i p  b e t t e r  t h a n  e q u a t i o n  ( 1 )  f o r  c e l l u l o s i c  f u e l s  

i n  non-combust ib le  compartments9 is  

where A T i s  t h e  t o t a l  i n t e r n a l  s u r f a c e  a r e a  i n  m Z  of t h e  compartment. The 

r e a s o n  f o r  t h e  wide a c c e p t a n c e  of 5.5 A K a s  a  d e s i g n  b a s e  f o r  a  t o t a l  

burn ing  r a t e  may be l e s s  t o  do w i t h  p h y s i c s  t h a n  w i t h  t h e  s t a t i s t i c a l  

d i s t r i b u t i o n  of window s i z e ,  f u e l s  e t c .  

Recent  e x p e r i m e n t s  

J a n s s o n  and Onnermarklo have r e c e n t l y  p r e s e n t e d  d a t a  f o r  7 wood c r i b  f i r e s  i n  

a  room 4 . 2  m X 2 .8  m X 2.6 m h i g h  w i t h  one  window 1 . 3  m h i g h  and  b r e a d t h  

between 1 m and 2 .8  m.  The c r i b s  were  weighed and t h e  d a t a  a r e  g i v e n  i n  

T a b l e  1 .  Ondrus e t  a l l 1  have conducted s i m i l a r  exper iments  b u t  t h e  f u e l  was 

n o t  weighed w h i l s t  burn ing  and measurements of f lame h e i g h t  comparable t o  

t h o s e  of J a n s s o n  and Onnermark were n o t  made b u t  t empera tu re  p r o f i l e s  a r e  

a v a i l a b l e  ( s e e  Tab le  2 ) .  



By and l a r g e  t h e  s t e a d y  burn ing  of c r i b s  i s  n o t  normal ly  much a f f e c t e d  by 

t h e i r  be ing  i n s i d e  a  we l l  v e n t i l a t e d  compartment and we s h a l l  use  a  f o r m ~ l a ' ~  

t o  e s t i m a t e  t h e  burn ing  r a t e s  of  c r i b s  i n  t h e  f u e l  c o n t r o l l e d  f i r e s .  Flame 

l e n g t h s  f o r  t h o s e  f i r e s  where l e n g t h s  a r e  u n r e p o r t e d  a r e  t aken  from t h e  

p o s i t i o n  where t h e  t empera tu re  r i s e  is  500•‹C. 

J a n s s o n  and Onnermark i n t r o d u c e  t h r e e  new f e a t u r e s  i n t o  t h e i r  d i s c u s s i o n .  

I .  They produce a  l i n e a r  c o r r e l a t i o n  between f l ame  l e n g t h  and t h e  e x t e r n a l  

burn ing  r a t e  ( s e e  11). 

11. They a l l o w  f o r  combustion w i t h i n  t h e  compartment by d e d u c t i n g  a n  amount 

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

111. They use  AX t o  normal i se  R i n  a c c o r d a n c e  w i t h  d imensional  a n a l y s i s  

r e q u i r e m e n t s  b u t  do n o t  n o r m a l i s e  Z a t  a l l .  However H was c o n s t a n t  i n  

t h e i r  exper iments .  

Applying t h e  same c o r r e c t i o n  ( 1 1 )  t o  e q u a t i o n  ( 2 )  a l s o  g i v e s  a n  a d e q u a t e  

c o r r e l a t i o n  of J a n s s o n  and Onnermark d a t a  ( s e e  F i g  ( 3 ) ) .  However, once 

f l a s h o v e r  h a s  o c c u r r e d  a i r  f l o w  i n t o  a  compartment ( a n d  hence t h e  r a t e  of 

ene rgy  r e l e a s e  i n  what can  become a  v e n t i l a t i o n  c o n t r o l l e d  f i r e )  i s  

d e t e r m i n e d  by h y d r o s t a t i c  f o r c e s  n o t  by e n t r a i n m e n t  and one wonders how 

s e n s i t i v e  t h e  c o r r e l a t i o n s  a r e  t o  t h e  " c o r r e c t i o n " .  

F i g  4  shows a  c o r r e l a t i o n  u s i n g  R'-  ~ A J ~ / w  i n s t e a d  of R '  i n  equa t ion(2)and  

Zf  i n s t e a d  of Zf  + H .  T h i s  i n  e f f e c t  assumes t h e  e x i t  g a s e s  a r e  l e a v i n g  t h e  

upper  p a r t  of t h e  opening h o r i z o n t a l l y  and t h e  e f f e c t i v e  o r i g i n  of t h e  

buoyancy i s  t h e  n e u t r a l  a x i s * .  

