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FOREWORD 
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1.0 INTRODUCTION 

V e n t i l a t i o n  is  an e s s e n t i a l  p a r t  of any underground mining 
ope ra t i on .  The p r i n c i p a l  f u n c t i o n s  of t h e  v e n t i l a t i n g  a i r  c o n s i s t  of 
p rov id ing  oxygen t o  persons  and equipment, d i l u t i o n  of gaseous po l lu -  
t a n t s ,  t r a n s p o r t  of d u s t ,  and coo l i ng  ( o r  h e a t i n g ) .  The mine f an  
supply ing  t h e  v e n t i l a t i n g  a i r  may be e i t h e r  a  f o r c i n g  o r  an exhaust-  
i n g  type  and,  under  normal o p e r a t i n g  c o n d i t i o n s ,  is run  i n  one d i r ec -  
t i o n  only.  

During a  mine f i r e  o r  o t h e r  emergency, however, it may be d e s i r -  
a b l e  t o  r e v e r s e  t h e  a i r f l o w  i n  o r d e r  t o  p rov ide  an escapeway o r  t o  
i s o l a t e  a  f i r e .  A d d i t i o n a l l y ,  i c e  bu i ldup  i n  a  s h a f t  can be d e t r i -  
mental  and many mines t h a t  employ vane-axial  f a n s  r e v e r s e  t h e i r  
a i r f l o w  du r ing  w i n t e r  i n  o r d e r  t o  course  warm exhaus t  a i r  (hea ted  by 
t h e  mining equipment o r  n a t u r a l  rock  tempera ture )  through t h e  s h a f t  
and a d i t s  the reby  l i m i t i n g  such bu i ldups .  However, when a  mine 
r e v e r s e s  i t s  a i r f l o w  by e l e c t r i c a l l y  r e v e r s i n g  i t s  main mine f a n ,  it  
u s u a l l y  does  no t  know what o p e r a t i n g  c h a r a c t e r i s t i c s  of f low and 
p r e s s u r e  t o  expec t .  The l a b o r a t o r y  and f i e l d  t e s t i n g  i n  t h i s  p r o j e c t  
helped prov ide  such answers.  

1.1 Purpose 

The p r o j e c t  was accomplished i n  two phases .  The purpose of 
Phase I was t o  t e s t  and e s t a b l i s h  main mine f a n  c h a r a c t e r i s t i c s  i n  
t h e  r e v e r s e  d i r e c t i o n ,  under l a b o r a t o r y  cond i t i ons .  To c a r r y  o u t  
t h i s  work, E I  subcont rac ted  w i th  Joy Manufacturing Company of New 
P h i l a d e l p h i a ,  Ohio, t o  t e s t  two (2 )  common main mine f a n s  each of 56- 
i n .  (2.4-m) d iamete r  bu t  w i t h  d i f f e r e n t  hub t o  t i p  r a t i o s .  The 
l a b o r a t o r y  t e s t i n g  was conducted w i t h i n  t h e  f i r s t  two weeks of March 
1981. 

The purpose of t h e  second phase was t o  e s t i m a t e  r e v e r s e  charac- 
t e r i s t i c s  of mine f a n s  under a c t u a l  mining cond i t i ons .  To t h a t  end, 
seven ( 7 )  f a n s  were t e s t e d  a t  s e v e r a l  mines around t h e  country .  

1.2 Ob jec t i ve s  

The o b j e c t i v e  of t h e  l a b o r a t o r y  t e s t i n g  was t o  develop pe r fo r -  
mance d a t a  i n  forward and r e v e r s e  d i r e c t i o n s  under reasonably  con- 
t r o l l e d  cond i t i ons .  From t h e s e  d a t a ,  r e v e r s e  f a n  performance e s t i -  
mates were made. The l a b o r a t o r y  d a t a  a l s o  served a s  a  base  f o r  
comparing r e s u l t s  of s i m i l a r  f an  t e s t i n g  i n  t h e  f i e l d .  A secondary 
b e n e f i t  from developing t h e s e  d a t a  was t h a t  they se rved  a s  a good 
comparison t o  t h e  c a l c u l a t e d  performance s ca l ed  from sma l l e r  f a n s  
t e s t e d  i n  t h e  l a b o r a t o r y  (by means of f a n  law r e l a t i o n s h i p s ) .  

The o b j e c t i v e  of t h e  f i e l d  t e s t i n g  was t o  v e r i f y  t h e  l a b o r a t o r y  
r e s u l t s  by t e s t i n g  under  a c t u a l  mining cond i t i ons .  T t  was a n t i c i -  
pa ted  t h a t  m u l t i p l e  f an  i n s t a l l a t i o n s ,  a i r  doors  and r e g u l a t o r s ,  and 
a u x i l i a r y  f a n s  would a f f e c t  r e v e r s e  f an  performance and i t s  p r e d i c t -  
a b i l i t y .  Consequently o t h e r  parameters  no t  found i n  t h e  l a b o r a t o r y  
would need t o  be  cons idered  when e v a l u a t i n g  f i e l d  t e s t s .  

