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I .

INTROPPCTIOR.

f h i a  Thenle»  w hich c o ta p t ic M  i n v e c t i g a t i o n c  o f  come 
p r o b lc M  i n  p r a o t i o a l  mine v e n t i l a t i o n ,  i e  m a in ly  
c o n o e rn ed  w i th  work l i k e l y  to  h e  u n d e r ta k e n  hy  a  
v e n t i l a t i o n  e n g in e e r  a t  a  mine and i e  d iv id e d  i n t o  
e e c t i o n e  a e  followei«*

1 .  The M eaeurement o f  O r o e e - e e o t i e n a l  
Area# o r ü n d ê r g r o o n a  Roâdwaye.

The c o r r e c t  meaeurem ent o f  o ro e e -» e e o tio n a l  a r e a #  
o f  u n d e re ro im d  roadw ays, upon th e  ao o n ra o y  o f  which 
much o f  th e  v a lu e  o f  th e  eubeeq uon t c a l c u l a t i o n s  o f  
a i r ^ f l o w  i n  m ines d ep e n d s ,  p r é s e n t é  g r e a t  d i f f i c u l t y  
w here th e  o r o s e - e e c t i o n s  a r e  i r r e g u l a r ,  A s tu d y  was 
made o f  t h i s  p rob lem . Some now in s t ru m e n t#  and 
m ethods o f  m easu r in g  i r r e g u l a r  c r o s s - s e c t i o n #  were 
d e v is e d  and  a r e  d e s c r ib e d  and t e s t e d .

In  p a r t i c u l a r ,  a  method o f  d e te rm in in g  a r e a s  by 
p h o to g ra p h y  was d ev e lo p ed  and t e s t e d  a n d ,  a s  f a r  ae  
t h e  a u t h o r  i e  aw a re ,  t h i s  i s  th e  f i r s t  a p p l i c a t i o n  
o f  p lio to g rap h y  i n  m ines to  t h i s  p ro b lem .

a . y eaen iem en t o f  A ir  T s l p o l t i e s  by 
1. . » .  tn ù  * # .$ # .

Low a i r  sp e e d s  a r e  som etim es m easured  w i th  t h e  
a i d  o f  smoke o r  s m e l l in g  a g e n t s .  The a c c u ra c y  o f  
su c h  m ethods i s  o f t e n  s e r i o u s l y  q u e s t i o n e d .
A s e r i e s  o f  t e s t s  I s  d e s c r ib e d  com paring  th e  r e s u l t s  
o b t a i n e d  by smoke and sm ell  w i th  t h o s e  o f  a  d e l i c a t e  
lowh-reading anem om eter.

3* A tk inson*#  C o e f f i c i e n t  o f  R e s i s t a n c e  
fo r  OnA e r g r ë ü n j  k l r Ü y s .

V ery few v a lu e s  o f  A tk in so n*#  c o e f f i c i e n t  o f  
r e s i s t a n c e  a r e  a v a i l a b l e  f o r  a i rw a y s  w i th  modem l i n i n g s
sttoh a s  s t e e l  a r c h i n g ,  cam bered a r c h i n g ,  and a r c h in g  w i t i  
c o n c r e t e  o r  b r i c k  f i l l i n g .  The r e s u l t s  o f  some 
d e t e r m i n a t i o n s  made i n  m ines a r e  g iv e n .
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11.

An RlaotrlCMil F r e s s u r e  Gauge#

The I n t r o d u c t i o n  o f  v e n t i l a t i o n  s u rv e y in g  i n  
n i n e s  h a s  r a i s e d  th e  problem  o f  d e v i s in g  a  s im p le ,  
r e l i a b l e  and  r e a d i l y  p o r t a b l e  in s t r u m e n t  f o r  th e  
m easurem ent o f  p r e s s u r e  d ro p s  in  an a i r  s t r e a m .
Such p r e s s u r e  d ro p s  r e q u i r e  to  be  m easured  be tw een  
p o i n t s  w i th in  t h e  s t re a m  and c a n n o t  b e  r e f e r r e d  to  
a  common a tm o sp h e re  a s  w i th  a i r  d u c t s  on  t h e  s u r f a c e .  
An a t t e m p t  was made to  ev o lv e  a  p r e s s u r e  gauge b a se d  
on e l e c t r i c a l  p r i n c i p l e s .

E f f e c t  o f  Downstream O b s t r u c t io n  on 
Anemometer R e ad in g s .

D uring  t h e  m easurem ent o f  a i r  v e l o c i t i e s  i n  
mine a i rw a y s  i t  i s  o f t e n  im p o s s ib le  f o r  th e  o b s e r v e r  
to  s t a n d  c l e a r  o f  t h e  s t r e a m . R e s u l t s  a r e  g iv e n  o f  
t e s t s  made to  d e te rm in e  how f a r  dow nstream  o f  a  
m easu r in g  in s t ru m e n t  th e  o b s e r v e r  would r e q u i r e  to  
s t a n d  to  a v o id  d i s t u r b i n g  th e  v e l o c i t y  d i s t r i b u t i o n  
a t  t h e  m easu r in g  s e c t i o n .

6 . F r e s s u r e  L o sses  in  Fan D r i f t s .

R e s u l t s  a r e  g iv en  o f  t e s t s  c a r r i e d  o u t  fo r  
p r e s s u r e  l o s s e s  i n  b a d ly  d e s ig n e d  fa n  d r i f t s .
The r e s u l t s  show s u r p r i s i n g  l o s s e s  and i n d i c a t e  t h a t  
p ro b a b ly  many fa n  d r i f t s  a r e  consuming a  d i s p r o p o r t i o n a t e  
p a r t  o f  th e  v e n t i l a t i n g  power.

7# R earrangem en t o f  th e  V e n t i l a t i o n  o f  a  O o l l i e r y .

The v e n t i l a t i o n  su rv e y  work c o n n e c te d  w i th  th e  
re a r ra n g e m e n t  o f  t h e  v e n t i l a t i o n  o f  a  c o l l i e r y  i s  g iv e n ,  
a  new s u r f a c e  mine was p ro p o sed  to  m eet f u r t h e r  
deve lopm ent and in c r e a s e d  v e n t i l a t i o n  r e q u i r e m e n ts  and 
th e  q u e s t i o n  a r o s e  w h e th e r  t h e  mine s h o u ld  be a  dow ncast
o r  an  u p c a s t  f o r  lo w e s t  w a te r -g a u g e  w i th  s t i p u l a t e d  
a i r - f l o w  r e q u i r e m e n t s .

8 .  /



111.

The q u e s t io n  w h eth e r  th e  expense  o f  w id en in g  an  
e x i s t i n g  u p c a s t  s h a f t  would bo j u s t i f i e d  by  th e  s a v in g  
i n  v e n t i l a t i n g  power i s  i n v e s t i g a t e d .  A v a lu e  f o r  
t h e  c o e f f i c i e n t  o f  r e s i s t a n c e  f o r  w o o d - l in e d  
r e c t a n g u l a r  s h a f t s  i s  d e te rm in e d ,  few  v a lu e s  f o r  
r e c t a n g u l a r  s h a f t s  a r e  a v a i l a b l e .

A ir  Q o n d i t io n s  in  a  Peep Band Qold Mine.

Some d a t a  r e l a t i n g  to  a i r  c o n d i t i o n s  o b s e rv e d  
in  a  deep  g o ld  mine on t h e  Band, S ou th  A f r i c a ,  a r e  
g iv e n .  T hese  d a t a  r e l a t e  to  d ry  and wet b u lb  
t e m p e r a tu r e s ,  m o is tu r e  c o n te n t  and t o t a l  h e a t  a s  
o b s e rv e d  on a  co m p le te  a i r  c i r c u i t  o f  t l ie  m ine .

Some n o t e s  a r e  in c lu d e d  r e l a t i n g  to  t h e  in c id e n c e  
o f  pneumonia among n a t i v e  la b o u r  in  a  Rand go ld  m ine.

•  •  •  •  •



The Measurement o f  Mine Roadway O ross-seottons.

Some new in s t ru m e n ts  and methods f o r  m easu ring  
th e  o r o s s - s e o t i o n a l  a r e a s o f  i r r e g u l a r  u n d erg ro und  
roadw ays a r e  d e s c r ib e d  and t e s t e d .



1 .

The Measurement o f  Mine Roadway Areas,

m  q u a n t i t y  s u rv e y s  o f  mine v e n t i l a t i o n  th e  c r o s s  
s e c t i o n s  o f  roadw ays r e q u i r e  to  be m easu red . These 
c r o s s  s e c t i o n s  a r e  o f t e n  v e ry  i r r e g u l a r  in  p e r ip h e r y  
and some s p e c i a l  m ethods o f  m easu ring  a r e  r e q u i r e d  in  
o r d e r  to  o b t a i n  th e  n e c e s s a ry  a c o u ra o y ,

Tho r a d i a l  arm a p p a r a tu s  i s  w ell known and h as  been  
a p p l i e d  to  some e x t e n t .  I t  c o n s i s t s  o f  a  f ix e d  
p r o t r a c t o r  mounted on a  s t a n d ,  w i th  a  s l i d i n g  arm 
p iv o te d  a t  i t s  c e n t r e .  The p r i n c i p l e  o f  th e  a p p a ra tu s  
i s  to  m easure  o f f s e t s  and a n g le s  from th e  c e n t r e  o f  th e  
p r o t r a c t o r  to  p o i n t s  on th e  p e r ip h e ry  e f  t h e  roadway.
The c r o s s  s e c t i o n  can  be p l o t t e d  from th e  d a t a  o b ta in e d  
and th e  a r e a  d e te rm in e d  by th e  u se  o f  a  p l a n im e te r .

A nother method u sed  by th e  Bureau o f  V ines  o f  Ü .9 .A . 
a p p l i e s  t h e  p a n to g ra p h .  The p an to g ra p h  i s  mounted on 
t h e  end o f  a  tu b  o r  t r o l l e y  and a  s e c t i o n  o f  th e  roadway 
i s  re p ro d u c e d  on p ap e r  on th e  s p o t .

Some i n v e s t i g a t i o n s  were made to  f in d  i f  a  s im p le r  
method o r  i f  a  s im p le ,  l i g h t  and in e x p e n s iv e  in s t ru m e n t  
c o u ld  be d e v is e d  f o r  th e  m easurem ent o f  th e  a r e a s  o f  
mine roadw ays, and th e  fo l lo w in g  i s  an  aooo un t o f  some 
i n v e s t i g a t i o n s  c a r r i e d  o u t .

(11 /



3 .

( I )  F ix ed  F f o t r a p t o r  and a t s e l  Tape.

The main d i f f e r e n o e  betw een  t h i s  in s t r u m e n t  ( r i g . l  
and  th e  r a d i a l  arm ty p e  i s  t h e  r e p la o e n e n t  o f  th e  
arm hy a  s t e e l  t a p e  o f  ty p e  w hich  re m a in s  s t r a i g h t  
when e x te n d e d .  The ta p e  i s  ^2  i n s .  lo n g  and i s  
c o n ta in e d  in  a  c a s e  2 i n s .  d ia m e te r .

The p iv o t  p o i n t  o f  th e  ta p e  was p la c e d  so t h a t  
t h e  c e n t r e  o f  th e  p r o t r a c t o r  was a t  t h e  same 
d i s t a n c e  from th e  end o f  th e  ta p e  a s  th e  c u t - o f f  
p o i n t  (where t h e  t a p e  e n t e r s  th e  e a s e l  was from 
t h e  d i a m e t r i c a l l y  o p p o s i t e  s id e  o f  th e  c a s e .
R enee , when th e  ta p e  was ex ten d ed  u n t i l  th e  e a s e  
was a t  th e  s i d e  o f  th e  roadway, th e  c u t - o f f  p o in t  
gave a  d i r e c t  re a d in g  o f  th e  l e n g th  o f  t h e  r a y .

k  f a r t h e r  m o d i f i c a t io n  was in t r o d u c e d ,  nam ely , 
to  have  th e  t a p e  f i x e d  to  t h e  p r o t r a c t o r  so t h a t  
b o th  r o t a t e d  round th e  same c e n t r a l  p o i n t ,  th e  
r e a d in g  from t h e  p r o t r a c t o r  b e in g  o b ta in e d  from a  
f i x e d  p o i n t e r .

In  o r d e r  t o  t e s t  t h i s  i n s t r u m e n t ,  an  u n d i s t o r t e d  
s t e e l  a r c h  was s e l e c t s d  and  i t s  a r e a  c a r e f u l l y  
m easured  and c a l c u l a t e d .  The r e s u l t s  o b ta in e d  
w ere a s  fo l lo w s x -

O a lo u la t in g  th e  a r e a  o f  th e  i n d i v id u a l  t r i a n g l e s  
o b t a i n e d  by jo in in g  t h e  ends o f  th e  r a d i a l  l i n e s  
by s t r a i g h t  l i n e s ,  t h e  c r o s s  s e c t i o n  o f  t h e  a rc h  
cornea o u t  a s  2 8 .3  s q . f t . ,  t h e  t r u e  v a lu e  b e in g  
3 2 .4 3  s q . f t .  Thus t h e r e  i s  an e r r o r  o f  4 .1 5  s q . f t ,  
o r  a  p e r c e n ta g e  e r r o r  o f  1 2 , 7 5 .

I f ,  how ever, t h e  r a d i a l  l i n e s  a r e  j o in e d  by  a  
smooth c u rv e ,  th e  a r e a  a s  o b ta in e d  by p la n im e te r  
i s  3 2 .1  s q . f t .  g iv in g  a  p e r c e n ta g e  e r r o r  o f  I . 0 8 .

Time B e q u i r e d ; -
U ea su r in g  ................... ^  m ine . 14 s e c s .
P l o t t i n g  ................... 12 " 0 *
T o ta l   19 w 14 s

A d v a n ta g e s . /
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Àdvmntmge#:-

(#> I t  l a  Bore oompmot, m  th e  ta p e  inm ide i tw  
o a se  (2* d l# $ )  o o o a p ie a  lem# spaoa  th a n  a  
r i g i d  arm .

<b) The w e ig h t  o f  th e  ta p e  i a  m o h  l e e e  th a n  t h e  
w eigh t o f  a  r i g i d  arm .

(o) The in a tm m e n t  may be  d e a ig n e d  f o r  a i t t i n g  on 
t h e  f l o o r  th u s  a v o id in g  t h e  uao o f  a  t r i p o d .

(2) -Q»ble w t th  a » ..!  T .P ..

In  ta k in g  a r e a a  w i th  t h e  in a t ro m e n t  d e a c r ib e d  
above# d i f f i c u l t y  i a  e x p e r ie n c e d  in  r e a d in g  th e  
a n g le a  o f  a  f a i r l y  l a r g e  roadway im le a a  an  
a a a i a t a n t  i a  a v a i l a b l e .  I n  o r d e r  t h a t  th e  
in a t ro m e n t  m igh t be need  by  one  o b ae rv e r#  i t  wae 
re d e a ig n e d  to  in c o r p o r a t e  a  d e v ic e  f o r  m arking th e  
a n g le a .  The m o d if ied  in a t ro m e n t  i a  ahewn i n  f i g . 2 
k h o r i m ontai a b a f t  i a  added# to  one end o f  which i e  
f i x e d  th e  t a p e .  On th e  o t h e r  end o f  t h e  aha f t  
t h e r e  i a  a  l e v e r  aye tern h av ing  a  Bowden c a b le  f ix e d  
a t  one end o f  th e  l e v e r  and  a  p e n c i l  a t  th e  o th e r  
e n d .

Aa th e  a b a f t  ro ta te a #  i t  o a r r i e a  b o th  t a p e  and 
l e v e r  ayatem  round w i th  i t .  when th o  c a b le  i a  
d ep reaae d  t h e  p e n c i l  p o in t  i a  puahed f i r m ly  a g a in a t  
a  a h e e t  o f  p ap e r  on a  b o a rd  eo f i t t e d  to  have  i t a  
p la n e  p a r a l l e l  w i th  th e  p la n e  o f  r o t a t i o n  o f  th e  
t a p e .  To e n a o re  o r i e n t a t i o n  o f  th e  p ap e r  fo r  
p l o t t i n g  purpoaee# p in  p o i n t a  a r e  f i t t e d  on th e  
b o a rd  to  p r i c k  th e  p a p e r .

When n a in g  th e  in e tru m en t#  t h e  e t e e l  ta p e  i e  
ex ten d e d  to  any  d e a i r e d  p o in t  round th e  roadway 
a e o t io n ;  t h i a  a u t o m a t i c a l l y  a e t e  th e  p e n c i l  a t  
t h e  a n g le  o f  th e  t a p e .  The r a d i a l  l e n g th  i a  
n o te d  and a t  th e  aame t im e  th e  c a b le  l e v e r  i a  
d ep reaae d  to  mark th e  a n g l e .

i n  /
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I n  o r d e r  to  epeed  up d r  owing o p e r o t lo n e ,  o bo ard  
woe o o n e t rn o to d  w i th  o p o in te d  epêndle»  I / 32* d io w o te r ,  
i n o e r t o d  o t  th e  c e n t r e  o f  th e  board* k e c a lo  had  a
e t o e l  a t r i p  f i t t e d  to  one end w i th  a  em ail h o le  bo red
to  paee o v e r  th e  e p in d le*  The p a p e r ,  marked w i th  th e  
p e n c i l  p o in te  when ta k in g  an  a r e a ,  wae p la c e d  on th e  
bo ard  w i th  th e  s c a l e  on to p .  The r a d i a l  le n g th e  can  
th e n  be  r a p i d l y  c o a le d  o f f  a t  t h e  p ro p e r  a n g le e .

on t o o t  t h i e  i n e t ra m e n t  gave an  a r e a  o f  33 e q . f t .  
a g a i n a t  a  c o r r e c t  a r e a  o f  3 2 .4 5  e q . f t . ,  th e  e r r o r  
b e in g  1 . 6%i.