A v a l u e  f o r  t h e  c o r r e c t i o n  of  l e s s  t h a n  5 .5  is i n  p r i n c i p l e  c o n s i s t e n t  w i t h  

t h e  f a c t  t h a t  e x c e s s  f u e l  w i l l  d e p r e s s  t h e  n e u t r a l  a x i s  and reduce  t h e  a i r  

i n f l o w  b u t  t h e  e f f e c t  is n o t  l a r g e .  We s e e  t h i s  from t h e  conven t iona l  

h y d r a u l i c  e q u a t i o n  t h a t  d e s c r i b e s  f u l l y  developed f i r e s .  Thus, e q u a t i o n  ( 5 )  

*This  i s  approximate .  The base  of t h e  l a y e r  i s  p robab ly  a  b e t t e r  c h o i c e  b u t  

t h e  d i f f e r e n c e  is  l e a s t  f o r  l a r g e  f l ames .  



gives for B = 900•‹C, To = 290•‹K, 
R 

Pa 
= 1.3 kg/m\ even for - three times 

AK 
the conventional 5.5 and higher than any of the tests reported reported here, 

the value of - M as much as about 75% of its conventional value. 
AJH 

This would make the energy correction 5.5 X 0.75 A/??-= 4 . A K  but it is a 

maximum figure for these tests - not a mean as our use of it implies. The 

effect on the neutral axis is not large enough to be the whole explanation of 

the difference between 4 and 5.5 kg/m5l2. One of the tests, giving Zf 0.5 m 

has a negative value of R - 4AdTi-and clearly for such fires the correlation 
is inappropriate. One could fit the data by an equation with, say, a 

coefficient less than 4 but then the correlation would not lie so close to 

the line based on equation ( 2 ) .  

Linear correlations 

It is idle to pursue the discussion of such few data in too much detail but 

we can speculate on the generality of the linear equation demonstrated by 

Jansson and Onnermark. The free plume does appear to give rise to a 2/3 

power. Indeed Law's statistical analysis suggests a lower not a higher 

fraction. But a wall plume suffers frictional drag and one can expect a 

lessening dependence of entrainment on height. If there were no dependence 

at all of the mean entrainment velocity on flame height than for an effective 

air fuel ratio of 'r' we have 

where R' is the rate of supply of fuel externally per unit breadth of 

opening. 



For wood f i r e s  w i t h  f l ames  i n  t h e  open e f f e c t i v e  v a l u e s  of r may reach  20. 

(400% e x c e s s  a i r  t o  t h e  t o p  of t h e  f l a m e ) .  

i e  0.47 i n  kg min u n i t s  o b t a i n e d  For p a  = 1.2  kg/m3 t h e  c o e f f i c i e n t  of  -- 
U 312 
L, - 

i n  t h e  b e s t  s t r a i g h t  l i n e  cor responds  t o  a  v e l o c i t y  of e n t r a i n m e n t  V e  of 0 .6  

m/sec. An assumpt ion of  l e s s  e x c e s s  a i r  g i v e s  a  lower  e s t i m a t e .  Such a  

f i g u r e  i s  p l a u s i b l e  i f  p e r h a p s  h i g h .  The b e s t  s t r a i g h t  l i n e  i n  F i g  4 g i v e s  
v ---- 0 .7  g i v i n g  a n  e s t i m a t e  f o r  Ve of 0.4 m / s .  
- 

'a 'e 
We have p r e s e n t e d  above a  l i n e a r  r e l a t i o n s h i p  between Z and R '  ( e q u a t i o n  f  
( 7 ) ) .  However t h i s  i s  n o t  q u i t e  t h e  form proposed by J a n s s o n  and Onnermark 

whose c o r r e l a t i o n s  a r e  i n  t h e  form 

S i n c e  H was c o n s t a n t  i n  a l l  t h e i r  exper iments  i t  is  n o t  p o s s i b l e  t o  

d i s t i n g u i s h  between one and t h e  o t h e r  forms.  If one r e t u r n s  t o  d imens iona l  

a n a l y s i s  t h e  r e s u l t s  of Yokoi and Thornas e t  a 1  a r e  a  p a r t i c u l a r  form of a  

g e n e r a l  r e l a t i o n s h i p  

I f  Z does  n o t  depend on W f o r  a  g iven  R '  t h e n  i f  Z a R '  dimensional  
f  f 

arguments  r e q u i r e  



I t  is  t h e r e f o r e  p o s s i b l e  t o  e x t r a p o l a t e  Jansson  and Onnerrnark's d a t a  t o  o t h e r  

b u i l d i n g  c o n d i t i o n s  on ly  i f  t h e s e  i n v o l v e  s m a l l  changes i n  H .  

