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HIEFACE

This F in a l T ech n ica l R eport covers r e s u l t s  o f developm ent and 
t e s t  program c a r r ie d  o u t from 1965 to  1969*

The program perform ed by B e r tin  e t  Cie a t  O rly A irp o r t in  
P a r is ,  F rance, i s  d isc u sse d  in  t h i s  r e p o r t  by R. F abre , Research 
D iv is io n , Equipment S e c tio n , O rly A irp o r t .

The r e p o r t  forms p a r t  o f an in fo rm atio n  exchange program 
between th e  F e d e ra l A v ia tio n  A d m in is tra tio n  and th e  French M in is try  
o f T ran sp o rt. The r e p o r t  was t r a n s la t e d  to  E n g lish  by J o in t  
P u b lic a tio n s  R esearch S e rv ic e , Departm ent of' Commerce, By p erm ission  
o f th e  S e c r e ta r ia t  G eneral a  1 ' A v ia tio n  C iv ile  (SGAC) as p a r t  o f 
th e  exchange program under fog  d is p e r s a l  re s e a rc h .

I
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1 . INTRODUCTION

T u rb o je t eng ines used in  th e  T u rb o c la ir  method must be lo c a te d  a t  
a  d is ta n c e  from th e  runway c e n te r l in e  such th a t  th ey  ab ide  by a e ro n a u t ic a l  
r e g u la t io n s  s t a t in g  th a t  no o b s ta c le  s h a l l  be p laced  in  such a  manner as 
to  p o s s ib ly  cause damage to  a i r c r a f t ,  a c c id e n ta l ly  d e v ia t in g  from t h e i r  
ground p a th . C onsequently , th e  tu r b o je ts  must be lo c a te d  in  covered 
tre n c h e s . A fte r  v e r ify in g  th e  T u rb o c la ir  method th rough  a s e r ie s  of 
experim ents on a  reduced s c a le  u s in g  above-ground e n g in es , i t  was im­
p o r ta n t to  desig n  an underground h o t - a i r  g e n e ra to r  whose c h a r a c te r i s t i c s  
would be s im ila r  to  above-ground engine c h a r a c te r i s t i c s  in  term s o f th e  
dim ensions o f  th e  a i r  s tream . This meant i t  would be n ecessa ry  to  under­
tak e  new t e s t i n g  w ith  two g o a ls  in  mind; f i r s t ,  d e te rm in a tio n  o f  th e  
a c tu a l  h o t - a i r  g e n e ra to r  d e s ig n ; th e n , d e te rm in a tio n  o f  th e  a i r  volume 
c lea re d *  by t h i s  g e n e ra to r  as a  fu n c tio n  o f  fog  c h a r a c t e r i s t i c s .  An 
u n d ers tan d in g  o f  th e  d i s to r t io n  o f t h i s  volume from wind e f f e c t s  i s  
n ecessa ry  in  de term in in g  th e  lo c a t io n  and o p e ra tin g  pjrogram o f th e  
tu r b o je ts  in  an o p e ra t io n a l  i n s t a l l a t i o n .

The ex p erim en ta l t e s t i n g  and developm ent o f any fog  d is p e r s a l  
system  en coun ters  two m ajor in h e re n t o b s ta c le s .  The f i r s t  i s  th e  f a c t  
th a t  t e s t in g  i s  d i r e c t l y  r e l a t e d  to  fog c o n d itio n s  determ ined  by 
v a r ia b le  w eather f a c to r s  whose e f f e c t s  a re  d i f f i c u l t  to  s e p a ra te . The 
second i s  th a t  fog c o n d itio n s  g e n e ra lly  cannot be fo r e c a s t  in  advance, 
only  l a s t  a  l im ite d  le n g th  o f tim e and a re  o f  r e l a t i v e l y  low frequency  
in  r e s p e c t  to  ex p erim en ta l req u irem en ts . This l im i t s  th e  f i e l d  o f  in ­
v e s t ig a t io n  and e q u a lly  ex tends th e  amount o f tim e re q u ire d  to  produce 
th e  n ecessa ry  r e s u l t s .  Thus, i t  was im p o rtan t to  couple th e  h o t - a i r  
g e n e ra to r  w ith  ex p erim en ta l methods and means in  o rd e r to  o b ta in  th e  
l a r g e s t  number o f  r e s u l t s  in  the  s h o r te s t  le n g th  o f tim e w hile  av o id in g  
r e l ia n c e  on a c tu a l  fog  c o n d itio n s  to  p rov ide  d a ta  on th e  g e n e r a to r 's  
e f fe c t iv e n e s s .

A t e s t  s t a t io n  was c o n s tru c te d  a t  O rly A irp o r t and ex p erim en ta tio n  
was based  on a i r  tem peratvire m easurem ents. In  e f f e c t ,  a  2°C in c re a se  in  
tem pera tu re  i s  s u f f i c i e n t  to  p ro v id e  ev ap o ra tio n  o f  w ater d ro p le ts  in  
fog g e n e ra lly  encoun tered  in  th e  O rly A irp o r t  a re a . The measurement 
arrangem ent used c o n s is te d  o f  ex p lo rin g  th e  h o t - a i r  s tream  u s in g  
tem peratu re  probes up to  a  h e ig h t o f  approx im ate ly  30 m eters (98 f t . ) 
du rin g  c le a r  w eather c o n d itio n s . Fog c o n d itio n s  were used  to  v e r i f y  
r e s u l t s  o b ta in ed  in  t h i s  fa sh io n . Measurement o f th e  th e rm a l g ra d ie n t 
c re a te d  by th e  h o t - a i r  s tream  e s ta b l is h e d  th e  approxim ate dim ensions 
o f  th e  fog  a re a  c le a re d  under th e  same wind c o n d itio n s .

I t  i s  th e  purpose o f t h i s  r e p o r t  to  summarize th e  ex p erim en ta l 
p rocedures and r e s u l t s .  B asic in fo rm atio n  p e r t in e n t  t o  -the d esig n  o f - 
an o p e ra tio n a l i n s t a l l a t i o n  has been  computed. More d e ta i l e d  d a ta  tak en

*For purposes o f  c l a r i f i c a t i o n ,  "c lea red "  volume means t o t a l  rem oval o f 
fo g ; "swept" volume means volume a f f e c te d  by h o t a i r  s tream  in  any way.
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from th e  exp erim en ta l r e s u l t s  may prove u s e fu l  to  f u r th e r  improvements 
in  th e  d esig n . As such, th e  r e p o r t  v i l l  be a  u s e fu l  guide to  th e  
documents c o n ta in in g  t e s t  r e s u l t s  and t h e i r  in te r p r e ta t io n .  These 
documents a re  now in  d r a f t  form.

2 . DESCRIPTION OF INSTALLATIONS

2 .1  G enera l. The t e s t  s t a t io n ,  lo c a te d  to  th e  w est o f Orly A irp o r t ,  
in c lu d es  (see  F igure  l ) :

. a re c ta n g u la r  measurement p la tfo rm  used to  re p re se n t a s e c tio n  
o f th e  runway, runn ing  e a s t -n o r th e a s t  by sou th -sou thw est and 
surrounded by a  s e rv ic e  road .

. a  row o f th re e  j e t  eng ines a long  th e  so u th ern  edge o f th e  
p la tfo rm  in c lu d in g  th e  o p e ra tio n a l p ro to ty p e  in  th e  m iddle.

. a  kerosene supply  system  fe d  from two b u rie d  r e s e r v o i r s ,  each 
w ith  a  c a p a c ity  o f 30 cubic m eters (7926 g a llo n s ) .

. an o p e ra tio n s  b u ild in g .

F igure  1 . E xperim ental fog rem oval s t a t io n ,  g e n e ra l view.

2 .2  T u rb o je t e n g in es .



2 . 2 .1  O p era tio n a l p ro to ty p e . The o p e ra tio n a l p ro to ty p e , o r underground 
blower u n i t ,  was desig n ed , c o n s tru c te d  and p laced  in  s e rv ic e  by B e r tin  
e t  Cie. A schem atic diagram  appears in  F igure  2 .

F ig u re  2 . Underground blow er u n i t ,  schem atic draw ing.

The engine i s  p laced  in  a  covered tre n c h  IT m eters long , 3 m eters 
wide and 3 .6  m eters deep (56 f t .  x 9,-8 f t .  ;x 11 .8  f t . ) .  The tre n c h  
ro o f  in c lu d e s :

. a  re c ta n g u la r  in ta k e  g r id  in  th e  f ro n tw ith  a  t r a p  door.

. a  co n cre te  s la b  in  th e  c e n te r .

. a c i r c u la r  p la tfo rm  in  th e  back su p p o rtin g  th e  o u t le t  g r id .  ,

The underground u n i t  i s  ex tended by a  co n cre te  p la tfo n n  whose 
purpose i s  to  avo id  e ro s io n  o f th e  s o i l  from th e  h o t - a i r  s tream  in  
th e  a re a  im m ediately su rround ing  th e  blow er o u t l e t  g r id .
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a) J e t  Engine. This engine i s  o f th e  ATAR 101 D ty p e . 
S p e c if ic a t io n s  in c lu d e :

- id l in g  speed, 3000 rpm
- normal o p e ra tin g  speed, 815O rpm
- i n l e t  a i r  volume, 48 cubic m eters p e r second (169O

cu. f t / s e c )
- o u t le t  speed 550 m eters p e r second (1800 f t / s e c )
- a i r  tem p e ra tu re , 500°C

This engine r e s t s  on a t r o l l e y  which can assume s e v e ra l  lo n g i­
tu d in a l  p o s i t io n s .  The in flow  channel i s  f i t t e d  w ith  a p ro te c t iv e  
cage. S ta r t in g  i s  p rov ided  by an e l e c t r i c  10 hp motor coupled w ith  a 
speed c o n tro l  u n i t  which d r iv e s  th e  r o to r  by means o f a f le x ib le  arm
(see F igure 3 ) . The engine o u t le t  nozzle  i s  f i t t e d  w ith  tem peratu re  
p robes.

2*2.1.1 Description. The major mechanical componets forming part of
the underground blower unit include the following:

F igure 3, In s id e  view o f  tre n c h  seen from f r o n t  to  back, 

b ) D ilu tin g  n o zz le . The d i lu t in g  nozzle  in c lu d e s :

-  a  m ixer
-  a  d i f f u s e r
-  a  support t r o l l e y



During t e s t in g  re q u ire d  to  determ ine p ro p er o p e ra tio n  o f  th e  
underground blow er u n i t ,  th re e  m ixers were used  having  re s p e c tiv e
d iam eters  o f:

ij; 760 co rrespond ing  to  a  d i lu t io n  r a t e  o f 1-33
700 correspond ing  to  a  d i lu t io n  r a t e  o f  1.20

i|; 600 co rrespond ing  to  a  d i lu t io n  r a t e  o f  I .0 5

c) Connecting s le e v e . The s leev e  connec ting  th e  d i lu t io n  nozzle  
w ith  th e  o u t le t  g r id  c o n s is ts  o f :

- a 90° elbow j o i n t  equipped w ith  i n t e r n a l  vanes and a 
measurement s e c t io n  a t  th e  ou tflow  p o in t .

-  a  t r o l l e y  su p p o rtin g  th e  elbow j o i n t .

- a  conversion  c o l la r  h an d lin g  flow  from th e  c i r c u la r  
s e c tio n  o f th e  elbow f i t t i n g  to  th e  square s e c tio n  o f
th e  g r id .

- a t i g h t  f i t t i n g  betw een th e  elbow and th e  conversion  
c o l l a r  in t e g r a l  w ith  th e  o r ie n ta b le  p la tfo rm  h o ld in g  
th e  blow er o u t l e t  g r id .

d) Blower ou t l e t  g r id . The blow er o u t l e t  g r id  in c lu d e s  fo u r 
components made from h e a t - r e s i s t a n t  s t e e l .  Each component, weighing 
approx im ately  110 kg {2k2 l b . ) ,  i s  15O cm lo n g , 26 cm w ide, and 12 cm 
d S p  (i^.9 f t  X  1 .8  f t  X  0 .4  f t ) .  I t  c o n s is ts  o f a  square assem bly of 
v a n L  and c rossarm s. The 23 vanes have two r a d i i  o f  c u rv a tu re . The 
in ta k e  p lane  i s  v e r t i c a l ,  and th e  o u t l e t  ang le  i s  15° from th e  h o r iz o n ta  . 
The vanes a re  designed  to  cause th e  h o t a i r  to  flow  in  a  h o r iz o n ta l  
d i r e c t io n .  The s ix  crossarm s a re  designed  to  r e s i s t  to r s io n .

Hot a i r  i s  e x p e lle d  th ro u g h  square openings 4 cm \
s id e . The ap p aren t o u t l e t  su rfa ce  o f th e  g r id  i s  77 am^ (1195 m .
The geom etric flow  a re a  i s  approx im ate ly  38 dm2 (589 in .  ) y id  i s  s im ila r  
to  th e  o u t l e t  c ro ss  s e c t io n  o f th e  ATAR eng ine. The e m p ty /fu ll  r a t i o  
i s  0 .5 8 . The i n i t i a l  g r id  (type  A g r id )  was re c ta n g u la r  and c o n s is te d  
o f fo u r elem ents p la ce d  s id e  by s id e  (see  F igu re  4 ) .  The f i n a l  g r id  
(type B g r id )  c o n s is te d  o f e lem ents grouped two by two (.see F igure  5; 
w ith  an ang le  o f  21°  between them. The o u t l e t  g r id  i s  s e t  in to  an 
o r ie n ta b le  p la tfo rm .
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Figirre k Ty^e A g r id .

Figvire 5 Type B g r id ,

e ) O rien tab le  p la tfo rm . The o r i e n ta l l e  p la tfo rm  in c lu d e s :

-  an e n t i r e ly  m e ta l l ic  arm atu re .

-  a  base which can be d isassem bled .



- a v e r t i c a l  s e t  o f  b e a r in g s  maicing p o s s ib le  v a r ia b le  
o r ie n ta t io n  o f th e  p la tfo rm  between c e r ta in  l im i t s  and 
su p p o rtin g  th e  v e r t i c a l  load .

- a  l a t e r a l  s e t  o f b e a r in g s  su p p o rtin g  l a t e r a l  loads 
r e s u l t in g  from l a t e r a l  ex p u ls io n  o f h o t a i r .

- a  s e t  o f  d i r e c t io n a l  p la te s  lo c a te d  on b o th  s id e s  o f 
th e  g r id  to  keep th e  s tream  o f a i r  c lo se  to  th e  ground 
(type  B g r id  inc ludes, a  tw in  s e t  o f  d i r e c t io n a l  p l a t e s ) .

-  a  u n i t  to  c o n tro l  r o ta t io n  o f th e  p la tfo rm , and i t s  
an g u la r p o s i t io n .

2 . 2 . 1 .2  O p era tio n . O peration  o f th e  underground blow er u n i t  (engine 
s ta r tu p  and shutdown, o r ie n ta t io n  o f  th e  blow er g r id  and so f o r th )  i s  
remote c o n tro l le d  from a p an e l lo c a te d  in  th e  o p e ra tio n s  b u ild in g .
A w eather t i g h t  r e la y  u n i t  c o n ta in s  a l l  e l e c t r i c a l  equipm ent re q u ire d  
fo r  th e  o p e ra tio n  o f v a r io u s  u n i t s  i n s t a l l e d  in  th e  tre n c h .

2 . 2 . 1 .3  L o ca tio n . The blow er g r id  i s  lo c a te d  80 m eters (262 f t )  from 
th e  a x is  o f th e  measurement p la tfo rm .

2 . 2 .2  Above-ground en g in es . The two above-ground e n g in es , o f th e  same 
type as th e  f i r s t ,  a re  p laced  on t r o l l e y s  and' in c l in e d  tow ards th e  
ground a t  an ang le  o f k°.  They a re  in  l in e ' w ith  th e  underground blow er 
u n i t .  R espective  d is ta n c e s  from  th e  underground u n i t  a re  80 t o  100 
m eters (262 to  328 f t . )  f o r  th e  engine to  th e  w est and 90 m eters (295 f t . )  
fo r  th e  engine to  th e  e a s t .  The abQve-ground eng ines a re  designed  to  
p rov ide  th e  underground u n i t  w ith  o p e ra tin g  c o n d itio n s  s im ila r  to  i t s  
normal co n d itio n s  o f use  when p laced  in  a  l in e  in c lu d in g  s e v e ra l  h o t - a i r  
g e n e ra to r s .

2 .3  E xperim ental methods and means. S ince t e s t i n g  was based  on th e
measurement o f te jn p era tu re  In c rease s  in  th e  volume o f a i r  swept by th e  
h o t - a i r  s tream s, equipm ent capab le  o f m easuring th e se  tem p era tu re  in ­
c re a se s  had to  be i n s t a l l e d .  The m easured r e s u l t s  were supplem ented 
by d i r e c t  o b se rv a tio n  d iiring  fog  c o n d itio n s . ^

2 . 3 . 1  Device to  measure a i r  te m p e ra tu re s .

2 , 3 . 1 , !  Dimensions o f a i r  volume to  be e x p lo re d . In  th e  o p e ra tio n a l 
v e rs io n , the  maximum h e ig h t which th e  c le a re d  a i r  volume w i l l  re a ch  i s  
to  be approx im ate ly  30 m eters (98 f t . )  on th e  runway approach.^  'pais 
i s  th e  minimum d e c is io n  p o in t a l t i t u d e  d u rin g  C ategory IT c o n d itio n s .
Thus, th e  a i r  tem p era tu re  m easurements were re q u ire d  up to  a  30 m eter 
(98 f t . )  a l t i t u d e .  From p rev io u s  t e s t i n g ,  i t  was concluded th a t  th e  

row o f eng ines should  be lo c a te d  JO  to  90 m eters (23O to  295 f t . )  from
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th e  runway c e n te r l in e .  The c e n te r l in e  o f  th e  measurement p la tfo rm  
used in  t h i s  t e s t  was lo c a te d  80 m eters (262 f t . )  from “the th re e  j e t  
en g in es . The w idth  of th e  p la tfo rm  was e s ta b l is h e d  from the  f a c t  th a t  
most a i r p o r t  runways should  f a l l  w ith in  a  s t r i p  80 m eters (262 f t . )  wide. 
Consequently, dim ensions adopted  fo r  th e  measurement p la tfo rm  were a  
le n g th  o f 250 m eters by a  w idth  Of 80 m eters by a h e ig h t o f 30 m eters 
(820 f t .  X 262 f t .  X 98 f t . ) .  This in  tu rn  e s ta b l is h e d  th e  u s e fu l  
volume swept by th e  th re e  eng ines a t  600,000 cubic m eters (21 m ill io n  
cubic f e e t ) .

2 . 3 . 1 .2  Q u a li t ie s  re q u ire d  by th e  measurement method and choice  of  
means u sed . The measurement method was to  s a t i s f y  the  fo llo w in g  
c r i t e r i a  which determ ined  th e  choice o f th e  means to  be used:

- S e n s i t iv i ty . An a cc u ra te  measurement should  be ab le  
to  in d ic a te  a  d if f e re n c e  o f tem pera tu re  on th e  o rder 
o f 0 . 5°C.

- R a p id ity . V ariab le  winds and th e  s iz e  o f th e  volume -to 
to  be examined n e c e s s i ta te d  a  ra p id  measurement method 
fo r  c o r r e la t io n  w ith  in s ta n ta n e o u s  wind speed. Thus, 
th e  volume had to  be ex p lo red  by continuous movement 
w ith  r e l ia n c e  on s h o f t  equipm ent measurement tim e con­
s ta n t s .  In  a d d it io n , only  one continuous rec o rd in g  
would be p o s s ib le  f o r  each-m easuring  devic.e-

- A c c e s s ib i l i ty . Acces's was re q u ire d  up to  a  h e ig h t o f  
30 m eters X98 f t . )  above th e  measurement p la tfo rm .
On th e  b a s is  o f th e se  re q u irem en ts , a  u n i t  was b u i l t  
p ro v id in g  sup p o rt fo r  tem p era tu re  sen sin g  d ev ices  and 
re c o rd in g  equipm ent.

2 . 3 -1-3 Temperature sen sin g  dev ice  su p p o rt system . The p re v io u s ly  
d e fin ed  u s e fu l  volume was measured u s in g  a  movable v e r t i c a l  g r id  30 
m eters (98 f t . )  h igh  by 80 m eters (262 f t . )  widd su p p o rtin g „ th e  tem­
p e ra tu re  sen sin g  dev ices  and moving on a  r a i l r o a d  t r a c k  in s t a l l e d  
a long  th e  c e n te r l in e  a x is  o f  th e  p la tfo rm . A 35 m eter ( l l 5 f t . )  t a l l  
tow er crane was equipi^ed w ith  two h o r iz o n ta l  arm s, each 30 m eters 
(98 f t . )  long . Each arm supported  two fram es c o n s is t in g  o f:

- one upper h o r iz o n ta l  crossbeam  32 me.tefs C105 f t .  ) long 
r a is e d  to  a h e ig h t o f 30 m eters (98 f t . )  above ground 
le v e l  by cab le s  w inding around -the drum of. an e l e c t r i c  
m otor.

- one lower h o r iz o n ta l  crossbeam  or b a l l a s t  crossbeam  of 
th e  same le n g th .