Time R eq u ired :

M eaeuring......................................  3 mine 44 e e c e .
P l o t t i n g   ................... 2 *• 59 «
T o ta l ....................... ............. 6 43 *

I d v a a ta g e e i

(a) The t im e  r e q u i r e d  to  o b t a i n  a e e t  o f  r e e d t e  i e
ab o u t o n e . t h i r d  o f  t h a t  r e q u i r e d  w i th  th e  p re v io n e  
in e t ru m e n t .

(b) The e e c t io n  o f  a  l a r g e  roadway can be  e a e i l y  ta k e n  
by  one p e r  eo n .

(3) The fa n to g g a p h .

k p a n to g ra p h  in  th e  form i l l u e t r a t e d  by F i g . 3# wae 
t r i e d  o u t .  The in e t ru m e n t  wae o o n e t ru c te d  ae  a 
l a t t i c e  o f  e t e e l  e t r i p e .  k  p e n c i l  p o i n t  p la c e d  a t  
th e  en d  o f  t h e  f i r e t  l i n k  gave a  e c a le  r e d u c t io n  o f  
3 /1  i n  a  f i v e - l i n k  l a t t i c e ,  and l o / l  i n  a  t e iw l in k  
l a t t i c e .

one end o f  th o  t r e l l i e  r o t a t e d  round a  e h a f t  
f i x e d  on a  v e r t i c a l  draw ing b o a rd  w h i le  th o  o t h e r  
end a c te d  a e  th e  t r a c i n g  p o in t  which wae ta k e n  
r o m d  th e  p e r ip h e r y  o f  th e  roadway. Tho p e n c i l  
p o in t  th u e  t r a c e d  o u t  th e  e e c t io n  to  a  red u ced  e o e le

on /
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On t o s i  t h i s  in s t ru m e n t  f s v e  mo miem o f  3 2 ,2  s q . f t .  
a g a i n s t  t h e  e s t im a te d  o o r r e o t  a r e a  e f  32*49 s q . f t . ,  
th u s  shewing an  e r r o r  o f  0*77f in  a r e a .

Time R e q u ire d .

T ra c in g  o u t  s e c t i o n   ...............  0 m ine . 54 a e e s .
4 r e a  hy p la n im e te r  .................  I m in . 0 "
T o ta l  .................  I  * 54 •

The main a d v a n ta g e s  o f  t h e  method a r e  t h a t  th e  
ao o u rao y  i s  f a i r l y  h ig h  and th e  t im e  r e q u i r e d  i s  s h o r t .  
A f a i r l y  l a r g e  b o a rd  i s  r e q u i r e d  to  s u p p o r t  th e  p ap e r  
u n l e s s  a  l a r g e  s c a l e  r e d u c t io n  i s  a d o p te d .

(4) e i r e o t  Measurement b y  P la n im e te r .

4n a t t e m p t  was made to  a p p ly  t h e  p la n im e te r  to  
d i r e c t  m easurem ent o f  a r e a s  on t h e  s p o t .  4 l a r g e  
p la n im e te r  ( f i g . 4 *) was c o n s t r u c t e d  and mounted on 
a  v e r t i c a l  s t a n d .  The main d i f f i c u l t y  e n c o u n te re d  
in  th e  c o n s t r u c t i o n  was to  e n s u re  t h a t  t h e  wheel 
o f  t h e  p la n im e te r  rem ained  i n  c l o s e  c o n t a c t  w i th  t h e  
b o a r d .  To overcom e th e  d i f f i c u l t y ,  t h e  sm a ll  
r a d i u s  arm was c o n s t r u c te d  i n  two s e c t i o n s .  The m ain 
s e c t i o n ,  4B, had  a  r i g i d l y  c o n s t r u c t e d  h e a r in g  a t  th e  
c e n t r e  o f  r o t a t i o n ,  and t h e  e x t e n s io n  o f  4B, which 
was th e  p a r t  o f  th e  arm c a r r y i n g  t h e  w h ee l ,  was 
p i v o t e d  to  411 a t  B, and t h e  wheel was h e ld  a g a i n s t  th i  
b o a rd  by a  l i g h t  s p r i n g .

The p l a n i m e t e r ,  o f  c o u r s e ,  r e q u i r e s  to  be 
c a l i b r a t e d  f o r  z e ro  c i r c l e  and m u l t i p l y in g  c o n s t a n t .

T e s t s  w i th  t h i s  in s t ru m e n t  gave  an  a v e ra g e  
p e r c e n ta g e  e r r o r  in  a r e a  o f  1.3&K* The tim e  to
c o m p le te  a  d e t e r m in a t io n  o f  a r e a  was 45 s e c s .

The a d v a n ta g e s  o f  th e  p la n im e te r  a r e  t h a t  th e  
a r e a  i s  o b t a in e d  on th e  s p o t  and th e  t im e  r e q u i r e d  
i s  s m a l l .  The m ethod, how ever, h a s  s e r i o u s

(5> /
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(5) g i r aot Heading Instrument.

The a d v e n ta g e s  o f  a  d ireo t« -read ln R  I n a t r n a e n t  
a r e  a p p a re n t*  km th e  p la n im e te r  d id  n o t  h o ld  o u t  
omoh prom tee an  a t te m p t  was made to  d e a i r n  an  
in e t ru m e n t  on a  d i f f e r e n t  p r in o ip l e *

4 d e e ig n  t r i e d  o u t  i e  shown in  r ig * ?*
The a r e a  r e c o rd in g  d isc*  i e  f r e e  to  r e v o lv e  round 
i t e  c e n t r a l  e h a f t  when r o t a t e d  by  th e  * d iec  
r o t a t i n g  w heel* . The d ie o  r o t a t i n g  wheel wae 
mounted on a  s q u a re  e e c t io n  s h a f t  eo t h a t  i t  
c o u ld  move e a e i l y  a lo ng  i t  when o p e r a te d  by th e  cam 
The d ie o  r o t a t i n g  wheel i e  r o t a t e d  by  th e  
p e r i p h e r a l  wheel»

The cam i e  r o t a t e d  by t h e  * r a d iu s  l e n g th  p u lley *  
4 r e d u c t io n  g e a r in g  wae in t ro d u c e d  betw een  t h i e  
p u l l e y  and th e  s h a f t  o p e r a t in g  th e  cam; b u t  i e  
o m i t t e d  in  th e  s k e tc h  f o r  s im p l i c i t y »

4 c o rd ;  w hich  i e  f ix e d  a t  one end to  a p iv o t  
p o in t  a t  th e  c e n t r e  o f  th e  roadway* p a s s e s  tw ic e  
round th e  p u l le y *  so t h a t  ae  t h i e  c o rd  wae s h o r te n s  
o r  le n g th e n e d  th e  r a d iu s  p u l l e y  r o t a t e d .

When u s in g  th e  in s tru m e n t*  th e  co rd  i e  p iv o te d  
n e a r  th o  o m t r e  o f  th e  a r e a  and th e  p e r ip h e r a l  
wheel i s  r o l l e d  round t h e  p e r ip h e r y  o f  th e  s e c t io n #  
The a r e a  i e  o b ta in e d  from th e  nueAer o f  
r e v o l u t i o n s  o f  th e  a r e a  r e c o r d in g  d i s c .

The p r o f i l e  o f  th e  cam i s  d e s ig n e d  to  p o s i t i o n  
th e  d ie o  r o t a t i n g  wheel on t h e  a r e a  r e c o rd in g  d i s c  
eo t h a t  when th e  a r e a  swept o u t  by  th e  r a d iu s  from 
th e  p iv o t  p o i n t  o f  th e  c o rd  to  th e  p e r ip h e r a l  wheel 
i e  two s q u a re  fe e t*  th e  a r e a  r e c o rd in g  wheel makes 
one r e v o l u t i o n .

The in s t ru m e n t  a s  c o n s t r u c t e d  in  th e  l a b o r a t o r y  
i n  a  m a k e s h i f t  aianner was r a t h e r  rough b u t  
n e v e r t h e l e s s  i t  gave s a t i s f ^ o t o r y  r e s u l t s .
The a v e ra g e  e r r o r  o b ta in e d  on t e s t  was l»39)t in  
a rea*  and th e  tim e r e q u i r e d  f o r  a  d e te r m in a t io n  wa< 
1 m inu te  4 s e c o n d s .

The /
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Tho re a u l  i s  o b ta in e d  In c lio n ted  t h a t  a  p r o p e r ly  
o o n e tr t io te d  ine  t ra m e n t  eon ld  p ro v e  h ig h ly  e a t l e f a o t o r y  
anil would be  o f  o o n v e n ie n t  w e ig h t and e l r e #

( 6) f h e$ogr#B hlo  M atboda.

The a p p l i c a t i o n  o f  plK>tography to  th e  
m easurem ent o f  a r e a s  o f  mino roadw ays was 
i n v e s t i g a t e d .  Two m ethods were t r i e d #

In  th e  f i r s t  method a  w h i te  l i n e  was drawn round 
th e  p e r ip h e r y  o f  the  a rea#  T h ie  l i n e  wae th e n  
pho tographed^  a  s c a l e  be in g  Ino luded#  L ig h t in g  was 
o b ta in e d  by  f l a s h  powdaw# The a r e a  was th e n m e a s a r s d  
from th e  p h o to g rap h  by a  p la n im e te r#

T e s t s  o f  t h i s  method gave e r r o r s  o f  th e  o r d e r  o f  
0 • 1^ ■

f i g u r e s  6, 7 nnd 8 show u n d erg ro u n d  roadways# th e  
a r e a s  o f  whioh w ere o b ta in e d  by t h i s  method#
The w h ite  l i n e  o f  f ig # S  i s  r a t h e r  wide and g iv e s  a  
d i f f e r e n o e  o f  3*77 betw een t h e  in n e r  and o u t e r  s id e s#  
I t  i s  n e o e s sa ry  to  ad o p t a s  f i n e  a  l i n e  a s  p o s s ib le #

The second method a v o id s  t h e  u s e  o f  any s p e c i a l  
l i g h t i n g  and i s  s u i t a b l e  f o r  s a f e t y  lamp mines#
The p h o to g ra p h ic  p l a t e  i s  e rp o se d  w h ile  th e  l a n t e r n  
o f  a m iner * s  e l e c t r i c  cap  lamp i s  moved round th e  
boundary  o f  th e  area#  th e  l i g h t#  o f  course#  f a c in g  th e  
cam era . A t r a c e  o f  th e  b o u n d a ry  o f  th e  a r e a  i e  
o b ta in e d  on developm ent o f  t h e  p la te #

To o b t a i n  th e  s c a le  fo r  t h e  photograph# a b o a rd  
w i th  sm ell h o le s  a t  I n t e r v a l s  o f  6 in c h e s  i s  used#
The b o a rd  i e  p la c e d  in  th e  s e c t i o n  norm al to  th e  
cam era and th e  lamp i s  p la c e d  b e h in d  th e  h o le s  in  
tu rn#  so t h a t  s p o t s  o f  l i g h t  a r e  re c o rd e d  on th e  
p l a t e  a lo n g  w i ib  th e  t r a c e  o f  th e  a r e a  boundary# 
f i g u r e  9 shows one r e s u l t  by t h i s  method#

B est /
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Average Area b y  P la n im e te r  « 7>3 e q . i n .  

S c a le  R a t io ,  0 .3 6 5  i n .  ■ 1 f t .

Area "  7 .2 /0 .3 6 5 ^  * 54 e q . f t .

V,  ,
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A verage A rea b y  P la n im e te r  •  8 .1 2  a q . i n  

S c a le  R a t io ,  0 .3 5  i n .  -  l  f t .

A rea •  8 . 12/ 0 .3 5 *  •  6 6 .3  e q . f t .
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A verage A rea by p la n im e te r  •
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I n n e r  . .    .................

a o a le  R atio# o#35 in# •  I f t#

Area •
o u t e r .........................   •
In n e r  .............................

h
e q i n .
eq#in#

-  7 .3 J / 0 .3 5 *  *  59 . 
•  6 .8 8 /0 .3 5 *  »  56.

6 e q . f t #  
2 e q . f t #
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B es t r e s u i t e  a r e  o b ta in e d  when th e  l a n t e r n  i e  
f i t t e d  w i th  ft f r o s t e d  o r  p e a r l  f l a e e  eo thc tt  a  un ifo rm  
t r a c e  i e  o b ta in e d  o n  th e  p t io to g rap h io  p l a t e  and eo t h a t  
th e  o u t e r  edge o f  t h i e  t r a c e  can  be ta k e n  a e  th e  
boundary  o f  t h e  a r e a .  I n  some omeee th e  r im  o f  th e  
l a n t e r n  may p re v e n t  th e  l i g h t  band from re a c h in g  th e  
boundary  o f  th e  a r e a  and i t  i e  th e n  n e o e e e a ry  to  a l lo w  
f o r  t h i e  when m eaeuring  up t h e  a r e a  o f  t h e  p h o to g ra p h .

The l a r g e r  th e  p h o to g ra p h ic  p l a t e  t h a t  can  be need 
t h e  b e t t e r  th e  r e e u l t  i n  r e s p e c t  to  a c o u ra o y .
E n la rg in g  may prove u s e f u l  b a t  was n o t  t r i e d  in  th e  
p r e s e n t  c a s e .

f i g . 10 shows a  r e s u l t  o b ta in e d  i n  an  underg round  
roadw ay.

G en e ra l  Q o n o lu e io n s .

(a) f o r  a  cheap# s e r v i c e a b l e  in s t ru m e n t  t h a t  can  be 
c o n s t r u o to d  i n  th e  c o l l i e r y  workshops# i f  n e c e s s a r y  
I reoomnend e i t h e r  th e  R a d ia l  Arm Bowden c a b le  
in s tru m en t#  o r  th e  f a n to g r a p h ic  in s t r u m e n t .

(b) The P h o to g ra p h ie  method c o u ld  be u sed  to  th e  b e s t  
a d v a n ta g e  in  th e  fo llov inq^ o a s e s

(1) When g r e a t  aco u rao y  i s  r e q u i r e d .

( 2 ) f o r  perm anent main i n t a k e  and r e t u r n  a i r  
m easurem ent s t a t i o n s .

( 3 ) f o r  th e  measurement o f  a r e a s  a f t e r  a  f i r e  o r  
e x p lo s io n  o r  in  c a s e s  o f  d i s p u t e .
A d isa g re e m e n t  ab o u t t h e  s i r e  o r  sh ap e  o f  
roadways can  be s e t t l e d  by  re p ro d u c in g  th e  
f a l l  s c a l e  a r e a  on a  s c r e e n .

(c) A p r o p e r l y  c o n s t ru c te d #  d i r e o t^ r e a d in g  in s t ru m e n t  
would be a  v e ry  u s e f u l  p i e c e  o f  a p p a r a tu s  when 
making v e n t i l a t i o n  s u r v e y s .
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A T orag . Ar«A by  r i M i t n s t a r  *  7 .6 4  « q . l n .  

8o » l«  B a t to ,  0 .4 9  t n .  ■ I  f t .

A raa -  7 . 64/ 0 . 49* -  3 1 .8  e q . f t .

A rea by  Meaeerememt « 31.81 e q . f t .
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A verage A rea by  P l a n t n e t e r  «  9 .4 4  * q .lm .

S o a le  R a t io .  0 . 5  i n .  •  I f t .

Area •  9 * 4 4 /0 .5 *  •  37*7 « q . f * .  

r e r l p h o r a l  Length  •  I I . 4 i n .  •  I I . 4/ 0 .5  •  2 2 .8  f t .  