Burning i n s i d e  and o u t s i d e  t h e  compartment 

We have ,  above,  made assumpt ions  r e g a r d i n g  t h e  e x t e n t  t o  which t h e  combustion 

is p a r t i t i o n e d  between i n s i d e  and o u t s i d e  t h e  compartment. One c a n  t a k e  

J a n s s o n  and Onnermark's f l a s h o v e r  l i n e  t o  i n d i q a t e  a  minimum r e l e a s e  of 

ene rgy  c a u s i n g  f l a s h o v e r  b u t  t h i s  is n o t  t h e  maximum r a t e  of  ene rgy  r e l e a s e  

i n s i d e  a  compartment. F l a s h o v e r  l e a d s  t o  v e n t i l a t i o n  c o n t r o l  and changes i n  

t h e  f l o w  of a i r  i n t o  t h e  compartment s o  t h a t  t h e  sys tem moves t o  t h e  

c o n v e n t i o n a l  f u l l y  developed f i r e , w h e r e  a i r  f low is determined by h y d r o s t a t i c  

f o r c e s  n o t  by e n t r a i n m e n t  

The J a n s s o n  and Onnermark concept  seems t o  imply t h a t  a l t h o u g h  e x t r a  a i r  

e n t e r s  t h e  compartment a f t e r  f l a s h o v e r  i t  l e a d s  on ly  t o  e x t e r n a l  f l aming .  

C a l c u l a t i o n s  of  t h e  energy  b a l a n c e  of  f u l l y  developed f i r e s ,  however, s u g g e s t  

t h a t  h i g h e r  r a t e s  of ene rgy  r e l e a s e  a r e  invo lved  i n t e r n a l l y .  

A d i f f e r e n t  view i s  s t a t e d  by Harmathy13 i n  many p u b l i c a t i o n s .  Here a  

f r a c t i o n  ' 6 '  is b r o a d l y  d e f i n e d  f o r  v e n t i l a t i o n  c o n t r o l l e d  f i r e s  a s  t h e  

f r a c t i o n  of energy r e l e a s e d  i n t e r n a l l y  ( i f  6 is l e s s  than  u n i t y ) .  6 

exceed ing  u n i t y  i m p l i e s  a l l  energy is r e l e a s e d  i n t e r n a l l y .  

6 is r e l a t e d  t o  t h e  compartment geometry by Harmathy by 

where 0 is a  v e n t i l a t i o n  parameter  p r o p o r t i o n a l  t o  AK. No exper iments  have 

y e t  been r e p o r t e d  i n  which hc h a s  been v a r i e d  i n  a  way t o  test t h i s  r e l a t i o n .  

On t h e  o t h e r  hand t h e  exper iments  r e p o r t e d  by J a n s s o n  and Onnermark ( s e e  

T a b l e  I )  i n c l u d e d  4 e x p e r i m e n t s  i n  which A ,  H and h c  were k e p t  c o n s t a n t .  hc 
e q u a l l e d  2.6 m and Am e q u a l l e d  2.67 m 5 I 2 .  Harmathyls  0 i s  

1 . 3  J9T8i-X 2.67 = 10.75 kg / s  f o r  t h e s e  exper iments .  Hence 

which i s  b a r e l y  l a r g e r  t h a n  u n i t y .  6 = 0.79 - 
10.75 

For  two o t h e r  exper iments  A was s m a l l e r ,  making 6 even l a r g e r  s o  t h a t  no 

e x t e r n a l  combustion need be  c o n s i d e r e d ,  y e t  f o r  t h e s e  f i r e s  f l a m e s  3.5 m and 



3.7 m l o n g  were r e c o r d e d .  

6 was d e r i v e d  from 

6 = ( h c / 1 ) 3 / 2  (1 > hc)  

where 1 i s  a  h y p o t h e t i c a l  f l ame  l e n g t h 1 3 .  

A s  w i l l  be s e e n  from t h e  arguments d i s c u s s e d  above a  f l ame  l e n g t h  i s  

e x p e c t e d ,  f o r  wide windows, t o  be independan t  of window width  i f  t h e  burn ing  

r a t e  i s  e x p r e s s e d  a s  p e r  u n i t  window width.  On t h e  o t h e r  hand Harmathy 

g i v e s ,  i n  d e r i v i n g  e q u a t i o n  (8) 

f o r  t h e  v e n t i l a t i o n  c o n t r o l l e d  reg ime ,  which i m p l i e s  a dependance on wid th  of 
R 