- th re e  s t e e l  ropes spaced I6  m eters (52 f t . ) a p a r t  
connecting  th e  lower crossbeam  w ith  th e  upper crossbeam .
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Thus, in  th e  same p la n e , th e  measurement g r id  c o n s is t in g  o f th e  two 
fram es in c lu d ed  s ix  v e r t i c a l  ropes spaced e q u a lly  a long  a len g th  o f 
80 m eters (262 f t . )  and on which th e  m easuring d ev ices could  be hung 
a t  v a rio u s  h e ig h ts .  In fo rm ation  c o l le c te d  was tra n s m itte d  by e l e c t r i c  
cab les  lo c a te d  in  th e  lower crossbeam  to  re c o rd in g  u n i ts  in  th e  cab in , 
which forms an in te g r a l  p a r t  o f th e  crane tow er.

When n o t in  u se , th e  crossbeam s were p laced  on supports  on th e  
ground (see F igure  6 ) . The sen sin g  u n i ts  were p laced  in  c o n ta in e rs  
p ro te c t in g  them a g a in s t  bad w eather c o n d itio n s . During t e s t in g ,  th e  
crane was g e n e ra lly  used  w ith  th e  h o r iz o n ta l  arms p e rp e n d icu la r  to  th e  
c ra n e 's  a x is  o f t r a n s la t io n .  The e n t i r e  assem bly moved a t  a speed o f 
25 m eters (82 f t . )  p e r m inute. Thus, th e  measurement p la tfo rm  could 
be ex p lo red  from one end to  th e  o th e r  and a c ro ss  i t s  e n t i r e  w idth and 
up to ' a h e ig h t o f 30 m eters (98 f t . )  w ith in  a span o f 10 m inutes 
(see F igure 7 )-

F igure  6 . Measurement p la tfo rm  c ran e , arms in  p o s i t io n ,  
crossbeam s on ground.



Figure J. Crane in  o p e ra tio n  d u ring  c le a r  w eather

2 . 3 *1 -^ Tem perature m easuring equipm ent. Once th e  support problem 
had been so lved , i t  was n ecessa ry  to  dev ise  a tem peratu re  m easuring 
system  p ro v id in g  th e  re q u ire d  q u a l i t i e s ,  s p e c i f ic a l ly  s e n s i t i v i t y  
and sh o r t  tim e c o n s ta n t, w hile  be ing  s u f f i c i e n t ly  r i g i d  to  w ith s tan d  
bad w eather and th e  in e v i ta b le  shocks e i th e r  d u rin g  r a i s in g  or 
low ering of th e  fram es o r when p a ss in g  in  f r o n t  o f th e  h o t - a i r  
s tream s. This system  in c lu d ed :

a) Sensing d e v ic e s . T herm isto rs w ith  a tim e co n s tan t o f 1 
second w ere.used  as tem perature, sen sin g  d ev ices ( th e  tim e co n s tan t i s  
d e fin ed  by th e  tim e re q u ire d  fo r  th e  in c re a se  in  tem peratu re  in d ic a te d  
by th e  th e rm is to r  p laced  in  a h e a t source to  f a l l  by 63 p e rc en t o f i t s  
va lue  when t h i s  h e a t source i s  suddenly rem oved). The response  tim e fo r  
th e se  th e rm is to rs  was th u s  s u f f i c i e n t ly  sh o r t  in  o rd e r t h a t ,  ta k in g  in to  
account th e  speed a t  which th e  crane was moving, th e  tem peratu re  value 
in d ic a te d  a t  a  g iven  tim e by a sen sin g  dev ice  m ight be c o r re la te d  w ith  
th e  p o s i t io n  occupied a t  t h a t  same in s ta n t  by th e  dev ice  i t s e l f .  Ea'qh 
th e n n is to r  was p laced  in  an a i r - c o o le d  tube  (see  F igure  8) se rv in g  tw,o 
p u rposes. F i r s t  o f a l l  th e  tube  p ro te c te d  th e  u n i t  from s o la r  r a d ia t io n  
and p rov ided  i t  w ith  m echanical p ro te c t io n . Second o f a l l ,  i t  main­
ta in e d  th e  u n i t  in  an a i r  c u r re n t o f v i r t u a l l y  c o n sta n t speed as 
m onitored a t  th e  m easuring p o in t fo r  th e  purpose of l im it in g  the  
in flu en c e  o f g u s ts  o f wind on th e  exchange of h e a t between th e  probe 
and surrounding  atm osphere.
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F igure  8. A ir-co o led  th e rm is to r .

The 2k a ir - c o o le d  th e rm is to rs  were p laced  on th e  v e r t i c a l  ropes 
o f th e  m easuring g r id ,  fo u r to  each ro p e . The dim ensions o f th e  l in k s  
in  th e  g r id ,  a t  whose co rn e rs  were p laced  th e  th e rm is to rs ,  were l6  
m eters (52 f t . )  h o r iz o n ta l ly  by 8 m eters (26 f t . )  v e r t i c a l l y  (see  F igure 
7 ) .  The s ix  low er th e rm is to rs  were p laced  a t  th e  S-m eter le v e l  (10 f t . ) .  
Thus, h o r iz o n ta l  c ro ss  s e c t io n a l  measurements were made a t  th e  3, 11, 19 
and 27m le v e ls  (lO , 36, 62 and 89 f t . ) ,  d e f in in g  th e  fo u r v a lu es  c a l le d  
"re fe ren ce  l e v e l s . "  Each th e rm is to r  was p re v io u s ly  la b o ra to ry  c a l i ­
b ra te d , and i t  was used  in  co n ju n c tio n  w ith  a second th e rm is to r ,  k ep t 
in  re s e rv e , having  th e  same c h a r a c te r i s t i c s .  P roper fu n c tio n in g  was 
s y s te m a tic a lly  v e r i f i e d  by t e s t s  c a r r ie d  ou t a t  th e  s t a r t  and end of 
each ex p erim en ta l s e s s io n .

b) Measurement b r id g e s . To g u aran tee  a s u f f i c i e n t  degree o f
measurement accu racy , each th e rm is to r  could  be sw itched  to  th re e  
measurement b rid g e s  co rrespond ing  r e s p e c t iv e ly  to  the  fo llo w in g  
tem peratu re  ran g es: - 5°C to  +15° C ; +5°C to  +25°C^ and +15*̂ 0 to  +35°C. The
o p e ra to r in  th e  cab in  s e le c te d  one o f th e se  ranges a t  th e  s t a r t  o f 
t e s t in g  as a fu n c tio n  o f th e  am bient tem p e ra tu re . When n e ce ssa ry ,
an in d ic a to r  made i t  p o s s ib le  fo r  him to  change th e  range w hile  th e  
volume o f h o t a i r  was be in g  exp lo red .

c) Recording equipm ent. Photographic re c o rd in g  equipment was 
chosen s in ce  i t  o f f e r s  the advantage o f o sc il lo sc o p e  t r a c e s  o f 
v i r t u a l l y  in s ta n tan e o u s  response  making p o s s ib le  th e  re c o rd in g  of 
v a r ia t io n s  in  s e v e ra l  p a ram ete rs , th e  t r a c e s  being  allow ed to  ov er­
la p  and be superim posed. The u sab le  w idth o f re c o rd in g  tap e  was
8 cm. (3 i n . )  and re c o rd in g  speed was i|-0 cm/min (16 in /m in ) . Four
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re c o rd e rs  were used . Each was equipped w ith  fo u r  to  e ig h t  m easuring 
t r a c k s ,  a  tim e base and a  manual o r au tom atic  tim e s ig n a l l in g  mechanism. 
Eecording s e n s i t i v i t y  was 2 mm (.Ol| i n . )  p e r degree C en tig rade.

d-) S y n ch ro n iza tio n . To id e n t i f y  th e  p o s i t io n  o f th e  m easuring 
p o in ts ,  a s e r ie s  o f c o n ta c t s tu d s  were p laced  every  10 m eters (33 f t . )  
a long  th e  t r a c k .  As th e  crane passed  by, th e se  s tu d s  c lo se d  a sw itch 
a tta c h e d  to  th e  crane and th u s  s e n t a coded s ig n a l  to  th e  ta p e s .

2 .3*1.5  C onelusion . A lthough a t  f i r s t  g lance  th e  methods used might 
appear to  be ou t o f p ro p o r tio n , they  made i t  p o s s ib le  to  s y s te m a tic a lly  
proceed w ith  th e  experim ent and, u s in g  a  l im ite d  number o f p e rso n n e l, 
o b ta in  a  maximum amount o f u sab le  r e s u l t s  in  a  minimum le n g th  of tim e. 
During th e  3 y ea rs  o f t e s t i n g ,  the  tem p era tu re  m easuring arrangem ent 
never once broke down, and i t s  o p e ra tio n  soon became an easy  ro u tin e .
The m ajor d i f f i c u l t i e s ,  to  be d iscu ssed  e lsew here , c o n s is te d  in  th e  
a n a ly s is  o f  th e  re c o rd in g s .

2 -3 '2  O bservations du ring  fog  c o n d itio n s . During fog  c o n d itio n s , 
t e s t in g  was designed  to  s im u ltan eo u sly ;

- p rov ide  tem p era tu re  measurements

- determ ine th e  dim ensions o f th e  volume c le a re d  up to  
th e  e x p lo ra tio n  h e ig h t o f  th e  c rane .

In  th e  . l a t t e r  in s ta n c e , d i r e c t  o b se rv a tio n  and photography was used .

2 -3 ; 2 .1  .Measurement o f th e  ground p a t te r n  o f c le a re d  volumes. The 
gro.und p a t te r n - o f  c lean ed  volumes was determ ined  by o b se rv e rs . For 
t h i s  purpose,^ th$ t e s t  zone had been d iv id ed  up by s ig n s  se rv in g  as 
m arker p o in ts  an d -p laced  a t  th e  co rn e rs  o f sq u ares  10 m eters (33 f t . )  
on a  s id e .

2 -3 <2 .2  A lt i tu d e  measurement o f dim ensions o f  c le a re d  volum es. By day, 
a l t i t u d e  jneasurem ents o f th e  dim ensions o f c le a re d  volumes were made by 
u s in g  e i t h e r  b a llo o n s  o r , p re fe ra b ly , th e  frame o f th e  crane and th e  a i r ­
cooled  th e rm is to rs  as  re fe re n c e  p o in ts .  !̂ y n i ^ t ,  on a l l  fo u r  s id e s  'and 
on d i f f e r e n t  l e v e l s ,  'th e  tow er o f th e  crane was equipped w ith  narrow- 
ang le  s p o t l ig h ts  whose beams were aimed h o r iz o n ta l ly .  Three cameras 
had been i n s t a l l e d  -along th e  edge o f th e  measurement p la tfo rm  in c lu d in g  
two on a x is  a t  th e  ends. Image by image th e se  cameras photographed the  
p a t te rn  o f th e  s p o t l ig h t  beams as th e  crane advanced. T heif o p e ra tio n  
was synchronized  w ith  t h i s  advance a t  th e  r a t e  o f  one image every  10 
m e te rs  (33 f t . )  covered-. A row o f beacons. In s ta l le d ,  on th e  ground 
on th e  measurement p la tfo rm , was a ls o  pho tographed  by -one o f th e  
cam eras. I t  I s  w orth m entioning  th a t  t h i s  group o f cameras was o f 
l i t t l e  h e lp , most r e s u l t s  hav ing  been o b ta in ed  a t  n ig h t w ith  d i r e c t  
o b se rv a tio n  e i th e r  u s in g  th e  s p o t l ig h t  beams' o r l i g h t  sou rces o f ' low 
in te n s i ty  in te g r a l  w ith  th e  a i r - c o o le d  th e rm is to rs .  A group o f sp o t-
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l i g h t s  p ro v id in g  some o f th e  ground l ig h t in g  fo r  th e  runway had been 
in s t a l l e d  on th e  measurement p la tfo rm .

2 . 3 . 3  R ela ted  equipm ent. R e la ted  equipment in c lu d ed ;

2 . 3 . 3 . 1  Wind m easuring d e v ic e s . A h ig h - s e n s i t iv i ty  wind sen s in g  dev ice  
was lo c a te d  near th e  t e s t  s t a t io n  b u t a t  s u f f i c i e n t  d is ta n c e  n o t to  be 
in flu en ced  by a i r  e n te r in g  'the  j e t  en g in es . I t s  re c o rd e r , lo c a te d  a t  
th e  o p e ra tio n s  s t a t io n s ,  o p e ra ted  a t  a  speed o f 5 (-2  i n . )  p e r m inute.
The rec o rd in g  ta p e  was fe d  sy n ch ro n iza tio n  s ig n a ls  as  -the crane advanced. 
A wind sock a llow ed o b serv ers  lo c a te d  around th e  t e s t  s t a t io n  to  de­
te rm ine  th e  wind d i r e c t io n .

2 . 3 -  3-2 Measurement o f  am bient te m p e ra tu re . The am bient tem p era tu re  
was reco rded  a t  th e  s t a x t ,  d u rin g  and a t  th e  end o f each t e s t  s e s s io n .

2 . 3 >3 ‘3 V i s ib i l i t y  m easurem ents. A S.A.P.E.  tran sm isso m ete r m easuring 
dev ice  had been i n s t a l l e d  a t  th e  t e s t  s ta t;io n . I t  was designed  to  
supply  th e  -\ra.lue o f th e  tra n sm iss io n  c o e f f ic ie n t  o f  th e  fog o u ts id e  
the  zone a f f e c te d  by th e  stream  from th e  blow er u n i t s .

2 . 3 . 3 - ^ Fog q u a l i ty  m easurem ents. During th e  second phase o f  t e s t i n g ,  
th e  B e r tin  Company made fog  q u a l i ty  measurements in c lu d in g :

- measurement o f th e  l iq u id  w ater c o n ten t by a s p ir a t io n  
o f th e  cloudy atm osphere th rough  a  f i l t e r .

- d e te rm in a tio n  o f th e  granu lom etry  o f th e  d ro p le ts  by 
means o f a  continuous flow  im pact d ev ice .

- pho tograph ic  coun ting  o f  th e  d ro p le ts .

2 .k T e s tin g  t im e ta b le . The t e s t  s t a t io n  was c o n s tru c te d  du rin g  the  
f i r s t  6 months o f 19^5 • At th e  same tim e, th e  t e s t  p rocedu res were 
determ ined along  w ith  th e  method of an a ly z in g  th e  tem p era tu re  m easure­
ment r e s u l t s .  P ersonnel re sp o n s ib le  f o r  o p e ra tin g  th e  crane and 
making measurement o b se rv a tio n s  were t r a in e d  d u rin g  th e  same 6-month 
p e rio d . C o n stru c tio n  o f  th e  underground blow er u n i t  began in  March 
1965 and was com pleted in  June 1966 O n -s ite  ex p erim en ta tio n  was 
c a r r ie d  ou t d u rin g  two w int'er s e s s io n s  in  1966-67 and I967-68. The 
crane was d isassem bled  in  June 1968.

3 - PROGRAM AM) SUMMARY LISTS OF TESTS

F in a l p re p a ra t io n s  and ex p erim en ta tio n  w ith  th e  underground blow er 
u n i t  re q u ire d  m a n y - te s ts 'ta k in g  p la ce  d u rin g  c le a r  w eath er, most o f te n , 
and du ring  fog c o n d ltlc n s . A t e s t  s e s s io n  in c lu d ed  a  s e r ie s  o f  o p era ­
t io n s  (m easurem ents, o b se rv a tio n s  and re a d in g s )  d esigned  to  c o l le c t  
c h a r a c te r i s t i c  o p e ra tin g  date, o r re c o rd  perform ance o f th e  hot a i r  
g e n e ra to r . A t e s t  se ss io n 'w a s  d iv id e d  in to  s e v e ra l  sequencfes, each 
sequence be ing  c h a ra c te r iz e d  by c le a r ly  e s ta b l is h e d  v a lu es  o f  th e  
w eather p a ram ete rs , p r im a r i ly  wind speed and d i r e c t io n ,  and o p e ra tin g
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param eters fo r  th e  underground blow er u n i t  in c lu d in g  th e  types o f 
d i r e c t io n a l  p la t e s ,  d i lu t io n  r a t e ,  o r ie n ta t io n  o f th e  blow er o u t le t  
g r id ,  e t c .

3-1  T est c l a s s i f i c a t i o n . Depending on t h e i r  ty p e , t e s t s  were c l a s s i ­
f i e d  in to  d i f f e r e n t  c a te g o r ie s .  Each t e s t  was id e n t i f i e d  by a 3- 
d i g i t  number, th e  f i r s t  r e f e r r in g  to  i t s  c a teg o ry  and th e  two sub­
sequent d ig i t s  in d ic a t in g  i t s  c h ro n o lo g ic a l o rd e r. A sequence i s  
id e n t i f i e d  by i t s  o rd e r number preceded by th e  number o f th e  c o r re s ­
ponding t e s t .  S ix  c a te g o r ie s  o f t e s t s  were d e fin e d  in  t h i s  fa sh io n  
and id e n t i f i e d  by th e  s e r ie s  o f d ig i t s  from 2 to  They in c lu d ed  
th e  fo llo w in g :

- S e rie s  200 t e s t s :

- t e s t s  n o t d i r e c t l y  r e l a t e d  to  'the s tu d y  of 
p ro p e rly  s o -c a l le d  fog  d is p e r s a l .

- S e rie s  300 t e s t s :

- t e s t s  r e la te d  to  f i n a l  work on underground 
blow er u n i t .

- S e r ie s  i|-00 t e s t s :

- n o ise  measurement.

- S e rie s  500 t e s t s :

- ex p erim en ta tio n  d u rin g  c le a r  w eather c o n d itio n s .

- S e rie s  600 t e s t s :

- ex p erim en ta tio n  d u rin g  fog  co n d itio n s

- S e rie s  700 t e s t s :

- fo g  seed ing  o p e ra tio n s .

3•2  S e r ie s  200 t e s t s .

3 . 2 . 1  D e f in i t io n . S e rie s  200 t e s t s  in c lu d e l

a ) Snow and ic e  t e s t s . I t  was in te r e s t in g  to  determ ine to  what 
degree a  T u rb o c la ir  i n s t a l l a t i o n  cou ld  p o s s ib ly  be used  to  remove snow 
and ic e  from th e  runway. For t h i s  pu rpose , two 3. by 3 m (lO x 10 f t . )  
co n cre te  s3_abs, had been poured f lu s h  w ith  th e  ^grqund -at d is ta n c e s  o f 
40 and 70 m eters (131 and 23O f t . )  from th e  o u t l e t  g r id  .of th e  under­
ground blow er u n i t .

_ll^_



b) T e& ting .of a n t i - e r o s io n  ground s u r f a c e s . I t  was worth 
d e fin in g  th e  ch eap est method capable  o f combating s o i l  e ro s io n  by 
th e  a i r  stream  from the. underground flo w er u n i t  in  th e  a re a  near 
th e  blow er p la tfo rm .

3 . 2 .2  P re s e n ta tio n  o f , r e s u l t s .  R esu lts , o f th e se  t e s t s  were reco rd ed  
in  th e  form o f o b se rv a tio n s  and read in g s  on th e  ground ^m e tim es  
accompanied by photographs.

3 . 2 . 3  L is t  o f t e s t s .

a) Snow and ic e  rem oval t e s t s :

- t e s t  201 (23 November 1965), l i g h t  covering  o f snow 
and ic e  on t e s t  s la b .

- t e s t  202 ( ill January  1966) ,  ic e  on t e s t  s la b .

- t e s t  20I+ (1|  November 1966), 5 cm (2 i n . )  o f snow.

b) T est p la n tin g  o f a n t i - e r o s io n  g ra s s :

- t e s t  205, p l a n t in g ,o f .cynodon d ac ty lo n  on 18 J u ly  1968 
a long  th e  edge o f th e  underground blow er s la b .

3 .3  S e rie s  300 t e s t s .

3 . 3 .1  D e f in it io n . S e rie s  3OO t e s t s  were designed  to  p u t th e  f i n a l  
touches on th e  "underground, blow er u n i t .  T h e ir purpose was to , e v a lu a te  
th e  in f lu e n c e  o f changes “in  o p e ra tin g  c h a r a c te r i s t i c s  o f th e  h o t a i r  
g e n e ra to r ( d i lu t io n  r a t e ,  d i r e c t io n a l  p la te s  and so f o r th )  on th e  
s t ru c tu re  o f th e  a i r  s tream  and to  determ ine which ‘ad ju stm en ts  would 
p rov ide optimum perform ance. The t e s t s  p r im a r i ly  c o n s is te d  o f tem pera­
tu re  measurements in  th e  absence of th e  h o t a i r  stream .

3 . 3 . 2  T est c o n d itio n s .

a ) M easurements. Comparative r e s u l t s  were o b ta in ed  by draw ing, 
fo r  d i f f e r e n t  o p e ra tin g  c o n d itio n s  o f  th e  underground b low er, 
iso th e rm a l curves in  a  p lane  p e rp e n d ic u la r  to  th e  a i r  s tream  a t  a 
d is ta n c e  o f 80 m eters (262 f t . ) from th e  blow er o u t l e t  g r id . T rans­
v e r s a l  c ro ss  s e c tio n s  were sometimes supplem ented by lo n g i tu d in a l  c ro ss  
s e c tio n s  in  th e  a i r  s tre a m 's  v e r t i c a l  p lane  o f  symmetry. Thus, th e  
crane was in  a  s ta t io n a r y  p o s i t io n . in  th e  p a th  o f th e  underground 
blow er u n i t ,  and i t s  h o r iz o n ta l  arms were p o in te d  e i th e r  p a r a l l e l  
to  the  tr a c k  f o r  t r a n s v e r s a l  c ro ss  s e c tio n s  o f no rm ally  f o r  lo n g i tu d i­
n a l  c ro ss  s e c tio n s . S im ultaneous tem per& ture rec o rd in g  la s te d  on th e  
o rd e r o f  1 m inute f o r  each sequence, th e  sequences co rrespond ing  to  
d i f f e r e n t  s e t t in g s  o f  th e  underground u n i t .  I n i t i a l  d i r e c t io n  of 
th e  a i r  stream  was p e rp e n d ic u la r  to  th e  t r a c k .
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b) W eather c o n d it io n s . The r e s u l t s  o f th e se  t e s t s ,  -Here n o t to  
be in flu en c ed  by w eather c o n d itio n s . Thus, to  avo id  th e  in f lu e n c e  of 
th e  wind capable o f se v e fe ly  d i s t o r t i n g ‘t h e 'a i r  stream  a t  a ‘d is ta n c e  
o f 80 m eters (262 f t . )  from th e  o u t le t  g r id ,  i t  was necebsary  th a t  
t e s t s  on ly  be c a r r ie d  ou t when wind speed was low, le s s  th an  1 m/s 
(9  mph), and ☆ hen th e  wind ' s  d i r e c t io n  was c lo se  to  th e  o r ie h ta t io n  
o f th e  o u t le t  grid..