P e r i p h e r a l  C o r r e o t io n  ■ 2 2 .8  x 0 .2 7 7 /1 2  »  0 .5 3 8  e q . f t  

O o r re o te d  A rea «  37*7 + 0 .5 3  *  3 8 .2 .
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TlM mocurmoy o f  a m k *  and em ail t e a t a  In  th e  
ae aaa rem an t o f  low a i r  r a l o o i t l e a  l a  I n v e a t l g a t a d .
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h i t  V c lo o i t lc B  t>j Smoke ■.nfi i p e l l  Te»t«»

k  few t a e t e  w ere made to  exam ine th e  a o o u r a e r  o f  th e  
amoke and sm ell  t e s t e  a s  m ethods o f  m easu r in g  low a i r  
speeds#  The equ ipm en t u se d  In  th e  emoke t e a t s  i s  
i l l u s t r a t e d  hy f i g . 11# A sm all  wind tu n n e l  o f  o roee»  
s e o t i o n  1 f t#  X 1 f t #4 ine#  was used#  A ir  was e x h a u s te d  
th ro u g h  t h e  tu n n e l  by a  fen# t h e  smoke wee l i b e r a t e d  
a t  A and tim ed  e v e r  th e  s e o t io n  B to  B# The a i r  sp e e d s  
a s  o a l o u i a t e d  from t h e  smoke t e s t s  w ere  oompared w i th  
th o s e  o b t a i n e d  by an  Ower Low-dpeed Anemometer w hich was 
f r e q u e n t l y  c a l i b r a t e d  d u r in g  t h e  t e s t s #

The emoke was t im ed  w i th  t h e  a i d  o f  two p h o t ro n io  
c e l l e »  one p la c e d  i n s i d e  t h e  tm in e l  a t  B and th e  o t h e r  
a t  D# The c e l l s  were e n e r g i s e d  b y  Immpm p la c e d  in  
t h e  tu n n e l  a s  shewn in  t h e  f ig u re #  The c e l l e  were 
c o n n e c te d  to  e a i t a b l e  m ill ia m m e te re #  When t h e  emoke 
re a c h e d  th e  c e l l s  t h e  r e a d in g s  o f  th e  m i l l ia m m e te r s  
w ere im m e d ia te ly  a l t e r e d  by t h e  i n t e r v e n t i o n  o f  t h e  
emoke b e tw een  t h e  l i g h t  eo u ro e  and t h e  c e l l s #  The 
a i l l i a m e e t e r s  w ere p la c e d  a id e  by  s i d e  u d  th e  t im e  
i n t e r v a l  be tw een  t h e  d i s t u r b a n c e s  o f  t h e i r  r e a d in g s  
was m easured  by  a  s to p  w a tch .

The fo l lo w in g  r e s u l t s  were o b t a in e d  in  o ne  s e r i e s  
o f  t e s t e : *

T»M # I» 

T eto c tty  ■#o##q#a by Anewameter» V e l o c i » f

414 f t# p e r mln# 404 f t . p e r min
205 ## It M 201 # It #
140 # « • 134 # #
123 It N « loo tf «
115 It If # 90 # N «
107 It It # 66 e # »
105 n # 55 it N 0

I t  w i l l  b# 8#en t h a t ,  mm tmw mm t h e s e  t e s t s  f e ,  when 
t h e  y e l o o l t y  # s  r e c o rd e d  by th e  anemometer f s l l s  be low  
190 f t .  p e r  m ln . t h e  d e f i c i e n c y  o f  t h e  emoke t e s t  
^go^m ^g^y^rlous an d  rm p ld ly  I n o r e s e e s  w i th  f a r t h e r  f a l l

The /
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The p h o t ro n io  o e l l  a t  D f a i l e d  to  r e g i s t e r  when th e  
v e l o o i t y  wae low er th a n  90 f t .  p e r  m in.» th e  d e n s i t y  
o f  th e  smoke o lo a d  th e n  b e in g  to o  low to  i n t e r r u p t  th e  
l i g h t  s u f f i c i e n t l y .  Under t h e e e  o o n d i t io n e  no smoko 
o o n ld  be o b s e rv e d  a t  th e  window 0 when a  m in e ra s  oap 
lamp was p la c e d  w i t h i n  th e  tu n n e l  and  t h e  room wae in  
d a r k n e s s .  Smoke» however» c o u ld  be  o b s e rv e d  when a 
6o-W att  lamp was u s e d .  T h is  i n d i c a t e s  t h a t  th e  
s e n s i t i v i t y  o f  th e  p h o t ro n io  c e l l s  was such  a s  to  
conform  w i th  th e  p r a c t i c a l  o o n d i t io n e  o f  i l l u m i n a t i o n  
u n d e rg ro u n d .

The t e s t e  w i th  s m e l l s  w ere c a r r i e d  o u t  w i th  t h e  
equ ipm en t i l l u s t r a t e d  i n  P i g . 13 . The sm e ll  was r e l e a s e d  
a t  k  and t h e  t im e  o f  t r a v e l  o v e r  s e c t i o n  AB was m easured  
The sm e ll  was p rodu ced  by l i q u i d  ammonia and perfumoe» 
a  l i t t l e  o f  th e  l i q u i d  b e in g  blown i n t o  t h e  tu n n e l  by 
ooiq>reeeed a i r .

The r e s u l t s  o b t a in e d  w i th  ammonia and th e  perfum es 
were a lm o s t  i d e n t i c a l .  The fo l lo w in g  i s  one s e r i e s  
o f  r e e o l t e i -

T ab le  11.

V e lo c i ty  K ccorJed  V e lo c i t y  b y  Tim ing
by Anoiiometer.

149 f t .  p e r  m in . 133 f t .  p e r  m in .
g# * * # g@ 0 # 0
^ 0 0 0  y a  0 0 0

0 0 0 0 0 0

Theee t e s t e  show t h a t  th e  sm e ll  t e s t  i s  more 
a c c u r a t e  th a n  th e  emoke t e s t  and re m a in s  i n  ag roem en t 
w i th  t h e  anemometer down to  f a i r l y  low v e l o c i t i e s .

The g ra p h  o f  P ig « l4  com pares t h e  emoke and sm ell  
t e s t s  a g a i n s t  t h e  d e l i c a t e  lo w - re a d in g  anem om eter.
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Values of Atkinsofi*s Oosffloient of Fesi^tanoe.

Some v a lu e s  o f  A tk in s o n ’s  O o e f f io i e n t  o f  B e a is ta n o e  
a r e  d e te rm in e d  f o r  modem mine ro ad w ays .
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Atkinaoii’s Ooeffioient of Hssistanoe.

A tk in e o n ’ e fo rm ula  f o r  th e  p re o o n ro  d rop  to  p ro v id e  
a i r  f lo w  in  n in e  a i rw a y s  i s  -

F -  ir 9 q2/ ^3

id le rs  r  •  P r e s s u r e  d rop  i n  lb#  p e r  s q . f t .
K a  o o e f f i o i e n t  o f  r e s i s t a n c e ,  
a * Rubbing s u r f a c e  i n  s q . f t .
Q »  R a ts  o f  a i r  f lo w  i n  th o u sa n d s  o f  o u . f t . / a i n  
k  # O ross  s e c t i o n  o f  roadway i n  s q . f t .

T here  a r e  re m a rk ab ly  few p u b l i s h e d  v a lu e s  o f  th e  
c o e f f i c i e n t  K f o r  th e  modem l a r g e  roadways and modern 
m ethods o f  l i n i n g  th e  roadw ays. w h i le  i n v e s t i g a t i n g  
some v e n t i l a t i o n  p rob lem s in  mines» an  o p p o r tu n i ty  was 
a f f o r d e d  to  d e te rm in e  some v a lu e s  o f  K under modern 
c o n d i t i o n s .

P r e s s u r e  d ro p s  w ere m easured w i th  th e  w ell-know n 
A skan ia  k i n i n e t e r  which i s  c a p a b le  o f  r e a d in g  to  0 .02  M i 
o f  w a te r -g a u g e .  A s ta n d a r d  R a t io n a l  P b y s io a l  L a b o r s to r  
p i  t o t  tu b s  was used  to  m easure th e  s t a t i c  p r e s s u r e  d ro p .  
The s t a t i c  p r e s s u r e  d rops  were a d j u s t e d  to  t o t a l , 
p r e s s u r e  d ro p s  by c o r r e c t i o n  f o r  t h e  mean v e l o c i t y  
p r e s s u r e s  a t  th e  m easu ring  s e c t i o n s .

The p r e s s u r e  d ro p  o v e r  th e  t e s t  l e n g th  was o b ta in e d  
w i th  t h e  a i d  o f  ru b b e r  tu b in g  s t r e t c h i n g  th e  f u l l  
l e n g t h  and hav in g  p i t o t  tu b e s  a t  b o th  ends» th e  
manometer b e in g  c o n n e c te d ,  o f  co u rse »  betw een tb s  two 
p i t o t  t u b e s .  The method o f  t r a n s p o r t i n g  th e  ru b b e r  
tu b in g  i s  i l l u s t r a t e d  by rig. I g .

The q u a n t i t y  o f  a i r  f lo w in g  was o b ta in e d  by an 
anemometer from r e a d in g s  in  s u b - s e c t i o n s  a t  s u i t a b l e  
c r o s s  s e c t i o n s  in  th e  t e s t  l e n g t h s .

B i f f i o u l t i e s  a r c  u s u a l l y  e n c o u n te re d  in  d e te rm in in g  
v a lu e s  o f  g under p r a c t i c a l  c o n d i t i o n s  due to  t h e  
d i f f i c u l t y  o f  o b ta in in g  t e s t  l e n g t h s  w i th  u n ifo rm  c r o s s  
s e o t i o n  and due to  th e  v a r i a t i o n s  i n  a i r  f lo w . | n  t h e  
p r e s e n t  c a s e  th e  c r o s s  s e c t i o n s  w ere f a i r l y  u n ifo rm  but»  
where any  v a r i a t i o n  e x is te d »  a v e ra g e  v a lu e s  were t a k e n .  
The /
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The a r e a  ta k e n  was t h a t  w i th in  th e  l i n i n g ,  and th e  
’ ra h h in g  e u r f a o e ’ wae aesumed ae  th e  p ro d o o t  o f  th e  
p e r im e te r  w i th in  th e  l i n i n g  and t h e  t e a t  l e n g th .
The t e e t e  w ere c a r r i e d  o u t  on  i d l e  e h i f t e  and th e  r a t e  
o f  a i r  f lo w  wae f a i r l y  u n ifo rm  d u r in g  t h e  t e e t e .

Tube f o r  norm al h a u la g e  w ere s ta n d in g  i n  most 
o f  t h e  t e s t  l e n g t h s ,  so t h a t  th e  v a lu e s  o f  K o b ta in e d  
a r e  p ro b a b ly  more u s e f u l  f o r  p r a c t i c a l  e s t i m a t io n s  th a n  
v a lu e s  o b ta in e d  in  c l e a r  o r  e x p e r im e n ta l  a i rw a y s .

The t e s t  r e s u l t s  a r e  g iv e n  i n  T a b le  1 #
The ad v a n ta g e  o f  c o m p le te ly  f i l l i n g  cam bered a r c h e s ,  to p  
and a i d e s ,  a s  compared w ith  s i d e  f i l l i n g  on ly , i s  shown, 
f o r  t h e  fo rm e r ,  K h a s  a  v a lu e  o f  O.OO56 oompared w i th  
0 .0 0 7 6  f o r  th e  l a t t e r .  S t e e l  a r c h e s  u n f i l l e d  g iv e  much 
t h e  same v a lu e  a s  an  u n l i n s d  roadw ay.

These v a lu e s  a r e  somewhat h ig h e r  th a n  a  few 
p u b l i s h e d  v a lu e s  f o r  modern roadw ays. I t  seems 
p ro b a b le  t h a t  u n l e s s  a  roadway i s  c o m p le te ly  f i l l e d  
b e tw een  th e  s u p p o r t s ,  a  v a lu e  o f  O.Ol f o r  K i s  s t i l l  
n o t  f a r  o u t  u n der p r a c t i c a l  c o n d i t i o n s .
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g i e o t f i o a l  r r — n r s  Gauge.

4 p r e s s u r e  gauge d e s ig n e d  on  th e  w iieatoons B rid g e  
p r i n o l p l e  i s  d e s o r ih o d .
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■lo.trte»l M.##qre «mnge,

4n m t t m p t  was made to  d e s ig n  an  e l e o t r i o a l  p r e s s u r e  
gauge  s u i t a b l e  f o r  p r e s s u r e  s u rv e y in g  i n  m in es .  I t  was 
th o u g h t  t h a t  su ch  a n  in s t ru m e n t  m ig h t p ro v e  mors 
o o n v e n is n t  th a n  t h e  in s t r u m e n ts  now a v a i l a b l e  f o r  such  
w ork .

The well*known W heats tone  B rid g e  p r i n c i p l e  was 
a p p l i e d  a s  i l l u s t r a t e d  in  F i g . 16 .  Is su m s t h a t  th e  two 
l im b s  4 and  B o f  k s f e r s n e e  K o.l*  a r e  t s l s p h o n e  
t r a n s m i t t e r s .  The c i r o o i t  i s  b a la n o e d  by  r e g u l a t i n g  
r h e o s t a t  0 . Suppose th e  lim b  4 t o  b e  s u b j e c t e d  to  an  
i n c r e a s e  in  a tm o s p h e r ic  p r e s s u r e |  t h i s  w i l l  com press 
th e  ca rb o n  g r a n u le s  in  th e  norm al way and c o n s e q u e n t ly  
u p s e t  t h e  b a l a n c e .  The b a la n c e  can  be  r e s t o r e d  by 
r h e o s t a t  0 . I t  was th o u g h t  p o s s i b l e  t h a t  t h e  r h e o s t a t  
0 m igh t be  c a l i b r a t e d  to  g iv e  th e  p r e s s u r e  d i f f e r e n c e  on 
4 an d  B.

In  t h e  t e s t s  c a r r i e d  o u t ,  t h e  t e le p h o n e  t r a n s m i t t e r s  
p ro v e d  to  be  too  s e n s i t i v e  to  sh o ck s  and were d i s c a r d e d  
in  f a v o u r  o f  sm all p r e s s u r e  b o zos  shown i n  R e fe re n c e  
K o .2 . The boxes w ere c o n s t r u c t e d  from  s t e e l  and w ere 
14 i n .  lo n g  by 1 i n .  d ia m e te r  and w ere t i g h t l y  packed  
w i th  c a rb o n  g r a n u l e s .  The ca rb o n  was i n s u l a t e d  from 
t h e  s i d e s  o f  t h e  box by ru b b e r  |  i n ,  t h i c k .  The to p  
was s e a l e d  o v e r  w i th  s e a l i n g  wax.

H e fe re n c s  No. 3 shows th e  a r ra n g e m e n t o f  t h e  boxes  
f o r  c a l i b r a t i o n .  Box 4 was immersed in  w a te r ,  th e  
l e v e l  o f  whioh was v a r i e d  to  v a r y  th e  p r e s s u r e  on t h e  
b o x . G raphs o f  r e s i s t a n c e s  (b a la n c in g )  wore o b ta in e d  
f o r  i n c r e a s i n g  h e a d s  and re d u c in g  h e a d s ,  r e s p e c t i v e l y ,  
and a r e  shown in  F i g . 17» 4 s l i g h t  v a r i a t i o n  am oun ting
to  a b o u t  1 /1 2  i n .  i n  w .o , i s  shown by  th e  g ra p h s .

I am co n v in ce d  t h a t , w i t h  f u r t h e r  r e s e a r c h  in to  th e  
ty p e  o f  p r e s s u r e  box and ca rb o n  g r a n u le s ,  an  in s t ru m e n t  
c o u ld  b s  d e v is e d  w i th  an  e r r o r  l e s s  1/13  i n .  w.G.

K s fe r s n o s  No. 4 i l l u s t r a t e s  t h e  metliod o f  u s in g  th e  
in s t r u m e n t  i n  t h e  m ine .
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E ffec t o f  p b stn io tion  on Aoemometer Readings.

The r e s u l t s  e r e  g iv en  o f  some t e s t s  on tb s  e f f e c t  
o f  th e  o b s e r v e r  s t a n d in g  b eh in d  an anemometer w h i le  
m easu r in g  a i r  v e l o c i t i e s  in  mine roadw ays.
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Th# g f f —* g f  Q lw truoA lon on j t r
M easurem ents w i th  Ifte A aajprng ter.

In  th e  m eaeurement o f  a i r  v e l o o i t i e e  i n  mine roadways 
i t  i s  v e r y  o f t e n  im p o s s ib le  f o r  t h e  o b s e r v e r  to  s ta n d  
c l e a r  o f  th e  c a r r e n t  w tiile  t a k in g  m easa rem en ts .  Gome 
t e s t s  were c a r r i e d  o u t  to  f i n d  how f a r  downstream  o f  
th e  in s t ru m e n t  th e  o b s e rv e r  would r e q u i r e  to  s ta n d  to  
a v o id  d i s tu r b a n c e  o f  th e  d i s t r i b u t i o n .

The t e s t s  were made in  th e  sm a ll  wind tu n n e l  u sed  
f o r  t h e  smoke t e s t s  d e s c r ib e d  e a r l i e r .  The p r i n c i p l e  
o f  dynamic s i m i l a r i t y  was a p p l i e d  and th e  tu n n e l  was 
assumed a s  tl&s model o f  a  mine roadway on a  s c a l e  o f  
l / 6 t h |  t h e  v e l o c i t i e s  o f  th e  t e s t s  b e in g  s i x  t im e s  th o s e  
f o r  th e  mine roadway.

The f i r s t  s e r i e s  o f  t e s t s  was c a r r i e d  o u t  in  a  smooth 
s e c t i o n  1 f t .  X 1 f t .  r e p r e s e n t i n g  a  roadway 6 f t .  x 6 f t  
4 p i t o t  tu b s  o f  s p e c i a l  d e s ig n  was u sed  so t h a t  
o b s t r u c t i o n s  co u ld  be  b ro u g h t o lo s e  up b eh in d  th e  
m easu ring  ’ s p o t* .  The ’hook* o f  t h e  tu b e  was 1^ i n .  
long compared w i th  th o  7|  i n .  hook o f  th e  s t a n d a r d  r . L ,  
p a t t e r n ,  Oompared w ith  th e  s t a n d a r d  p a t t e r n  t h i s  
s p e c i a l  tu b s  gave r e s u l t s  a  few p e r  c e n t ,  h ig h e r ,  h u t  
t h i s  d id  n o t  m a t te r  f o r  th e  p u rp o s e s  o f  th e  t e s t s .