8 ENGINEERS INTERNATIONAL, INC. 



2 . 0  VANE-AXIAL FANS 

2.1 C h a r a c t e r i s t i c s  and Use 

Vane-axial f a n s ,  f i r s t  developed i n  t h e  1930s ,  a r e  t h e  most 
common type  of f a n s  used i n  mines today. I n  o r d e r  t o  cause  a i r f l o w  
t h e s e  f a n s  c r e a t e  a  p r e s s u r e  d i f f e r e n c e  i n  an a i rway.  Vane-axial 
f a n s  a c c e l e r a t e  t h e  a i r  through t h e  f a n ,  which r e b u l t s  i n  bo th  a  
p r e s s u r e  and v e l o c i t y  i nc r ea se .  Fans must supply enough p r e s s u r e  t o  
overcome system p r e s s u r e  head l o s s e s  and d e l i v e r  t h e  r equ i r ed  a i r  
q u a n t i t y .  There fore ,  one reason  f o r  vane-axial  f a n  p o p u l a r i t y  is t h e  
v e r s a t i l i t y  of  adjustment  t o  a  wide range of performance r equ i r e -  
ments. These f a n s  b a s i c a l l y  c o n s i s t  of a  c y l i n d r i c a l  impe l l e r  w i t h i n  
a  f a n  housing. The impe l l e r  h a s  a i r - f o i l  b l a d e s  caus ing  a i r f l o w  
through t h e  f a n  a x i a l l y ,  t h a t  i s ,  p a r a i i e i  t o  t h e  r o t a t i o n  a x i s .  

F igure  1 i l l u s t r a t e s  t h e  b a s i c  de s ign  of a t y p i c a l  vane-ax ia l  
fan .  The i n l e t  b e l l  and o u t l e t  cone he lp  t o  improve t h e  e f f i c i e n c y  
of moving a i r  by reducing tu rbu lence .  The main f a n  p a r t s  a re  t h e  
b l ades ,  r o t o r  o r  hub, d i f f u s e r  t a i l ,  s t r a i g h t e n i n g  vanes ,  and d r i v e  
s h a f t  . 

The hub t o  t i p  r a t i o ,  which w i l l  be r e f e r r e d  t o  o f t e n ,  i s  simply 
t h e  r a t i o  of t h e  hub r a d i u s  ( d i s t a n c e  from t h e  f a n  c e n t e r  t o  t h e  base  
of t h e  b l ade )  t o  t h e  t i p  r a d i u s  ( d i s t a n c e  from t h e  f a n  c e n t e r  t o  t h e  
b l a d e  t i p ) .  The vane-axial  f a n s  t e s t e d  have v a r i a b l e  p i t c h  b l a d e s  
which can be s e t  t o  a p a r t i c u l a r  ang l e .  An i l l u s t r a t i o n  of  t h e  b lade  
a n g l e  s e t t i n g  is  shown i n  F igu re  2. 

Blade s e t t i n g s  on f a n  manufac ture rs '  c h a r a c t e r i s t i c  cu rve s  a r e  
o f t e n  expressed by a  number which corresponds t o  a  b l a d e  ang l e .  The 
number and corresponding ang l e  v a r i e s  among manufac ture rs ,  hence 
r e f e r e n c e  is made t o  b l ade  a n g l e  r a t h e r  than  b lade  s e t t i n g  throughout 
t h i s  r e p o r t .  

2.2 Reversa l  C h a r a c t e r i s t i c s  

Mines o f t e n  u s e  vane-axial  main f a n s  because s f  f l . e x i b i l i t y  i n  
i n s t a l l a t i o n  and performance,  and lower power consumption. However, 
t h e s e  f a n s  perform very  i n e f f i c i e n t l y  when r eve r sed ,  t h e i r  ou tpu t  
being reduced cons ide r ab ly .  

Problems involved w i th  reversed  main f a n s  go beyond t h e  l im i t a -  
t i o n s  of t h e  f a n  i t s e l f .  With t h e  main mine f a n s  r eve r s ed ,  a u x i l i a r y  
f a n s  i n  t h e  mine cou ld  s t i l l  be c i r c u l a t i n g  a i r  i n  t h e i r  normal 
d i r e c t i o n ,  adding i nc r ea sed  r e s i s t a n c e  t o  t h e  main f ans .  A f t e r  
r e v e r s a l  of t h e  main mine f a n s ,  t h e  p r ev ious ly  e s t a b l i s h e d  a i r f l o w  
movement i n  t h e  mine must be overcome which could t ake  some t i m e  t o  
reach s t e ady - s t a t e  f low. Any n a t u r a l  v e n t i l a t i o n  e f f e c t  p r e s e n t  can  
e i t h e r  a i d  t h e  f a n  o r  add i nc r ea sed  r e s i s t a n c e  d e p e n d i n g  on condi- 
t i o n s .  Thus, t h e  f i e l d  t e s t i n g  of main mine f a n s  i nvo lve s  many o t h e r  
f a c t o r s  t h a t  could i n f l u e n c e  performance. 
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3 . 0  LABORATORY TEST RESULTS 

Laboratory t e s t s  of vane-axial  f a n s ,  i n  both forward and 
r e v e r s e ,  were conducted a t  t h e  Joy I i anufac tur ing  ~ o m p a n y ' s  f a c i l i t i e s  
i n  Ohio. Tes t  procedures  and r e s u l t s  a r e  provided i n  t h i s  s e c t i ~ n  of 
t h e  r e p o r t .  

3.1 AMCA S tandards  

The A i r  Moving and Condi t ioning Assoc i a t i on ,  Tnc. (AMCA) has 
developed s t a n d a r d s  f o r  t e s t i n g  f a n s  which i nc lude  t e s t i n g  equipment 
and t e s t i n g  f a c i l i t i e s ' .  The purpose of such s t a n d a r d s  i s  t o  a s s u r e  
un i fo rmi ty  of f a n  r a t i n g s .  F igu re s  3a  and 3b i l l u s t r a t e  t e s t  f a c i l i -  
t ies accord ing  t o  AMCA Standard 210-74 f o r  l a b o r a t o r y  t e s t i n g  of f a n s  
i n  both forward and r e v e r s e  d i r e c t i o n s .  