3 - 3-3 T est c o n s is te n c y . These t e s t s  r e v e a l  th e  in f lu e n c e  o f th e  
fo llo w in g  p aram eters;

a ) l a t e r a l  d i r e c t io n a l  p la te s  - geom etric  form and ang le  o f  e ig h t  
d i f f e r e n t  s e ts  o f l a t e r a l  p la te s .

b) d i lu t io n  r a t e s  o f I .0 5 , 1 .20  and I . 33 .

c) engine o p e ra tin g  speed. 7,000  to  8’, 150 rpm

d) g r id  form  - ty p es  A and B

3 -3 -^ P re se n ta tio n  o f r e s u l t s . Values deduced from o b ta in ed  reco rd ed  
curves to  e lim in a te  v a r ia t io n s  due e i t h e r  to  g u s ts  o f wind o r th e  
tu rb u le n t  n a tu re  o f t h e - a i r  s tream  were reco rd ed  on maps. Iso th e rm a l 
l in e s  were drawn'. Thus,* th e  r e s u l t s  a re  p re se n te d  in  th e  form o f maps 
o f iso g a in  tem p era tu re  cu rv es , t r a n s v e r s a l  and lo n g i tu d in a l  c ro ss  
s e c tio n s  (see  f ig u r e s  9 and 10).

3-3  5 L is t  o f t e s t s . The l i s t  o f  s e r ie s  300 t e s t s  appears  in  Appendix A. 
I t  in c lu d es  59 sequences, 52*o f which were an a lyzed .

3 .^  S e rie s  UOO t e s t s .

3-^ .1  D e f in i t io n . S e r ie s '400  t e s t s  p r im a r i ly  c o n s is te d  o f h o ise  
measurement perform ed by th e  P a r is  A irp o r t L aboratory  and th e  B e r tin  
Company. These t e s t s  were designed  to  re c o rd  th e  sound le v e l  as a 
whole and by octave ranges a t  v a rio u s  d is ta n c e s  from th e  underground 
u n i t  and in  v a r io u s  d i r e c t io n s  (aud io  spectrum ) as  w e ll a s  s tu d y  th e  
in f lu e n c e  on t h i s  sound le v e l  o f changes made in  th e  underground u n i t .

3-^ .2  L is t  o f ^ t e s t s . The l i s t  o f s e r ie s  kOO t e s t s  i s  as  fo llo w s:

a) P a ris  A irp o r t;

T est Wo. 4o i
‘k02
403
432
433
435
436

10 February  I965
21 'May 1965- 
25-26 May 1965 
24 A f)ril 1967
22 November I968 
17 January  1969 
6 February  £969
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Figure "9 . Sequence 303-05, transversal cross section in air stream from
underground blower unit at a distance of 80 meters (262 ft.)*



Figure 10. Sequence 303-07, logitudinal cross section in air stream from
underground blower unit (440m to +12m) (131 ft. to 394 ft.).



B e rtln  e t  C ie .t )

T est Wo. 400
404
405 
431 
434
437
438
439

8 March 1965
17 Ji^ie 1966
23 June 1966
24 February  I967 
8 January  I969 
24 February  19,69 
27 F ebruary  1969 
4 March I969

3-5  S e rie s  ^00 t e s t s .

3 -5-1  D e f in i t io n . S e rie s  5OO t e s t s  were designed  f o r  th e  sy stem a tic  
e x p lo ra tio n  o f th e  measurement p la tfo rm  using , tem p era tu re  sen sin g  
d ev ice s . The underground blow er u n i t  was o p e ra ted  e i th e r  a lone  or 
accompanied by th e  two above-ground en g in es .

3 -5'2  D e s ig n a tio n . The ang le  between th e  a i r  s tream  and th e  wind i s  a 
b a s ic  param eter in  th e  T u rb o c la ir  system , s in ce  th e  c o n f ig u ra tio n  o f 
h o t a i r  volume i s  d i r e c t ly  in flu en c ed  by i t s  v a lu e . This angle, was 
d e sig n a ted  by th e  l e t t e r  6. I t  i s  m easured p o s i t iv e ly  in  th e  in v e rse  
tr ig o n o m e tr ic  d i r e c t io n  u s in g  th e  a i r  s tream  v e c to r  a s  th e  o r ig in .  By 
analogy w ith  th e  wind d i r e c t io n ,  th e  angbe o f tb e  a i r  s tream  d ir e c t io n  
i s  measured p o s i t iv e ly  in  th e  In v e rse  tr ig o n o m e tr ic  d i r e c t io n  s t a r t i n g  
w ith  th e  geographic Worth. C onsequently , s in ce  th e  a x is  o f th e  m easure­
ment p la tfo rm  makes an e x ac t 30° ang le  w ith  th e  g e o g r^ h ic  Worth, th e  
d i r e c t io n  o f th e  a i r  stream  along  th e  a x is  o f th e  tre n c h  i s  a t  150°.

3 •5.-3 T est c o n d it io n s . A t e s t  sequence co rresponded  to  movement o f th e  
crane from one end o f  th e  t r a c k  to  th e  o th e r . During t h i s  t r a v e l  tim e , 
wind speed and d ir e c t io n  had tp , rem ain r e l a t i v e l y  c o n s ta n t. 'Jbe u n d er­
ground blow er u n i t  was o p e ra ted  under optimum c o n d itio n s  as  d e fin e d  by 
th e  s e r ie s  30O t e s t s  ( in  e f f e c t ,  th e re  was in te r fe re n c e  between th e  3-00 
s e r ie s  t e s t s  and th e  f i r s t  500 s e r ie s  t e s t s ) .  Thus, a sequence was 
c h a ra c te r iz e d  by wind speed and d i r e c t io n  param eters  o r , more e x a c tly , 
by th e  v a lue  o f th e  ang le  6 . Throughout th e  e n t i r e  t e s t  d u ra tio n , 
tem p era tu res  measured by th e  24 p robes were reco rd ed  co n tin u o u sly .
T ests  perform ed a t  th e  s t a r t  and end o f each sequence (rec o rd in g  w ith  
and w ith o u t v e n t i l a t io n  by am bient tem p era tu re ) p ro v id ed , f o r  each 
t r a c k ,  th e  re fe re n c e  b a s is  fo r  tem p era tu re  in c re a s e s  in  th e  a i r  
stream s and made i t  p o s s ib le  to  v e r i f y  equipm ent fu n c tio n in g .

S e rie s  50O t e s t s  were conducted p r im a r i ly  du rin g  c le a r  w eather 
co n d itio n s  and w ith  wind speeds below 6 m/s (13 mph)‘m ostly  coming out 
o f an a re a  to  th e  sou th  o f th e  measurement p la tfo rm . With b u t a  few 
ex cep tio n s  j u s t i f i e d  by fa v o ra b le  wind c o n d itio n s  no t p re v io u s ly  n o ted , 
th e  am bient tem pera tu re  was below 20°C; i . e . ,  in  th e  range o f tem pera­
tu re s  l ik e ly  to  be observed during, fog  c o n d itio n s . (The maximum am­
b ie n t  tem pera tu re  reco rd ed  d u rin g  t e s t i n g  under fog  c o n d itio n s  was 19°C 
on 29 September 1967 ( t e s t  no. 632) ) .  The m ajor d i f f i c u l t i e s  encoun tered



d u rin g  th e se  t e s t s ,  which c o n s t i tu te d  th e  m ajor phase o f ex p erim en ta tio n , 
in c lu d ed  th e  fo llo w in g ;

- fa v o ra b le  wind c o n d itio n s , s ta b le  ou t o f th e  so u th , 
were r e l a t i v e l y  uncommon, and t h i s  made i t  n ecessa ry  
to  produce a "fog" a l e r t  mechanism and procedure 
capable o f  be ing  t r ig g e re d  b o th  d u rin g  th e  daytim e 
and n ig h ttim e .

- s e v e ra l  t e s t s  had to  be postponed once th e  p e rso n n e l had 
been assem bled and th e  crane p laced  in  o p e ra tio n  due to  
changes in  th e  wind.

- s e v e ra l  sequences had to  be c a n c e lle d , th e  wind no t 
having rem ained s u f f i c i e n t ly  s ta b le  du ring  movement 
o f th e  c rane .

- th e  ang le  o f movement o f th e  blow er o u t le t  g r id  was 
lim ite d  by th e  f a c t  th a t  th e  a i r  s tream  o f n e c e s s i ty  
had to  be lo c a te d  above th e  measurement p la tfo rm .

- th e  chances o f en co u n te rin g  wind co n d itio n s  making 
i t  p o s s ib le  to  o b ta in  v a lu es  fo r  ang le  6' d i f f e r e n t  
from p rev io u s  an g les  dimirCished as  th e  t e s t  proceeded.

On th e  o th e r  hand, i t  i s  w orth em phasizing th a t  th e  tem pera tu re  
m easuring dev ice  c o n s tru c te d  and o p e ra ted  by 'SFIM (S o c ie te  F ran ca ise  
d ' Instrum en ts  de M esures; French Measurement Company) o p e ra ted  w ith o u t 
any problems d e sp ite  r e l a t i v e l y  h a rsh  o p e ra tin g  c o n d itio n s .

3.5*^ P re s e n ta tio n  o f r e s u l t s . R esu lts  from a g iven  sequence were 
p re sen te d  in  th e  form o f  is o g a in  tem peratur'e  curves drawn a t  th e  3>
1 9 / and 27 m {lO, 36, 62 and 89 f t . )  l e v e l s .  Each drawing in c lu d es  
th e  fo llo w in g  in d ic a t io n s :

- t e s t  d a te  and sequence number

- c ro ss  s e c tio n  le v e l

- wind speed and d i r e c t io n

- v a lue  o f ang le  6

- am bient tem pera tu re

- ad ju stm en t o f  underground‘blow er in c lu d in g  
o r ie n ta t io n  o f blow er o u t le t  g r id .

Wind re c o rd in g s , sych ron ized  w ith  th e  sequence, a re  a tta c h e d  to  each 
s e t  o f t e s t  re c o rd s . R esu lts  o f sequence 563-04 were used  in  F ig u res  
11 and l 4 .
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Figure 11. Sequence 536-04 cross sectional drawing at 3 meter (10 ft.) level
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Figure 12, Sequence 536-04 cross sectional drawing at 11 meter (36 ft.) level
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Figure 13 Sequence 536-04 cross sectional drawing at 19 meter (62 ft.) level



Figure 14. Sequence 536-04 cross sectional drawing at 27 meter (89 ft.) level.



3 -5-5 L is t  o f t e s t s . The l i s t  o f  s e r i e s  500 t e s t s  appears in  
Appendix B. I t  i s  d iv id e d  in to :

- f i r s t  s e r ie s  o f t e s t s  (g r id  A) from March 1965 
to  3 June 1966, 105 sequences o f  which 58 were no t 
analy zed * , 36 were an aly zed  and 11 were c a n c e lle d .

- second s e r ie s  o f  t e s t s  (g r id  B) from 2h F ebruary  1967
to  7 June I968, 52 sequences o f which 3 were n o t analyzed  
and k-9 were analyzed .

3 .6  S e rie s  t e s t s .

3 . 6 .1  D e f in it io n . S e r ie s  6OO t e s t s  were c l a s s i f i e d  as t e s t s  perform ed 
during  fog  c o n d itio n s . They c o n s is te d  o f  de te rm in in g  th e  dim ensions of 
th e  swept volume, th e se  o b se rv a tio n s  sometimes b e in g  accompanied by 
tem pera tu re  m easurem ents.

3 . 6 . 2  T est c o n d itio n s .

a) O b se rv a tio n s . The o b s e rv a tio n s , made as  d e sc r ib e d  in  S ec tio n  2 . 3  ̂
c o n s is te d  o f re c o rd in g  th e  l im i t s  o f c le a re d  volumes on th e  ground and
in  th e  a i r .

b ) Tem perature m easurem ents. The main o b je c tiv e  o f  t e s t i n g  du ring  
fog  co n d itio n s  was to  ex p e rim en ta lly  v e r i f y  th e  v a lue  o f  th e  in c re a se  in  
tem pera tu re  o f th e  a i r  co rrespond ing  to  e v ap o ra tio n  o f th e  w ater d ro p le ts ;  
i . e . ,  d e te rm in a tio n  o f th e  is o g a in  tem p era tu re  curve c o in c id in g  w ith  th e  
o u te r  l im its  o f  th e  c le a re d  volume. Two methods were used  f o r  t h i s  p u r­
pose in c lu d in g :

- sy s tem a tic  c ro ss  s e c tio n s  in  th e  p lane  o f th e  m easure­
ment g r id  combining tem p era tu re  o b se rv a tio n  and m easure­
ments in  a  s ta t io n a r y  p o s i t io n  ( s im ila r  to  s e r ie s  300 
t e s t s ) .

- con tinuous e x p lo ra tio n  o f  th e  measurement p la tfo rm  
w ith  "on th e  f ly "  re c o rd in g  o f th e  o u te r  l im i t s  o f  th e  
d e s ire d  volume and sim ultaneous tem p era tu re  re c o rd in g .

*Since from th e  v e ry  s t a r t  o f t e s t i n g ,  no te c h n ic ia n  was capable  of 
an a ly z in g  th e  d a ta  as a c c u ra te ly  as  was d e s ire d , th e re  r e s u l te d  a  c e r ta in  
d e lay  which could  n o t be made up l a t e r  p ince p r i o r i t y  th e n  was b e in g  g iven  
to  a n a ly s is  o f te s t s -  perform ed w ith  g r id  B which was used  as th e  f i n a l  
g r id .
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F igure  I5 . Crane in  o p e ra tio n  during  fog  c o n d itio n s  
and zone swept on th e  ground.

3 •6 .3  P re se n ta tio n  o f r e s u l t s . O bservations made on th e  ground were 
p lo t te d  on maps w ith , in  c e r ta in  in s ta n c e s , th e  co rrespond ing  tem pera­
tu re  iso g a in  curves (see  F igure  16). The curves drawn in  th e  v e r t i c a l  
p lan es  (see  F igure  17) in c lu d e  th e  correspond ing  tem pera tu re  o b serv a tio n s  
and iso g a in  p lo t s .

3 *6 .^  L is t  o f  t e s t s . The l i s t  o f s e r ie s  6OO t e s t s  appears  in  
Appendix C. I t  i s  d iv id ed  in to :

- f i r s t  s e r ie s  o f t e s t s  (g r id  A) from 15 September I965 
to  26 December I966, sequences in c lu d in g  1 c an c e lled  
and l 4 w ith  tem pera tu re  m easurem ents.

- second s e r ie s  o f t e s t s  (g r id  B) from 28 September I967 
to  21 October I969, 51 sequences in c lu d in g  4 c an c e lled  
and 16 w ith  tem pera tu re  measurements.

T ests  632 to  636 in c lu d ed  measurements o f fog  c h a r a c te r i s t i c s .

3-7  C onclusions. In  conclud ing  t h i s  s e c t io n , i t  i s  worth m entioning 
a few fig ixres which re p re se n t th e  amount o f work in c lu d ed  in  th e se  
t e s t s :

- number o f t e s t s ,  79.

- number o f t e s t  sequences, 32̂ 4-.
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Figure l6. Sequence 6II-OI, observations at ground level.





- d u ra tio n  o f t e s t s ,  approx im ate ly  250 hou rs.

- tim e re q u ire d  to  analyze  tem p era tu re  m easurem ents, 
approx im ate ly  2,500^ ho u rs .

Measurements p e r ta in in g  to  th e  continuous e x p lo ra tio n  o f  th e  volume 
o f h o t a i r  a lone accounted  fo r :

- 38 km (23 .6  mi . )  t r a v e le d  by th e  crane w ith  Sim ultaneous 
re c o rd in g  o f tem p era tu res

- 2000 m eters (6500 f t . ) o f  re co rd ed  tap e  o f which 1100 
m eters  (360O f t . )  were analyzed  and in te rp re te d .

- 6700 m eters (22,000 f t . )  o f■ tem p era tu re  curves analyzed  
and in te r p r e te d .

4 . INTERPRETATION OF RESULTS

I t  i s  in ten d ed  th a t  main in fo rm atio n  be e x tra c te d  from th e  e x p e r i­
ment and p rov ide  b a s ic  d a ta  in d isp e n sa b le  to  th e  d esig n  o f  an o p e ra t io n a l  
i n s t a l l a t i o n .  This d a ta  should  make i t  p o s s ib le  to  d esig n  a  f a c i l i t y  
capable o f  h an d lin g  a  b road  range o f  c l e a r ly  d e fin e d  fo g  c o n d itio n s , th e  
b e s t  compromise b e in g  sought between th e  range o f d o n d itjo n s  and th e  
s iz e  o f th e  i n s t a l l a t i o n .  In  a d d i t io n , i t  w i l l  always be p o s s ib le  to  
r e ly  on t e s t  r e s u l t s  in  d e a lin g  w ith  m arg in a l cases  and, i f  n e ce ssa ry , 
in  f u r th e r  ex ten d in g  in te r p r e ta t io n  in  one o r many d e s ire d  d i r e c t io n s .

^•1 F in a l i n s t a l l a t i o n  t e s t i n g  of underground blow er u n i t . Observa­
t io n s  p e r ta in in g  to  th e  m echanical b eh av io r o f  th e  v a r io u s  components 
o f  th e  underground u n i t ,  i t s  beh av io r as  a  u n i t ,  and f i n a l  i n s t a l l a ­
t io n  t e s t i n g  were as  fo llo w s:

E lg .stim atic  and .je t engine s t a r t i n g  u n i t . By 15 November 1969, 
w ith o u t any in c id e n ts  capab le  o f  compromising o p e ra tio n  o f th e  under­
ground u n i t ,  th e  fo llo w in g  had been perform ed:

- h26 s t a r t i n g  o p e ra tio n s

- 21k hours 20 m inutes o f  o p e ra tio n

M echanical a sse m b lie s . D i f f i c u l t i e s  e a s i ly  c o rre c te d  on an 
o p e ra tio n a l underground u n i t  a f f e c te d :

-  vanes in  th e  co n nec ting  s le e v e , d i s to r t io n  and c rack s .

- m ix e rs , c rack s  and w eld p o in t  f a i l u r e s .

- o r ie n ta b le  p la tfo rm  - d r iv e  mechanism weakness.
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U.1 .3  Performance o f undergound u n i t . When th e  underground u n i t  was 
being  designed^ in c lu d in g  th e  sm all s c a le  te s t in g ^  i t  was d e s ire d  to  
reproduce th e  c h a r a c te r i s t i c s  o f th e  a i r  stream  o f an above-ground j e t  
eng ine . I t  can be assumed t h i s  g o a l was reach ed , s in c e , on one hand, 
th e  system  o f d i r e c t io n a l  p la te s  and g r id s  f i t t e d  w ith  in c lin e d  vanes 
im parts  good adherence o f th e  a i r  stream  to  th e  ground and, on th e  o th e r , 
th e  volume o f a i r  swept by th e  a i r  s tream  from th e  b u rie d  u n i t  i s ,  
g e n e ra lly  speak ing , s im ila r  to  th e  stream  from an above-ground engine. 
These r e s u l t s  can e a s i ly  be checked fo r  a l l  tem peratu re  curves reco rded  
by passage o f th e  crane in  f r o n t  o f  th e  a i r  stream s from th e  th re e  j e t  
en g in es . N onetheless, th e  o r ie n ta t io n  ang le  o f th e  blower o u t le t  g r id  
has a d i r e c t  in f lu e n c e  on th e  c o n f ig u ra tio n  o f th e  a i r  stream . In 
e f f e c t ,  t e s t  sequences nos. 520-01 th rough  522-05 and 539-02 perform ed 
d u ring  c le a r  w eather when th e  a i r  stream s were re s p e c t iv e ly  d ev ia ted  
by 60°, 75° and 60° to  th e  l e f t  ( f o r  an o b serv er s tan d in g  beh ind  th e  
tre n c h  and look ing  a t  th e  blow er o u t l e t  g r id )  re v e a le d  a f a l l  in  p e r­
formance by th e  underground u n i t  compared w ith , t h a t  o b ta in ed  when the  
a i r  stream  was aimed in  a  d i r e c t io n  c lo s e ly  p a r a l le l in g  th e  a x is  o f th e  
eng ine . This d ecrease  in  perform ance was confirm ed d u rin g  t e s t s  639 and 
6hO which made i t  p o s s ib le ,  under zero  wind c o n d itio n s , to  determ ine 
th e  o u te r  l im i ts  o f th e  volume swept on th e  ground as a  fu n c tio n  o f the  
o r ie n ta t io n  o f th e  blow er o u t l e t  g r id  (see  F igure  I8 ) .