I n  each  t e s t  t h e  v e l o c i t i e s  a t  th e  m easuring  s e c t i o n  
wore m easured  in  each  o f  16 s u b - s e c t io n s  o f  equal a r e a ,  
a t  t)ie  c e n t r e  o f  th e  s e o t i o n ,  and a l s o  c e n t r a l l y  in  
f r o n t  o f  th e  o b s t r u c t i o n  a s  i l l u s t r a t e d  by f i g .  1 8 .

T e s t s .  Se r i e s  i .

4n  o b s t r u c t i o n  r e p r e s e n t i n g  d im ensions  14^ i n .  b road  
and 6 i n .  deep  and th e  f u l l  h e i g h t  o f  th e  roadway was 
p la c e d  in  th e  c e n t r e  o f  th e  roadway w ith  th e  14j^ i n .  
s i d e  norm al to  th e  a i r  f lo w . T e s t s  were made w i th  th e  
o b s t r u c t i o n  a t  d i f f e r e n t  d i s t a n c e s  downstream  o f  th e  
t i p  o f  th e  p i t o t  t u b e ,  and f o r  each  p o s i t i o n  o f  th e  
o b s t r u c t i o n  th e  a i r  speed  was v a r i e d .  The fo l lo w in g  
i s  a  r e c o rd  o f  r e s u l t s  o b t a in e d ,  t h e  f i g u r e s  b e in g  th e  
s u b - s e c t io n  v s l o o i t i s s i -

T est /
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T e s t  1 , Speed 1 . nno t 01e a r  of ' O b e tru o tlo n *

496 939 543 939 316

536 608 6:3 619 597

529 597 590 608 608

533 910 510 916 536

Memn v . l o o i t y  » t  a e o t lo n  .......... 553 f t . p e r  m in.
V . l o o l t y  At e a n t v .  o f ■ o e t io n , 601 » 0 0
0 . n t i e  o o n n ta n t  . . . . . 0 .9 3  * 0 0

The o b j e c t  o f  T e s t  1 was to  oheck  tlie  c e n t r e  c o n s t a n t  
f o r  t h e  s e o t i o n ,  i . e .  th e  r a t i o  o f  th o  mean v e l o c i t y  to  
th e  c e n t r e  v e l o c i t y .  Many p r e v io u s  t e s t s  f o r  o t h e r  
{Rirposss have  shown th e  c o n s ta n t  to  be  a b o u t  0 .9 2  a s  
o b ta in e d  in  t h i s  t e s t .  The v a lu e  v a r i e s  b u t  s l i g h t l y  
f o r  t h e  ran g e  o f  v s l o o i t i e s  g e n e r a l l y  t e s t e d  in  t h i s  
t u n n e l .  The d i s t r i b u t i o n  i s  a lw ay s  a  l i t t l e  h ig h e r  
a t  t h e  l e f t  s i d e  o f  th e  s e c t i o n  th an  th e  r i g h t  s id e  
( lo o k in g  downstream) a s  i l l u s t r a t e d  by f i g u r e s  f o r  
T e s t  I .

T e s t  3 $ te e e d  4 , o b s t r u c t i o n  14 f t .  Downstrearn
r f i 5 " 0 ?  p r i o t" 7 u E ë : -------------------------------------

467 475 489 496 489

501 542 548 379 561

916 542 342 554 554

489 475 475 481 524

wean v e l o o i t y  a t  s e o t i o n   . . ,  515 f t .  p e r  m in.
V e lo c i ty  a t  c e n t r e  o f  s e c t i o n  . . . .  545 0 0 0
O sn tre  c o n s ta n t      .....................      0 ,94  0 0 0

T est /
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n o w # $ r ##m » f  H p ^ ÿ i f ô r f j gflT^

479 496 489 901 501

901 938 962 554 548

516 533 538 338 561

489 467 460 467 523

Mann v e l o o i t y    g l )  f t#  p e r  min.
O e n tre  v e l o o i t y   550 « 0 0
0 e n t r e  o o n e ta n t    * # # 0 .9 6

467 467 467 489 907

510 586 536 554 567

923 923 524 946 573
507 472 453 472 536

M.mm v e l o o i t y ..........................  919 f%« p#r " in *
0.n « r . v e lo o ity  ............. .... 93Ô " " "
O e n tr. o o n e tan t .................. 0*97 * * *

Teet 5 . tooed k .  Obetrvotioo 2  f t .  
 n i t M it £ i~0 T~f I p of ~w e t  f . 6 e.

467 445 435 472 510
516 916 516 536 567

924 910 510 542 579
901 

Mewti /
475 435 460 554



- 1 7 -

Wemn v e l o o i t y  ............................. g l l  f t ,  p e r  m ln.
G an tro  v e l o o i t y  ........................ 913 " • •
O e n tre  o o n e ta n t  ........................  0*99

T e e t  6 . Opeed A. O betm o t l o n  lA f t .  
B e im eire—  e f  T ip  o f  I l i e i  tB B i.

4S9 445 405 478 542

546 500 475 516 585

536 489 453 507 585

523 445 397 445 554
Mean v e l o o i t y  ......................   511 f t .  p e r  m ln .
C e n t re  v e l o o i t y  ........................  464 * # "
C e n tre  o o n e ta n t  . . . . . . . . . .  l . l o

T e e t  7 .  Speed A. O b e tm o t lo n  9 I n .  
oownetreem o f  f f p  o r  P i t o t  Tube.

907 446 304 500 597

563 489 335 924 638

573 489 298 500 670

580 460 185 460 638

Mean v e l o o i t y .............................  939 f t .  pee m ln .
O en tre  v e l o o i t y   ......................  360 " " "
C e n tra  o o n e ta n t  ........................  1*47

T e e te  2 - 7  ebow th e  o e n t r e  o o n e ta n t  to  be In o re a e e d  
ae  th e  o b e t m o t l o n  l a  b r o n tk t  o l o e e r  to  th e  m eae n r ln r  
a e o t l o n .  At a  d l s t a n o e  o f  3^ f t .  th e  o e n t r e  o o n e ta n t
l a  0 .9 4  no a e a l n a t  0 .9 2  fo r  t h e  o l e a r  tn n n e l ;  a t  9 l a .  
t h e  o o n e ta n t  l e  1 . 47 , w h i le  a t  2 f t .  I t  l a  p r a o t l o a l l y  
n n l t y .  The e f f e c t  o f  t h e  o b e t m o t l o n  a a  I t  oomee
o lo a e r  /



- I S -

o lo B sr  to  th e  ne&euri&g s e c t io n  i s  f i r s t  to  p rom ets  more 
un ifo rm  d i s t r i b u t i o n ,  b u t  when th o  d i s t a n c e  bsoomss 
s h o r t e r  th a n  2 f t .  th e  d i s t r i b u t i o n  becomes more end 
mors uneven . F i g s .  19 to  34 show th e  d i s t r i b u t i o n s  
f o r  th o s e  t e s t s  on s  h o r i s o n t a l  p la n e  a c r o s s  th e  o e n t r e  
o f  s e c t i o n .

The i n t r o d u o t io n  o f  th e  o b s t r u c t i o n  n a t u r a l l y  red u o es  
th e  f lo w  below t h a t  o f  th e  o l e a r  d u o t .  I t  sh o u ld  be 
n o te d  t h a t  th e  moan v e l o o i t y  a s  o b ta in e d  from th e  l 6 
s u b - s e c t io n  v a lu e s  w h ile  th e  o b s t r u c t i o n  i s  in  th e  
tu n n e l  does n o t  v a r y  by an  amount t h a t  i s  o f  p r a o t i o a l  
im p o rtan ce  u n t i l  th e  o b s t r u o t i o n  i s  l e e s  th a n  1^ f t .  
from th e  s e o t i o n .

T.#% 8* •p a «4 B• O b e tm o t lo n  3 f t*
no«n.tre&oi o f  TIp  o f  P i t o t  Tube.

343 388 393 401 410

401 446 493 461 446

414 436 446 414 468

406 388 378 388 430

Mem T o lo o i ty  . . . f t .  1
O en tre  v e l o o i t y  . #
O en tre  o o n e ta n t  .

ï e i t  9 . Speed B. I r u o t lo n  2 f t .
D e m a tr a a a  o f rTip  Of P i t o t  TiM»e.

378 397 388 397 432

430 430 446 453 475

430 430 430 453 497
430 388 370 405 472

Meui v e l o o i t y  . . . . f t .  1
O en tre  v e l o o i t y  ..................   • * . ,  438
C e n tre  c o n s ta n t  ...........    0 ,9 9
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T#e$ lO. 3p#ed #. Q betrnotlon I f t .  
6ôw n»ifîS~êf Ttp o f  i*itot ihtibîi.

443 365 315 405 457

438 410  361 449 937

479 401 326 442 943

468 361 28o 378 442
Mean v e lo o ity  *.............................. 438 ft .  per mln.
C e n tre  v e l o o i t y       . $ 343 0 0 0
C e n tre  o o n e ta n t  e .   ................. 1 • 27

T e e te  8 -  10, w i th  f a n  speed B low er th a n  speed  A, 
show th e  o e n t r e  o o n e ta n t  to  behave  a s  b e f o r e .
When th e  o b s t r u o t i o n  i s  2 f t .  dow nstream  o f  th e  
m easu r ing  s e c t i o n  t h e  v a lu e  o f  th e  c o n s t a n t  a g a in  i s  
a b o u t  u n i t y ,  w h i le ,  f o r  a  d i s t a n c e  o f  3 f t . ,  i t  h as  t h e  
same v a lu e  a s  f o r  th e  o l e a r  d u o t .

T e s t  11 . Spee d 0 . O b s t r u o t io n  3 f t .  
feoTOsiroa m o f  f ijp  o f  H to f ~ T u b e .

362 262 245 262 262

286 310 310 398 298

298 310 310 310 310

286 375 275 275 298

Mean v e l o o i t y  ...........   . . . . .  287 f t .  p e r  min.
C e n tre  v e l o o i t y  ........................  310 0 0 0
C e n tre  c o n s t a n t   .......... ...... O .92

T e st  12. /
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T a a t  12 . t p e e d S; O b B trao tio n  2 f t .
. M e n a # # #  p f . t i p ô r p I i S n S B ê T "  "

262 245 245 262 375

2 )8  286 286 286 298

310 286 286 298 320

298 274 345 245 298

Mean T e l o o l t r  .*• 383 f t .  p e r  n i a .
C e n tre  v e l o c i t y  , 286 " " "
C e n t r e  c o n s t a n t 0 .9 9

l e e t  13 ' ,  a p e e a  c . _ o b e t n i ^ l io n  11 f t .
iow neireaa i o f  H p ô r F T ï o r T n te .

275 345 334 245 286

298 298 275 286 310

310 286 262 286 341

310 274 234 245 298

Mean v e l o c l t y  . . Ŝ 7  f f « p e r  m in .
C e n tre  v e l o c i t y 268 * •
C e n tre  o o n a ta n t 1 .0 8

___________9B##d 0 . O b e tm o t io n  9 i n .

298 262 212 362 316

262 298 312 245 360

331 375 203 274 369

516 262 185 203 341

Me&m T s l o o l t y ....................... .. 2 9 a f t .  par mtn.
Centre T a lo o ltr   ............. 207 • • *
Centre oonatant  ..................... l«4l



T e s t s  11 -  14, S t  th e  lew  fa n  sp ee d  0# gave r e s a l t s  
f o r  t h e  c e n t r e  c o n s t a n t  a lm o s t  i d e n t i c a l  w i th  t h e s e  o f  
t h e  p r é v ie n s  t e s t s #

T e s ts#  d e r i e s  2#

T h is  s l io r t  s e r i e s  was c a r r i e d  o u t  w i th  th e  same 
o b s t r u c t i o n  h a t  w i th  a  lower sp eed  and w i th  th e  c e n t r e  
c o n s t a n t  o f  t h e  c l e a r  tu n n e l  a l t e r e d  a  l i t t l e  by 
p la c in g  an  o b s t r u c t i o n  seme d i s t a n c e  u p s tre a m  e f  t h e  
m easu r in g  s e c t io n #

Test 15# Speed P# iiuot Clear o f  O bstruction.

148 148 140 163 146

153 175 183 184 173

135 183 183 177 171

197 152 147 147 157

Mean v e l o o l t y  ......................................... 162 f t .  p a r  « I n .
O m t r a  v e l o c i t y ......................................  183 * • *
C a n tra  o o n a t a n t   ...................... 0 .8 8

Dcamatraaai o f  f t p  o f  P i l o t  Tuba.

142 140 130 145 137

149 171 176 185 171

160 164 168 168 180

160 142 137 142 153

Mean v e l o c i t y  ................................. .. I9 6  f t .  p a r  a l n .
C a n tra  v e l o c i t y  ....................................  I 7 2  • « ■
O e n tre  c o n s t a n t   ................................ a 0*90

T eat 17 . /
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T e s t  17 • Speed 0 . O b s t r u c t io n  2 f t .
Downstream o f  T ip <ti t i l o i  ¥ u b e .

141 137 137 145 149

157 16: 157 174 l 8o

136 160 157 166 177

149 149 149 141 l 6o

Mean T s l o o i t y 156 f t .  p e r m in.
C e n t re  v e l o c i t y 157 " " #
C e n tre  c o n s t a n t  • 1.00

T e s t  l 8 . Speed O h a t m c t i o n  9 i n .
Downstream o f  T ip  o f  T i t o t  Tube.

160 125 113 135 164

IG9 146 12*3 155 185

177 147 104 159 194

178 140 96 143 187

M .aa v e l o c i t y  . . 160 f t .  p e r m in.
O e n tre  v e l o c i t y  . 114 " " #
C e n tre  o o n a ta n t  . 1 .40

The t e s t a  o f  t h i a  a e r i e s  a g a in  altow t h e  c e n t r e
c o n s t a n t  t o  be a b o a t  u n i t y  wfien t h e  o b s t r u c t i o n  i s  
2 f t .  dow nstream  o f  th e  m easu ring  s e c t i o n .

Tests /
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la sts#  aer ie s  3 #

4 t h i r d  s e r i e s  o f  t e s t s  was c a r r i e d  o a t  in  a manner 
s i m i l a r  to  th o s e  o f  S e r i e s  1 , b u t  w i th  an o b s t r u o t i o n  
3 f t #  wide# 6 in#  deep  and th e  f a l l  h e i g h t  o f  th e  
t wr n s l #  The o b s t r u c t i o n  was p la c e d  in  t h e  o e n t r e  o f  
t h e  s e c t i o n  o f  th e  tu n n e l  w i th  th e  3 f t#  s i d e  norm al 
to  th e  f lo w  so t h a t  goÿ o f  t h e  a r e a  o f  th e  s e c t i o n  was 
o b s t r u c t e d #

Test 1 # Fan Speed 4 , obstruction 4  ft#
p##a#tr###'^ fjp  # f H to i  f#b#.

384 402 402 413 413

434  464 474 474 464

464 474 464 464 474

434 413 402 413 444

Mean T « lo o i ty      439 p e r  n i a .
O e n tre  v e l o c i t y  *   469 <• • «
O e n tre  o o n a ta n t  ..........................  0 .9 3

T e» t 2 . f an  Speed  t .  Q b a t r a o t to n  3 f t .
Doenetream o f  Tip of P lio i  fabe .

396 384 384 396 423

444 435 455 464 474

455 444 444 459 492

434  407 390 402 455

Mean v e l o c i t y  . . . . . . . . . . . . . .  437 f i .  p e r  n i a .
O e n tre  v e l o c i t y  ..........................  456 " " "
O e n tre  c o n s t a n t  . . . . . . . . . . . .  0 ,9 5

T e st  3» /
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T . . t  3 . r a n  speed A . O b s t r u o t io n 2 f t .
b e im . t r w ia  o f T ip 0 r  M IoC  f a b e .

423 360 360 373 403

487 444 429 439 501

501 433 407 439 512

492 585 348 373 483

Umui v e l o c i t y  . . . p e r  m in.
O e n t r .  v e l o c i t y  . * #
C e n tre c o n s t a n t  .

T en t 4 . Pan Speed a . O b s t r u c t io n 1 f t .
A o v a . t r .M i  o f T ip  0 f  T i i o t  fuB i

573 348 241 535 581

618 348 276 321 569

618 321 259 348 612

625 • 307 223 276 587
Mean v e l o c i t y  . . . p e r  min*
C e n tre  v e l o o i t y  . • # #
C e n tre c o n s ta n t  . .

The fo re g o in g  t e e t s  show t h a t , e v e n  w i th  th e  l a r g e  
o b e t r u c t io n #  th e  o e n t r e  c o n s ta n t  i s  p r a o t i o a l l y  t h a t  
o f  th e  c l e a r  tu n n e l  when th e  o b s t r u o t i o n  i s  3 to  4 f t .  
dow nstream  o f  th e  m easu ring  s e c t i o n .  The v a lu e  o f  th e  
c o n s t a n t  edien th e  o b s t r u o t i o n  i s  9 f t .  downstream  o f  
t h e  s e c t i o n  i s  p r a c t i c a l l y  u n i t y  a s  w i th  t h e  s m a l le r  
o b s t r u o t i o n  in  th e  f i r s t  s e r i e s  o f  t e s t s .