window. Equa t ion  ( 2 ) ,  w i t h  1 = Z + H and R '  = - . H 312 and a  
AK 

c o n v e r s i o n  from second t o  minutes  g i v e s  

Hence e q u a t i o n  (10)  may be  r e w r i t t e n  a s  

T h i s  s u g g e s t s  t h a t  f l a m e s  shou ld  come o u t  of the opening i n  a l l  t h e  

exper iments  of  J a n s s o n  and Onnermark b u t  whether  i t  is a  r e a l i s t i c  

d e s c r i p t i o n  of t h e  p a r t i t i o n  between i n s i d e  and o u t s i d e  burn ing  a w a i t s  

f u r t h e r  s t u d y .  For  example,  t h e  c o e f f i c i e n t  3 .8  seems t o  be t o o  l a r g e  s i n c e  

1 / H  is u s u a l l y  obse rved  t o  be somewhat l e s s  t h a n  t h i s .  



Equa t ion  0 2 )  t e l l s  us  no th ing  abou t  6 u n l e s s  we know R o r ,  a s  i n  Harmathy's 

e q u a t i o n s ,  make assumpt ions  abou t  i t .  One can r e f i n e  t h e s e  by u s i n g  e q u a t i o n  

(4) i n s t e a d  of  e q u a t i o n  ( 3 )  b u t  even e q u a t i o n  (4) must be a p p l i e d  w i t h  

c a u t i o n ,  b e i n g  based on wood f u e l  and c r i b s .  I t  does  however p r e d i c t  v a l u e s  

of ' / ~ ~ ~ i - i n  t h e  Jansson  Onnermark t e s t s  somewhat l a r g e r  t h a n  5 . 5  b u t  n o t  a s  
5 /2  l a r g e  a s  t h e i r  l a r g e s t  r e c o r d e d  r e s u l t s  of  over  7 kg/min m . 

The e x p e r i m e n t s  by Ondrus e t  a l l L  

The e x p e r i m e n t s  by Ondrus e t  a 1  on t h e  behav iour  of  e x t e r n a l  i n s u l a t i o n  on 

f a c a d e s  a r e  of i n t e r e s t  h e r e ,  because  two employed non-combustible f a c a d e s .  

The compartment d imensions  were v e r y  c l o s e  t o  t h o s e  i n  t h e  J a n s s o n  and 

Onnermark exper iments ,  AT was 50 m 2  and AK 3 m 5 l 2  ( W  = 2.8 m). 

Some of  t h e  f u e l  (184 kg) was i n  t h e  form of c r i b s  ( s e e  Tab le  I ) .  If we 

adop t  t h e  same v a l u e s  of R / ~ ~  ( i e  7.1 ) a s  t h e  average  of  t h e  v e n t i l a t i o n  

c o n t r o l l e d  f i r e s  i n  Tab le  I t h e n  t h e  l i m i t  f o r  f u e l  c o n t r o l l e d  f i r e s  is 

3 X 7.1 - 21.3  kg/min. The c r i b s  had a  v a l u e  of h.AV/As of 0.014 m and A s  = 

58m2 where A V  i s  t h e  h o r i z o n t a l  open a r e a  of t h e  c r i b ,  A t h e  wood s u r f a c e  
S 

and hc t h e  c r i b  h e i g h t .  The e s t i m a t e d  r a t e  of mass l o s s L 2  f o r  f r e e  burn ing  

is 0.07 /hc A V  As = 28.5 kg/m2 s o  bo th  f i r e s  would appear  t o  be v e n t i l a t i o n  

c o n t r o l l e d ,  y e t  they a r e  d i f f e r e n t  i n  t h e  l e n g t h s  of  t h e  f lame.  The 23 kg of  

p o l y u r e t h a n e  foam p y r o l y s e s  f a s t e r  t h a n  t h e  same amount of  wood and would be 

expec ted  t o  produce l o n g e r  f l a m e s  o u t s i d e  t h e  compartment. 

Based on t h e  r e l a t i v e  h e a t s  of v a p o r i s a t i o n  and t h e  c a l o r i f i c  c o n t e n t s  of  

p o l y u r e t h a n e  and wood, e s t i m a t e s  of t h e  e f f e c t s  of  a g iven  the rmal  

environment  i n  a  f u l l y  developed room f i r e  s u g g e s t  t h a t  abou t  1 k  t imes  a s  

much f u e l  is produced.  T h i s  r e q u i r e s  abou t  2 t o  2& a s  much a i r  f o r  burn ing .  

Hence we s h a l l  t r e a t  t h e  8  m 2  of p o l y u r e t h a n e  f u e l  a s  e q u i v a l e n t  t o  20 m 2  of 

wood. 