F igure  18. Underground blow er u n i t ,  g r id  B -
volume c le a re d  as a fu n c tio n  o f g r id  
o r ie n ta t io n .
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Comparative s tudy  o f th e s e  d i f f e r e n t  t e s t s  in d ic a te s  th a t :

-  maximum v a lu e  o f th e  range and w idth  o f th e  a i r  s tream  
on th e :g ro u n d  i s  o b ta in ed  when th e  blow er o u tle t ,  g r id  i s  
p o in te d  a long  th e  a x is  o f  th e  engina o r in  a  d i r e c t io n  
n ear t h i s  a x is .

- d ecrease  in  th e  range and w idfh o f the. a i r  s tream  i s  
g re a te r  when th e  blow er o u t le t  i s  p o in te d  to  th e  
l e f t .

- t h i s  phenomenon i s  n o t i n t r i n s i c a l l y  r e l a t e d  to  th e  g r id ,  
.s ince  i t  i s .  a ls o  no ted  in  in s ta n c e s  when th e  underground 
u n i t  i s  f i t t e d  w ith  bo th  g r id  A and g r id  B.

- when th e  b low er u n i t  i s  equipped, w ith  g r id  B, th e  lobe o f 
the, a i r  strepm  lo c a te d  in  th e  d ire .c tio n  p f th e  a x is  of 
th e  engine i s  la r g e r  than, th e  lobe lo c a te d  to  th e  o u t­
s id e ,- th u s  in d ic a t in g  th a t  th e  in n e r g rfd  ,elem ent i s  
b e t t e r  su p p lie d  w ith  h o t a i r  th a n  th e  o u te r  g r id  elem ent.

The consequences o f  th e se  o b se rv a tio n s  a re  th e  fo llo w in g :

- as  f a r  a s  p o s s ib le ,  th e  d ecrease  in  perform ance by th e  
underground u n i t ,  when th e  o u t l e t  g r id  i s  o r ie n ta te d ,  
m ust be o f f s e t  by an improvement in  th e  system  o f vanes 
in  th e  elbow in  th e  connec ting  s leev e  in  o rd e r fo r  th e  
a i r  s tream  to . a t ta c k  th e  g r id  a t  an ang le  o f  in c id en ce  
as c lo se  q,s p o s s ib le  to  th e  v e r t i c a l .

- In  an o p e ra tio n a l i n s t a l l a t i o n , ,1he tre n c h e s  must be 
o r ie n te d  p re fe ra b ly  a long  th e  b is e c to r  o f  th e  u s e fu l  
ang le  o f sweep o f th e  o r ie n ta b le  p la tfo rm .

Remark. Most t e s t s  ac,companied by tem p era tu re  measurements were 
perform ed by p o in tin g  th e  blow er o u t l e t  g r id  in  a  d i r e c t io n  .c lose  to  
th e  a x is  o f th e  J e t  engine in  o rd e r to  p la ce  th e  vpltune o f  h o t a i r  
over th e  measurement p la tfo rm , and perform ance o f th e  h o t a i r  g en era ­
to r  was th u s  not. s y s te m a tic a l ly  under e s tim a te d .

^ . 1 .^  E rosion  o f th e  ground . Adherence o f th e  a i r  s tream  to  th e  ground 
d i r e c t ly  le d  to  r e l a t i v e l y  r a p id  e ro s io n  o f  th e  ground depending on i t s  
co n s is ten cy . This e ffe c t-  i s  f e l t  up. to  a  d is ta n c e  o f .some 4o m eters 
(131 f t . )  from th e  blow er o u t l e t  g r id .  This e ro s io n  phenomenon was o f 
concern du rin g  o p e ra tio n a l- t e s t i n g  o f th e  underground u n i t .

a ) Nature o f  th e  phenomenon and consequence-s. In. th e  ip n e d ia te  
v ic in i t y  o f  th e  blow er o u t le t  g r id ,  th e  svirface o f  the . c o n c re te  s la b s  
w ith sto o d  th e  a i r  s tream , a lth o u g h  su rfa ce  c rack s  were n o ted  r e s u l t in g  
from th erm al shock produced during- r o ta t io n  o f th e  blow er o u t l e t  g r id  
w ith  th e  J e t  engine in  o p e ra tio n . E rosion  wa,s h e a v ie s t  a t  th e  p o in t 
o f d is c o n t in u i ty  between th e  s la b  and th e  l i g h t  s o i l  i t s e l f .  In  e f f e c t .
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th e re  was a  c a v i ta t io n  phenomenon whircli removed ‘th e  a re a  surrounding  
th e  s la b . This phenomenon w i l l  con tinue  as long as  th e  a i r  stream  
flows' a t  a  r e l a t i v e l y  high  speed. Beyond, th e  p rb f ile -  o f  th e  ground 
‘ten d s  to  be ba lanced  under th e  e f fe c t ' o f  ta n g e n t ia l  e ro s io n , e ro s io n  
fav o red  by sirrface  a l t e r a t i o n  due to  atm ospheric  f a c to r s  and b e in g  more 
pronounced as v e g e ta tio n  d isap p e a rs .

There a re  two ty p es  o f consequences o f  th e se  phenomena:

- a long  th e  edge o f th e  s la b , e ro s io n  c re a te d  an o b s ta c le  
unaccep tab le  in  th e  a re a  su rround ing  a  runway.

- th e re  i s  th e  r i s k  t h a t  s o i l  and g ra v e l m ight be blown 
on to  th e  runway.

As a remedy, i t  cou ld  be p lanned  to  ex tend  th e  c o n c re te  p la tfo rm  to  
a p o in t from th e  blow er o u t l e t  g ri± -w here th e  a i r  s tre a m 's  speed i s  
s u f f i c i e n t ly  low, a  d is ta n c e  b n 'th e  q r3.er o f 3© ’to' ^0 m eters (98 to  
131 f t . )  depending on tlae n a tu re  o f tTie t e r r a i n .  I f  a  p la tfo rm  were 
b u i l t  to  cover" th e  e n t i r e  a re a  capab le  of" b e in g  swept by th e  a i r  
s tream , in  o th e r  words l8 0 °  in  c e r ta in  in s ta n c e s , t h i s  would re q u ire  
c o n s tru c tio n  work which w orld s e v e re ly  in c re a se  th e  c o s t  o f  th e  
f a c i l i t i e s ,  s in ce  co n cre te  s la b s  and r a in  w ater rem oval system s would 
be re q u ire d .

b ) T ests  and s o lu tio n s  adop ted . To reduce  th e  c o s t o f t h i s  
c o n s tru c tio n  work, i t"  was f i r s t  decided  to  d esig n  a  le s s  expensive 
type o f t r a n s i t i o n  pavement between th e  co n cre te  p la tfo rm  and th e  
l i g h t  s o i l .  The blow er o u t le t  g r id  i s  lo c a te d  in  th e  c e n te r  o f  a  
square p la tfo rm  20 m eters (66 f t . )  on th e  s id e . Thus, th e  c lo s e s t  
edge o f th e  platfo im i to  th e  g r id  i s  approx im ate ly  10 m eters (33 f t , ) 
the. d is ta n c e  a t  which a  speed on th e  o rd e r o f  60 m/s { l3^  mph) and a 
tem pera tu re  o f  ll-0°G was observed  While u s in g  g r id  A. As soon as th e  
underground blow er u n i t  was p laced  in  s e r v ic e ,  i t  c re a te d  a  d ep re ss io n  
a long  th e  edge of" th e  s la b ’ reach in g ' dome 20 cfa ( j . '8  i n . )  in  d ep th , and 
n a tu ra l  v e g e ta tio n  was d e stro y ed  up to  some kO m eters (131 f t . ) from 
th e  blow er o u t le t  g r id .

To remedy e ro s io n  a long  th e  -edge o f  th e  p la tfo rm , th e  p la tfo rm  was 
extended in  th re e  d i r e c t io n s  u s in g  a  no tched  p a t te r n  c o n s is t in g  o f 
t r i a n g u la r  co n cre te  slAbs o f bade 5 m (16 f t . )  and h e ig h t & m *(26 f t . ) .  
This arrangem ent decreased  th e  r a t e  o f  e ro s io n  b u t was n o t s u f f i c i e n t ly  
e f f e c t iv e .  In  th e  f r o n t  o f  th e  p la tfo rm , in te r v a l s  between th e  no tches 
were th en  f i l l e d  in  w ith  v a r io u s  ty p es  o f  a s p h a l t  pavement. Kie 
a s p h a lt  r a p id ly  d is in te g r a te d  under th e  combined e f f e c t  oT th e  speed 
and tem p era tu re  o f th e  a i r  s tream . The sw itch  from g r id  A to  g r id  B 
co n s id e ra b ly  reduced  th e . e x te n t ’o f ground erosion-. L astly ., in  1968 i t  
was decided  to  p la n t  a  h a rd y ’ s t r a i n  o f couch' g fa s s ,  cynodoh d ac ty lo n . 
T es tin g  dem onstrated  t h a t  At a  d is ta n c e  o f 15 m eters (U9* f t . )  from th e  
blbw er o u t l e t  g ri'd , t h i s  s t r a i n  o f  g ra s s  i s  capab le  o f  w ith s ta n d in g  th e  
speed and tem peratu re ' o f  th e  a i r  s tream . Even-when burned on the* su rfa c e .
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i t s  ro o ts  rem ain in t a c t ,  and i t  r a p id ly  re g e n e ra te s . This accoun ts fo r  
i t s  a b i l i t y  to  h o ld  s o i l  in  p la c e .

Thus, in  an o p e ra tio n a l v e rs io n  i t  i s  suggested  to  c o n s tru c t a  p la tfo rm  
o f  co n cre te  s la b s  15 to  20 m eters (^9 to  66 f t . )  in  ra d iu s  ex tended to  a 
d is ta n c e  o f Uo m eters (13I f t . ) by p la n tin g  p f  cynodqn, d a c ty lo n  in  th e  
s e c to r  co rrespond ing  to  th e  wedge o f  lan d  over "which th e  a i r  stream  
f lo w s .

i+.1 .5  C onclusion . The o p e ra tio n a l i n s t a l l a t i o n  must be h ig h ly  
r e l i a b le  s in ce :

- access  w i l l  be r e l a t i v e l y  d i f 'f i c u l t  to  underground 
u n i t s  p laced  a long  th e  runway when s e rv ic e  and r e p a i r  
i s  re q u ire d .

- any f a i l u r e  o f  a  j e t  engine to  s t a r t  o r any unplanned 
h a l t s  i n  .o p e ra tio n  w i l l  le a d  to  fo rm atio n  o f fog  a c ro ss  
th e  runway whose e f f e c t  on p i l o t  v i s i b i l i t y  c o n d itio n s  
i s  d i f f i c u l t  to  p re d ic t .

One o f th e  main r e s u l t s  o f th e  t e s t  p rocedures was dem onstation  o f th e  
r e l i a b i l i t y  o f th e  h o t a i r  g e n e ra to r . In  e f f e c t ,  th e  t o t a l  d u ra tio n  of 
i t s  o p e ra tio n  c o n s t i tu te d  an endurance t e s t  re p re s e n tin g  more th an  5 
y ears  o f normal use w ith o u t a  m ajor f a i l u r e  in  an o p e ra tio n a l v e rs io n  
a t  an a i r p o r t  in  th e  P a r is  a re a .

^•2 E xperim ental t e s t i n g  o f underground blow er u n i t . E xperim ental 
t e s t i n g  o f th e  underground blow er u n i t  was perform ed du rin g  th e  s e r ie s  
300 t e s t s  c o n s is t in g  o f tem p era tu re  measurements in  lo n g itu d in a l  and 
t r a n s v e r s a l  p lan es  ±1 th e  a i r  s tream . A f i r s t  s e r ie s  o f t e s t s ,  i n ­
c lu d in g  56 sequences (3OI-OI to  3OT-O8), le d  to  changes in  th e  i n i t i a l  
blower o u t le t  g r id . A second s e r ie s  o f  t e s t s ,  in c lu d in g  3 sequences, 
v e r i f i e d  th e  c h a r a c te r i s t i c s  o f th e  new. g r id .

^ •2 .1  Study of r e s u l t s  o f  f i r s t  t e s t  s e r ie s  ( ^ i d  A ). The t r a n s v e r s a l  
c ro ss  s e c tio n s  (T) perform ed a t  a  d is ta n c e  o f  80 m eters (262 f t . )  from 
th e  blow er u n i t  were compared w hile  ta k in g  in to  accoun t th e  h e ig h t 
reached  by th e  a i r  s tream , i t s  w idth  and th e  maximum tem p eratu re  e v a l­
u a tio n  reco rd ed  in  th e  c e n tp r . In  th e  case o f  two fa m ilie s  o f  s im ila r  
cu rv es, th e  r e s u l t s  o f  th e  lo n g i tu d in a l  ( l )  c ro ss  s e c t io n s  and wind 
c h a r a c te r i s t i c s  (speed and d ir e c t io n )  were tak en  in to  accoun t. Major 
r e s u l t s  were as  fo llo w s:

(a) In flu en ce  o f ang le  o f  opening o f d i r e c t io n a l  p la te s  (ang le  2 ct).

a - l )  Case; engine speed 8,000  rpm; d i lu t io n  I . 33 .

- G?ype 1 d i r e c t io n a l  p la te s

0 = 6 °  (sequence 303-OI) 
o = 10° (sequence 303-02) 
a = l 4 ° (sequence 303-O3)
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R esu lts  - Case a ±= 6°  and a =10° ,  id e n t ic a l  
Study o f lo n g i tu d in a l  c ro ss  s e c tio n s  
Choice: a = "6°

- Type k d i r e c t io n a l  p la te s

a = 6°  (sequence 303-O6)
Comparison a = 10° (sequence 303- 0$)

CL - l 4° (sequence 303-o 4 )

R esu lts  - Choice: a = 6°

- Type 5 d i r e c t io n a l  p la te s

a = 0° (sequence 30^-07)
Comparison a = 6° (sequence 30l | - 06 )

a = 14 °,(sequence 304- 0$)

R esu lts  - Case a = 0° and a = 6° id e n t ic a l  
Study o f lo n g i tu d in a l  c ro ss  s e c tio n s  
Choice: a = 0°

- Type 6 d i r e c t io n a l  p la te s

a = 6° (sequence 301-02)
a = 8° (sequence 3OI-O3)

Comparison a = 10° (sequence ^Ol-^O^)
a = 12° (sequence 301-0$)
a = l 4° (sequence 3OI-O6)

R esu lts  - Choice: a = 6°

- Type 7 d i r e c t io n a l  p la te s

a = 6° ’(sequence 302-06)
Comparison a = 10° (sequence' 302- 0$)

a = l 4° (sequence 302-Oif)

R esu lts  - Choice: a = 6°

Case: engine speed 8,000  rpm; d i lu t io n  1 . 20 .

- Type 4 d i r e c t io n a l  p la te s

Comparison a = 0° (sequence 307-OI) 
a = 6° (sequence 30 t-03)

R esu lts  -  Choice: a = 0°



a = 0° (sequence 306-O7) 
Comparison a = 6° (sequence 306-01  and 05) 

a = 12° (sequence 306-02 and 03)

E e s u lts  - Choice; a = 6°

Type 5 directional plates

C onclusion - The ang le  o f  th e  d i r e c t io n a l  p la te s  does 
no t seem to  have a  m ajor in f lu e n c e  on th e  c h a r a c te r i s t i c s  o f  th e  a i r  
stream . N onetheless^ i t  can be s a id  th e re  i s  a  tendency tow ards an 
^ p ro v em en t in  th e  a i r  s tream  when th e  an g le  o f opening i s  d im in ished . 
Thus, a  minimum v alue  w i l l  be chosen f o r  t h i s  a n g le ; i . e . ,  w ith  th e  
d i r e c t io n a l  p la te s  p a r a l l e l  to  th e  edge o f th e  blow er o u t l e t  g r id .

(b) In flu en ce  o f type o f d i r e c t io n a l  p la te s .

Engine speed 8,000  r . p .m.
D ilu tio n  I . 3 3

The fo llo w in g  were compared:

- lype 1 d i r e c t io n a l  p la te s

h e ig h t 20 cm ( 7 . 8  i n . )
le n g th  2 m (6 .5  f t . ) ,

ang le  o f  opening , a = 6°

- Oype h d i r e c t io n a l  p la te s

(sequence 303-01)

h e ig h t 50 cm (1 9 .6  i n . )
le n g th  2 .50  m ( l .2  f t . ) ,  (sequence 303-06)

an g le  o f  opening, a = 6°

- Type 5 d i r e c t io n a l  p la te s

h e ig h t 60 cm (23.5  i n . )
le n g th  2 .50  m ( 8 .2  f t . ) ,  (sequence 30i;-07)

an g le  o f  opening, a = 0°

- Oype 6 d i r e c t io n a l  p la te s

h e ig h t 60 cm 
le n g th  1 .3 0  m

( 23-5  i n . )
( ^ .3  f t . )  p lu s  one d iv e rg e n t 
elem ent 1 .20  m (4  f t . )  form ing 
an ang le  o f 6°  w ith  th e  p reced ii 

(sequence 301-02)
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- Type 7 d i r e c t io n a l  p la te s  - type  6 d i r e c t io n a l  p la te s  
p lu s  sm all i n t e r n a l  d i r e c t io n a l  p la te s

h e ig h t 55 cm (21 .5  i n . )
le n g th  I m  (3-3 f t . )  (sequence 302-06)

ang le  o f opening, a = 6°

- R esu lts  Choice: type  7 d i r e c t io n a l  p la te s

Remark - I t  shou ld  be no ted  t h a t  ty p es  2 and 3 d i r e c t io n a l  
p la te s  were e lim in a te d  from th e  o u ts e t  as  u n s a t i s f a c to ry ,  
and as such no f u r th e r  sy s tem a tic  t e s t s  were devoted  to  
them.

(c) In flu en ce  o f engine speed. 

D ilu tio n  r a t e ,  1.20

- Type d i r e c t io n a l  p l a t e s ,  a  = 0
Comparison - 8000 rpm (sequence 302- 01 ) 

8150 rpm (sequence 307"02)

R esu lts  Choice: 815O rpm
^o

- Type 4 d i r e c t io n a l  p l a t e s ,  a  =  o
Comparison - 8OOO rpm (sequence 3QT-03 ) 

8150 rpm (sequence 307"ÔJ-)

R esu lts  Choice: 8OOO rpm
o- Type 5 d i r e c t io n a l  p la t e s ,  a = 0

Comparison.- - 80OO rpm (sequence 306-07) 
8150 rpm (sequence 306-O8)

R esu lts  - id e n t i c a l

- 0?ype 5 d i r e c t io n a l  p l a t e s ,  a = 6°
Comparison - 8OOO rpm (sequence 306-O5) 

8150 rpm (sequence 306-O6)

R esu lts  - id e n t i c a l

- I|ype 5 d i r e c t io n a l  p la t e s ,  a « 12°
Comparison - 8OOO rpm (sequence 306-O3) 

8150 rpm (sequence 306-o 4 )

R esu lts  - id e n t i c a l
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Conclusion - Tfeie in c re a s e  in  engine ^peed from 8Q00 to  8150 rpm 
has no e f f e c t  on c ro ss  s e c tio n s  analyzed  a t  80 m eters (262 f t . )  
from th e  underground blow er u n i t .  An".operating speed o f  815O 
rpm was used  co rrespond ing  to. a lo n g e r a i r  s tream  ran g e .

(d) In flu en ce  o f d i lu t io n .

Engine speed -  8OOO rpm
Two n o zz les  were s tu d ie d  w ith  r e s p e c tiv e  d i lu t io n  r a t e s  o f 
1 .20  and I .3 3 .  The t h i r d  n o z z le , w ith  a  d i lu t io n  r a t e  o f  I .0 5 ,  
tu rn e d  o u t to  be u s e le s s  due to  d i s to r t io n  r e s u l t in g  from 
h e a tin g  e f f e c t s  encoun tered  d u rin g  o p e ra tio n .