Two f u r t h e r  t e s t s  a t  low er fa n  sp e e d s  were made w ith  t e  
same o b s t r u c t i o n  a t  2 f t .  downstream  o f  t h e  m easuring  
s e o t i o m -



T e s t  5« fa n  Spe ed C. Q b s t r a o t lo n  2 f t .  
now nstr eam o f  T ip  o f  P l i e t  Tube.

333 189 189 189 241

290 232 222 232 268

290 212 212 233 268

250 189 171 189 356

Meaui v e l o c i t y  .................................. 330 f t .  p e r  m in.
C e n tre  v e l o o i t y   ...................  217 ^
C e n t r e  c o n s t a n t  , . , , . . . . .  1 . 09

Test 6 . ran speed  B. Obstraotlon 2 f t .  
" Rownstrearn o f  f l p  of l î lo t  Tube.

94#8 67 67 9 4 .8  106

94#8 9 4 .8  9 4 .8  9 4 .8  116

116 94#8 9 4 .8  116 116

9 4 .8  9 4 .8  70 9 4 .8  116

Mean v e l o o i t y  ............................  loo f t .  p e r  m in.
O en tre  v e l o c i t y ..........................  94*8 • « «
O en tre  c o n s t a n t  ..........................  1 .05

The c e n t r e  c o n s t a n t  tfans m a in ta in s  th e  same v a lu e  
-  a p p ro x im a te ly  u n i t y  -  w i th  th e  o b s t r u c t i o n  a t  2 f t .  
f o r  th e  r a n g e  o f  speeds  t e s t e d .

T e sts  /



— 26-

T e a t s .  S e r ie s  4 .

A f o u r t h  s e r i e s  o f  t e s t s  was o a r r l e d  o u t  w ith  an 
o b s t r u c t i o n  b lo c k in g  o f  th e  c r o s s  s e c t i o n  o f  th e
d r i f t .  T h is  o b s t r u c t i o n  was e q u iv a l e n t  in  
d im en s io n s  to  4& f t .  by ^  f t .  and t h e  f u l l  h e ig h t  o f  
th e  s a o t io n #  ana was p la c e d  c e n t r a l l y  le a v in g  1^ f t .  
w id th  o f  c l e a r  p a s sa g e  a t  each  s i d e .

T e s t  1# ran Speed A. Q b s tn io t io n  4 f t .  
Aomsiream of Pi to i Tube.

312 323 219 222 226

241 aCu 266 275 271

363 364 266 22/Î 254

232 230 219 238 260

Mean v e l o o i t y  • 246 f t . p e r m in.
O e n tre  v e l o o i t y 266 * « #
C e n tre  c o n s ta n t 0 .9 2

T e s t  2 . Fan Speed A. O b e tm o t io n  3 f t .
Downstream 0 r  11 t o t  Tube.

224 224 216 316 264

277 273 373 273 277

381 263 373 273 281

263 246 224 236 261

u e u i  v e l o o i i y  . 259 f t . p e r min.
O e n tre  v e l o o i t y 266 " # #
O en tre  c o n s ta n t 0 .9 5

Test 3. /
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Fan S p .e a  A. O b s t r c o t i o n  3 f t .
Bowniitream o f P I to t  |Dbe.

264 204 193 204 264

297 236 236 346 312

327 264 346 264 312

304 236 204 246 327

H— a  v e l o c i t y 369 f t .  p e r
O e n t r .  v e l o c i t y  . . 241 • •
O e n t r . c o n s t a n t  «. 1.11

l e s t  4 . Pan Speed 4 » ,, _ O b a t r u c t i e n  9 i n s .
A o w n .tr .a n  e)f Pi t o t  Tube.

515 151 136 151 490

549 136 136 180 496

545 151 127 151 409

520 118 127 151 920

H eui v e l o c i t y  . . . 327 f t .  p e r
O M itr .  v e l o c i t y 132 • "
C e n tre c o n s ta n t  . . 3 .4 8

The r e s u l t s  o f  t h i s  s e r i e s  o f  t e s t s  show th a t#  
even w i th  th e  abnorm al o b s t r u c t i o n  o f  75^  o f  th e  
c r o s s  s e c t io n #  th e  o e n t r e  c o n s t a n t  i s  p r a c t i c a l l y  t h a t  
o f  th e  c l e a r  tu n n e l  when th e  o b s t r u c t i o n  i s  4 f t .  
downstream  o f  th e  m easu ring  s e c t i o n .  At 2 f t .  t h e  
c o n s t a n t  i s  n o t  f a r  removed from u n i t y .

Test S er ie s  9. /
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TüSts . g c f i o s  5 .

The t e s t s  o f  t h i s  s e r i e s  w ere c a r r i e d  o u t  i n  a  
model o f  a  s t e e l - a r o h s d  roadway r e p r e s e n t i n g  a  o ro s s  
s e o t i o n  o f  ^  f t .  by  7 f t .  a p p r o x im a te ly .
The o b s t r u c t i o n s  w ere p la c e d  c e n t r a l l y  a s  b e f o r e .

T e s t  1 . 01e a r  T u n n e l .

Mean v e l o c i t y   ............  372 f t .  p e r  min
O en tre  v e l o o i t y   .............. .. 3nO •  « •
C e n tre  c o n s t a n t    ............  1.03

The m easu ring  s e o t i o n  in  t h i s  c a s e  i s  n e a r  to  a  
shaped  e n t r y  and a lw ay s  g iv e s  a  h ig h  o e n t r e  c o n s t a n t .

T e s t  2 . O b s t ru o t io n  15 i n s ,  w ide p la d e d  
a t  4 r t .  hownetream e f  P l i o i  f n W .

Mean v e l o c i t y    .....................  364 f t .  p e r  min
C e n tre  v e l o c i t y  .....................  351 « « s
O e n tre  c o n s t a n t  ...................... 1 .03

Test 3 . O bstruction 3 f t .  wide placed 
a t  ^  f i .  DoTOs tfeam  olf Tntie."

Mean v e lo c ity  ..........................  340 f t .  p e r  min.
C e n tre  v e l o c i t y      ............... 330 ^
C e n tre  c o n s t a n t ........................ 1 .0 3

T hese t e s t s  a g a in  show th a t#  even w i th  a d i f f e r e n t  
sh ape  o f  o r o s a - s e C t io n  and a  d i f f e r e n t  o e n t r e  o o n a ta n t  
f o r  th e  c l e a r  tu n n e l#  th e  o e n t r e  c o n s t a n t  i s  a b o u t  
eq u a l to  t h a t  o f  th e  c l e a r  tu n n e l  when th e  o b s t r u o t i o n  
i s  4 f t .  o r  more downstream o f  th e  m easu r ing  s e o t i o n .

C o n c lu s io n s  /



Q pnoluslons fro »  T e s ts  o f  B e r le s  I lo  5 ,

A oe n t r a i  o b s t r u o t i o n ,  even np to  799  ̂ o f  th e  
c r o s s - s e c t i o n #  end downstream o f  t h e  m easuring  
s e c t i o n ,  does n o t  a p p e a r  to  a f f e c t  t h e  o e n t r e  
o o n s t a n t , a t  l e a s t  f o r  th e  t e s t  v e l o c i t i e s  300 
to  300 f t .  p e r  m inute# i f  th e  o b s t r u c t i o n  i s  a t  
a  d i s t a n c e  g r e a t e r  th an  ab o u t 4 f t .  from th e  
m easu r ing  s e c t i o n .

I t  would ap p ear  t h a t  i f  an o b s e r v e r  h o ld s  an 
anesBometer 4 f t .  u p s tre a m  o f  h im s e l f  w h i le  s ta n d in g  
c e n t r a l l y  in  th e  roadway# h i s  body w i l l  have l i t t l e  
e f f e c t  on th e  d i s t r i b u t i o n .  The o b s t r u c t i o n  caused  
by  h i s  body w i l l ,  o f  course#  te n d  to  red u ce  th e  
q u a n t i t y  flow ing# b u t  th e  r e d a c t i o n  w i l l  be s l i g h t  
u n le s s  th e  sp a c e  i s  v e ry  c o n f in e d .

In  r o u t i n e  m easurement o f  a i r  sp e e d s  in  mine roadways 
i t  i s  common to  h o ld  tlie  in s t ru m e n t  a t  th e  o e n t r e  o f  
t h e  roadw ay. T h is  i s  s u s p e c te d  o f  f a l s e l y  augm enting
th e  a i r f l o w .  I f  t h e  in s t ru m e n t  i s  l e s s  th a n  2 f t .
from th e  body# a  low v a lu e  i s  l i k e l y  to  be o b ta in e d .
In  th e  fo re g o in g  t e s t s #  when th e  in s t ru m e n t  i s  a b o u t 
2 f t .  u p s tre a m  o f  t h e  o b s t r u c t io n #  th e  c e n t r e  v e l o c i t y  
i s  a b o u t  equa l to  t h e  mean v e l o c i t y .

Tests. Serlas 6. /
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Tests. Series 6.

The e f f e c t  o f  an  o b s t r u o t i o n  p la c e d  a t  th e  s id e  o f  
th e  tu n n e l  was n e x t  in v e s t ig a te d *  The p ro c e d u re  was 
a s  d e s c r ib e d  f o r  th e  t e s t s  o f  S e r i e s  1«, th e  o b s t r u o t i o n  
b e in g  13 i n s .  v id e  a s  in  t h a t  S e r i e s .

T e s t  1 . r a n  Speed A. O b s t r u c t io n  d f t .
Po im streaw  o f  M t o t  " tu b e .

457 493 493 " 472 426

493 564 564 545 507

500 536 545 545 514

479 479 479 486 479
Mean v e lo c ity  . 500 f t .  p a r  Biln.
Centre vo locity 554 * # #
Oentre oon.tM it Ü .92

Test 2« Fan Ai'.ed A. <O bstraotlon 3 f t .
Downstream o f n to 4 Tab..

486 507 507 486 414

530 570 582 567 479
527 552 553 558 493

493 493 493 500 457
lie&n v .lo o lty  . 507 f t .  per Bin.
O e n tre  v e l o o i t y  ............................  368 *
C e n tre  c o n s t a n t  ............................  0 .8 9

T e s t  3 . Fan Speed A# O b s t r u c t io n  3 f t . 
O ow nitreaw o f  P i t o t  Tube. "

5 2 0  5 3 9  5 2 7  4 8 6  3 4 1
545 6u 3 603 576 422
545 585 588 56? 434
540 520 530 507 4 :8

y ............................. 51)9 1
O w t r e  v e l o c i t y    .......................  *
Mean v e l o c i t y  ............................... güg f t .  p e r  w |n .
O w t r e  v e l o c i t y  
C e n tre  o o n a ta n t

m
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•b a truotion  1 f t .
novnatraaiD Ô? P I l ô ï J n b e ,

545 576 564 520 268

588 657 652 611 331

619 636 646 614 331

591 588 588 564 309

Mean v s l o o i t v  • « . .  522 f t .  p a r  1
H #C e n tre  v e l o o i t y  

C e n tre  c o n s t a n t ••  %

I mu. 
«

F u r th e r  t e s t s  w ere  c a r r i e d  o u t  a t  fa n  sp e e d s  B and 0 .

T e s t  5 . Fan Speed  B. O b s t r u o t io n  4 f t .
f lo ra s4r e a r  o f P i l o t  Tube.

Mean v e l o o i t y  . . . , . p e r
O en tre  v e l o c i t y  . . . . #
C e n tre  c o n s ta n t  . . .

J e s t  6 . Fan sp ee d  B. O b s t r u c t io n  3 f t .
n o w n s irea a  o f H f o t  Tube.

Mean v e l o o i t y  .......... p e r
C e n tre  v e l o o i t y  , «
C m t r e  c o n s t a n t  . . .

T e s t  7 .  Fan «peed  B. O b s t r u o t io n  3 f t .
O o v n s trsan  o f  P i l o t  T abs.

Mean v e l o o i t y  ............ ..............  4%  f t . p e r
C e n t r e  v e l o o i t y  . . . . ............... 498 • #
C e n tre  c o n s ta n t

T e s t  8 . Fan Speed B. O b s t r u c t io n  1 f t .
o o m s tre a m  o f p i l o t  Tube.

Mean v e l o c i t y  ....................... .. 439 f t .  p e r  v i a .
O e n tre  v e l o o i t y    ............  539 w « •
C e n tre  c o n s t a n t   .............. .... O .d i

T est  9 .  /



T e s t  9 $ ftm  Speed C. O bstruotion 4 f t .  
(^wnetream o f PI to t Tube.

Mean v e l o o i t y .................................... 267 f t .  p e r  m in.
C e n tre  v e l o o i t y ..................... .... 292 « <• »
C e n tre  o o n e ta n t  ..............................  0 .9 2

T e e t  l o .  Fan Speed Q. O b e tm o t io n  3 f t .
nownetream M M t o t  T obei

Mean v e l o o i t y  .................................  264 f t .  p e r  m in.
C e n tre  v e l o o i t y   ................... 292 « « «
C e n tre  o o n a ta n t  .............. ................ 0 .9 I

T eat  11. Fan Speed 0 . O b e t m o t i on 2 f t .
" ^ w n iT re a m  o f  T i i p t  t a b e 7

Mean v e l o o i t y ................................. .. 269 f t .  per min.
C e n tre  v e l o o i t y   ............................. 304 * « •
C e n tre  o o n e ta n t   ..................... 0 .8 8

T eet 12 . ran  Speed 0 . Ob e t m o t i o n  I f t  y
T»oimetream e f  P i t o t  Tube#

Mean v e l o o i t y    ............................... 270 f t .  p e r  m in.
C e n tre  v e l o o i t y   .............. • • • • •  341 « w w
C e n tre  o o n e ta n t   ...................... 0»79

The 13 i n .  v id e  o b s t ru o t io n #  when p la c e d  a t  th e  
s i d e  o f  t h e  tu n n e l#  i s  shown b y  th e  t e s t s  o f  S e r i e s  ^  
to  c a u se  a  r e d u c t io n  in  th e  o e n t r e  o o n e ta n t  f o r  a l l  
p o s i t i o n s  c l o s e r  th a n  4 f t .  to  t h e  m easu ring  s e o t i o n .  
At 4 f i«  th e  o o n e ta n t  i s  th e  same a s  f o r  t h e  c l e a r  
t u n n e l •

Tests. Series 7. /
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T e s t s .  Sortes  7

A f i n a l  s e r i e s  e f  t e s t a  was mads w i th  th e  3 ft# vide 
o b e t m o t i o n  ( o b n t ru o t in g  gOjb o f  t h e  s e o t io n )  plaoed 
a t  t h e  s i d e  o f  the  tu n n e l#

T e s t  i#  f a n  Speed A# o b e t m o t i o n  4 f t#
E)ownstream o f  P i t o t  Tube,

Mean v e l o o i t y  ............ 4^3 f t .  p e r  min.
C e n t re  v e l o c i t y  ................... ................ 466 • • «
C e n tre  o o n e ta n t   ............................... .. 0«91

Test 2 . f a n  Speed B. O b s t r u c t io n  4  f t .
^— w m it T s c T o r  ---------------------

Mean v e l o c i t y  ........................................  34^ f t .  p e r  m in.
C e n tre  v e l o o i t y ......................................  3^2 w « «
C e n tre  c o n s t a n t   ............................ .. 0 .90

T e s t 3 # fa n  Speed C* O b s t r u c t io n  4 f t .
W B R n r ‘r r w  r To w ; ------------ *— ^

Mean v e l o c i t y   ......................................  213 f t .  p e r  m in.
O r a t r s  v e l o c i t y      ................... 23o « • «
C e n tre  c o n s ta n t   .......................... .. 0.90

The 3 f t ,  wide o b s t r u o t i o n  a t  th e  s id e  o f  th e  tu n n e l  
s e o t i o n  and 4 f t .  downstream o f  t h e  m easu ring  s e c t i o n  
r e d u c e s  t h e  c e n t r e  c o n s ta n t  by  ab o u t 0 .0 2  which i s  a  
n e g l i g i b l e  amount in  r o u t i n e  mine a i r  m easurem ents w ith  
v e l o c i t i e s  up to  300 f t .  p e r  m in u te .

Checks with Anemometer.

The fo re g o in g  t e s t s ,  from S e r i e s  I to  S e r i e s  7 , w i th  
th e  o b s t r u c t i o n  a t  4 f t .  downstream  o f  th e  m easuring  
s e c t i o n ,  were r e p e a te d  w ith  a vane  ty p e  anem om eter.
The r e s u l t s  o b ta in e d  were in  ag reem en t w i th  th o s e  
o b ta in e d  w i th  th e  p i t o t  tu b e .

O eaora l  C o n c lu s io n s . /
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G en era l  ü o n o lo s io n s .

The t e s t s  in  t h i a  i n v e s t i g a t i o n  were c a r r i e d  o u t  in  
a  s t r a i g h t  a i rw a y  w i th  no o b s t r u c t i o n s  u p s tre a m  o f  th e  
m easu ring  s e c t i o n ,  and th e  r e s u l t s  p ro b a b ly  can  o n ly  be 
a p p l i e d  to s i m i l a r  c o n d i t i o n s .  A ir  m easurem ents in  
p r a c t i c e ,  how ever, a r e  u s u a l l y  made i n  s t r a i g h t  a i rw a y s .