3.2 P r o i e c t  Tes t  F a c i l i t i e s  

F igure  4  shows t h e  f a n  t e s t  arrangement a t  Joy Manufacturing 
Coppany ( J o y ) .  Two f a n s  were t e s t e d  a t  720 rpm f o r  f o u r  d i f f e r e n t  
b l a d e  a n g l e s  i n  both t h e  forward and r e v e r s e  d i r e c t i o n s .  A minimum 
of s i x  de t e rmina t i ons  were t aken  a t  each b l ade  ang l e .  For each 
de t e rmina t i on ,  r e ad ings  of p r e s s u r e  heads ,  power i n p u t ,  rpm, wet and 
dry bu lb  temperature ,  and baromet r ic  p r e s s u r e  were recorded.  A l l  
i n format ion  was recorded on s t anda rd  d a t a  s h e e t s  s i m i l a r  t o  t h e  one 
shown i n  F igu re  5. 

3 .3  Tes t  R e s u l t s  

A s e r i e s  of performance curves ,  f o r  each fan  t e s t e d ,  a r e  pre- 
s en t ed  i n  Appendix A,  showing forward and r e v e r s e  performance (with  
r e v e r s e  f low shown a s  a  percen tage  of forward f low) ,  and i npu t  horse-  
power f o r  each b l ade  s e t t i n g .  Tn a d d i t i o n  t o  t h e s e  f a n  curves ,  
r e v e r s e  f a n  performance summary curves  showing t h e  r e l a t i o n s h i p  
between r e v e r s e  and forward f low,  f o r  each f a n  and b l ade  ang l e ,  a r e  
p resen ted  i n  F igu re s  6 and 7. Data p o i n t s  f o r  t h e s e  f i g u r e s  have 
been ob ta ined  from t h e  corresponding performance curves  inc luded  i n  
Appendix A. 

3.3.1 Ca l cu l a t ed  Versus Tes t  Data 

To a c c u r a t e l y  e s t a b l i s h  t h e  percen t  of r e v e r s e  f low ( a s  compared 
t o  forward performance) ,  i t  was decided t h a t  t h e  forward performance 
should f i r s t  be e s t a b l i s h e d ,  r a t h e r  than  accep t  t h e  d a t a  p resen ted  i n  
J o y ' s  c a t a log .  

The c a t a l o g  d a t a  were found t o  be reasonably  a c c u r a t e  when com- 
pared t o  t h e  t e s t  r e s u l t s .  Neve r the l e s s ,  t h e  curves  p resen ted  i n  
t h i s  r e p o r t  a r e  der ived  from a c t u a l  t e s t s  and no t  t aken  from t h e  mine 

' ~ i r  Moving and Condi t ion ing  Assoc i a t i on ,  I n c .  Laboratory Methods of 
T e s t i n g  Fans f o r  Ra t ing  Purposes .  AMCA Standard 210-74, ASHM 
Standard 51-75, 1975. 
1050-3 
R1050A 
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FIGURE 3 .  - AMCA l a b o r a t o r y  s t anda rd  f o r  t e s t i n g  f a n s .  
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DATE -- 

SHEET -- OF SHEETS 

BLOWING OR EXHAUSTING TEST - -- -. 

12 . 0 .075  , 
13 Density 

2 
3 
4 

5 

15 Duct _ 
F t 2  

Duct _ 
16 Area Ilia . 
17 

18 Duct F r i c t i o n  P 

19 - - 

20 P C o r r e c t i o n  

21 

2 2 
SHUTOFF 

AMPS - 
23 

20 VOLTS - RMP 

TOTAL WATTS - 
avc 

1096 . . . . 
(1)  Vel - (Av. P, xiAir 
(2)  Vol - Vel x Duct Area . . . . . . - 
(3) p t  - Av. Pa + Av. Pv . . . . . --- Mu , G ,  Sneed R P P  

( 6 )  P V  - Av. Pv x 0.075 -- "W.C. VoI. CIT 
EiiK . . . . . . -  

(5 )  P v l  - Pv x P C o r r e c t i o n  . . . . - " W . G .  Pt " \ J . c .  
" W . C . .  Pv  'IN.(:. 

(6 )  p t  - p t  x !?L!&!? + (pv x p f )  . . - - 
Dens. 

(7 )  P, = Pt - P" . . . . . . . . . = 

(8) AHP - 't . . , . , . . . . = 
I 

IHP 1 1 f P  .---+- 
(9 )  IHP - ~ a f t ? ! ~ ~  0.0751Dens. . . . . = 

~ 1 1 ~  ~ I I P  k--+--y (10) BHP - IIIP x c ~ C : , , ~ ~ ~  _ , . . --, t-- 

(11) E F F ~ , ~ , ~  = (AI{PIBHP) x 100 . . . = 
I 1 
I 4 

CONDITION 

TEST 

(12) E F F s t a t i c  = EFFt x (Ps /P t )  . . . - s t n ~  i r z  I 

/ 

(13) EFF - (AHPIIHP) x 1 0 0 .  . . a _ -  '" A- 

WATTS 

FIGURE 5. - Test data sheet 
(from Joy Manufacturing Co,), 

AMPS RPFl VOLTS 







f a n  c a t a l o g .  T a b l e  1 i s  t h e  r e s u l t  of  a random compar ison  between 
c a l c u l a t e d  and l a b o r a t o r y  t e s t  d a t a  f o r  t h e  M96-58 f a n  a t  c k r  t e s t e d  
b l a d e  a n g l e s .  The d i f f e r e n c e  between t h e  cor respond ing  c a l c u l a t e d  
and t e s t e d  d a t a  p o i n t s  i s  c o n s i s t e n t l y  l e s s  than  10%; o f t e n  l e s s  t h a n  
5%. 