- Tj^e d i r e c t io n a l  p la t e s ,  a = 6
Comparison -  d i lu t io n ,  1.33  (sequence 303" 06 )

- d i lu t io n ,  1 .20  (sequence 307-03)
R esu lts  - id e n t i c a l

- Type 5 d i r e c t io n a l  p l a t e s ,  “ = 6°
Comparison - d i lu t io n ,  1-33 (sequence 30i+-06 ) 

d i lu t io n ,  1 .20  (sequence 306-O5) 
R esu lts  Choice: 1.20

- Type 5 d i r e c t io n a l  p la t e s .
Comparison - d i lu t io n ,  1.33  

d i lu t io n ,  1 .20  
R e su lts  Choice.: 1.20

- Type 5 d i r e c t io n a l  p la t e s .
Comparison - d i lu t io n ,  1.33  

d i lu t io n ,  1.20 
R esu lts  Choice: 1.20

(sequence 30^-07) 
(sequence 306-O7)

a = l 4°  and 12° 
(sequence 30i^-05) 
(sequence 306-O3)

C onclusion - The d i lu t io n  r a te  adopted  was 1.20

(e ) C onclusion: O perating  p aram eters  f o r  g r id  A - These r e s u l t s
in d ic a te  t h a t  v a r ia t io n s  w ith in  th e  l im i t s  ex p lo red  f o r  
v a r io u s  o p e ra tin g  param eters  f o r  th e  underground blow er u n i t  
do n o t r e q u ire  e x ten s iv e  changes in  th e  c h a r a c te r i s t i c s  o f 
th e  a i r  stream . The optimum v a lu es  used  f o r  g r id  A were as 
fo llo w s :

-  engine o p e ra tin g  speed, 815O rpm
- d i lu t io n  r a t e ,  1 .20
- d i r e c t io n a l  p l a t e s ,  type  J, a = 6 °

This f i r s t  s e r ie s  o f  t e s t s  in d ic a te d  th a t  d i s t r i b u t io n  o f 
th e  h o t a i r  depended e s s e n t i a l ly  on th e  shape o f th e  blow er 
g r id  which rem ained unchanged d u rin g  th e  t e s t s .

k . 2 .2  Changes in  th e  blow er g r i d .

a) D e f in i t io n  o f th e  new g r id .  -  T ra n sv e rsa l c ro ss  s e c tio n s  in ­
d ic a te  t h a t  th e  w id th  o f  th e  a i r  s tream  o b ta in ed  w ith  g r id  A, whose
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l im i ts  were s e t  by th e  +2^C tem peratu re  isogain^  i s  on th e  o rd er of 
50 to  60 m eters { l 6h to  197 f t . )  a t  a d is ta n c e  o f 8o m eters (262 f t . )  
from th e  blower g r id . Furtherm ore, in  th e  c e n te r  o f th e  a i r  stream  is  
a co n cen tra ted  h igh -speed  nucleus w ith  a tem peratu re  on th e  o rder of 
15 to  20 C above th e  am bient te m p e ra tu re . ¥e th u s  determ ined the  
p o s s ib i l i t y  o f broadening  th e  a i r  stream  w hile d ecreasin g  the  co n cen tra ­
t io n  o f a x ia l  energy in  o rd e r to  make th e  fo llo w in g  improvements in  the  
underground blow er u n i t  m entioned in  in c re a s in g  o rder o f im portance:

- d ecrease  in  ground e ro s io n

- p ro b a b i l i ty  o f w ider spacing  between engines in  an 
o p e ra tio n a l i n s t a l l a t i o n

- b e t t e r  d i s t r ib u t io n  o f c a lo ry  in p u t to  the  volume to  
be c le a re d

- d ecrease  in  th e  amount of tu rb u len ce  above th e  runway

At th e  c lo se  o f th e  I965-66 exp erim en ta l s e r ie s ,  th e  B e r tin  Company 
was req u es ted  to  use e x is t in g  components to  b u ild  a tw in  g r id  c o n s is tin g  
o f two re c ta n g u la r  blow er channels form ing between them an angle y e t to  
be d e fin ed  (see F igure  5 )*

b) Scale model study  o f new g r i d . -  The sc a le  model study of the  
new blow er g r id  was a ss ig n ed  to  th e  B e r tin  Company and com pleted during  
th e  second h a l f  o f 1966. T ests  perform ed on a m odified  o n e -ten th  sca le  
o f th e  g r id  (see F igure I9 ) p re v io u s ly  used fo r  design  of th e  under­
ground blower u n i t  were th e  s u b je c t o f a d e ta i le d  re p o r t  (B e rtin  e t  Cie, 
’'Report on T ests  Performed on One-Tenth Scale Model, ” T echn ica l B u lle tin  
No. 25-234, 1 February I967).

O ne-tenth  sc a le  model o f Type A 
Blower o u tle t g r id

-38-

Figure 19.



Of

wvD
I

30r

27

25

|M |B 4 - f
D4j

OF AREA SWEPT BY AIR STREAMS

5 iu  i j  «.u J o

210in IBOin 150m 120m 90m d O n ^ O n i O m

Q lOOm 90m

DILUTION; 1 .2 0
I TYPE- 5 DIRECTIONAL—  ^

PLATES ^
ENGINE SPEED: 8 1 5 0 rpm
GRID ORIENTATION: 150

TEMPERATURE; + 9 “ c .

PARIS AIRPORT
EQUIPMENT AND INSTALIATIONS D IV ISIO N

ORLY AIRPORT

WIND ('S P E E D : 3 m /s
\ d IRECTION; 170

FOG DISPERSAL
OPERATIONAL TESTING OF 

UNDERGROUND BLOWER UNIT

TEST NO. 306-04 A P R IL  1, 1966

Figure 20 . Grid A - Transversal cross section (sequence 306- 04) .



FOG DISPERSAL
OPERATIONAL TESTING OF 

UNDERGROUND BLOWER UNIT

TEST NO. 331-03 FEBRUARY 24, 1967

Figure 21 . Grid B - Transversal cross section (sequence 331 03) .



The r e p o r t  concluded th a t  d iv id in g  th e  g r i^  in to  *±vo p a r ts  made i t  
p o ss ib le  to  o b ta in :

- a 35 p e rc e n t in c re a se  In - th d  s iz e  o f th e  a i r  s treain
- a  decrease  in  tu rb u le n c ^
- b e t t e r  d i s t r ib u t io n  o f  speed and th u s  o f k in e t ic  energy
- kO p e rc e n t decrease  in  o n -ax is  speed

On th e  b a s is  o f th e  r e s u l t s ,  t h e '24°  ang le  (between g r id  e lem en ts) 
g ives th e  b e s t  r e s u l t s  b u t i s  an o u ter' l im i t  which must no t be exceeded 
i f  an accep tab le  v a lue  o f speed i s  to  be m ain ta ined . In co n c lu s io n , i t  
was suggested  th a t  a new f u l l - s c a l e  g r id  should  be d esigned  p ro v id in g  
an ang le  o f e i t h e r  21° o r 24° .

4 . 2 .3  C o n stru c tio n  and t e s t in g  o f  th e  new g r id . The underground blow er 
u n i t  was equipped w ith  th e  new blow er o u t le t  g r id ,  o r g r id  B, in  January  
1967* I t s  a d a p ta tio n  re q u ire d  th e  rep lacem en t o f  s e v e ra l  components in ­
c lu d in g  th e  conversion  c o l la r  and th e ’ o r le n ta b le  p la tfo rm . T ran sv e rsa l 
c ro ss  s e c tio n s  ap p earin g  below (see  F ig u res  20 and 21 ) in d ic a te  th e  in ­
flu en ce  o f th e  change on th e  a i r  s tream  in  agreem ent w ith  sm a ll-s c a le  
t e s t  r e s u l t s ,  s p e c i f i c a l ly  b e t t e r  broaden ing  o f th e  a i r  s tream  and 
widening o f th e  c e n t r a l  nucleus w ith  a  c o n sid e ra b le  decrease  in  i t s  
te m p e ra tu re .

4 . 2 .4  C onclusion . S e rie s  300 t e s t s  in d ic a te d  th e re  were b u t a  few 
means o f changing th e  shape o f th e  a i r  s tream  through  a d ju s t in g  th e  
v a rio u s  assem b lies  making up th e  underground blow er u n i t .  The key 
component i s  s t i l l  th e  blow er o u t le t  g r id  oh which advanced work was 
c a r r ie d  o u t. S ince tu rb u len c e  which m ight p o s s ib ly  develop  c o n s t i tu te s  
a  stum bling b lock  f o r  th e  T u rb o c la ir  method, we p re fe r  to  reduce i t  as 
much as  p o s s ib le  to  th e  d e tr im e n t o f  th e  a i r  s tre a m 's  r e s i s ta n c e  to  th e  
wind, to  a  c e r ta in  d eg ree , to  i t s  ran g e , f a c to r s  which were moreover 
in tro d u ced  in to  th e  sy stem a tic  s tu d y  o f th e  volume f i l l e d  by th e  h o t 
a i r .

4.3 Noise m easurem ents. To e l im in a te , as  much as  p o s s ib le , th e  in f lu e n c e  
o f  wind and ground e f f e c t s  in  o rd e r to  o b ta in  co h e ren t, s ig n i f ic a n t  
v a lu es  as  a  re fe re n c e  base  f o r  th e  measurement o f n o ise  produced by th e  
underground blow er u n i t ,  a  c i r c l e  w ith  a  100 m eter (328 f t . )  ra d iu s  
around th e  blow er was used . Major r e s u l t s  were a s  fo llo w s:

4 . 3 . 1  Comparison o f an above-ground engine w ith  th e  underground blow er 
u n i t  ( t e s t  4o3 )~ A s iz e a b le  g a in  was o b ta in ed  by u s in g  th e  underground 
blow er u n i t  f i t t e d  w ith  th e  type  A blow er p u t le t ' g r id  in  com parison w ith  
an above-ground en g in e . This was on th e  o rd e r o f 5 to  10 PNdb on th e  
s id e  where th e  com bustion gases a re  e x p e lle d  and 1 to  6 o r 8 PNdb on th e  
a i r  in ta k e  s id e . Low frequency  le v e ls  were h ig h e r on th e  a i r  intalce 
s id e  fo r  th e  undergound blow er u n i t  in  com parison w ith  th e  above-ground 
u n i t .  A tten u a tio n  becomes c o n s id e ra b le  on th e  s id e  o f  th e  a i r  stream
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s t a r t i n g  w ith  th e  fo u r th  octave (3OO to  60O Hz), between 10 and 15 db, 
and above, depending on th e  d i r e c t io n .

U.3.2 Comparison o f th e  n o ise  le v e l  o f th e  underground blow er un j^  
f i t t e d  w ith  g r id  A and th e  under ground,, u n i t  f i t t e d  with  g r id  B and_a 
mpkpRhift sound red u c in g  dev ice  (,t e s t s  40^ and ^32j -  The sound re -  
ducing device c o n s is te d  o f ab so rb en t p an e ls  p laced  h o r iz o n ta l ly  in  a 
b a f f le  arrangem ent under th e  in ta k e  g r id . Improvements o b ta in ed  w ith  
g r id  B and th e  sound ab so rb en t m a te r ia l  v a ry  from 1 to  10 PNdb de­
pending on th e  d i r e c t io n .  A tten u a tio n  i s  maximum in  th o se  d i r e c t io n s _ 
n ear th e  a i r  stream  whepe i t  has a g re a te r  e f f e c t  on th e  low freq u en c ies  
( in f lu e n c e  o f th e  g r i d ) .  In a d d it io n , th e  upper freq u e n c ie s  a re  
a tte n u a te d  e s p e c ia l ly  o n 'th e  in ta k e  s id e  ( in f lu e n c e  of sound ab so rb en t
m a te r i a l ) .

i+.3 .3  A c o u stic a l c h a ra c te r i s t i c s  o f undergrqud blowe r  u n i t .  . Table 1 
in d ic a te s  sound le v e ls  fo r  t h e  undergr.ound"unit by octave, ran^e in  a 
c i r c l e  w ith  a  ra d iu s  o f 100 m (328 ‘f t . ) '  (g r id  B and m ak esh ift sound 
ab so rb en t i n s t a l l a t i o n  on in ta k e  d id e j. The t o t a l  n o ise  le v e l  f a  r e ­
p re se n te d  in  F igure  22“ below.

Underground blower unit, total noise level at 
distance o f 100 m (328 ft.) (engine speed,
8,150 rpm).
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TABLE 1 . UNDERGROUMD BLOWER UIOIT -  NOISE MEASUREMENT RESULTS -  TEST U32

M easuring p o in ts T o ta l
L evel in  Octave Range Noo (db) PNdh

1 2 3 k 5 6 7
Engine a x is ,  
exhaust p o in t  0° 86 85 72 67 58 56 5U 52 50 81

30° 96 9k 89 T9 70 65 63 58 53 93

60° 103 98 99 93 &k TO 65 61 60 101

90° 101 9k 96 96 88 72 6k 60 60 101

120° 98 91 93 93 80 67 65 60 60 98

150° 9h 87 89 87 80 68 66 63 58 95

A ir in ta k e  l 80° 93 87 89 8î .81 Ik 75 73 64 97

0
210 92 95 87 8k T9 70 68 63 54 ; 93

2ho° 99 90 93 95 87 Tiv 72 66 62 101

270° 102 9k 98 97 91 Ik 72 70 65 104

300° 105 95 101 98 88 77 73 71 65 105

330° 93 91 90 78 66 62 62 60 52 92



I t  is ' worth no tin g ' t ;h a t , f 6 r  an above-ground en g in e , th e  maximum no ise  
d ir e c t io n s  appear 'a t  an ang le  o f  4̂-5°  on each s id e  o f th e  a i r  stream , 
whereas here  tljey  a re  o f f s e t  to  an ang le  o f  70° . This w i l l  be im portan t 
in  e v a lu a tin g  th e  n o ise  le v e l  g en era ted  by an o p e ra tio n a l f a c i l i t y  in  a 
g iven  d i r e c t io n  w hile  ta k in g  in to  account th e  mbst l ik e ly  o r ie n ta t io n  
o f th e  o u t le t  g r id s .

T est d u rin g  fog c o n d it io n s . The main o b je c t iv e  o f t e s t in g  under 
fog  co n d itio n s  was to  cro sscheck  tem p era tu re  m easurem ents. Thus, in  the  
fo llo w in g  paragraph  app ears  a  'd e s c r ip t io n  o f th e  a n a ly s is  -of tem p era tu re  
re co rd in g s  r e l a t e d  to  e x p lo ra tio n  o f th e  measurement p la tfo rm .

4 . i+.l  A nalysis  o f  tem p era tu re  m easiirem ents. A n a ly sis  o f th e  tem pera­
tu re  .m easm ^em enta~^constitutedrithe~m aiE~difficulty in  th e  t e s t i n g ,  s in ce  
i t  n e c e s s a r i ly  in tro d u ced  a f a c to r  o f p e rso n a l e v a lu a tio n . N onetheless, 
v a r i a b i l i t y  in  t h i s  f a c to r  was l im ite d , as  much as p o s s ib le , by the  
f a c t  th a t  th e  work was perform ed by th e  same te c h n ic ia n , who used as 
much care  as p o s s ib le  and produced th e  d e s ire d  degree o f accuracy .
The analy ticf"p rocedure  c o n s is te d  o f th e  fo llo w in g ;

a) ra p id  v e r i f i c a t io n  o f th e  reco rd ed  ta p e s  by n o tin g  any 
p o s s ib le  f a i l u r e  in  th e  measurement o r sy n ch ro n iza tio n  system , a 
f a i l u r e  capdble o f c a n c e ll in g  th e  co rrespond ing  .sequences. Any 
o p e ra tin g  f a i l u r e  was made known to  measurement p e rso n n e l in  o rd e r 
t h a t  r e p a i r s  cou ld  be made im m ediately .

b) i d e n t i f i c a t io n  o f th e  sequences and sy n ch ro n iza tio n  s ig n a ls  
by r e f e r r in g  to  t e s t  re c o rd s  o f  th e  command s t a t io n  and measurement 
o p e ra to r .

c) id e n t i f i c a t io n  o f each re c o rd in g  *of th e  v a rio u s  probes and 
re c o rd in g -o f  th e  d p e ra tin g  ran g es . 'Thie id e n t i f i c a t i o n  re q u ire d  a 
v e ry  h igh  degree of accu racy . In  e f f e c t ,  on each ta p e , up to  e ig h t  
tem p era tu re  v a lu e s 'w e re  b e in g  reco rd ed  s im u ltan eo u sly , th e  co rrespond­
ing  curves be ing  a llow ed to  e i th e r  co in c id e  o r o v e rlap  (see  F igure  2 3 ). 
Id e n tif ic a t i ,o n  o f th e  curves was f a c i l i t a t e d  by; e l e c t r i c  zero  r e s e t  
l a s t in g  le s s  th an  one second and sy stem a tic  a t  th e  s t a r t  and end of 
each sequence and -p e rio d ic a l, in  a  g iven  o rd e r , in  th e  i n t e r v a l ;  th e  
d e v ia t io n  d i r e c t io n  o f th e  t r a c e  and th e  tem p era tu re  e le v a t io n ,  up­
wards fo r  c e r ta in  channels and downwards f o r  th e  o th e rs ;  th e  s e le c t io n  
on th e  same ta p e  o f channels a f f e c te d  d i f f e r e n t ly  by th e  a i r  stream
as a fu n c tio n  o f th e  p o s i t io n  o f t h e i r  p robes in  th e  measurement g r id .



F igure 23. Tem perature re c o rd in g  ta p e .

d) d e te rm in a tio n  on th e  re c o rd in g s  o f th e  tem pera tu re  e le v a tio n  
bands. C onsider th e  case when th e  measurement g r id  p asses  th rough  the  
exhaust stream  of a  j e t  eng ine . During th e  passag e , th e  tem peratu re  
curves a re  a f fe c te d  by r a p id  frequency  f lu c tu a t io n s  o f f a x r ly  la rg e  
am plitude 'r e la te d  to  sm a ll-s c a le  tu rb u len c e  whose e f f e c t  xs n o t no ted  
by th e  th e rm is to rs  due to  t h e i r  e x c e s s iv e ly  s h o r t  response  -fexme. Sxnce 
i t  was im possib le  to  e lim in a te  th e se  f lu c tu a t io n s  by av erag in g  th e  
curves a t  th e  r i s k  o f  overlo ad in g  th e  reco rd ed  ta p e s  and th u s  m kxng 
them u n u sab le , the  a n a ly s is  was c a r r ie d  ou t w hile  s o le ly  consxderxng 
th re e  va lu es  c h a r a c te r i s t i c  o f th e  tem p era tu re  e le v a tio n , th e se  being  
s p e c i f ic a l ly  th e  fo llo w in g ;

- The o u te r  l im i t s  o f  th e  a i r  stream . - On each curve
th e  upper l im i t  o f th e  a i r  stream  has been in d ic a te d  at^  
th e  p o in t  where th e  f i r s t  m a n ife s ta tio n  o f an in c re a se  in  
tem p era tu re  dbove th e  am bient was no ted  and th e  lower 
l im i t  a t  th e  p o in t o f com plete r e tu r n  to  th e  am bient
le v e l .

- The l im i t s  o f th e  band co rrespond ing  to  a  tem pera tu re  
in c re a se  o f  more th a n  2°C. - On th e  re c o rd in g s , the  
t r a c e  o f th e  is o g a in  +2°C tem p era tu re  curves co in c id ed  
w ith  th e  p o in ts  s t a r t i n g  a t  which (o r up to  which) th e  
average tem p era tu re  v a lu e  was above th e  re fe re n c e  le v e l  
o f am bient tem p era tu re  +2°C. This +2°C v a lue  was used
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because i t  corresponds to  th e  t h e o r e t i c a l  maximum 
tem peratu re  e le v a tio n  o f th e  a i r  needed to  produce 
ev ap o ra tio n  o f w ater d ro p le ts  in  the  ty p es  o f fog 
u s u a lly  encoun tered  in  our a re a .

- The l im i t s  o f th e  band co rrespond ing  to  a tem pera tu re  
e le v a tio n  o f more th an  These l im i t s ,  determ ined
as b e fo re , a re  o f  i n t e r e s t  in  lo c a t in g  th e  h o tte s t^  p a r t  
o f th e  a i r  stream .

e) re c o rd in g  th e  p rev io u s  v a lu es  on th e  d iagram s. The p reced ing  
l im i t s ,  each p e r ta in in g  to  one d e fin ed  p o s i t io n  in  th e  measurement g r id  
o b ta in ed  by in te r p o la t io n  from th e  sy n ch ro n iza tio n  s ig n a ls ,  were no ted  
on diagram s of h o r iz o n ta l  c ro ss  s e c tio n s  made a t  th e  re fe re n c e  le v e ls .

f )  drawing th e  cu rv es. The curves co rrespond ing  to  th e  l im i t s  o f
th e  a i r  stream  (o r stream s in  th e  case o f s e v e ra l  en g in es) as w e ll as 
th e  +2°C and +5°C tem p era tu re  is o g a in  curves were th u s  t r a c e d  on 
h o r iz o n ta l  draw ings a t  th e  3  ̂ 19 and 27 m (lO , 36, 62 and 89 f t . )
re fe re n c e  le v e ls  a f t e r  hav ing  b e in g  r e f in e d  by superim posing th e  fo u r 
le v e ls .  To g ive an id e a  o f how d i f f i c u l t  t h i s  work was, i t  took  on 
th e  o rd e r o f some 20 hoirrs to  analyze  a  s in g le  sequence.

k .k .2 Comparisons between tem p era tu re  o b se rv a tio n s  and m easurem ents.

a ) O bservations on th e  ground. During th e  du^fition  of , one  sequenqe 
i . e . ,  t.he epcploration o f th e  measurement p la tfo rm  by th e  c ran e , ob­
se rv e rs  reco rd ed  the. dim ensions o f th e  volume c le a re d  on th e  ground.
This g^ve a  f i r s t  in d ic a t io n  o f  th e  co incidence  o f tem p era tu re  m easure­
ments and o b se rv a tio n s , o r th e  f a c t  t h a t  th e  is o g a in  +2°C tem pera tu re  
curve g e n e ra lly  f e l l  w ith in  the  c le a re d  zone (see  F igure  l 6 ) . -

b)  O bservations in  a  v e r t i c a l  p l a n e . The t r a n s i t i o n  between th e  
n a tu r a l  fog  and thg  c le a re d  volume, p a rse s  th rough  a  he terogeneous zone 
in  which can sim u ltan eo u sly  be observed p a tch es  o f fog  and c le a r  a i r .  
T his zone corresponds to  th e  tu rb u len c e  m ix tu re  o f h o t a i r  and fog  a t  
th e  b o rd e rs  o f th e  a j.r stream.- The phenomenon i s  c le a r ly  obvious on 
th e  re c o rd in g s  between th e  " a i r  s tream  l im i t s "  and '-'isogain +2°C" p o in ts  
p e r tu rb a tio n  o f th e  aijjbient .le v e l by s h o r t - l a s t in g  tem p era tu re  e le v a ­
t io n s  becomes more and more f re q u e n t tow ards th e  c e n te r  o f  th e  a i r  
stream . I t  i s  d i f f i c u l t  to  see  t h i s  zone .on th e  ground and th u s  to  
improve th e  co incidence  between th e  dim ensions o f  th e  c le a re d  volume 
and th e  tem pera tu re  g a in s . Above ground, on th e  o th e r  hand, a t  p o in ts  
in  th e  c le a re d  zone and u s in g  th e  a i r - c o o le d  th e rm is to rs  a s  -reference  
p o in ts ,  i t  was e a s ie r  to  no te  th o se  p o in ts  which were a lw ays, fo r  a  
f ix e d  crane p o s i t io n ,  in  th e  c le a r  a i r  o r  cloudy a i r  and th o se  p o in ts  
which were te m p o ra rily  a f f e c te d  e i th e r  by p a tch es  o f c le a r  a i r  or 
p a tch es  o f fog . I t  was .thus p o s s ib le  to  approx im ate ly  d e fin e  th e  
t r a n s i t i o n  zone from fog  to  th e  c le a re d  voli;ipie. When compared w ith
th e  r e s u l t s  o f  tem p era tu re  measurements perform ed s im u ltan eo u sly ,
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th e se  o b se rv a tio n s  dem onstrated  t h a t  g e n e ra lly  speaking  th e  p a r t i a l l y  
c le a re d  zone f e l l  w ith in  th e  l im i t s  of th e  a i r  stream  and th e  +2 C 
tem peratu re  iso g a in  curve (see F igure  IT) .

i+.h.3  C onclusion. Although more s u b je c tiv e  th an  tem pera tu re  m easure­
m ents, o b se rv a tio n s  d u ring  fog  co n d itio n s  made i t  p o s s ib le  to  draw th e  
fo llo w in g  co n c lu s io n s :

- The l im i t s  of, th e  a tm ospheric  volume a f f e c te d  by the  
h o t a i r  co in c id e  w ith  th e  so c a l le d  " l im its  o f th e  a i r  
s tre a m ."