So f a r  a s  th e  t e s t s  go i t  may be co n c lu d ed  th a t#  in  
r o u t i n e  mine a i r  m easurem ents and w i th  th e  o b s e rv e r  
f i l l i n g  up to  T% o f  th e  c r o s s - s e c t i o n ,  t h e  d i s t r i b u t i o n  
w i l l  n o t  he s e r i o u s l y  a f f e c t e d  a t  th e  m easuring  
in s t ru m e n t  i f  th e  in s t ru m e n t  i s  4 f t .  o r  more u p s tream  
o f  t h e  o b s e r v e r *9 body#

Q u ite  c o n t r a r y  to  common o p in io n #  a  c e n t r a l  s t a n c e  
in  t h e  a irw ay  i s  b e t t e r  th a n  a s i d e  s t a n c e  a s  th e  
d i s t r i b u t i o n  r e i t a in s  normal c l o s e r  to  th e  o b s t r u c t io n #  
e s p e c i a l l y  a s  th e  o b s t r u o t i o n  becomes a  l a r g e  
p r o p o r t i o n  o f  th e  o r o s s - s e o t i o a .



Preeeure Loaaea in  raw r t r i f t a .

The v e a u l t a  a r e  g iv e n  o f  a  t e a t  f o r  p re n a u ra  
lo a a  in  a  fan  d r i f t *
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Pressure Loeees in Fen D rift# .

Mine f a n s  a r e  co n n e c ted  to  th e  n p o e s t  s h a f t  by 
t u n n e l s  o r  « d r i f t s * .  These d r i f t s  in c lu d e  one o r  
mere bends  o r  elbow s and o f t e n  th e y  a r e  o f  c o n s id e r a b le  
l e n g t h .  The a i r  speed  in  th e  d r i f t  i s  h ig h  •  u s u a l l y  
c o n s id e r a b ly  o v e r  looo  f t .  p e r  m in u te .  The b u lk  o f  
t h e  s u r f a c e  leakage#  wiUob i s  o f t e n  n n n e o e s s a r i l y  high# 
t a k e s  p la o e  a t  th e  a i r  look  on th e  n p o a e t  s h a f t  and 
t h e r e f o r e  t r a v e l s  t h e  f u l l  l e n g t h  o f  th e  d r i f t .
I t  o o o u rre d  to  th e  w r i t e r  th a t#  in  th e  c a s e  o f  l e n g th y  
d r i f t s #  and p a r t i c u l a r l y  where t h e r e  was a  heavy  
s u r f a c e  leakage#  t h e  p r e s s u r e  and power l o s s  i n  th e  
fa n  d r i f t  m ight be s e r i o u s l y  h ig h .  4n  o p p o r tu n i t y  was 
t h e r e f o r e  t a k e n  to  make a  t e s t  on  a  d r i f t .

The d r i f t  and th e  method o f  t e s t i n g  a r e  i l l u s t r a t e d  
by  f i g u r e  23.

The A skania m in im ete r  was u se d  in  c o n ju n c t io n  w i th  
p i t o t  t u b e s .  One p i t o t  tu b e  was p la o e d  in  th e  d r i f t  
13 f t .  from th e  f a n  i n l e t .  The second  tu b e  was 
low ered  in to  th e  s h a f t  to  a  p o s i t i o n  a  s h o r t  d i s t a n c e  
below  the e n t r a n c e  to  th e  d r i f t .  Both tu b e s  were 
c o n n e c ted  to  th e  m in im ete r  by l e n g th s  o f  ru b b e r  t u b in g .

The r e s u l t s  o b ta in e d  w e re : -

Water-gauge v e n tila tin g  mine . , 4«3 i n s .
w a te r -g a u g e  d ro p  on d r i f t ................. 2 .12  **

This g i v e s : -

W ater-gauge  l o s s  on d r i f t  « 4? y  o f  w .o .  on m ine.

The m in im ete r  was re p la c e d  by th e  ro c o rd in g  b a ra g re p h  
ty p e  w a te r -g a u g e  commonly i n s t a l l e d  to  r e c o rd  th e  mine 
w a te r -g a u g e .  The o o n n eo tio n s  wore a s  shewn by  f i g u r e  
2}. A s i m i l a r  r e s u l t  was o b ta in e d #  as  shown by t h e  
r e c o r d  i n  f i g u r e  26.

This /
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T h is  i l l u s t r a t e s  a  w a s te fu l  s o u rc e  o f  v e n t i l a t i n g  power 
w hich  t lm  w r i t e r  b e l i e v e s  e x i s t s  a t  many o o l l i e r i e e .
The power expended h e ro  in  p a s s in g  th e  a i r  th ro u g h  th e  
f a n  d r i f t  i s  47/ o f  th e  power d ev e lo p ed  by th e  f a n .  
A nother d r i f t #  i n  p o o re r  c o n d i t io n  a s  r e g a r d s  l e n g th ,  
was t e s t e d  i n  th e  same manner and sliowwdi a  c o n s id e r a b ly  
h ig h e r  projio t t ion  o f  th e  power to  be oxpeuded i n  t h e  
d r i f t .

I t  i s  o f t e n  s t a t e d  t h a t  th e  i n s t a l l a t i o n  o f  a  new 
fa n  a t  a  mine has  r e s u l t e d  in  th e  c i r c u l a t i o n  o f  th e  
same o r  g r e a t e r  a i r  q u a n t i t y  w i th  a  low er w a te r-g a u g e  
them th e  r e p la c e d  o l d e r  f a n .  T h is  i s  n o t  n e c e s s a r i l y  
due to  any  p a r t i c u l a r  s u p e r i o r i t y  o f  t h e  new fan# ho t 
i s  o f t e n  e x p la in e d  by a  b e t t e r  fa n  d r i f t .

Fan d r i f t s  sh o u ld  be s W r t#  a s  s t r a i g h t  a s  p o s s ib le #  
and o f  am ple o r o e s - s e o t i o n  p a r t i c u l a r l y  w hm  lo n g .
A c u rv ed  e n t r y  o r  o o n n e c tio n  to  th e  s h a f t  h a s  been
s u g g e s te d  and m ight e f f e c t  a  c o n s id e r a b le  s a v in g .

Leakage a t  t h e  a i r  look  i s  e x t re m e ly  w a s te fu l#  more 
e s p e c i a l l y  i f  th e  d r i f t  i s  lo n g .  A leW&age o f  10^ w i l l  
i n c r e a s e  th e  d r i f t  v e l o c i t y  by 10^  mxnl th e  p r e s s u r e  d ro p  
on th e  d r i f t  by 21ÿ . A le a k a g e  o f  30)1 w i l l  i n c r e a s e  
t h e  p r e s s u r e  d ro p  on th e  d r i f t  by 44^ , w h i le  a  le a k a g e  
o f  41 # #  w i l l  d ou b le  th e  f a n - d r i  f t  l o s s .



y r a o t t c a l  V e n t i l a t i o n  r ro b le w s .

An aoooun t l a  g iv e n  o f  some p r& o t io a l  v e n t i l a t i o n
prob low s u n d e r ta k e n  by  th e  a u th o r  i n  th e  o ou roe  o f  
b i s  i n v e s t i g a t i o n s .
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f n t l l a t i o n  P r o b le n .

The fo l lo w in g  i s  an a c c o u n t  o f  c e r t a i n  p ro b lo M  
i n  th e  p r a c t i c a l  v e n t i l a t i o n  o f  m ines u n d e r ta k e n  by 
th e  autT ior.

Problem  1 .

R éarrangeaien t  o f  Ven t i i a ^ o n  o f  a C o l l i e r y .  R e f e r r in g  
t o  th e  stceioh p lan# P i g . 37# t h e r e  a r e  t h r e e  main 
v e n t i l a t i o n  d i s t r i c t s #  A# R# and 0 . D i s t r i c t s  A and B 
have r e l a t i v e l y  low r e s i s t a n c e s  and r e q u i r e  to  be  
r e g u l a t e d .

Most o f  f u t u r e  developm ent work w i l l  be  done in  
C and i t  i s  n e c e s s a r y  to  i n c r e a s e  th e  v e n t i l a t i o n  
c o n s id e r a b ly  in  t h a t  d i s t r i c t .  To im prove th e  
v e n t i l a t i o n  i t  i s  d ec id e d  to  d r iv e  a  s u r f a c e  mine to  
r e a c h  t h e  seam n e a r  th e  p r e s e n t  b ou ndary  o f  d i s t r i c t  0 . 
The p rob lem  i s  -  Shou ld  th e  new mine be  a  dow ncast o r  
an n p e a s t?

I t  i s  s t i p u l a t e d  t h a t  th e  new mine sh o u ld  p a s s  
80#000 CO.ft. o f  a i r  per m in u te .  V e n t i l a t i o n  d i s t r i c t s  
A and  B to  ta k e  a l t o g e t h e r  @2#000 c u . f t .  p e r  m in u te .
A c o n n e c t in g  mine to  be d r iv e n  betw een  R and 0 to  ta k e  
12#000 from new s u r f a o e  mine i f  a  downcast# o r  d e l i v e r  
t h e  same q u a n t i t y  to  th e  s u r f a c e  mine i f  an  u p c a s t .

As see n  from f i g . 27# th e  p r e s e n t  a r ran g em en t h as  
t h r e e  dow ncast s h a f t s #  B os.I#  3 and 4  f i t s #  and one 
u p c a s t#  Bo. 2 F i t .

V e n t i l a t i o n  s a r v e v . A p r e l im in a r y  v e n t i l a t i o n  su rv e y  
o f  e x i s t i n g  c o n d l l ï o n s  was made. F re s s u r e  d ro p s  were 
m easured  w ith  th e  equipm ent a l r e a d y  d e s c r ib e d  f o r  
d e te r m in a t io n s  o f  A tk in so n * s  c o e f f i c i e n t  o f  r e s i s t a n c e #  
i . e . ,  A skan ia  m inim eter#  B .F .L . p i t o t  tu b e s  and a  
l e n g t h  o f  ru b b e r  tu b in g  to  s t r e t c h  t h e  t e s t  l e n g t h s .
A ir  v e l o c i t i e s  were measured w i th  t h e  a i d  o f  an  
anem om eter, and  c r o s s  s e c t i o n s  were m easured  by 
p h o to g ra p h ic  m ethods fo r  th e  im p o r ta n t  a irw ays#  and by 
r a d i a l  arm method f o r  o t h e r s .

The /
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The f!ata o f  Tablo I I ,  wefm obtained from tbo gnmvey# 
The r e s is ta n ces  botweon the var ions s ta t io n s  are Riven 
in  itk in so n s  according to the forttmla^

r " n

where P •  prossuro drop in  lb* per sq .f t#
B <• re s is ta n ce  in  Atkinson# 

and Q •  ra te  o f  a ir  flow in  tbonsands o f  o n . f t . / s e c #

Leakages. o p rcr ta n it ie s  were providsfl for te s t in g
o f  loakagee .

^ h afts .  K teîikag© o f  9 ,0 0 0  on# ft# per minute ocoarrod 
Eôlwâën sh a fts  Nos.I and ?• This seems large , hot 
perhaps i s  not excess ive  in view o f  a water##range o f  
4  ̂ in s .  aoro^^ tî»o sh a fts .

poors . Trap’ Moors were fouivi to g ive  leakages 
between I , Cuu and zj.,000  c u .f t .p e r  minute according
to the st^>to o f  repair.

Leakages at doors aro o ften  not r e a l im d . The w r iter  
found photoarrnphs, as in P ig . 39 and 3 0 , very  
o f fe u t iv e  In illu^tratlucr Iho * a i r«> t ig h t ness* o f  
doors ass found in p r io t io e .

Air-C rosains# . k  •natural^ type air^orossing showed 
T!«e large TcaJTiafe o f  c u . f t .  per minute. This
type o f  :iir^crofK^ing i s  o ften  recotm^ended for i t s  
air«*tightnees, hut very o ften  i t  proves in e f f i c ie n t  
due to brenkin^ and f isso r in g  o f  the s tr a ta ,  other 
o ro ss in t#  gave leakages 3,000*4,000 o u .f t .  per minute.

New Surfaoe i ne as intake . k ith  the now mine as an 
Intake tficrô w f i l  Eê four Ibwnoasts — the mine w ith  
sh a fts  No.^.l, 1 and 4 * and No.2 sh aft  as the only  
upcast . A new fao would be requ ired a t  No.3. sh a ft  to 
oops with the new quant It l e s .

The nnin re iu m  airway from n i^ tr io t  C. would be 
as  a t  prasont. Considering on ly  the returns from 
the present extrem ity o f  n ia tr lo t  C, i t  would recu ire  
3*43  in s .  o f  water-gauge to pa#^ the new q u a n t it ie s .

New /
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New Surface  ̂Ine a a a le  turn or iTnoFiat. Tlio now mine 
as  an U|ioa®t 5o«|fl rer.ulfo a now (oxlia«^tlnR> a t  
tha t mine to worfc in oonjunction witTi the fan a t  No.2 
sTjiaft, t!>o thro© downoamt sh a ft  ro. xining as ho fore .

Oonsidorin" the in takes from tl»o downcasts al^afta 
to tho extrem ity o f  the prosent vvorkinra in n is t r io t  
0 , a water-gauge o f  i.^r, in s .  i s  required for the new 
q m m t it io s .  Hence i t  dociMod to the new .
surface mine an upcast.

Air D is tr ibution under proix)sod doheme. Tho redeeieneU 
o i  rou £ t ÎO r *” tïi o hew surfaoem ino as an upcast i s  s N  m 
by Fig.3tJa.

The eo iut ion  for the a ir  U str ih u t io n  in  snob a 
network by k i t e l t e f f * e  laws becomes very involved. 
^ iro h îo f f* s  laws are r e la t iv e ly  easy to  apply to  
e l e c t r i c  c ir c u i t s  s in ce  the f i r s t  (lower o f  the current 
only  i s  involved; for a ir - f lo w  c ir c u i t s  the square o f  
the current i s  involved and th is  leads to rather com;ile% 
équations for simultaneous so lu t io n . The w r iter found 
that quicker so lu t io n s  could be obtained by a method o f  
t r ia l  and error tssic^ted by graphs. For tho var ious  
loops in  the network graphs o f  pressure drop on a base  
o f  a ir f lo w  wore p lo tted  from the re la t io n sh ip  P # R Q̂ . 
To f a c i l i t a t e  tho p lo tt in g  o f  these graphs, va lues o f  
log P again st log(hQ-) were p lo t te d . These g ive  
.stra ight l in o s  so tfiat two |x>inis were s u f f ic ie n t  to 
determ ine tho l i n e s .

tor  a sp e c i f ie d  quantity in  one loop o f  tlm network 
the prtîssuro drop i s  imown and, from th is  pressure  
drop, tho d is tr ib u t io n  in n i l  loops in p ir a l lo l  with 
tho f i r s t  loop i s  e a s i ly  doternined from tW  logar ithm ic  
graphs. Tîie i tr iW t io n  wor?:s out aa sWwn in  
Fig.2ba.

Ritonded ^^rkin^s .  It i s  necessary to estinrvto the 
water-gauge ui i Tiorse-puwer requirnmentm o f  the new 
fan to be in ; la 1 led a t  th.© mrfftoe mine to deal with 
tho fully-developed imrkinfis in i  ( r io t  C .  A diagram, 
Fig.3tjb, s 1k>̂7S the ^-ossihlo con i t  ions lo years hence.

Air /
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fgliCTlATIQtt Of LIORT Tlltopon AT BOTTOM OF
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I f  the door wore a i r t i g h t ,  the  photogrmph eonld he 
M itlre ir  hlaok. Thie photograph wae taken sh o rtly  
a f te r  the door was e rec ted .
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Air to Kew v ln e f -

n is t r lo t  B .................... .. I3,0t<0 ou*f t
No.l F it  ni s t r i c t ................ 3b, wO *• ^
No.2 F it .................................  6,000 *•
Ile .3 F it  .................................  1 9 ,Ü U 0  ^ ^
î5o*4 F it ........................  14,800 *

8o,ooo «• **

Fressure drew in  ̂ The mina to be arched 12 f t .
X lo  f t .  and to 6e 556 fathom# in leng th . Atkinson*® 
o o o f f io ie n t  o f  re^ i^tonce i s  aasuniod to bo o.uüb.

F  •  Iv 3 Q ^ /  a 5

•  Ü . Ü 0 6  X  2 5 0  X  6  X  3 8 * 9  *  8 0 -  /  1 0 4 . 5 ?

•  1*95 lb .  per # q * ft ,

•  0 .3 7 6  Inches

rroffsure ©rop on koadwny Abi- The ros i stance o f  
yar4« o f  or istln ir VianlaRe road i s  13*5 atVs. 

flenoe res is ta n ce  o f  An (5c>u yards) i s  1 3 .5  % 
or 8 * 6 5  a tk s .

Fressure drop for 4 (*, bOü o u .f t .  •  3 .8 4  I b . / s q . f t .

•  0 . 74" N .o .

Tho return w ill  roquiro the ^ame water—gauge.

liQuds from Main Intake and Uetnrn to Faqes e t c .
Length o f  these ro Uways say 300 yards, nas i# tance i s  
3 /5  o f  8 .6 5  or 3 .1 9  a tk s .

ires:^ure drop for 1 5 ,uuu c u . f t .  # 0 .0 6 2  in .  w.o.
The return w il l  requ ire the same w ater-gm ge.