3.3.2 Forward v e r s u s  Reverse  Performance 

A n a l y s i s  of  F i g u r e s  6  and 7  r e v e a l s  an  h z v ~ r a ~  rC2l;tioi'!shi~ 
between performance and cor respond ing  b l a d e  a n g l e s .  However, due t o  
l i m i t a t i o n s  of d a t a ,  t h e  a p p l i c a b i l i t y  of t h i s  r e l a t i o n s h i p  t o  other 
t y p e s  of f a n s  and hub t o  t i p  r a t i o s  is  n o t  known. 

A n a l y s i s  was c a r r i e d  f u r t h e r  by p l o t t i n g  t h e  a v e r a g e  r e v e r s e  
p e r c e n t  of  forward performance,  from c u r v e s  i n  F i g u r e s  6 and 7,  
a g a i n s t  b l a d e  a n g l e ,  as shown i n  F i g u r e  8 .  The r e s u l t s  show s w e l l  
d e f i n e d  curve  f o r  each hub t o  t i p  r a t i o  t e s t e d .  Adopting t h e s e  
c u r v e s  t o  f a n s  of o t h e r  hub t o  t i p  r a t i o s  may b e  p remature  a t  t h i s  
t i m e ,  a l t h o u g h ,  t h e  d a t a  s t r o n g l y  s u g g e s t  t h a t  such a r e l a t i o n s h i p  
may e x i s t  f o r  a  g i v e n  hub t o  t i p  r a t i o .  

3.3.3 P r e s s u r e  and Volume 

I n  g e n e r a l ,  t h e  r e s u l t s  i n d i c a t e  t h a t  f a n  s t a t i c  p r e s s u r e  CP j 
changes a s  t h e  s q u a r e  of t h e  volume ( Q ) :  

S 

For example, i f  t h e  volume i n  t h e  r e v e r s e  d i r e c t i o n  i s  reduced ro 60 
p e r c e n t  of  t h e  forward v a l u e ,  t h e  p r e s s u r e  a v a i l a b l e  from t h e  f a n  
w i l l  b e  reduced t o  about  36 p e r c e n t .  T h i s  r e l a t i o n s h i p  h a s  been 
r e p o r t e d  i n  p r e v i o u s  s t u d i e s  of s m a l l e r  f a n s 2 .  

Labora to ry  t e s t i n g  h a s  shown t h a t  r e v e r s e  f l o w  i s  n o t  cl const; int  
p e r c e n t a g e  of forward f low b u t  depends upon b l a d e  a n g l e  and hub .so 
t i p  r a t i o .  I n  a d d i t i o n ,  t h e  f a n  law govern ing  t h e  pressure.-volume 
r e l a t i o n s h i p s  i n  vane-ax ia l  f a n s  a p p e a r s  t o  be v a l i d  r s r  reverse 
flow. F i e l d  t e s t i n g  of main mine f a n s  was under taken  t o  a s s e s s  t h e  
v a l i d i t y  of t h e s e  g e n e r a l i z a t i o n s  o v e r  a  w i d e r  r ange  of hub t o  t i p  
r a t i o s .  The r e s u l t s  a r e  p r e s e n t e d  i n  t h e  f 0 1 1 0 w i ~ g  s e c t i o n s .  

--- .- ----..--- 
2 ~ e s t e r n  Eng ineer ing  and Manufactur ing Company. P roduc t  1nf ormati%% 

Handbook. B u l l e t i n  No. H-78, 1978,  p .  7.18. 
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TABLE 1. - Calcu la ted  and l abo ra to ry  t e s t  d a t a  C C J I I I P ~ ~ ~ . ~ ~ G ~ ?  ---- fyc.lcy 
Model M96-58 f a n  i n  forward mode 

Blade Angle, 
degrees  ( r ad )  

Volume, c f n  (m3/s) - -- 

Calcu la ted  lleasurec -- 

104,000 (49.1) 105,090 ($9.5)  

130,000 (61.4) 140,972 ( 6 t . 5 )  

185,000 (87.3) i4bY38E ( 9 2 . 7 1  

212,000 (100.0) 230,416 (108.79 

27C,OOO (127.4) 270,278 (12765k 

300,000 (141.6) 315,000 (148.6) 

310,000 (146.3) 301,386 (142.2) 

365,000 (172.2) 359,722 (1 70.0) 
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4.0 FIELD T E S T  PROCEDURE 

F i e l d  t e s t s  were conducted on seven (7) main mine f a n s  l o c a t e d  
i n  t h r e e  ( 3 )  mines i n  t h e  United S t a t e s .  D e t a i l s  of t h e  f i e l d  t e s t  
procedure  used i n  t h e s e  t e s t s  i s  provided i n  t h i s  s e c t i o n .  

4.1 A ~ ~ a r a t u s  Reauired 

The fo l lowing  t e s t  equipment were used: 

p i t o t  t ube  
Magnehelic gauge 
s l i n g  psychrometer 
e l e c t r i c  thermometer 
a l t i m e t e r l b a r o m e t e r  
s t r oboscop i c  tachometer.  