- The +2°C tem pera tu re  iso g a in  bandsv, correspond  to  t o t a l l y  
c le a re d  zones.

- The ex ac t l im i t s  o f th e  c le a re d  volume can as  a consequence, 
be co n sid e red  to  f a l l  between th e  l im i t s  o f  th e  a i r  
stream  and th e  +2°C tem p era tu re  is o g a in , th e  l a t t e r  b e ing  
c lo s e r  to g e th e r  up to  th e  p o in t o f becoming id e n t i c a l  on 
th e  s id e  o f th e  a i r  stream  from which th e  wind blows and 
f u r th e r  a p a r t  on th e  o p p o site  s id e .

When s tudy ing  the  c o n f ig u ra tio n  o f th e  a i r  s tream , i t  was decided  to  
use as a l im i t  f o r  c le a re d  volum es, th e  su rfa ce  lo c a te d  a t  an equal 
d is ta n c e  from th e  l im i ts  o f th e  a i r  stream  and from th e  su rfa ce  de­
f in e d  by th e  +2°C tem p era tu re  is o g a in . This su rfa ce  was a ss ig n ed  th e  
value +1°C.

Remark: Leeward o f th e  a i r  s tream  can be observed  a  "drag" e f f e c t
which g ives reaso n  to  a n t ic ip a te  th a t  th e  c le a re d  volume m ight be 
under e s tim a te d  in  t h a t  d i r e c t io n  under c e r ta in  c o n d itio n s .

4 .5  D eterm ination  o f th e  c o n f ig u ra tio n  o f th e  c le a re d  volum e. The 
main purpose o f ex p erim en ta tio n  was th e  d e te rm in ia tio n  o f th e  con­
f ig u r a t io n  o f th e  volume c le a re d  by th e  underground blow er u n i t ,  a 
c o n fig u ra tio n  which v a r ie s  as a fu n c tio n  o f wind c o n d itio n s . This 
d e te rm in a tio n  was o b ta in ed  by in te r p r e t in g  th e  ex p erim en ta l tem pera­
tu re  curves drawn in  h o r iz o n ta l  p lan es  a t  d i f f e r e n t  le v e l s .  This 
was th e  g o a l o f s e r ie s  5OO t e s t s .

1+.5 ,1  In te rp r e t in g  p ro c e d u re . The t r a n s i t i o n  from exp erim en ta l 
tem peratu re  curves to  curves g iv in g  th e  envelope o f th e  c le a re d  volume 
only a p p lie s  i f  a c e r ta in  m argin o f u n c e r ta in ty  is* g ra n te d , r e s u l t in g  
from th e  fo llo w in g  f a c to r s .

a) M easurements. The wind i s  n o t s t r i c t l y  c o n s ta n t du ring  th e  
d u ra tio n  o f a  g iven  sequence. In  a d d i t io n , th e re  can be a s l ig h t  
d if fe re n c e  between th e  wind blow ing over th e  measurement p la tfo rm  
and th e  d e te c te d  wind, th e  sen sin g  dev ice  b e ing  lo c a te d  a t  a  d is ta n c e
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o f 300 to  î OO m eters (98^  ̂ to  1312 f t , )  from th e  p la tfo rm . On the  
o th e r  hand, in accu racy  in tro d u ced  by th e  measurement i t s e l f  can be 
co n sid ered  n e g lig ib le  in  comparison w ith  th e  u n c e r ta in ty  p e r ta in in g  
to  th e  wind v a lu e .

b ) A n a ly s is . The a n a ly s is  o f  th e  tem pera tu re  measurements o f 
n e c e s s i ty  in tro d u ced  a  c e r ta in  f a c to r  o f  s u b je c t iv i ty .

c) L im its o f  c le a re d  volum e. The o u te r  l im i t s  of th e  c le a re d  
volume, when co n sid ered  on th e  b a s is  o f tem pera tu re  cu rv es , w i l l  be 
l ik e ly  to  move e i th e r  tow ards th e  l im i t s  o f  th e  a i r  stream  or tow ards 
th e  +2°C iso g a in  curve as a  fu n c tio n  o f fog c h a r a c te r i s t i c s  (tem pera­
tu r e ,  l iq u id  w ater c o n ten t and wind).  Not enough d a ta  i s  a v a ila b le  to  
c le a r ly  determ ine th e  in f lu e n c e  o f th e se  f a c to r s .

d) I n te r p r e ta t io n . Concerning in te r p r e ta t io n ,  i t  was necessa ry  
to  co n sid e r sequences co rresponding  to  o p e ra tio n  o f th e  underground 
blow er unit* a lone and sim ultaneous o p e ra tio n  w ith  th e  two above- 
ground u n i t s .  In  th e  l a t t e r  In s ta n c e , i t  was n ecessa ry  to  i s o la t e  
th e  a i r  stream  from th e  underground u n i t  ( i . e . ,  e x tra p o la te  some of 
i t s  re p re s e n ta t iv e  curves by ta k in g  in to  acco u n t, when n ecessa ry , th e  
p ro te c t iv e  e f f e c t  o f th e  o th e r  u n i t s ) .  L a s tly , n o t every  v a lue  o f 6 
as a  fu n c tio n  of' wind speed was covered by th e  experim ent, and th i s  
made i t  necessary* to  r e ly  on in te r p o la t io n .  To l im i t  th e  in flu en c e  
o f th e se  f a c to r s  o f in accu racy  as much as p o s s ib le ,  we chose a 
method of in te r p r e ta t io n  by averages p ro v id in g  th e  c o n f ig u ra tio n  of 
th e  most l ik e ly  c le a re d  volume. For each wind speed from zero  to
k m/s (9 mph) in  s te p s  o f  1 m/s (2 .2  m . p . h . ) ,  t h i s  c o n fig u ra tio n  
was re p re se n te d  in  th e  form o f h o r iz o n ta l  c ro ss  s e c tio n s  a t  th e  3)
11 , 19 and 27 m (lO , 36, 62 , and 89 f t . )  le v e ls  by assuming th e  
d i r e c t io n  o f th e  a i r  stream  to  be f ix e d  and th e  d i r e c t io n  o f th e  
wind to  v a ry  by in te r v a ls  o f  30°•

i)..5 .2  L is t  o f in te r p r e t iv e  o p e ra t io n s . Like th e  curves re p re se n tin g  
th e  a i r  stream  c o n f ig u ra tio n , th e  ex p erim en ta l curves a re  c h a ra c te r iz e d  
by th e  wind speed and v a lu e  o f ang le  6 . The t r a n s i t i o n  from th e  f i r s t  
to  th e  second was c a r r ie d  ou t u s in g  th e  fo llo w in g  o p e ra tio n s ;

a ) Choice o f  sequences. The ex p erim en ta l curves in tro d u ced  in to  
th e  in te r p r e ta t io n  correspond  to  th o se  sequences whose l i s t  appears in  
Table 2 . Since th e  symmetry o f th e  a i r  s tream  fo rce d  n o n -d if fe re n ta t io n  
between th e  p o s i t iv e  and n eg a tiv e  6 ' s ,  th e  ex p erim en ta l r e s u l t s  gave 
th e  maximum number o f  p o s s ib le  com binations between ab so lu te  v a lu es  o f 5 
and th e  wind speed. Of 73 sequences r e ta in e d , 65 were from th e  5OO 
s e r ie s  t e s t s  and e ig h t  from th e  s e r ie s  60O t e s t s .



TABLE 2 . LIST OF SEQUENCES USED IN THE STUDY 
OF THE AIR STREAM CONFIGURATION

1
Wind
Speed 6 Sequence

No.
Wind
Speed 6 Sequence

No.
Wind
Speed

6 Sequence
No.

0 539-01 & 
S^q-02 10 5 3 8 - 0 1 80 510-06

1 0 5 3 9 -0 3 2 0 5 3 8 -0 2 3 m/sec
5 1 9 -0 5  &

537-03__

0 .5  m/sec ?.Q S^8 - 0 ^ 1+0 5 ^8 - 0 6
( 6 . 7  mph)

1 2 0
5 2 0 - 01+ & 

5 3 2 - 0 9
( l . l  mph)

8 0 521-02 6 0 51Q-01 1 7 0 535-01.

90 521-03
2  m /sec 
(I+ .5  mph) TO 5 2 I+-O2 1 0 533-01

1 3 0 5 2 2 -OI+ 8 0 521-05 5 0 5 3 2 - 0 6

1 0 539-01+ 9 0 5 2 I+-OI
3 .5  m/sec 
( 7 . 9  mph)

70 5 3 I1-O2

30
5 3 8 -0 5  &

Sl+0 -0 1 1 0 0 521+-03 8 0
5 3 2 -0 5

532-07..

1+0 5 0
6 0 6 - 0 2  & 

5 3 6 - 01+ 9 0 6 0 5 - 0 1

1  m/sec 6 0 5 I+O- 0 2 6 0 5 3 7 -0 6 1 0 0 6 0 5 - 0 ^
( 2 . 2  mph)

8 0
5 1 9 - 0 I+ &
521-01 . 7 0 537-02 ll+o 5 .3 2 - 1 0

IQQ. 1̂+o-oq 2 . 5  m /sec 99 532-01+ 2 0 5^?-02

1 7 0 51+0 - 0 6
( 5 * 6  mph)

1 0 0 537-01 30 531-02

1 8 0 51+0 - 01+ 1 1 0 532-02 1+ m/sec 7 0
6 0 5 - 0 2  &
533-03 .

2 0 5 1 9 -0 3 1 2 0 5 3 2 - 0 1
( 9  mph)

.9 0 6 0 I+-02

6 0 5 2 I-OI+ 1 3 0 537-Q1+ 1 8 0
535-02 & 

515-03

7 0 523-02 ll+o 6 0 I+-O? I+ .5  m/sec 
( 1 0 . 1  mph)

1+0 6 1 1 -m

8 0 5^8-01+ 150 .522-02 5 0 5 33-01+

1 . 5  m/sec 1 0 0 522-05 0 531-01 170 533-OR
(3.1^ mph)

112. ^̂2 0 - 0 1
3 m /sec 
(6 .7  mph) 59 5^7-05

22^ 522-01 6 q
5 3 2 - 0 3  &

5-^ii-m

no 5 2 3 -0 3 JSL.-532,:̂ Q8.. .
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b) Drawing o f exp erim en ta l l im i t s  o f c le a re d  volum es. The nex t 
o p e ra tio n  c a l le d  fo r  drawing on each”diagram  th e  +1 '̂ C curve d e fin ed  as 
b e ing  lo c a te d  a t  an eq u a l d is ta n c e  from th e  l im i t s  o f  th e  a i r  stream  
and th e  +2°C curve.

c) Diagram o f  average c u rv e s . For each com bination o b ta in ed  
fo r  wind speed apd ang le  iS , th e  ex p erim en ta l curves corresponding  
to  th e  fo u r re fe re n c e  le v e ls  (+1°C is o g a in  cu rv es) were drawn on th e  
diagram s and when n ecessa ry  th e  p lo ts  o f th e se  curves were averaged  
in  s im ila r  in s ta n c e s . The fo llo w in g  v a lu es  o f  v and 6 were th en  
con sid ered :

V = 0 , 1 m /s, 2 m /s, 3 m /s, m/s (O. mph, 2 .2  mph,_ 1-5 mph, 
6 . 7  mph, 9  niph)

6 = 0 ° ,  3 0 ° ,  6 0 ° ,  9 0 ° ,  1 2 0 ° ,  1 5 0 ° ,  1 8 0 °

The average curve re p re se n tin g  th e  c le a re d  volume a t  each re fe re n c e  
level, and f o r  each com bination (vx  ̂ <Sy ) "was o b ta in ed  by averag ing  
th e  p lo ts  o f  th e  exp erim en ta l cu rv es, in c lu d in g  th o se  d e fin e d  by;

;6y ’ VX
6y , Vx + 0 .5  m/s (1 .1  mph) 
6y , Vx -  0 .5  m/s

6y + 1 0 ° , Vx
6y + 10°, Vx + 0 .5  m/s 
6y + -10°, Vx, -  0 .5  m/s

6 -  1 0 ° , Vx
6y -  10°, Vĵ  + 0 .5  m/s 
,6y -  10°, Vx -  0 .5  m /s

Table 3 p ro v id es  a  l i s t  o f sequences in tro d u ce d  in  th e  d e te rm in a tio n  of 
each fam ily  o f average cu rves.

d) R ep resen ta tio n  o f  th e  c o n f ig u ra tio n  o f  th e  a i r  s tre am . The 
average curves d e fin ed  in  t h i s  fa sh io n  were reco rd ed  on th e  d iagram s. 
E ach-p lane, r e l a t i n g  to  one wind speed and one re fe re n c e  le v e l ,  in c lu d es  
one fam ily  o f  curves co rrespond ing  to  the  v a rio u s  v a lu es  o f 6 assumed 
every  3 0 ? in  th e  0-360° s e c to r .  S ince th e  i n i t i a l  d i r e c t io n  o f  th e  a i r  
stream  was f ix e d , t h i s  fam ily  o f curves must f a l l  w ith in  an envelope 
ciorve. - I t  appeared  t h i s  was v i r t u a l l y  th e  case f o r  wind, speeds o f m/s 
( 9  mph) b u t somewhat le s s  a c c u ra te  fo r  lower wind speeds. We th u s  had 
to  re to u ch  some o f th e  c u rv es , th e  d if f e r e n c e s  v a ry in g  by an average 
10  m eters (3 3  f t . )  and r a r e ly  2 0  m eters (6 6  f e e t )  in  o rd e r to  o b ta in  
a  homogeneous s e t  in  th e  plane, frctn one re fe re n c e  le v e l  to  th e  o th er 
fo r  th e  same wind speed and from one wind speed to  th e  o th e r  fo r  the  
same re fe re n c e  le v e l .
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TABLE 3. LIST OF AVERAGE CURVES

Wind
Speed

Avg.

6

Avg.
R efer.
Curve

L is t  of
Sequences Used

Wind
Speed

Avg.

6

Avg.
R efer
Curve

L is t  of
Sequences Used

0
0 - 0 0 0

521- 02, 521-03,
522- 04, 538-03, 
539-01, 539-02, 
539-03

0 3-000 531-01, 533-01

30 3-030 2 - 030, 3-000
3 - 060. 4-030 (1)

1 m/s 
( 2 .2  mph)

0 1 -0 0 0 539-03
539-04

60 3-060 532-03, 532-06, 
532-08, 534-01, 
534-02, 536-04, 
537-02, 537-05, 
537-06, 606-02

30 1-030 519-03, 538-03, 
538-05,
540-01, 606-01

3 tn/s 
(6 .7  mph)

60 1-060 521-04, 523-02, 
540-02

90 3-090 519-05, 519-06, 
532-04, 532-05, 
532-07, 537-01, 
537-03, 605-01, 
605-03

90
1-090 519-04, 521-01,

521- 02, 521-03,
522- 05, 538-04, 
540-05

120 T- 1 2 0 520-01, 522-01, 
522-04

120 3-120 520-04, 532-01, 
532-02, 532-09, 
537-04150 1-150 1- 1 2 0 , 1 -180,(1) 

2-150
180 1-180 523-03, 540-04, 

540-06
L50 3-150 522-02, 532-10, 

604-03

2 ra/s 
[4.5 mpK)

0 2 - 0 0 0 538-01 180 3-180 535-01

30 2-030 519-03, 538-02, 
538-06

4 m/s 
(9 mph)

0 4-000 535-02

60 2-060 519-01, 521-04, 
523-02, 524-02,
536- 04, 537-02,
537- 06. 606-02

30 4-030 531-02, 533-02, 
611-01

60 4-060 532- 06, 533-03,
533- 04, 534-02, 
605-0290 2-090 521-05, 522-05, 

524-01, 524-03, 
532-04, 537-01, 
538-04

90 4-090 532-05, 532-07,
604- 02, 605-01,
605- 03120 2 - 1 2 0 520-01, 522-01, 

532-01, 532-02, 
537-04 120 4-120 3 -  120, 4-090,

4 -  150 (1)
150 2-150 522-02, 604-03 150 4-150 532-10

180 2-180 523-03 180 4-180 535-02, 535-03, 
-^5.-Q5_____________
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The fam ily  o f  curves re p re se n te d  in  th e  appendices were a ls o  
o b ta in ed . These curves p rov ide  th e  average c o n f ig u ra tio n  o f  th e ,-a ir  
s tream  from th e  underground blow er u n i t  l im ite d  by th e  +1°C is o g a in , 
i . e . , ,  th e  most 1 l i k e ly  c o n f ig u ra tio n  o f  th e  volume c le a r e d ,by th ’e 
blow er u n i t  fo r  v a lu es  o f 6 f a l l i n g  between zero  and 360° and fo r  wind 
speeds between zero  add 4 m/s ( 9  mph’)

show and iQe rem oval t e s t s . Snow and ic e  rem oval t e s t s  produced 
th e  fo l lo v in g  r e s u l t s  I

h .6 .1  Range. Under fav o ra b le  wind c o n d itio n s , th e  snow and ic d  m eltin g  
e f f e c t  o f th e  a i r  stream  from th e  underground blow er u n i t  -was nd t f e l t  
beyond 8 0  to  1 0 0  m eters (2 6 2  to  3 2 8  f t . ) from th e  blow er o u t le t  ig rid .

^ •^ •2  O perating  d u ra t io n . The o p e ra tin g  tim e re q u ire d  to  o b ta in  the  
m e ltin g  o f snow or ic e  covering  a  co n cre te  s la b  a t  a* d is ta n c e  of* 50  
m eters (2 3 O f t . )  depends on th e  wind and tem p era tu re . Four m inutes a re  
re q u ire d  to  m elt a th in  c o a tin g  o f ic e  when th e  tem p era tu re  i s  in  th e  ^
neighborhood o f 0 C. Ten to  30 m inutes a re  re q u ire d  to  m elt q. ^ cm 
(0 . 8  i n . )  la y e r  o f  fro ze n  ic e  a t  a  tem p era tu re  o f -5°C.

C onclusion . I t  would appear t h a t  a  T u rb o c la lr  i n s t a l l a t i o n  i s  o f l im ite 4  
v a lue  in  removing ic e  o r snow from a  runway because o f th e  l im ite d  range 
and len g th  o f tim e re q u ire d  to  prodUce good r e s u l t s .  Since, th e [tim e  o f 
th e se  t e s t s ,  i t s  v a lue  has f u r th e r  been reduced  th rough in s 't a l la t io n  o f  
th e  B e r tin  turbo-snow  rem over.

^•T Fog-m easurem ents. Measurements o f fog  c h a r a c te r i s t i c s  were covered 
in  a  d e ta i le d  r e p o r t  .by th e  B e r tin  Company ( r e p o r t  on I 9 6 7 - 6 8  t e s t in g  
which in c lu d ed  th e  measurement o f  fog  c h a r a c t e r i s t i c s ) .

^•T -1 M easuring equipm ent. The fo llo w in g  equipment was used;

a )  l iq u id  w ater c o l le c t in g  dev ice  - measure th e  q u a n ti ty  o f 
l iq u id  w ater co n ta in ed  in  th e  fog  th rough  d e p o s it  o f  th e  w ater 
d ro p le ts  on a  f ib e r g la s s  f i l t e r  t h r o u ^  which a  g iven  volume o f’ a i r  
i s  allow ed to  p a ss .

b) photogranu lom eter - o p t ic a l  d e te n n in a tio n  o f  number d ro p le ts  
p e r u n i t  volume.

c) Im pa'ct-device -  d e te rm in a tio n  o f g ran u lo m etric  spectrum  of 
fog (number-, d i s t r ib u t io n  by s iz e  and dim ensions o f  d ro p le ts )

d) co n v en tio n a l ground measurements - w eather c o n d itio n s , 
p re s su re , tem p era tu re  and  r e l a t i v e  hum id ity .