Facet- The resi® tance for the f?ce i s  assumed to be 
jcTTtkinsona which was fouii») to be an average for faces  
in th is  d i s t r i c t .  The m a n t i ty  i s  ]g00 o u .f t .
This requ ires a pressure drop o f  0 .0 9  iu . water-gauge.

Total /
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Total r i t  Water-Gftuge.

Tho to ta l wator-grioge tu be developed by the fan 
was found by three im t̂lioda; the f i r s t  purely  
th e o r e t io a l,  and the* other two from prac t ica l  
cungideration*.

Kirat Method.

Surface to present extrem ity o f  working# 1#66 in#
Main intake# and r e t u r n # ..........................  1 .4 8
Sect ional intake# and return# ....................  0 .12
f a c e .....................    0 .0 9
New mine  ..................................................  0 .37
fan d r i f t  (assumed)  ............................. Q. 10

Total watefwfaafe . 3*83 "

Second Method.

Aeeume that the face-road oom liiion* remain as at 
present, low and r e s tr ic te d . The present water- 
gauge to pSL9B 18,000 c n . f t .  round tl e fece area i#
I i n . ; the quan tity i s  to be incronsed to 68,000 
c u . f t .  and allow ing 50  ̂ leakage the actual {quantity 
reaching the face# w i l l  be >4 ,0 0 0  c u . f t .
The water-gauge required w il l  be 1 in . x 
(34 ,000/18 ,000)2  or 3*37 in s . The to ta l water- 
gauge becomes: -

Surface to extrom ity o f  present working# 1.66 in s .
face  and face roads  ....... ............................... .. 3*37  "
Extension o f  main roads  ........................... 0 .1 5  "
New m in e .................. ............................................  o. 37 "
Ÿ B n  d r i f t  . .    ............................   o . lo

Total wntor-gauge 5*85 "

Third Method.

The distance between the foot o f  the wain intake 
mine and the extrem ity o f  the present working# i#  
approximately the same as the distance between the 
present extrem ity o f  the working# and the u ltim a te  
boundary. The water-gauge aoros# the doors at the 
foot o f  th is  mine i#  2 .33  in s .  from th is  the to ta l  
water-gauge may be estimated as follow#)*
Surface /
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1.66 ins
2.23
0.37
0.10 w

4.35 #

Surface to present extrem ity o f  workings
Extended workings ...........................................
New m in e .............................................   *
Pan d r i f t ...............................................................

Total water-gauge

As the responsib le mine management sta ted  tlmt the 
face roads would be enlarged to a reasonable s i z e ,  the 
estim ate by the second method could be disregarded. 
This 1eaves a choice of 3.8? in s . or 4*33 in s . W.G«
4 water-gauge of 4 ins . was a c tu a l l r  adopted.

Actual h eau lts . S ince the forego ing work was ione, 
ïïie new surface mine has l>oen complnted and the new fan 
in s ta l le d .  The a u x i l ia r y  mine from b iv t r i c t  B to 
D is tr ic t  C has not been completed a t  the time o f
w r it in g . 4 t e s t  o f  the now fan sl&owed i t  to be
passing du.cuü cu .f t*  o f  a ir  per minute w ith a water- 
gauge o f  3  ̂ in s .  The estimated value o f  the water- 
gauge for the stage o f  the workings at the time o f  the 
t e s t  was 3 in«. This i s   ̂ in .  lower than the t e s t  
value but the disoropanoy i s  expla ined by tlie absence 
o f  the new a u x i l ia r y  mine.

Com?»e n t s . The foregoing problem i l  lu s trâ te s  the 
u t iT l îÿ 'o f  v o n t i la t ion  surveying when any major 
rearrange ent o f  the v e n t i la t io n  o f  a mine i s  
contemplated. Before the above survey was made, the 
manages:ont o f  the c o l l ie r y  were strongly  o f  the op inion  
that the new surface mine should be an intake (or 
downcast) for lowest resir^tancc to d is tr ib u t io n  to meet 
the inoreased a ir  flow.

4 v e n t i la t io n  survey in such oases g iv e s  d e f in i t e  data
to work upon und enables (ooro ncourate osti*y*ates  to be 
made for future development*.

Problem
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Problem 2.

Boonomy o f  Widening An üpoaet S h aft. Thie problem 
waa oonoerned with ilbe eoonomy oTTee inking an npoaet 
sha ft w ith a view to saving in v e n t i la t io n  ooete . Would 
the saving in v e n t i la t io n  oosts  by reducing the reeistamo# 
o f  the sha ft ju s t i fy  the ou tlay  in resixdcing?

The upcast sha ft  from the surface to seam C was 
rectangular, 13  f t .  x lu f t . , w ith wood l in in g ,
Tlie lower portion, from C to the bottom, was a la te r  
deepening and was c ircu lar  in form, 20 f t .  2  in . in  
diameter, and concrete l in ed .

The proposal was to resink the upper portion to 
20 f t .  2 in . diameter throughout, and to l in e  w ith  
ooncsste .

V en t ila t ion  Survey o f  Shaft. I t  was necessary f i r s t  
to mice a V en l i  Hat ion survey o f  the sha ft  in  order to 
obtain  d e f in i t e  data regarding i t s  r e s is ta n c e .
F ig .3 i  i l lu s t r a t e s  the method o f  carrying out th is  
survey. The Aekania ninimeter was used in conjunction  
with rubber tubing ani p ito t  tubes. The rubber 
tubing was fastened to the winding rope and le t  down to 
d if fe r e n t  l e v e ls  in the sh a ft .  In th is  way the 
pressure drop was obtained over d if fe r e n t  se c t io n s .

The K.F.L. p ito t  tube was found unsu itable due to 
the amount o f  water in the sh a ft .  The s t a t i c  and 
to ta l pressure h o les  were l ia lf te  to be choked by water. 
Spec ia l tubes to be constructed.

The q u a n t it ie s  o f  a ir passing in  the sha ft were 
measured in the fan d r i f t  and a t the in se ts  o f  B and C 
S ect io n s .

The follow ing r e su lts  were ob ta in ed i-

^ e c t i o n  __________ Pressure Prop.________Average Q u a n ti ty
Surface to B. 2 .5 6  I b . /s q .  f t .  93 ,6 0 0  c u . f t .
B to C 0 .2 8 2  * 7 3 ,6 0 0  * **

A tkinson* s  /
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^tlcinson*# C oe ff ic ien t  o f  Hesi?ta.noe for Shaft.

The data obtained from the sh a ft  survey gave the 
followinst values for Atkinson*s c o e f f ic ie n t  o f  
rea lsta n ce .

 amotion. Atkineon*e O oe ffjc ien t

aurfaoe to H. 0.0345
B to C 0.031U

The w r ite i s  unaware o f  any published values o f  
*K* for reotangular sh a fts . He i s  o f  the op inion  
that the vaines obtained in IM» case are much higher  
than i s  oom;tonly reckoned for such s h a f ts .  Indeed 
a value o f  u . u l  i s  ooiaoonly considered high for most 
wine airways. when one cons iders the obstruct ion by 
buntons in rectangular sh a fts ,  a much higher value o f  
*K* i s  to be expected than in underground roadways.
The buntons are in p o s it ion s  to create  greater turbulenci 
I t  Is  to be suspected thet in any sha ft f i t t e d  with 
r ig id  conductor* for the cages a f a ir ly  high value o f  
•K* shoul 1 b 3̂ adopted even i f  the *!mft i s  *so»ooth-limed

e f f i c i ency Test o f  Fan. As the fan in operation a t  the 
mine was io be retatne^, i t  was? necessary to find the 
v a r ia t io n  in i t s  c h a r a c te r is t ic s  w ith change in 
equ ivalen t o r i f i c e  o f  the mine. An o f f ic f  ency t e s t  on 
var ied equ ivalen t o r i f i c e  was carr ied out on the l in e s  
o f  B.a. S p e c i f ic a t io n  re la t in g  to e f f ic ie n c y  t e s t s  on 
mine fan s.

Air Horse-power p g s ts .  Section gurfacf to n. 

with present roctangular s l ia f t i -  

Air horse-power # 2.56 x 93600/33000

•  7# 25

K ilowatt-hours per annum •  7 .25  x 7^6^  24 x 365

47400

Annual /
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Annual power oo^t a t  per kwhr. » £49*4

w ith  a  fan e f f io ie n o y  o f  6o.%[ th e  ao tn a l c o s t  ie*

4 9 .4 / .6 0 5  •  €81 .75

When th ie  emotion o f  the shaft I* remnlc to 30 f t .  2  Ine 
diameter and ooncrete lined , the preemire drop for the 
same a i r  flow, on the aeeumption th a t  the c o e f f ic ie n t  
o f  ree ls tance  is  improved to 0 . 0 0 9 , w ill be

P  •  K  3  q 2 / a 3

-  Ü.005  *  36400 X 93. 6® /  3: 8 . 2^

w 0 . 0 4 9 5  lb . per s q . f t .

The a i r  liorse-power w ill be u.1403 and the annual 
power charge with fan effic ienoy  o f  6 0 .%  w ill  be €1.58.

The aotnal saving in power charge for v e n ti la t io n  by 
resinking the slwift over geotion Ourface to B would be

€ 8 1 .7 5  -  €1 .5 8  » €80.17

Air Ho rse-power Costs» Section 9 to 0,

The pressure drop of 0.382 lb .  per s q . f t .  for 
Section D to C was measured over only I 3 0  f t ,  length o f 
th is  sec tio n , an: since the ac tual length was 314 f t . ,  
the ac tua l pressure  drop for the fu ll  length i s  -

0.382  X 2 5 4 / l l ü  •  0 .5 0 9  lb . per s q . f t .

The annual power charge with a fan e ff ic ien cy  of 
6 0 . i s  €1 4 . 3 *

When th i s  sec tion  is  resunk and lined  with ooncrete, 
the rassu re  drop for the same quantity  becomes 0 . 0 1 2 4  
lb . per s q . f t .  The power cost per annum with fan 
e ff ic ien cy  o f  would be €0.149.

The ammal saving would be -  

€14*3 -  €0.349 •  €13.95.

T otal /



T o ta l  g av in g  by po g ln k in g  Both B e o t io n * .

The annual saving in power oosta  W  relink ing  
both aeotions and with the oame a ir  flow as a t  present 
would be -

WO. 17 f  €13*93 •  €94*12

km  future requirement a o f  a ir  q u a n t it ie s  were not 
s t ip u la te d , i t  was neoes^ary to work out the sav ings  
for a range o f  q u a n t it ie s .  For th is  purpose Table 3 
was compiled. The graph o f  f ig u re  33 was oonstructed  
from th is  tab le  and allow s the saving to h e  read ily  
obtained for any quan tity o f  a ir  up to the fu l l  
oapao ity  o f  the fan.

Suppose, for example, that 125,000 c u . f t .  o f  a ir  
per minute are required and o f  th is  quantity B sec t io n  
requ ires 2 5 ,0 0 0  o u .f t .  wh ile the remaining 1 0 0 ,0 0 0  
tr a v e ls  the f u l l  depth o f  the sh a ft  from C. from th î 
graph i t  i s  found that the saving in  a ir  bSssm-power 
o o s ts  are €1 8 ..58 for 1 0 0 ,0 0 0  om .ft . travers ing the 
se c t io n  G to h, and ClI3»74 for 133,000 o n .f t .  
travers ing the sect ion  from B to the surface. The 
to ta l  annual saving on a ir  horse-i)ower cfmrges i s

€113*74 + €16.88 •  €134*63
Allowing for tho e f f ic ie n c y  o f  the fan, the to ta l

annual sav ins i s  t2o6.

Qonoluslon. For a quantity o f  I23,u0ü c u . f t .  o f  a ir  
per minute, the annual ca p ita l and deprec ia tion  
charges for sinking and f i t t in g  the sha ft must not 
exceed €306  i f  the proposal i s  to be economic from the 
po in t o f  view o f  saving in v e n t i la t io n  oliarges. As no 
data were supplied regarding the estimated s inking and 
f i t t i n g  c o s t s ,  i t  i s  impossible to g ive a d e f in i t e  
conclus ion here.
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J ^ i t  Oonditions in  a Deep Band Mina.

Some data re la t in g  to air oonditione in a Rand Gold 
It ine are g iven.
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Ait Qopdt tiona la a Deep Band Mine.

m ir in g  a  eummer v a c a t io n  s p e n t  i n  a  Band Gold wine 
some i n v e s t i g a t i o n #  were made o f  th e  a i r  o o n d i t io n e  a s  
r e g a r d s  te m p e ra tu r e ,  m o is tu re  c o n te n t  and t o t a l  h e a t .

At a  nnmber o f  s e l e c t e d  s t a t i o n s  in  th e  mine th e  
wet and d ry  b u lb  te m p e ra tu r e s  and b a ro m e tr io  p r e s s u r e  
w ere n o te d .  A w h i r l in g  ty p e  h y g rom ete r  was u sed  fo r  
t w p e r a t u r e  m easurem ent, and an a n e r o id  fo r  b a ro m e tr io  
p r e s s u r e .  The fo l lo w in g  q u a n t i t i e s  w ere c a l c u l a t e d  from 
th e  o b se rv e d  d a ta  (T ab le  4 * ) t -

1. The amount o f  m o is tu re  i o  g r a i n s  p e r  pound o f  
a i r  a t  each  s t a t i o n .

2 . The t o t a l  h e a t  p io ked  up by t h e  a i r  n e g l e c t i n g  
h e a t  due to  a d i a b a t i c  co m p re ss io n .

3. The t o t a l  h e a t  p e r  pound o f  a i r  from a l l  
s o u r c e s .

4 . The te m p e ra tu r e  v a r i a t i o n s  duo to  co m p ress io n  
and d eco m p ress io n .

The g ra p h s  o f  F ig . 33 were drawn from th e  o b se rv e d  
and c a l c u l a t e d  d a t a .  From th e s e  g ra p h s  t h e  fo l lo w in g
d e d u c t io n s  were modes-

T em pera tu res

Between p o i n t s  I ( s u r f a c e )  and 3 , t h e  main i n f l u e n c e s  
a t  work a r e ,  p r i m a r i l y ,  th e  h e a t in g  o f  th e  a i r  by 
a d i a b a t i o  co m p ress io n  a s  i t  p a s s e s  down th o  s h a f t ,  and 
s s o o n d a r i l y ,  c o o l in g  due to  e v a p o r a t io n  o f  m o is tu r e  
in  t h e  v e t  s h a f t .  The fo rm er a c t i o n  b e in g  p redom inan t 
c a u s e s  tl ie  te m p e ra tu r e  to  r i s e  s t e a d i l y  a s  th e  a i r  
d e sc en d s  th e  s h a f t .

The marked r a t e  o f  i n c r e a s e  in  te m p e ra tu re  where 
a d i a b a t i c  co m p re ss io n  a c t s  a lo n e  i s  see n  betw een  p o in t s  
4 and 5 where th e  s h a f t  i s  d r y .

Between p o i n t s  2 and 4  t h e r e  i s  a  d e c id e d  in c r e a s e
in  /



x>«
f-

I



—4 8 -

i n  te m p e ra tu r e  clue to  th e  working o f  e l e o t r i o a l  
m ach in e ry  an d , to  a  c e r t a i n  e x t e n t  due to  th e  
co m p rese io n  o f  th e  a i r  by  f a n e .  T hese i n c r e a s e s  
c o u ld  be av o id ed  by  p a s s in g  c o o l in g  a i r  f o r  th e  
e l e c t r i c a l  m ach ine ry  d i r e c t  to  th e  r e t u r n  a irw a y , and 
by  em ploying e x h a u s t in g  fa n s  i n s t e a d  o f  th e  b low ing  
t y p e .

A d rop  in  th e  d ry  b u lb  te m p e ra tu r e  i s  n o te d  betw een 
p o i n t s  3 and 10 . T h is  i s  due to  a b s o r p t io n  o f  
m o is tu r e  from th e  w o rk in g s .  T h is  te m p e ra tu re  d rop  
i n c r e a s e s  t h e  c a p a c i t y  o f  th e  a i r  to  coo l by s e n s i b l e  
h e a t  e x t r a c t i o n ,  b u t  d e c re a s e s  th e  d i f f e r e n c e  between 
th e  dry  and wet b u lb  te m p e r a tu r e s .  The r e d u c t io n  in  
t h i s  d i f f e r e n c e  lo w ers  th e  r a t e  o f  sw eat a b s o r p t io n  
and th u s  lo w ers  th e  c o o l in g  power.

As th e  a i r  a p p ro ach es  th e  end o f  i t s  jo u rn e y  t h e  
d ry  b u lb  d ro p s  s t e a d i l y  due m a in ly  to  a d i a b a t i c  
deco m p ress io n  a s  i t  r i s e s  to  h ig h e r  l e v e l s  th ro u g h  
caved  g round . T h is  c o o l in g  i s  n o t  b e n e f i c i a l  a s  th e  
a i r  h a s  com ple ted  i t s  v e n t i l a t i o n  d u ty .

l îo is t u r e .