4.1.1 P i t o t  Tube 

The p i t o t  tube i s  a  s t anda rd  a i r  v e l o c i t y  ins t rument ,  e s p e c i a l l y  
s u i t e d  f o r  measuring h igh  v e l o c i t i e s  encountered w i th  main mine f ans .  
The p i t o t  tube is  made of two c o n c e n t r i c  t ubes ,  one i n s i d e  t h e  o t h e r ,  
w i th  one end ben t  a t  a  r i g h t  a n g l e  and t h e  o t h e r  end provided w i th  
f i t t i n g s  f o r  each tube ,  t o  which a  p r e s s u r e  gauge o r  manometer can b e  
a t t a c h e d  (F igure  9 ) .  The i n s i d e  tube  r e c e i v e s  t h e  t o t a l  p r e s s u r e  of 
t h e  a i r s t r e a m  and t h e  o u t e r  t ube ,  c l o sed  on t h e  end, r e c e i v e s  t h e  
s t a t i c  p r e s s u r e  of t h e  a i r s t r e a m  through a  number of p inho l e s  s e t  
back from t h e  end. When t h e  l e a d s  from t h e  p r e s s u r e  gauge a r e  
a t t a c h e d  t o  t h e  p i t o t  t ube ,  t h e  gauge r e g i s t e r s  t h e  d i f f e r e n c e  i n  
p r e s s u r e  between t h e  i n n e r  and o u t e r  t ubes ,  namely, t h e  v e l o c i t y  p res -  
su r e .  With one l e ad  from t h e  p r e s s u r e  gauge open t o  t h e  atmosphere,  
connect ing t h e  o t h e r  l ead  t o  t h e  o u t e r  tube y i e l d s  s t a t i c  p r e s s u r e ,  
and t o  t h e  i n n e r  tube  g i v e s  t o t a l  p r e s su re .  

P i t o t  t ubes  a r e  commercially a v a i l a b l e  i n  a  wide range  of s i z e s .  
S ince  t h e  d iamete rs  of t h e  f a n s  t e s t e d  were between 7  t o  9  f t ,  a  5 - f t  
long p i t o t  tube  was used t o  en su re  t h a t  t h e  p i t o t  tube  was of s u f f i -  
c i e n t  l e n g t h  t o  reach a l l  nece s sa ry  measuring p o i n t s  i n  t h e  a i r  duc t .  

4.1.2 Magnehelic Gauge 

The Magnehelic gauge was used wi th  t h e  p i t o t  t ube  f o r  t h e  pres-  
s u r e  measurements. T h i s  ane ro id  type  gauge i s  s u i t a b l e  f o r  measure- 
ment of t h e  r e l a t i v e l y  low p r e s s u r e s  encountered i n  v e n t i l a t i o n  
s t u d i e s .  Taking a  p r e s s u r e  r e ad ing  s imply i nvo lve s  connec t ing  t h e  
h igh  p r e s s u r e  l e ad  from t h e  p i t o t  tube  t o  t h e  h igh  p r e s s u r e  i n l e t  
connector  on t h e  gauge, t h e  low p r e s s u r e  l e ad  t o  t h e  o t h e r  connec tor ,  
and read ing  t h e  p o s i t i o n  of t h e  p o i n t e r  on t h e  d i a l .  The p r i n c i p a l  
advantages  of t h i s  t ype  of gauge over  t h e  more commonly used U-tube 
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manometer a r e  easy  read ing ,  p o r t a b i l i t y ,  and absence of f l u i d  which 
l e a d s  t o  e a s i e r  maintenanc-e and u se  i n  any p o s i t i o n .  

4.1.3 S l i n g  Psychrometer 

Humidity measurements were t aken  u s ing  t h e  s l i n g  psychrometer,  
which c o n s i s t s  of two thermometers mounted s i d e  by s i d e  on a  r i g i d  
frame. One of t h e  thermometers,  r e f e r r e d  t o  a s  t h e  wet bu lb ,  is 
covered w i th  a  wick of mus l in  c l o t h  moistened w i th  d i s t i l l e d  wate r .  
A handle  is provided a t  one end, which i s  used t o  r o t a t e  t h e  i n s t r u -  
ment t o  i n c r e a s e  t h e  r a t e  of wa t e r  evapora t ion  from t h e  wick caus ing  
a  c o o l e r  temperature  read ing .  Based on the dry- and wet-bulb read= 
i n g s ,  t h e  r e l a t i v e  humidity of t h e  a i r  can be c a l c u l a t e d .  

4.1.4 E l e c t r i c  Thermometer 

The e l e c t r i c  thermometer was used t o  measure t h e  a i r  temperature  
w i t h i n  t h e  f a n  duc t i ng  by i n s e r t i n g  a  t empera ture  s e n s i t i v e  probe 
through a  ho l e  i n  t h e  duc t i ng .  

4.1.5 A l t ime t e r  

The American P a u l i n  System a l t i m e t e r  was u t i l i z e d  t o  measure 
baromet r ic  p r e s s u r e  a t  t h e  t e s t  s i t e s .  T h i s  p r e c i s i o n  ins t rument  
works on t h e  p r i n c i p l e  of ane ro id  barometers  b u t  i s  f r e e  from most of 
t h e  i n s t rumen ta l  e r r o r s  i nhe ren t  i n  t h e  o rd ina ry  ane ro id .  F igure  10 
shows t h e  component p a r t s  of a  Micro-ser ies  a l t i m e t e r  having an  
accuracy t o  t h e  n e a r e s t  f o o t .  