During th e  p ro to ty p e  phase , th e  f i r s t  th re e  u n i t s  were e s p e c ia l ly  
designed  and c o n s tru c te d  by th e  B e r tin  Company.
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k .J .2  T es ts  perform ed. F a i r ly  ex ten s iv e  measurements o f fog c h a r a c te r i s ­
t i c s  were perform ed d u rin g  s ix  t e x t s  under fog c o n d itio n s .

h . 7 . 3  R e su lts . I n te r p r e ta t io n  o f r e s u l t s  c o n s is te d  o f  e s ta b l is h in g  ex- 
p e rim en ta l curves r e l a t i n g  v i s i b i l i t y  w ith  th e  l iq u id  w ater c o n ten t and 
th e  number o f  d ro p le ts  per cubic cm given  e i th e r  by th e  photogranulom eter 
or th e  im pact d ev ice . D esp ite  a l im ite d  number o f measurements and t r i a l  
and e r r o r  p rocedures in h e re n t in  the  ex p erim en ta l n a tu re  o f th e  equipm entj 
r e s u l t s  o b ta in ed  were co h eren t. In  s p e c i f ic ,  th ey  confirm ed th e  wide 
v a r i a b i l i t y  in  fog  c h a r a c te r i s t i c s  p e r ta in in g  to  a g iven  s i tu a t io n .

C onclusion. These measurements were o f a  p u re ly  sp e c u la tiv e  n a tu re  in  
re s p e c t to  th e  ex p erim en ta tio n . In  e f f e c t ,  th e  in f lu e n c e  on th e  d e te r ­
m ination  o f  th e  c o n fig u ra tio n  o f  th e  c le a re d  volume o f th e  p h y s ic a l 
param eters ty p ify in g  th e  fog comes second a f t e r  th e  wind and i s  v i r t u a l l y  
im possib le  to  t e s t  due to  an i n a b i l i t y  to  i s o la te  th e se  d i f f e r e n t  
param eters . However, th ey  a re  s t i l l  o f  co n s id e rab le  i n t e r e s t  s in ce  they  
in flu en c e  th e  development o f  fog  d is p e r s a l  methods u s in g  seed ing  p ro ­
cedures. F artherm ore, the  perform ance a n t ic ip a te d  from an o p e ra tio n a l 
T u rb o c la ir  i n s t a l l a t i o n  w i l l  app ly  to  average fog s i tu a t io n s .  At th e  
o u ts e t ,  a t  l e a s t ,  th e re  w i l l  be no p o in t in  coup ling  measurements of 
fog c h a r a c te r i s t i c s  w ith  o p e ra tio n  o f th e  d is p e r s a l  method i f  on ly  to  
perm it th e  a n a ly s is  o f counterperform ance o b ta in ed  du rin g  fog c o n d itio n s  
no t norm ally  encoun tered  in  our a re a  ( fo r  exam ple, fogs w ith  a h igh  
l iq u id  w ater c o n te n t) . These measurements would a ls o  be o f v a lue  to  
in s t a l l a t i o n s  to  be b u i l t  in  a re a s  where fog  c h a r a c te r i s t i c s  a re  very  
d i f f e r e n t  from th o se  encountered  in  th e  a re a  around P a r is .

5 . CONCLUSION; DEFINITION OF M  OEEg^IONAL INSTALLATION

The ex p erim en ta tio n  j u s t  d e sc rib e d  marked th e  com pletion o f th e  
g e n e ra l t e s t  program being  developed s in ce  1958 "tbe P a r is  A irp o r t and 
th e  B e r tin  Company. I t s  f i n a l  o b je c t iv e  i s  th e  i n s t a l l a t i o n  of equipment 
u s in g  th e  T u rb o c la ir  method a long  runways. The d e f in i t io n  o f t h i s  in ­
s t a l l a t i o n  w i l l  in c lu d e  th re e  p ro cesses  s p e c i f ic  to  th e  method, th e se  
being :

- desig n  o f th e  underground blow er u n i t
- i n s t a l l a t i o n  o f underground blow er u n i ts
- th e  program to  o r ie n t  th e  a i r  stream s as  a  fu n c tio n  o f 

th e  wind

5 . 1  D e f in it io n  o f th e  underground blow er u n i t .  I t  can be assumed th e  
u n i t  must g uaran tee  th e  p rogram 's good r e l i a b i l i t y .  The le v e l  o f tu rb u len ce  
has been decreased  as  f a r  a s  p o s s ib le  w ith o u t red u c in g  th e  i n i t i a l  speed 
o f th e  a i r  stream . The problem o f  ground e ro s io n , which r a is e d  some con­
cern  in  r e s p e c t  to  i t s  e f f e c t  on th e  c o s t o f  th e  in s ta lH a tio n , can be 
d e a l t  w ith  a t  r e l a t i v e l y  low c o s t .  The n o ise  f a c to r ,  n o t d i r e c t ly  covered 
in  th e  t e s t i n g ,  i s  s t i l l  o f concern . Although th e  sound le v e l  o f th e  
underground blow er u n i t  can be s iz e a b ly  decreased  by sound re d u c tio n  
d e v ice s , choice o f  a  s i t e  fo r  th e  i n s t a l l a t i o n  o f an o p e ra tio n a l f a c i l i t y
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must tak e  in to  account th e  p o s s ib le  p ro x im ity  o f an urban a re a . 
E v a lu a tio n  o f  th e  d isco m fo rt caused by th e  n o ise  i s  p u re ly  s u b je c tiv e . 
I t  can' th u s  be a n t ic ip a te d  th e re  w i l l  be no cause fo r  d iscom fort i f  
th e  n o ise  g en era ted  by th e  f a c i l i t y  combines w ith  n o ise s  norm ally  

. reco rd ed  in  th e  a re a  around an a i r p o r t  w ith  th e  ex cep tio n  o f '-d ire c t  
overhead f l i g h t .  This can c o n tr ib u te  to  de term in ing  th e  n o ise  le v e l  
to  be co n sidered  a maximum. This means th e  f a c i l i t y  w i l l  p robab ly  be 
o p e ra ted  in te r m i t te n t ly  w ith  a drop in  engine speed between lan d in g s . 
This procedure  w i l l  be determ ined  in  th e  fu tu re .  At th e  p fe se n t tim e, 
th e  l a s t  problem now being, s tu d ie d  i s  th e  design  o f th e  f r a n g ib le  or 
f l e x ib le  d i r e c t io n a l  p la te s  capable o f w ith s tan d in g  th e  tem pera tu re  and 
th r u s t  o f th e  a i r  stream .

5 '^  Location  o f  undergrouhd blow er u n i t s . L ocation o f thd  underground 
u n i ts  w i l l ’be th e  most d i f f i c u l t  phase o f th e  o p e ra tio n . In  e f f e c t ,  
t h i s  i s  a  n ecessa ry  s te p  to  be tak en  between ex p erim en ta tio n  and a p p l i ­
c a tio n  o f the  p ro cess  ip  q u e s tio n . However, c e r ta in  r i s k s  ,ajre invo lved  
d e sp ite  p re c au tio n s  to  be taken  ahead of tim e . Furtherm ore, i n s t a l l a ­
t io n  o f th e  u n i t s  w i l l  be i r r e v e r s ib le  and th u s  c o n s t i tu te s  a  d e te r ­
m ining f a c to r  in  th e  success o f  th e  e n t i r e  p r o je c t .  I t  i s  planned to  
de tenn ine  t h e i r  lo c a t io n  as fo llo w s:

5 -2 .1  B asic d a ta . B asic .data w i l l  be su p p lied  by curves in d iq a .tin g  the  
c o n f ig u ra tio n  o f th e  c le a re d  volume as th ey  r e s u l t  from in te r p r e ta t io n  
o f th e  tem peratu re  m easurem ents.

5 ;2 .2  ^ e l im in a r y  o p e ra t io n s . The f i r s t  o p e ra tio n  w i l l  c o n s is t  o f  o u t­
l in in g  th o se  p o r tio n s  o f  th e  runway over whiph th e  c le a re d  volume w il l  
reach  a  s p e c if ic  re fe re n c e  le v e l  .as a  fu n c tio n  o f a i r c r a f t  p a th  e i th e r  
a t  th e  2 7 - m eter (8 9  f t . )  l e v e l  on th e  approach s id e , th e  1 9  m eter 
(6 2 ^ f t . )  l e v e l  above th e  touchdown a re a  or th e  11  m eter ( 3 6  f t . )  level- 
in  th e  r o l l in g  zone. For each en g ine , the  c o n f ig u ra tio n  o f  th e  c le a re d  
volume to  be co n sid ered  w i l l  be th a t  given by th e  curves corresponding  
to  th e  re fe re n c e  le v e l  to  be reached  over th e  p o r tio n  o f runway a f fe c te d  
by t h i s  volume.

5 -2 .3  Approxim ate value  o f o r ie n ta t io n  o f  underground blow er u n i ts .
For each speed and an g le  (v a ry in g  in  30^ s te p s )  o f th e  wind w ith  th e  
runway c e n te r l in e  a x is  w i l l  be determ ined  th e  optimum v a lu es  fo r  
o r ie n ta t io n - o f  th e  a i r  stream  and th e  d is ta n c e  o f  th e  underground 
blow er u n i t  from th e  runway g iv in g  th e  g r e a te s t  c le a re d  volume above 
th e  runway fo r  each re fe re n c e  le v e l .  T his d e te rm in a tio n  w i l l  tak e  in to  
account th e  f a c t  th a t  th e  component o f th e  speed of th e  h o t a i r  along 
th e  a x is  o f  th e  runway must be d ire c te d  tow ards th e  apprca-ch in  o rd er 
to  avo id  having th e  a i r c r a f t  land  downwind.
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5 .2 .4  S p ec ia l i n s t a l l a t i o n  o f .underground blow er u n i ts '. In  "o rd e r 'to  
handle a l l  wind c o n d itio n ^ , a t  l e a s t  .above th e  r o l l i n g  ^one, a  f a c i l i t y  
must c o n s is t ’ o f  two roKS o f underground- b]L9wer u n i t s  lo c a te d  on eacju 
s id e  o f th e  runway. Since t h i s  i s  v a l id  fo r  a  p re o p e ra t io n a l y e p io n ,  
a  f a c i l i t y  w i l l  be co n sidered  which in c lu d e s  a. s in g le  row o f eng ines 
p laced  on th e  s id e  from which dom inating winds blow du rin g  fog con­
d i t io n s .  In  d esig n  o f t h i s  f a c l l i t j ^  on ly  wind blow ing from th a t  s id e  
o f th e  runway where th e  u n i ts  a re  lo c a te d  w ill , be tak en  in to  accoun t, 
th e  l im i t  b e ing  wind p a r a l l e l  to  th e  runway.

S ta r t in g  w ith  th e  p rev io u s  d e te rm in a ticn  s , f o r  each wind co n d itio n  
v i l l  be d e fin ed  th e  co rrespond ing  optimum lo c a t io n  o f th e  underground 
u n i ts  and th e  d i r e c t io n  o f th e  a i r  s tream  from each u n i t  by ju x ta ­
p o s i t io n  o f th e  l im i t s  o f th e  c le a re d  volumes on th e  re fe re n c e  le v e ls  
to  be co n sid ered . Thus, a  s e r ie s  o f  lo c a t io n s  s p e c if ic  to  each wind 
c o n d itio n  (speed and d ir e c t io n )  w i l l  be o b ta in ed .

5 .2 .5  F in a l a c t io n .  The lo c a t io n  w i l l  be n o ted  o f th e  convergence of 
th e se  s p e c if ic  lo c a t io n s  on a  s in g le  o r ty p ic a l  lo c a t io n  w ith  r e a d ju s t ­
ment, when n e ce ssa ry , o f a i r  s tream  d i r e c t io n .  For each u n i t  th e  b e s t  
compromise must be found between th e  maximum dim ensions o f th e  c le a re d  
zone over th e  runway and th e  lo c a t io n  o f th e  c e n te r  o f t h i s  zone, which 
must be as c lo se  as  p o s s ib le  to  th e  c e n te r l in e  a x is  o f  th e  runway. 
Furtherm ore, a  change in  wind speed or d i r e c t io n  must n o t produce any 
d is c o n t in u i ty  in  th e  o r ie n ta t io n  o f th e  a i r  s tream s. Wind cond itions^  
fo r  which th e  ty p ic a l  lo c a t io n  w i l l  d i f f e r  c o n sid e rab ly  from th e  s p e c if ic  
co rresponding  lo c a t io n  w i l l  be examined in  d e t a i l .  The only  r i s k  which 
m ight th en  be encoun tered  w i l l  be th e  p resence  o f p a tch es  o f fog  over 
th e  runway. This drawback w i l l  be ev a lu a te d  as a  fu n c tio n  o f th e  de­
c rease  in  fo re se e a b le  v i s i b i l i t y  and p ro b a b i l i ty  o f such s i tu a t io n s .
I t  could  p o s s ib ly  le a d  to  changes in  th e  ty p ic a l  lo c a t io n . Before 
f in a l iz in g  th e  lo c a t io n , com parative s tu d ie s  w i l l  be made w ith  t e s t  
r e s u l t s  o b ta in ed  s in ce  1958 a t  I n s ta l l a t io n s ,  u s in g  s e v e ra l  blow er 
u n i ts .

S p e c if ic a l ly ,  i t  w i l l  be v a lu ab le  to  determ ine th e  in flu e n c e  o f 
th e  e f f e c t  o r m utual a i r  s tream  p ro te c t io n ,  th e  "drag" e f f e c t  and th e  
p o s s ib le  e f f e c t s  o f accum ulation  o f h o t a i r  in  one d i r e c t io n ,  th e se  
e f f e c t s  p o s s ib ly  b e ing  fa v o ra b le  in  th e  p reced in g  l im i t in g  in s ta n c e s .

5 .3  O r ie n ta tio n  o f underground blow er u n i t s . The d e f in i t io n  o f  th e  
program to  o r ie n t  th e  underground blow er u n i t s  as  a  fu n c tio n  o f th e  wind 
w i l l  be combined w ith  p lan n in g  f o r  t h e i r  lo c a t io n . Once th ey  have been 
in s t a l l e d  t h i s  program w i l l  be r e f in e d . S e n s i t iv i ty  o f th e  system  to  
th e  wind a lre a d y  makes i t  p o s s ib le  to  a n t ic ip a te  t h a t  o r ie n ta t io n  o f 
th e  blow er o u t le t  g r id s ,  u n i t  by u n i t ,  must be d i r e c t l y  c o n tro l le d  by 
one o r s e v e ra l  wind d ir e c t io n  in d ic a to r s .
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5.^+ G eneral co n clu s io n . T his I a s i  phase o f  developm eni o f ih e  
T u rb o clh ir mhthod .made i t  p o s s ib le  to  -base th e  method on sound ex­
p e rim e n ta l d a td  and th u s  d rav  c lo s e r  to  th e  d e f in i t io n  o f an opera­
t i o n a l  i n s t a l l a t i o n .  I t  i s  'now f e l t  t h a t  t h i s  f a c i l i t y  can be 
d e s ig n e d 'w ith o u t any r i s k  o f com m itting b a s ic  m is tak es . N onetheless, 
i t  must no t be fo rg o tte n  t h a t  t h i s  method i s  s t i l l  in  th e  exp erim en ta l 
s tag e  and th a t  some u n c e r ta in t ie s  have y e t  to  be removed, s p e c i f ic a l ly  
tho&e concern ing  an*‘o p e ra tio n a l i n s t a l l a t i o n .  Such u n c e r ta in t ie s  
in c lu d e  tu rb u len c e  ‘and th e  p o s s ib le  e f f e c t s  of' lo c a l  changes in  th e  
v e r t i c a l  th e rm al g ra d ie n t le ad in g  t o 'a  r i s e  o f Hot a i r  a t  the  le v e l  
o f th e  dev ice  capable  o f d i r e c t in g  fog tow ards th e  runway. The in ­
flu en ce  o f -these -phenomena can only  be s tu d ie d  once an o p e ra tio n a l 
i n s t a l l a t i o n  i s  in  s e rv ic e .
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AiPPENDIX A 

L i s t  o f S e r ie s  300 T ests

C onventions:

a = h a l f  an g le  o f opening o f d i r e c t io n a l  p la te s

engine p o s i t io n ;

A = advanced 

R = withdrawn 

c ross  s e c tio n ;

L = lo n g i tu d in a l  

T = t r a n s v e r s a l

O h serv a tio n sr

A = sequence c a n c e lle d  

RD = sequence no t analyzed



LIST OF SERIES 300 TESTS

DASTE SEQPMCE

WEATHER CQICDITIONS___ UNDERGROUND BLOWER UNIT'
CROSS
SEC, NOTES

WIND TEMP.
°C

ENGINE
OPER.

BLOWER OUT­
LET GRID 
ORIEMEATION

DILUTION
RATE

DIRECT.
PLATE ENGINE

POSITION
SinED
(tb/ b )

DIRECTION
( ° ) SPEED TYPE a  ^ ) .

1 0 / 1 3 /6 5 3 0 1 -0 1 1-5 80 t2 0 80 0 0 160 1-33 6 6 R L
!.? 3 0 1 -0 2 2 125 f2 0 t t 150 It If 6 »! T
IT 3 0 1 -0 3 2 105 f20 II

/
J t I t 1! 8 t t T

f ! 3 0 1 -Oit 2 150 f2 2 t t t l If M 10 t l T
t l 3 0 1 -0 5 2 145 f22.5 ♦I l l ‘ ft If 12 t t T
M 3 0 1 -0 6 2 . 5 160 1-23 M t t f t 11 i4 t t T
I t 3 0 1 -0 7 2 125 t-23 t t t t If If l4 t t T
I t 3 0 1 -0 8 1-5 120 424-5 I t I f I t II 12 f t L
t l 3 0 1 -0 9 0 .5 1 1 0 ^25-5 t t t l  • II II io t t L
t l 3 0 1 -1 0 0 .5 2 5 f-25 t t I t II I t 8 II L
t t 3 0 1 -1 1 1 125 •■25 f t I t I I f l 6 f t L
t t 3 0 2 -0 1 2 i4o 1-20 II II f l 7 . 6 I t L
t t 3 0 2 -0 2 2 130 t-19.5 II ‘ 1.1 t l f t 10 t t L
t t 3 0 2 -0 3 2 90 1-19 t t f t t t l4  , f l L
I t 3 0 2 -0 4 2 8 0 H 8 I t I t t f II i4 f l T
t t 3 0 2 -0 5 1 .5 ‘8 0 H7-5 t t I t If 11 10 t t T
t t 3 0 2 -0 6 1-5 85 HI7 t l t t I t f t 6 t t T

I/I+ /66 3 0 3 -0 1 2 .5 120 1-4 t t t t I t 1 6 A T
t t 3 0 3 -0 2 2 .5 120 h4.2 t t t t f t I t 10 t t T
t t 3 0 3 -0 3 2 110 h4 .2 * I t f t I t t t 14 I t T
t t 3 0 3 -0 4 2 150 H5-.5 It f t t t 4 14 I t T
t t 3 0 3 -0 5 2 150 h5.-7 t t t l t t t t 10 I t T
II 3 0 3 -0 6 1-5 . i4o h6 t t t t t l I t 6 t t T

t l
3 0 3 -0 7 2 i4o 1-6 .2 I t f t t l I t 6 t l ■L

t t 3 0 3 -0 8 2 ■ 150 1-5 .-7 t t t t t t  . II 10 t t L-
I t 3 0 3 -0 9 2 1 5 0 ^5-5 t t f t t t f t l4 I t L

2 / 1 /6 6 304-01 1-5 160 '■9-5 t l n I t 5 0 t t L
I t 304-02 0 1-9 .5 I t t t t t t t 6 t t L
I t 304-03 0 9̂ .5 8 1 5 0 t t f t t t 6 t t L
t t 304-o4 1-5 160 1-9 .5 8 0 0 0 t t t t t t 14 t l L



LIST OF SERIES 300 TESTS

WEATHER COHDITIOHS___ UNDERGROUND BLOWER UNIT'
WIND TEMP. ENGINE BLOWER OUT- DIRECT.