Most o f  th e  m o is tu r e  i s  p ic k e d  up in  th e  a c tu a l  
w orking p l a c e s .  T h is  i s  u n a v o id a b le  so long  a s  wot 
d r i l l i n g  and w etting -do w n  i s  r e q u i r e d  f o r  th e  
s u p p re s s io n  o f  d u s t .

Beyond p o in t  11 t h e  m o is tu r e  c o n te n t  d ro p s  due to  
th e  i n t r o d u c t i o n  o f  r e l a t i v e l y  d ry  a i r  from a n o th e r  
m ine.

Som ething l i k e  400 to n s  o f  w a te r  p e r  day a r e  c a r r i e d  
o u t  on one s h a f t  a t  t h i s  mine by  th e  a i r  c u r r e n t .

H eat I n c r e a s e .

Between p o i n t s  2 and 4 a  l a r g e  amount o f  h e a t  has 
been  g a in e d  from th e  e l e o t r i o a l  m ach in e ry  and f a n s .

An i n t e r e s t i n g  phenomenon a p p e a r s  betw een p o in t s  
4 and 3 i n  Graph E. Here the amount o f  h e a t  p e r  pound 
o f  /
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o f  a i r  a c t u a l l y  d i n i n i a b e s .  P o s s ib l y  t h i s  may b s  
a c c o u n te d  f o r  by  a  d a i l y  change in  w ea th e r  c o n d i t i o n s .  
The r e a d in g  was t a k e n  a t  11 a .m . a f t e r  a  n i g h t  o f  h a rd  
f r o s t .  Thus t h e  s h a f t  w a l l s  had been  s l i g h t l y  c o o le d  
d u r in g  th e  n i g h t  and were g r a d u a l l y  a b s o rb in g  h e a t  from 
t h e  dow ncast a i r  when th e  o b s e r v a t io n  was made.

The g r e a t e s t  r a t e  o f  h e a t  g a in  i s  in  th e  a c tu a l  
w orking  p l a c e s .

Beyond p o in t  15 th e  g ra p h s  a l l  ten d  to  be  smoothed 
o u t .  As a l r e a d y  i n d i c a t e d  th e  a i r  i s  now in  o ld  
w o rk in g s .

Gener a l  D e d u c t io n s . The f o l lo w in g  g e n e ra l  d e d u c t io n s  
a r e  made from an Inspection o f  the g ra p h e s -

1 . A d ia b a t ic  co m p ress io n  i s  one  o f  th e  main 
s o u rc e s  o f  te m p e ra tu re  r i s e .  T h is  a r i s e s  
from th e  g r e a t  d e p th s  o f  th e  m ine.

2 . The amount o f  h e a t  g iv e n  o u t  by  m ach in e ry  i s  
g r e a t  b u t  co u ld  be d e a l t  w i th  b y  s h o r t  
c i r c u i t i n g  th e  c o o l in g  a i r  to  th e  r e t u r n .

3 . A l a r g e  q u a n t i t y  o f  m o is tu r e  a s  a b s o rb e d  in  
th e  8t o pas  and developm ent work. T h is  i s

m a in ly  due to  wet d r i l l i n g  and w e t t in g  down 
w hich i s  p r a c t i s e d  in  th e  p r e v e n t io n  o f  
s i l i c o s i s .

4 # The a b s o r p t i o n  o f  m o is tu r e  lo w ers  th e  d ry -b u lb  
t e m p e ra tu r e  b u t  d e c r e a s e s  t h e  d i f f e r e n c e s  
be tw een  th e  d r y  and wet b u l b s .  T h is  way have 
a  d e l e t e r i o u s  e f f e c t  on t h e  c o o l in g  power where 
t e m p e ra tu r e s  a r e  h ig h .

I n  o r d e r  to  compare th e  g o ld  mine w i th  a c o a l  mine 
a te m p e ra tu r e  su rv e y  o f  a deep S c o t t i s h  c o l l i e r y  was mad 
When t h e  su rv e y  was made a  h y g ro m ete r  was n o t  a v a i l a b l e  
f o r  wet b u lb  r e a d in g s ,  w h i le  s team  p ip e s  i n  th e  dow ncast 
s h a f t  made th e  c o n d i t i o n s  somewhat ab no rm a l.

The d ry -b u lb  t e m p e ra tu r e s  and d e p th s ,  how ever, can  b s  
com pared /
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oo n p aro d . G raphs o f  te m p e r* ta re  and 'Jep th s  f o r  
the o o l l l e r r  are g iven In r i g . 34 .
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l lo iM  on th o  In o id o n o e  o f  F n o u o n l o  omong
I n ^ r g S a 0 5 Ta"iTH57 *

v h i l o  T l o i t i n g  a  Rand g o ld  mine th e  w r i t e r  
o o I l o o t e d  oome n o te #  on pnenm onla oaooa among t h e  
n a t i v e  m in e r# .  T h is  i l l n e e o  among n a t i v e  l a b o u r  
g iv e #  eome oonoorn  to  t h e  v e n t i l a t i o n  e t a f f #  o f  t h e  
Rand m ine#.

Tribe P ietrtbn tIon ,

t h e  fo l lo w in g  f i g u r e #  g iv e  th e  number o f  
o a e e #  p e r  1000 n a t i v e #  o f  e a o h  t r i b e  employed:-^

T r i b e .  pa#e#  p e r  loop n a t i v e # .

M .t .1  A Z olo lM ld 9 .0 2 .7 8 6 .3 3 .9 4

B a s t  ( to a s t 7 .3 6 2 .99 5 .5 1 .7 :

Bwasl 7 .0 2 .4 3 5 .5 3 .9 4

T r o p io a t 6 .9 1 1 .0 3 4 .3 3 .1 5

B s o ta a n a la n d 5.75 1 .9 7 4 . 2 4 .8 7

T r a n s v a a l 6 .83 0 .7 3 2 .8 2 .9 0

B asa to 3.78 1 .0 6 2 .4 2 .4 9

O rangs P ,B . * 11 . *11 . 1 . 5 2 .5 5

(tops (tolony a . o 6 0 .6 2 1.1 0 .8 3

A verage à i H 2.00 3 .26 1 .89

The d iag ram  o f  f i g u r e  35 show# t h e  d i s t r i b u t i o n  
a c c o r d in g  to  t r i b e  more o l e a r l r .  I t  i #  ebwiou# 
t h a t  some t r i b e #  a r e  more s a s o e p t i b l e  to  pneumonie t h s i  
o t h e r # .  4n a t t e m p t  i#  t h e r e f o r e  made to  r e c r u i t  a# 
much /



g q te #  on  th e  In o td e n o e  o f  Pn e umomi# among n a t iv e #

^n a  Rand Gold w in# .
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muoh la b o u r  ao p o o u ib le  from th o o a  t r i b o o  l e a s t  p ro n e  
to  t h e  i l l n e s s #  A ll  n a t i v e s  a l s o  n o r t h  o f  22 (legs, 
l a t i t u d e  a r e  d e b a r r e d  from s o r b in g  In  t h e  m in es .

Aool I m a t l s a t l o n .

The fo llow ing  f ig u re s  show th e  s u s c e p t i b i l i t y  o f  
th e  n a t iv e s  accord ing  to th e  p e r io d  o f  work in  th e  mine

Period#
\ m t  I

gssgg-es£-iaaa-5si*ig?A
U n d .r  14 « to j . 2 5 .2 8 .6 10 .2 1 5 .7 1 9 .9

14/ M
30/60  d a y .  
6 0 /9 0  d a y .

1 3 .6
14.6

1 0 .9
1 4 .4

10 .2
1 4 .6

7 .9
1 1 .4

1 0 .9
1 3 .9

9 .2 1 3 .5 15 .1 6 .1 1 1 .3
90 /12 0  a*y# 10.3 1 3 .5 10 .6 1 8 .4 13 .4
O v.y 130 d a y . 21.1 3 9 .4 3 9 .2 4 0 .3 3 5 .5

To o b t a i n  a  g r a p h ic a l  p i c t u r e  o f  what h ap p en s , 
t h e  t o t a l  o a s e s  p e r  1,000  n a t i v e s  each  month a r e  added  
t o  t h e  t o t a l  o a s e s  up to  t h a t  p e r io d ,  th u s  g iv in g  t h e  
t o t a l  c a s e s  a g a i n s t  a  t im e  p e r io d  ( F i g . j G ) #

from  th e  g ra p h  i t  I s  seem t h a t  t h e  lo n g e r  a  n a t i v e  
works i n  t h e  mine th e  l e s s  l i a b l e  he  i s  t o  t a k e  
pneumonia# k  sy s tem  h a s  been ev o lv e d  to  a c c l i m a t i s e  
t h e  n a t i v e s  i n  t h e  u pp er l e v e l s  w i th  l i g h t  work and 
f a i r l y  good te m p e r a tu r e  c o n d i t i o n s ,  b e f o r e  em ploying 
them in  th e  more s e v e re  work o f  t h e  d e e p e r  l e v e l s .

The number o f  c a s e s  r e p o r t e d  on eaoh day o f  th e  
week i s  i n t e r e s t i n g ! *

nay.
1933. _

Oa.B. per lOOO n a t i v e . .
1938.- 1936. .  "1 9 3 7 :- “ ■

uonday 2 9 .1 2 7 .8 2 2 .7 20 .3
T oeaday . 13.1 19 .2 1 4 .5 1 6 .7
Wedne.day 16.0 13 .3 1 7 .9 1 5 .8
Tlwraday 1 5 .5 1 3 .4 1 4 .5 13 .2
F r id a y 1 4 .1 13 .3 1 2 .6 3 0 .2
S atu rday 10 .2 12.5 1 3 .0 11 . 4
Sunday 1 .9 — _ir2,........... 2 . 6

The /
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The graph o f  * to ta l oaaee* up to any day (F ig .37) 
i s  p lo tted  again st the time in terva l from the  
beginning o f  the week. k  s tr a ig h t  l in e  graph might 
be expeoted, but in stead, a curve i s  obtained showing 
tha t the ra te  o f  incidence i s  very high a t the 
beginning o f  the week, and tapers o f f  towards the end 
o f  the week. The explana tion o f  th is  i s  that on 
Sundays the n a t iv e s  invar iab ly  hold a war dance #md 
drink a great deal o f  K affir beer, w ith the resu lta n t  
e f f e c t  tha t they have a low v i t a l i t y  a t  the beginning  
o f  the week, but gradually recover as the week 
p rogresses .

I t  i s  not considered d es ira b le  to stop  these war 
danoos meantime as d i f f i c u l t y  i s  o f ten  experienced in  
recru it in g  labour i f  the n a t iv e  recrea t ion  i s  
in ter fer ed  with.

Temperature.

I t  was formerly thought that pneumonia was 
contracted mainly by n a t iv e s  who were employed in hot 
workings w ith low a ir  v e lo c i t ie s ,a n d  were c h i l le d  by 
coming out in to the colder airways. Old army tunics  
were d is tr ib u ted  to keep them warm a t  the end o f  the 
s h i f t ,  but the experiment had disappo in ting  r e s u l t s ,  ai 
there was no apprec iable reduction in reported ca se s .

Another experiment tr ied  was to in ocu la te  again st  
pneumonia. This a lso  fa i le d , as in one year, out o f  
143 cases reported, 67 had been inocula ted and 8 l  had 
n o t. Seven ca ses  o f  those inocula ted died, wh ile  
there were only 6  deaths among those  not inocula ted.

A further po in t under con s idera t ion  i s  the lack  
o f  sunshine w h ile underground. The n a t iv e s  on the 
n ig h t s h i f t  during the w inter months are much l e s s  
l i a b l e  to con tract the malady than the d a y sh i f t .  This 
i s  thought to be due to the former g e tt in g  more 
sunsh ine, and experiments are being tr ie d  with  
a r t i f i c i a l  su n l igh t in  the bath houses.
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B#p0gal Sowsagy o f  C o n o las lo n s»

! •  W hile a  e im p le ,  ^ e a p ,  l i g h t ,  handy and re a e o n a b ly  
a o c u r a t e  i n a t r ô n e n t  can  be o o n i t r u o t e d  f o r  th e  
M a a o r e n c n t  o f  i r r e g u l a r  o r o e e * s e o t io n e  o f  mine 
roadwaye e i t h e r  by e f f s e t t i n g  o r  by g iv in g  d i r e c t  
r e s u l t s ,  t h e  a u th o r  c o n s i d e r s  t h a t  p h o to g ra p h ic  
m ethods a r e  more a o c u r a t e  and a r e  mere c o n v e n ie n t  
and  speedy  d u r in g  f i e l d  work underground#

2# The smeke t e s t  i s  shown to  be  u n r e l i a b l e  f o r  th e  
m easurem ent o f  low a i r  v e l o c i t i e s #  The in a c c u ra c y  
i n c r e a s e s  r a p i d l y  a s  th e  a i r  v e l o c i t y  becomes lowers 
ro a s o n a b iy  a c c u r a t e  r e s u l t s  b e in g  o b ta in e d  o n ly  
down to  a b o u t  300 f t .  p e r  m inute#

The sm ell  t e s t  g iv e s  b e t t e r  r e s u l t s  and a g r e e s  
c l o s e l y  w i th  th e  lo w ^read in g  anemometer down to  
s p e e d s  a s  low a s  go f t .  p e r  m inute#

3# normal t r a f f i c  o b s t r u c t i o n s  i n  mine roadways 
a p p r e c i a b l y  r a i s e s  A tk in so n * s  c o e f f i c i e n t  o f  
r e s i s t a n c e  w h ich , a s  d e te rm in e d  b y  th e  a u th o r  
u n d e rg ro u n d , f o r  some modern l i n i n g s  o f  roadways 
shows v a lu e s  t h a t  a r c  somewhat h ig h e r  th a n  g e n e r a l l i  
a c c e p te d  v a lu e s #  These v a lu e s  would a p p e a r  to  be 
a p p l i c a b l e  o n ly  to  roadw ays c l e a r  o f  tu b s ,  which 
i s  n o t  th e  norm al c o n d i t i o n  o f  a  mine roadway#

I t  would seem t h a t ,  w i th  t r a f f i c  o b « t r u a t i o n  even 
in  l a r g e  modern roadway h av in g  c o m p a ra t iv e ly  smooth 
and r e g u la r  l i n i n g ,  th e  v a lu e  o f  A tk in so n * s  *K* tak i 
a t  0 #0 l  I s  by no means to o  c o n s e rv a t iv e #

4 « T e s t s  te n d  t o  show t h a t ,  f o r  mine v e n t i l a t i o n  
s u rv e y in g ,  a  c o n v e n ie n t  and e n t i r e l y  now ty p e  o f  
p r e s s u r e  gauge b ased  on th e  W heats tone  B rid g e  
p r i n c i p l e  and ss%>loying th e  v a r ie d  r e s i s t a n c e  o f  
c a rb o n  g r a n u le s  by oosq^ression , i s  p o s s i b l e ,  and 
t h a t  f u r t h e r  r e s e a r c h  i s  j u s t i f i e d  to  a f f o r d  
d e f i n i t e  c o n c lu s io n s  on t h e  r e l i a b i l i t y  o f  th e  
p r i n c ip l e #

5* /
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3 # In the measarement o f  a ir  v e l o c i t i e s  in mine 
airways, the cm itre constant i s  not ser iou n ly  
a ffe c te d  w ith  the observer standing ocmtrnlly in th 
airway a t  distanoes grea ter tfian about 4  fe e t  
downstream o f  the measuring sect ion# This holds  
for o b s tm o t io n  up to about 7 5 f o f  the cross*  
se c t io n  o f  the airway.

Oontrary to general op in ion a cen tra l stance I s  ‘ 
b etter  than a stance at the s id e  o f  the airway 
as the d is tr ib u t io n  remains normal op to sliorter  
d ista n ces  from the cen tral obstruction#

6 . The pressure and power lo s s  im long fan d r i f t s  w ith  
bends may be muoh higher than i s  g en era lly  
oons idered. Air v e l o c i t i e s  in  fan d r i f t s  are high 
and i f  the d r i f t  i s  long and con tain s some ben is or 
elbows, a cons iderable water*gauge may be absorbed#

The lo s s e s  are g rea t ly  augmonte<l i f  tt#ere Is  a 
ser iou s  leakage at the n ir* lock s .

7# A v e n t i la t io n  survey pr ior to any major rearrange*?K*i 
o f  a v e n t i la t io n  system i s  s tron g ly  recoTmnended.
The most eoonowioal d is tr ib u t io n  can be worked out 
and the requirements o f  any new p lan t can be 
c lo s e ly  estim a ted.

8 # The r e s is ta n c e  to a ir f lo w  in  wood lin ed  rectangular
s l ia f ts  ia  very h igh. A value o f  o#02 was found
for Atkinson*s o o e f f lo ie n t  o f  resiqitance in one c&s(

9 # A survey o f  a ir  c nditionm in  a deep gold mine
showed a d iab a t ic  compression duo to depth, 
e l e c t r i c a l  machinery underground, and unh^rgroand 
fans to be the important fa c to r s  in r a is in g  the a ir  
temperature# Heat from e l e c t r i c a l  machinery 
an^lorgroumt i s  g w e r a l ly  oonsidered to have 
n e g l ig ib le  e f f e c t  in  ra is in g  the atmospheric 
temperature, but in  the case  examined i t  i s  an 
important fa c to r . Underground fans o f  the forc ing  
ty;>e add muoh heat to the air#
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