4.1.6 S t roboscopic  Tachometer 

Fan speed was measured w i th  a  s t r oboscop i c  tachometer.  Th i s  
dev ice  emi t s  a f l a s h  of l i g h t  having a  h igh  i n t e n s i t y  b u t  s h o r t  dura- 
t i o n .  An e l e c t r o n i c  p u l s e  g e n e r a t o r  c o n t r o l s  t h e  f requency.  The 
u n i t  i s  hand he ld ,  and f l a s h e s  a r e  b r i g h t  enough f o r  u se  i n  d a y l i g h t .  
The f a n  speed i s  r e l a t e d  t o  t h e  frequency of t h e  s t r o b e ,  and can b e  
read d i r e c t l y  on a  s c a l e .  

4.2 Pre l iminary  Data C o l l e c t i o n  

Before  f a n  t e s t i n g ,  some pre l iminary  d a t a  were ga thered  a t  each 
mine s i t e .  F i r s t ,  t h e  mine map was s t u d i e d  i n  d e t a i l  wi th  s p e c i a l  
emphasis on t h e  o v e r a l l  v e n t i l a t i o n  scheme. P e r t i n e n t  d a t a  inc luded :  

l o c a t i o n  of s h a f t s  and a d i t s  
l o c a t i o n  and l ayou t  of i n t a k e  and r e t u r n  
a i rways  
d i s t r i b u t i o n  of s e a l s  and s t opp ings  

a p o s i t i o n  of main mine f a n s  
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a p o s i t i o n  of a u x i l i a r y  f a n s  and t h e i r  
c a p a c i t i e s  
l o c a t i o n  and type  of v e n t i l a t i o n  doors  
p r i o r  mine exper ience  on f a n  r e v e r s a l .  

Where a  mine had more t han  one ope ra t i ng  f a n ,  t h e  p o s s i b l e  i n f luence  
t h a t  t h e  r e v e r s a l  of one f a n  would have on t h e  o t h e r s  was examined 
be fo re  planning t h e  test sequence. For i n s t ance ,  i f  two f a n s  were 
ope ra t i ng  i n  p a r a l l e l ,  bo th  would be reversed  s imultaneously,  whi le  
f a n s  l oca t ed  on two co rne r s  of t h e  proper ty  could be reversed separ-  
a t e l y .  

Second, s p e c i f i c  in format ion  of t h e  f a n  i n s t a l l a t i o n  was 
recorded.  Th i s  included knowledge o f :  

a type  of f a n  - blowing o r  exhaust ing 
a p o s i t i o n  of t h e  f a n  - v e r t i c a l  o r  h o r i z o n t a l  

f a n  duc t ing  
a c c e s s i b i l i t y  

a l o c a t i o n  of acces s  ho l e s  f o r  p r e s s u r e  
survey purposes 
l o c a t i o n  of gu ide  vanes.  

F i n a l l y ,  f a n  d e t a i l s  were ob ta ined  from f a n  manufacturers ,  mine 
personnel  and name p l a t e s  mounted on t h e  f a n  assembly. B r i e f l y ,  t h i s  
included : 

f a n  performance curves  
dimensions of t h e  component p a r t s  of t h e  
e n t i r e  f a n  i n s t a l l a t i o n ,  such a s ,  b lade  t i p  
diameter ,  hub diameter ,  duct  diameter  and 
l eng th ,  b lade  angle ,  and b e l l  angles .  
d r i v e  motor s p e c i f i c a t i o n s .  

4.3 Equipment Use 

4.3.1 P re s su re  Readings 

Reference marks were made on t h e  p i t o t  tube  corresponding t o  t h e  d i s -  
t ances  of t h e  measurement p o i n t s  from t h e  circumference of t h e  a i r  
duc t .  The p i t o t  tube was introduced through an acces s  ho l e  i n  t h e  
duc t ing ,  and was pos i t i oned  a t  each measurement p o i n t  with t h e  nose 
of t h e  tube po in ted  upstream. The Magnehelic gauge was connected t o  
t h e  p i t o t  tube  by means of two f l e x i b l e  tubes .  By making t h e  appro- 
p r i a t e  connect ions,  v e l o c i t y  p re s su re ,  s t a t i c  p r e s s u r e  and t o t a l  
p r e s su re  were measured. This  process  was repea ted  u n t i l  measurements 
a t  each t r a v e r s e  po in t  were completed. 
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Since t h e  a i r f l o w  a t  t h e  t r a v e r s e  p l ane  was never  s teady ,  pres-  
s u r e  read ings  i n d i c a t e d  on t h e  Magnehelic gauge f l u c t u a t e d  consider-  
ab ly .  Each p re s su re  read ing  was, t h e r e f o r e ,  averaged on a t ime 
weighted b a s i s .  

The fo l lowing  p recau t ions  were observed dur ing  t h e  t e s t :  

t h e  p i t o t  tube was checked be fo re  use  
t o  ensure  t h a t  i t  was thoroughly c l ean  
t h e  Magnehelic gauges were c a l i b r a t e d  p r i o r  
t o  t e s t i n g  
p i t o t  tube pe rpend icu l a r i t y  t o  t h e  a i r s t r e a m  
was c l o s e l y  watched 
c a r e  was taken  i n  connect ing t h e  p i t o t  tube  
t o  t h e  Magnehelic gauge w i th  regard  t o  
a n t i c i p a t e d  p r e s s u r e s ,  t h a t  is ,  whether t h e  
p r e s su re s  were nega t i ve  o r  p o s i t i v e  and 
whether t h e  s c a l e  was a p p r o p r i a t e  
k inks  i n  t h e  f l e x i b l e  tub ing  were avoided. 