ENGINE
CROSS

NOTESSPEED DIRECTION °C OPER. LET GRID DILUTION PLATE SEC.
BASE SEQUENCE (m /s) ( ° ) SPEED ORIENTATION RATE type ct r ) . POSITION

2 / 1 /6 6 304-05 1 170 +9 .5 8 0 0 0 150 1-33 5 l4 A T
f t 304-o6 1-5 170 t t I t M t t t t 6
IT 304-07 2 160 f i o .2 t l t l II t t 0

3 / 2 /6 6 3 0 5 -0 1 4 160 n o 7 0 0 0 I t I t I t 6 I t L MD
Tt 3 0 5 -0 2 4 170 I t 7 2 5 0 I t

f l 3 0 5 -0 3 4 160 M 7 5 0 0 t t t l I t

f ! 3 0 5 -0 4 4 .5 150 t l 7 7 5 0 I t I t I t t t

t t 3 0 5 -0 5 4 160 I t 80 0 0 t l t t I t t t II

t t 3 0 5 -0 6 3 170 t l 80 5 0 t t I t M I t I*

f t 3 0 5 -0 7 4 160 t t 8150 f t t t t t t t

4 / 1 /6 6 3 0 6 -0 1 3 180 1-7.5 .8 0 0 0 t t 1 .2 0 t t t t T
I t 3 0 6 -0 2 3 180 1-8 II t t If It 12
II 3 0 6 -0 3 3 .5 180 1-8 .5

t t t t If I f t t

If 3 0 6 -0 4 3 170 1-9 81 5 0 I t I t I t

t l 3 0 6 -0 5 3 .5 190 M 80 0 0 I t t t t t 6
t l 3 0 6 -0 6 3 .5 190 t l 8 1 5 0 t l I I t l

t t 3 0 6 -0 7 3-5 190 1-1 0 .5 8 0 0 0 1! I t t l 0
I I 3 0 6 -0 8 3 .5 180 t t 8 1 5 0 - 11 I t t t

4 / 1 2 /6 6 3 0 7 -0 1 3 170 ^9 80 0 0 I I I t 4 t t

t t 3 0 7 -0 2 3 180 t l 8 1 5 0 t t t t

I t 3 0 7 -0 3 2 .5 170 1-1 0 .5 8 0 0 0 I t t l t l 6
I t 3 0 7 -0 4 2 .5 160 n 81 5 0 I t M t t

t t 3 0 7 -0 5 2 .5 160 H I . 5 8 0 0 0 I t I t t t L
I I 3 0 7 -0 6 2 170 1-12 8150 t t t t I t

M 3 0 7 -0 7 3 ’ 170 1-1 2 .5 8000 I I t l  . t l 0
I t 3 0 7 -0 8 3 180 f t 81 5 0 I t t t t t

2 / 2 4 /6 7
I t

3 3 1 -0 1
3 3 1 -0 2

3
3-5

160
160

^3-5
t t

t t

t t

I I

t t

t l

t t

8
It

6
t t t t T

t l 3 3 1 -0 3 4 160 1-4 I t I t I t M

NOTE: T ests  301 to  307: ly p e  A g r id
T est 331 : iS r e  B g r id
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APPEKKE-X- B •

L is t  o f  S e r ie s  500 T es ts

C onventions; - - •• - . •

a = h a l f  ang le  o f  opening o f  d i r e c t io n a l  p la te s

. 6 = ang le  formed by th e  wind and th e  a irs tre a m s  as measured in  th e
 ̂ in v e rse  tr ig o n o m e tr ic  d i r e c t io n  u s in g  th e  a ir s tre a m  a s 't h e  o r ig in .

O bservation 's:

A = sequence c an c e lled  

ND = sequence no t analyzed
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(—J rH rH (~l r~) rH rH rH

Oj1
rv-

o o o o o o o o o o c o c Q c Q c o c q c n c o w w w w w c a Q Q W W W W - w  
LTN LT\ PO CO ^  CTN W &h W W

B p.
g |

Q  ^

0 OCMC\ JOJVDVOM3V £ ) ^ O V O ' v D V D V D M D a j O J O J O J O J O J O J O j g g g g O O O O
■ r - i r - I H r n H H f —i r Hr —l i Hr Hr Hr - f r - i r - l r - l

w f^f_t^-^-t^t--VD^OVDVO^VDVDVOMDVDVO^D'vDVO'vD'^OVO^£)VD'^DM3VD'vOMD

EH
H
5

a

I1§
g
s

' a

1w

r o o o c o o o o o o o o o o n o o o o o o o o o o o o o o o o o o r o o o o o o o o o r o ^ ^ o o ^ ^ t ^ j ^
m r o r o r n m r o m r o r o r o m o o o o r o o o r o r o o o o o r o o o o o r o o o o o r r i ^ o o o o o o
1—t r H p H r H r H H r H H H r H H i - H r H r H r H p H H H r H r H r H i - H r H r H r H r H H r H r H H

*0
0 0  0 0 0 0 0 0  0 0 0  0  o g g g o  

0 0 0 0 0 0  oo-:t  0  t— c v j c o - ^ o o o g H g o g o g H H i r N ga ^ a D L r \ C y O O O J r H r H r - I O r H H H r H r H H t —C O O N r - l r - H H C O H ^ i - I H H H H
I I I I I I + - I - I  t i l l  I I I I I I I +  +  +  +  +  +  + i  +

«  • 

HC!)
•

r H H H p H r H H r H H H H O J r H H H H r - l  Ht - Hi —I H r H  r-t

0
HEH

B
0

s

•

^  0  
0

LfN LT\ ir\ LTN LXA lr\
_:t-d" LfNVD 0 0  OnOn 0̂  00 m  oj cvi oj C\J 
H  H  H  H  H  rH H  H  H  H  OJ CJ qj OJ 
+  +  +  +  +  +  +  +  + . +  + +  +  +  +  +  +  +  +  +  +  +

0

1
o o o o o o o o o o o o o o o o o o o o o o o g o g g  o o g  

V D t^ < W H O r H 'O t > - r - I C V l- : J - r O - : l -000O -^ C \J C M r- l0J C J 0O ^ C T \ < g ^ g g - ^ ^  
r - l r - l i - H ( M< MH H  fvoro H H H H  QJ.OJ CM CM

M ^ IC\ Lf̂  LfMT̂  LfN LT\ ' UA UA LTN UA IT\ L(A liA Lr̂  UA LPv LfA 
^lAc^^-:t_:tCM(MCMOOOnoOOOCMCMOOcnoOOJCMCMrOOOCJCMOOtv-)OOi-HCM

wm

H  CM r o - ^  H  CM H  CM H  CM 00 J -  H  CM CO-4- UAMD t - C g  H  CJ H  W o o o o o o o o o o o o c o o o o c o o o o o o o o o o o o o o  
1 1 1 1 1 1 1 1 1 1 1 1 1 1 *1 > I 1 I ' 1. Xc K c T N O O O O i - H H g C M O O O O r O  oo-^t i A g v g v g \ g >  iruvo 'OO O H H H H r - H r H H H H r H H r H H H r H r H H r H r - I r H H H H H H H H H

LP»L^^l/^u^L^^u^l/^u^L^\LALr\u^L^\lJ(^L^\u^l/^lJ>Lr^Lr^L^^L^^L^\l^\L^\L^\L^\L^\Lr\L^\

I0
l/?,UAUALr\LfALIAUAIJALtAUAUALrNir\UAlJALIAUAUAUAUAlr\LrNLrNVD'vD^jg^''0^
MiivO'O'OVOVDVOCOVO'OVOVOVOVOVD'OMD'OVOVD

H  H  H  CM C M \ - > H  H  H
VO W W tH H  H  H  r-H H  rH 1-H CM CM

UAUAUAUAUAMAUAUA MDVDVO' v Or Hr Hr Hr Hr Hr Hr Hr Ht —I r Hr Hr Hr Hr H

B-3



LI
ST
 O
F 
SE
RI
ES
 5
OO
 T
ES
TS
, 

FI
RS
T 
SE
RI
ES
, 

GR
ID
 A

g

o o o o o o o o o o o o o o o o o o o o o o p p o o o o oOOOOOOOOOOOOLr^Lr^^r^L^^LPlU^lr^Lf^^f^l/^L^^^/^Lr^Lr\lx^Lr^L^\
O O O O O O O O O O O O H i - t r - l r - l r - I H r H r - t i - H H H r - l t - t H H j H Hc o c o o o c o o o o o o o o o o o c o o o c o a o c o a D c o c o o o c o c D o o a o c C i o o c o c o c o a D c o

CO m o oW W O, C3N O O O O O O O O O O Q O O Q - 0 0 0 0 0 0  
ITiLTNCO LPiCAUMTsChChCrN^OJ OJ OJ OJ LPiir\LTNLr\CTN,

t—I r ^  rH r~l I—I I—I r-l

O OVDVOVOMDVOVDMDVDVOVOVQVOVOVDVÔ VO'̂ V£>V£)V£)̂ VO'OMDMDVO
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L is t  OF SERIES 500, SECOND SERIES -  GRID B

DATE jSECJUENCE

vn?ATIIER CONDITIONS ' (ErDJ'TRGROUlID 0 R in'.TJ' 1 DRIETTO. OF 
ABOVE-GROUND 
ENGIArFk

ENGINE
DPSR.
'IPF'FD

%

N O T E S  *

VJINr
TEMP.f
°C

BLOVfflR 
OUTLET GRID 
ORIENT, ;

t

5  *
1

i
DILUTION > 
RATE

DIRECT 
PT,ATE-s p e e d ;

tm/s)‘ DIR (°)' TYPE;a r y 3  ■ S !
2/2i*-/6T-- • 5 3 1 -0 1 ’ 3 150 +1.5 150 ' 0 • 1 .2 0 1 8 c 6  » HS' HS 8150 *
2I2KI&J 531-02 ^ 4 150 +2 '■ 120 ■ , + 30 1.20 8 ' 6 HS, HS 8150;3/3/67 532-01 ' 2.5 270 +4.5 .150 + 120 1.20 8 6 i HS, HS 8100
z lz l& j 532-02 2.5 260 +4.5 ■ 150 +110 1.20 ’ 8 , 6 * HS- HS' 8100
3h l& J 532-03 3 210 + 5.5 . 150 +60 1.20 8 6 HS' HS‘ 8100
3h l s i 532 -0 4 ' 2.5 210 +6 • 120 +90 1.20 8 : 6 HSi HS 8100532-05 ■ 3.5 230 + 5.5 150 + 80 , 1.20 8 6 150* 150 ̂ 8100
3h l ^ l 532-06 3.5 200 +6 150 + 50 1.20 8 6 ' 150; 150 81003/3/67 532-07 3.5 200 +7.5 , 120 + 80 1.20 8 6 120’ 120 8100
3h l S l 532-08 3 , 190 +8 : 120 +70 1.20 8 6 ; 120= 120*' 81003/3/67 532-09 3 . 210 +8 90 + 120 ^ 1.20 8 6- ’ HS' HS 81003/3/67 532-10 3 .5 210 + 9 70 + i 4 o 1 .2 0 8 6  * ■ HS. HS 8100
3 / 7 /6 7 5 3 3 - 0 1  . 3 .5 1 1 0 + 8 .5 1 2 0 - 1 0 1 . 2 0 8 6 1 2 0 1 2 0 8100
i h i m 5 3 3 - 0 2 4  ’ 1 0 0 + 8 .5 1 2 0 ■ - 2 0 1 . 2 0 8  . 6  . 1 2 0 1 2 0 8100
3I 1I 6J 533-03 4  ’ 1 1 0 + 9 180 . -70 1 . 2 0 8  ’ 6 HS' HS 8100
3 / 7 /6 7 5 3 3 - 0 4 4 .5  • 130  ; + 9 .5  ■ 180 -50 1 . 2 0 8 6  ' 180 180 8100
3 / 7 /6 7 533-05 5 130  : + 1 0 180 -50 1 . 2 0 8 6  . 180 180 8100
3 / 1 5 /6 7 534-01 3  = 2 4 0 + 6 .5 180 +  60 1 . 2 0 8 6  ■ 180 180 8100  ■
3 / 15 /67 534-02 3 .5 2 2 0 + 8 150 +70 1 . 2 0 8 6  ■ 150 150 8100

534-03 5  • 2 1 0 + 8 .5 150 +£o 1 . 2 0 8 6  .. 150 150  ‘ 8100
^ / l 3 / 6 7 5 3 5 - 0 1 3 3 4 0 + 9 150 . -170 1 . 2 0 8 6 ' I 50 150 8100
^ / l 3 / 6 7 5 3 5 - 0 2 4 330 +10 150 180 1 . 2 0 8  . 6 150 , 150 8100
^ / l 3 / 6 7 535-03  . 4 330 +10.5  > 150 180 1 . 2 0 8 6 HS HS 8100
4 / 1 3 /67 5 3 5 - 0 4 4 .5 350 n o .  5 1 2 0 -130 1 . 2 0 8  ' 6  ■ HS HS 8 1 0 0 '
4 / 1 -3 /6 7 535-05  ' 4 .5 340  ; 4 1 0 . 5 150 - i 7 o  .. 1 . 2 0 8 6  ' HS HS ’ 8100

535-06 4 350 + 1 1 .5 1 2 0 -130 1 . 2 0 8 6 HS HS 8100
4 / 2 4 /6 7 536-01 2 .5  • 350 + 1 2 .5 150 -160 1 . 2 0  ' 8 6 I 5U 150* • 8100  ; ND
4 / 2 4 /6 7 536-02  ■ 2 .5 320 + 1 2 .5 150 4-170 1 . 2 0 8 - 6 1-50 1 5 0 : 8100 ND
4 / 2 4 /6 7 536-03 3 3a + 1 3 .5 150 -120 1 . 2 0 8 6 150 1 5 0 ' 8100 ND
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APPENDIX C

L is t  o f  S e r ie s  600 T es ts

Conventions:

a = h a l f  ang le  o f  opening o f  d i r e c t io n a l  p la te s

6 = ang le  formed by th e  wind and a irs tre a m s  as measured in  th e  in v e rse  
tr ig o n o m e tr ic  d i r e c t io n  u s in g  th e  a ir s tre a m  as th e  o r ig in .

O b serv a tio n s;

A = sequence c a n c e lle d

T = sequence w ith  tem p era tu re  measurements 

(ND) = sequence no t analyzed
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00 CO 00 00 CÔ OO aOOOoOCO^COCOOOCOCOCOCOCOCOCOCOCOCOOOCOCOOOOO oo

i l l '1 s  s
G ^  A  

'cc’’S  S

LTN HS HS SH
S HS HS HS .H
S HS HS

1
2
0 HS HS HS HS

1
2
0 HS HS

1
2
0 HS

1
2
0 HS HS HS HS HS HS HS HS HS

HS HS 'H
S

j'H
S

(H
S HS HS HS HS HS

1
2
0 HS HS IK HS

1
2
0 HS

“
1
2
0

1
2
0 HS

1
2
0 HS HS HS HS HS HS HS

'
HS HS

DI
RE

CT
IO

NA
L 

. 
PL

AT
ES

0'w' MDVOVOVOVOMD^VO'vOVOVO'^DVDVDVO'vDVOVOVOVOMDVDVDVOVO'vOVOVOVOMD

CO 00 COCOOOCOCOCOaOCOcOCOOOCOOOCOCOODOOOOCOCOCOCOOOCOOOCDCOCO

B
1
‘W

I
- g

1

ie;
H  pL

E-
h2 <

- S

<c

1
1

O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O
CV| C\ JOJOJOJOJOJ<M( MOJ( MCMC\ JC\ JOj aj ( M<MCJOj aJaj C\ JCMOJOJDJC\ JOJC\ J
1—|i—1)—l i —IrHr—l i —l i —l i —| i —l i —| i —Ir—̂1—| i —| i —l i —| i —Ir-Hr—l i —IrH i—t i—ItH r H i—It—Ir—l i —!

O O O O O P O O O O O O O O O O O O O ,  O O O O O O O Q O O O  
OJ- t— oo CQ H  VO CO CO ir\ OnVO U M V - O r H O J O O t - O H  OOVB OJ O  O
1 I +  +  +  1 1 4- +  +  +  +  4- +  + ( H V H r H i H i H i H i ^  iH'’ +  +  iH rn rH r—1

+  +  +  + I I I I  l l l l

RM  W  f e  
PS t j  o  
C5 P5 l - t  

O  EH

N • '

O O L O L T N O O O O O l C N O O O O L f ^ O O O O O O O O O O O O O O OKvo, o Q.o\ H CO CO o\-t- ojojcoajooojajoJcvicvjojLococjirMJAcoirNOjCM
1—1 CVJ 1—! CO 1—l i —I 1—| i —1 1—I” ^ H i —I I—1 1—! 1—1 (—f' 1—! 1—1" tH rM 1—1 rH rH

• ir\ m tiA LTN
S O V D V O M D V O V O  t - t ^ O N O N H  C O -d- VJD t— OJ LTn VO t—
H r —I r H H H i H i —i i — +  +  +  -f- +  + « ■ +  +  +
4 - +  +  +  +  4- +  +  4 . + + + - I -  --------+  +  +  +  +  4----------------

H

1

8

m
o o o o o o o o o o o o o o o o o o o o i ^ L o o o o o o d b o
0 0 0 0 0 0 l C ^ ^ - t ^ ^ ^ u ^ l C ^ 0 0 0 0 0 0 0 0 l c \ L r ^ H t - 0 0 0 0 l ^ ^ u ^  
1—| i —l i —l i —t i —l i —l i —i i —l i —t i —l i —! i —ICMCVJCVJCVJ -.d" 1—! 1—1 rH i—1 OJ CO OJ OJ CVJ CO

0

H
>

i OOLfMnO0 OOO(J0 o 0 QOl CNOOOOC5 O O O p O p O O O O  ooco CO CO CO CO t - C O  LO U O i P i V D ' O  S - t—co t— ^  CVJ CO CVJ H  c y  VO 0 0  CVJ CO CVJ OJ 
r H r H i —I r H i —I r H r H i — l i —I r H r H r H C V j  ^OJ OJ  OJ  i H rH

S ' o '

k ' ^
CQv_^

l/̂  Lr \ Lf \ Lf \ Lr \ i r \ t r \ LrN u^L^\lr\Lr^Lr^L^\l/^
• •  • •  •  • • •  • • • ' •  • • •

C j H H H O H a j C M O J O J C V j O J O O O j H H O J O J O n o n H H H H H O J O O O O ^ O O O O

SE
QU

EN
CE

H  OJ co^ tcvvo H  CVJ CO-̂  r H O J C O H O J C O H C V J  CO_:J- rH CVJ C O ^  rH CVJ H  CVJ 'cO  ̂
O O O O O O O O O O O O O O O O O O O O O O O O O O O O . O O  

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 I 1 1 1 1
r H H r H r H r H H C V I O J C V j C V J o o C O  CO j -  ^  J -  ICMCNUO UOVD VO VO VO . t -  t '-O O  CO CO 0 3  
CY3 CO CO .CO CO.CO CO CO CO CO r o  CO coTn cocococococococococococococococo 

V O V O V O V O V O < J 3 V O V O \ j 3 V O v O  V0*V0 VO VO VO VO VO-VO VJO VO VO VO-VO VO VO VO VO VO VO

DA
TE

t — t— o \
VO VO ,[h  ^

VO VO " __ ,  \  VO - VO \
\  O  .. CO \  -=1 \  rH 

C 0 =  = = = = 0 \ =  = = H =  = rH = = rH = = =

\  CVJ CVJ O o



L
IS

T
 O

F
 S

E
R

IE
S 

60
0,

T
E

S
T

S
, 

SE
C

O
N

D
 S

E
R

IE
S

NO
TE

S
1

EN
GI

NE
OP

ER
A­

TI
ON

AL
SP

EE
D

0 0 0 0 0 0 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
0  0  0  0  0  q  0  q  q  q  q  Q  0  0  0  0  0  0  q  0  0
1—| i —t i —I t —l i —I r H i —l i —l i —l i —l i —1 r-f r H t —I r H i —i r H O i —I i  I i  1 
COOOCOCX3COCOCOCOCOCOOOOOCOOOCOCOOO o n o D c o c o

1 ^ 1
V -

IT\

on

DI
RE

CT
IO

NA
L

PL
AT

ES

o

O
' 0 ' O M D V O \ O V O V O V £ ) ' O V O M 3 V £ ) V O V £ ) M D V O M D ' 0 ' O M D ' 0

TY
PE o o o o c o o o c x ) c o o o c o a D o o c x 3 c o c o c o c o c o o o o o c o o o c o

I

1

1
1

DI
LU

TI
O

N
RA

TE

o o o o o o o o o o o o o o o o o o o o o
o j o j a j c v i c v j o j a j a j o j o j o j c v j c v j o j o j c v i o j c v j o j o j a j
1—I r - l f —I r H i —i r —i t —I r H i —I r H r —I r H i H r —I r —I r M r H r H f —I r —lr-4

K>

O  ^
w  If]' 

o  ’ ° ' S  O  <S H  ^H  . +  , , , H  . . +  O  , ^  ,

<

«  R  ^  
S  H  O

O  O  O  tr \  
. CM CM H  O  

^ 1—1 1—1 1—1

O O O u ^ O L f ^ O O U - ^ l r ^ o O L r ^ Q O L r ^ Q O O O l ^ ^  
lcncmcomo  o ^ t ^ t r ^ u ^ o • c 3 ^ c o  lt\ c? nco cm o c o  ltnoo cjncjn
,—l i —l i —I r H  r H r H r H i —l i —l i —l i —l i —I r H i —l i —! i —I t —l i H r H

tr \

^  ^  0\V O  VO VO VO IPv LT\ LT\VO VO VO 00  CO CO 
+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +

H

1

o
o

V
IS

I­
BI

LI
TY

(m
) o o o o o o o o o o o o o o o o o o o o o

U A i r M r M A i r \ 0 0 0 0 0 0 0 0 0 L A i r \ i c N 0 0 0 L r \  
V V V V V r H C M i —I t —I t —I C M i —I t —I r H i —I t —I t —I C M r —I t —I t —1

1
g

s

D
IR

.

o  L f N U - N O O t C \ O O L r N O O  Lr\ 
LA C V - ) P O P O H C J \ O H C M O C M  
CM H H H H H H H H H  CM

LT\ t r \  LT\ U"\  LTV LT\ ITN LTN LT\ • • • •  • • • •  •
O O O O O O O O O O H O H H H H H H O O O

SE
QU

EN
CE

H  CM o n ^  lA V O  t -  r-) CM H  cm O O ^  LAMD t -  H  CM CO ■ , ■
• o o o o o o o o o o o o o o o o o o o o o

1 1 1 1 1 1 1 1 1 1 i 1 1 1 1 1 1 1 1 1 1
O t a \ C J N C J \ ( J \ C T \ C T \ O O O O H H H H H t - I H C M C M C M

DA
TE

CT\ (Ts CT\ CT\
MD VD MD VO

' l A  VD C30.- H  
r H t : r : :  = - n  -  i—I r r : : : : : - , ? : :  -

o  o  q  q

c-5



1
I

I

i