*No doub t  an  u n d e r e s t i m a t e  i n  view of t h e  p r e s e n c e  of  a w a l l  l i n e d  w i t h  
wood a s  w e l l  a s  t h e  c r i b s .  



The r e s u l t  f o r  t h i s  f i r e  a s  a  whole is  n o t  ve ry  dependant  on t h e  d e t a i l s  of 

t h e  m o d i f i c a t i o n .  A v a i l a b l e  theory  is h a r d l y  s u f f i c i e n t  t o  e s t i m a t e  t h e  

burn ing  r a t e  which f o r  v e n t i l a t i o n  c o n t r o l l e d  f i r e s  c a n  be above 5.5 A&- and 

can be i n f l u e n c e d  by t h e  exposed f u e l  a r e a  and t h e  t y p e  of f u e l .  Es t ima tes  

of t h e  mean r a t e s  of b u r n i n g  a r e  t h e r e f o r e  r a t h e r  c r u d e .  

The d a t a  a r e  shown p l o t t e d  i n  F i g s  3 and 4 a c c o r d i n g  t o  t h e s e  e s t i m a t e s  b u t  

t h e  p l a u s i b i l i t y  of t h e  c o r r e l a t i o n  is n o t  s u f f i c i e n t  argument t o  s u p p o r t  t h e  

assumpt ions .  

CONCLUSION 

L i n e a r  and non l i n e a r  c o r r e l a t i o n s  can  be f i t t e d  t o  t h e  d a t a  d i s c u s s e d  h e r e .  

Doubts a b o u t  t h e  e f f e c t i v e  o r i g i n  of  t h e  plume and of what a l lowance  is t o  be 

made f o r  combustion w i t h i n  t h e  compartment remain unreso lved .  One d i f f i c u l t y  

t o  be  d e a l t  w i t h  i s  t h e  inadequacy of methods f o r  d e a l i n g  w i t h  t h e  secondary 

e f f e c t s  of f u e l  and compartment d e t a i l s  on b u r n i n g  r a t e s  i n  v e n t i l a t i o n  

c o n t r o l l e d  f i r e s .  
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TABLE 1 - J a n s s o n  and Onnermark's d a t a  

*These t e s t s  would appear  t o  have " f l a s h e d  over" i n  t h e  s e n s e  t h a t  

t e m p e r a t u r e s  exceeding 600•‹C were o b t a i n e d  b u t  were n o t  f u l l y  

developed.  One assumes t h a t  t h e  compartment was n o t  " f i l l e d  wi th  f lame".  



TABLE 2 - Data  f o r  two t e s t s  by Ondrus e t  a1  a t  Lund 

T e s t  1 T e s t  2 

Fue l  

C r i b  

Wall  of  wood 
Exposed a r e a  

P o l y u r e t h a n e  23 kg 
Exposed a r e a  8 m 2  

E s t i m a t e d  burn ing  28.5 kg/min 28.5 kg/min 
r a t e  ( c r i b )  

A d d i t i o n a l  burn ing  r a t e  
( A )  P r o  r a t a  b a s i s  l 9  9 8 ~ 2 8 . 5 = 1 0 k g / m i n  & x 2 8 . 5 = 2 . 5 k g / m i n  
( B )  With p o l y u r e t h a n e  a r e a  X 2 b  = 15.2  kg/min 

T o t a l  r a t e  of burn ing  R ( A )  38 .5  kg/min 31 kg/min 
( B )  43.7 kg/min 

R - R ,  
E s t i m a t e  of R I  ( t o  r e a c h  600•‹C Ti--2x"-- A R =  
i n  compartment ( s e e  J a n s s o n  
and Onnermark) 

Flame h e i g h t  above t o p  of 
window 

To 500•‹C i so the rm 5.2 m 2.8 m 

To 425OC i so the rm 6.0 m 3 .4  m 

E s t i m a t e s  of R f o r  bo th  t e s t s  a r e  i n  e x c e s s  of t h e  c o n v e n t i o n a l  l i m i t  f o r  

v e n t i l a t i o n  c o n t r o l l e d  f i r e s .  We have p robab ly  o v e r e s t i m a t e d  what i s  a l l o w a b l e  

f o r  t h e  c r i b  and u n d e r e s t i m a t e d  t h e  c o n t r i b u t i o n  of t h e  w a l l  and t h e  

p o l y u r e t h a n e .  



Figure 1 'Ful ly  developed' f ire - A i r  .inlet 
determined by  hydrostatic fires 
Short, shal low compartment 
fue l  near opening 

Figure 2 Inlet f l o w  not  l im i ted  by w indow but  by 
entrainment in to  f lames Long deep 
compartment, fuel only at rear 
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