4.3.2 Measurement of Temperature and Humidity 

The w e t  bulb of t h e  s l i n g  psychrometer was soaked wi th  d i s t i l l e d  
wate r  b e f o r e  proceeding w i th  t h e  temperature  read ings .  With t h e  
handle  he ld  f i rmly ,  t h e  inst rument  was r o t a t e d  a t  an uniform r a t e  
u n t i l  bo th  t h e  wet- and dry-bulb read ings  remained cons t an t .  The 
read ings  were repeated a f t e r  5-10 minutes.  Wet- and dry-bulb temper- 
a t u r e s  were recorded a t  t h e  time of each f a n  t e s t .  

While t e s t i n g  f a n s  i n  t h e  exhaus t ing  mode, wet- and dry-bulb 
read ings  of t h e  i n t a k e  a i r  were taken  by i n s e r t i n g  t h e  psychrometer 
through one of t h e  t r a v e r s e  ho l e s  i n t o  t h e  duc t .  

The fo l lowing  p recau t ions  were observed i n  t h e  course  of making 
t h e  temperature  measurements: 

when t h e  thermometers were read ,  n e i t h e r  t h e  
frame nor  t h e  thermometers were allowed t o  
come d i r e c t l y  i n  con t ac t  wi th  t h e  hand 
t h e  wick on t h e  wet-bulb was thoroughly 
wet ted a f t e r  making s u r e  t h a t  i t  was c l ean  
and c l o s e l y  f i t t e d  
bo th  thermometers were read w i th  minimum 
time de lay  
t h e  psychrometer was he ld  away from t h e  body 
o r  any o t h e r  source of hea t  
t h e  thermometers were c a l i b r a t e d  be fo re  t h e  
t e s t  t o  ensure  t h a t  t h e  read ings  were accur- 

0 
a t e  t o  2 F. 
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4.3.3 Measurement of Barometric P re s su re  

The fo l lowing  procedure was adopted f o r  t h e  measurement of bar-  
omet r ic  p r e s su re :  

a )  A t  t h e  p l a c e  of known e l eva t i on :  

a t h e  a l t i m e t e r  was placed on t h e  bench- 
mark 

a approximately 10-15 minutes  a r e  allowed 
t o  e l a p s e  f o r  t h e  a l t i m e t e r  t o  a d j u s t  t o  
t h e  ambient temperature  

a t h e  a l t i m e t e r  was l eve l ed  by means of t h e  
c i r c u l a r  l e v e l  

a t h e  ins t rument  was balanced by b r ing ing  
t h e  ba lance  i n d i c a t o r  need le  t o  t h e  
c e n t e r  of i t s  run by t u r n i n g  t h e  p o i n t e r  
knob 

a t h e  p o i n t e r  need le  was s e t  a t  t h e  e leva-  
t i o n  of t h e  benchmark by t u r n i n g  t h e  
Reset  Control  knob. 

b)  A t  t h e  t e s t  s i t e :  

a t h e  a l t i m e t e r  was placed i n  t h e  a i r s t r e a m  
f o r  exhaus t ing  f a n s  i f  p o s s i b l e ,  o r  
placed o u t s i d e  t h e  a i r s t r e a m  f o r  blowing 
f a n s  

a t h e  a l t i m e t e r  was allowed t o  a d j u s t  t o  
ambient cond i t i ons  and l eve l ed  

a t h e  ins t rument  was balanced by means of 
t h e  p o i n t e r  knob 

a t h e  a l t i t u d e  and p re s su re  a s  i n d i c a t e d  by 
t h e  p o i n t e r  was recorded. 

The fo l lowing  p recau t ions  were taken t o  ensure  accuracy: 

a t h e  a l t i m e t e r  was p ro t ec t ed  from t h e  
d i r e c t  r a y s  of t h e  sun 

a c a r e  was taken  when p l ac ing  t h e  a l t i m e t e r  
a t  t h e  t e s t  s i t e  s o  t h a t  t h e  tempera tures  
a t  t h e  top  and bottom of t h e  a l t i m e t e r  
d i d  no t  vary  s i g n i f i c a n t l y  

a t h e  ins t rument  was always balanced from 
the  p o s i t i v e  s i d e  of t h e  window 

a p a r a l l a x  e r r o r s  were avoided wh i l e  read- 
i ng  t h e  p o s i t i o n  of t h e  p o i n t e r  need le  

a s i n c e  two observers  seldom o b t a i n  e x a c t l y  
t h e  same read ing  from a  p a r t i c u l a r  a l t i -  
meter ,  one person was ass igned  t o  t he  
j ob 
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a the test value of barometric pressure 
was determined by averaging measurements 
made at the beginning and end of the test 
period. 

4.3.4 Measurement of Fan Speed 

Fan rpm was estimated using a stroboscopic tachometer. The 
basic requirement for this test is that the fan blades should be 
visible by the strobe light. Where the fan installation was verti- 
cal, measurement of fan speed was not possible. 

The stroboscope was held before the rotating fan and the strobe 
light allowed to shine on the blades. The adjusting screw was turned 
until the fan blades appeared stationary. Knowing the approximate 
range of rpm from manufacturer's data, the fan speed was measured and 
recorded. 

4.4 Fan Testing Procedure 

The fan test at any field site was a two-step operation - first 
with the fan operating normally (forcing or exhausting, as the case 
may be) and later upon reversal. Fan reversal was normally achieved 
by interchanging the electrical connections. Sufficient time was 
allowed to elapse after reversal for the entire airflow through the 
mine to reach steady state. 

The operations performed during each step of the test were iden- 
tical and basically consisted of determining the fan flow rates and 
pressure heads developed, by means of a pitot tube traverse. Concur- 
rently with the pitot tube traverse, measurements were taken to 
determine air density. This included wet- and dry-bulb thermometer 
readings, and barometric pressure. In addition, with the fan in 
operation, voltage and current readings were taken to determine fan 
power input. Finally, the fan speed was measured by means of the 
stroboscopic tachometer. All information was recorded on field data 
sheets. Details on the various parts of the test follow. 

4.4.1 Pitot Tube Traverse 

4.4.1.1 Location of Traverse Plane 

Choice of the traverse planes for the pitot tube survey were 
made judiciously to ensure accuracy. Guidelines for location in the 
duct include3 : 

'~ir Moving and Conditioning Association, Inc. A Guide to the Mea- 
surement of Fan-System Performance in the Field. AMCA Fan Appli- 
cation Manual, Part 3, Publication 203, 1976. 
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a "the velocity distribution should be 
uniform throughout the traverse plane. It 
is recommended that the uniformity distri- 
bution be considered acceptable when more 
than 75% of the velocity pressure measure- 
ments are greater than 1/10 of the maximum 
measurement" 

the airstream should be as nearly at right 
angles to the traverse plane as possible, 
although a 10 degree (0.17 rad) deviation 
is acceptable 

a the cross-sectional shape of the airway 
in which the traverse plane is located 
should be uniform 

a the traverse should be made 7.5 duct 
diameters or more downstream from any 
major air disturbance such as a bend or 
constriction 

a the traverse plane should be located such 
that the effect of leakage between the fan 
and the plane is minimized 

a the location of the traverse plane on the 
inlet side of the fan should be at a 
distance not less than 112 of the fan 
inlet diameter. 

In general, most mine fans are equipped with access holes 
for fan testing, and these were considered adequate for the purposes 
of the test. 

4.4.1.2 Selection of Measuring Points 

Selection of measuring points on a traverse plane were based on 
the principle of equal area traversing, that is, the cross-sectional 
area of the duct was divided into equal areas with several sampling 
points within each area. Figure 11 shows the position of traverse 
points in a circular air-measurement section for a 5-area, 20-point 
traverse. Due to the difficulties in conducting pitot tube surveys 
in the field where conditions cannot be easily controlled, a 20-point 
traverse was chosen in preference to the 24-point traverse employed 
during laboratory testing. 

4.4.2 Fan Power Input Determination 

Typical motor performance data was used to determine the power 
input to the fan. These data are referred to as typical because a 
good correlation exists between the measured values and the 
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)+- 0.342 dir. 4 

FIGURE 11. - P i t o t  tube traverse plane. 



corresponding va lues  suppl ied  by t h e  f a n  manufacturer.  The f i e l d  
measurements simply cons is ted  of t ak ing  c u r r e n t  and v o l t a g e  read ings ,  
once wi th  t h e  f a n  ope ra t i ng  i n  forward and once i n  reverse .  I f  
s i g n i f i c a n t  f l u c t u a t i o n s  were noted,  s e v e r a l  observa t ions  were made 
and an average va lue  ca l cu l a t ed .  

4.5 Computations 

4.5.1 A i r  Densi ty  

The fol lowing equa t ions  were used t o  c a l c u l a t e  t h e  d e n s i t y  of 
a i r :  

where, = p a r t i a l  vapor pressure ,  i n .  Hg, ( inches  of mercury, 
Pp f  rorn t a b l e s  ) , 

p = dens i ty  of a i r ,  l b / f t 3 ,  

tw 
= wet-bulb temperature ,  O F ,  

td = dry-bulb temperature,  O F ,  

pb = baromet r ic  p re s su re ,  i n .  Hg, 

and Pe = s a t u r a t e d  vapor p re s su re  a t  t i n .  Hg. w Y  

A l t e r n a t i v e l y ,  s p e c i a l  c h a r t s  a r e  a v a i l a b l e  t o  determine t h e  
approximate va lue  of a i r  dens i t y  based on t w' t d  and p va lues  
obtained i n  t h e  f i e l d .  

b  

4.5.2 Conversion Ca lcu l a t i ons  

The fol lowing formulas were appl ied  t o  convert  t h e  f i e l d  r e s u l t s  
t o  t h e  speed and d e n s i t y  condi t ions  of t h e  f an  performance r a t i n g s :  
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where, P = f a n  s t a t i c  p r e s su re ,  i n .  W.G. ( inches  of water  
S 

gauge) , 

P = f a n  v e l o c i t y  p re s su re ,  i n .  W.G., 
v  

Pt = f a n  t o t a l  p r e s su re ,  i n .  W.G., 

N = f a n  speed, rpm, 

p = a i r  dens i ty ,  l b / f t 3 ,  

and s u b s c r i p t  c  de s igna t ing  t h e  va lue  of t h e  parameters a f t e r  being 
converted t o  s p e c i f i e d  condi t ions .  

4.5.3 Fan Quant i ty  

The average v e l o c i t y  a t  t h e  p l ane  of t r a v e r s e  is  given by: 

where, V = average v e l o c i t y ,  fpm, 
C 

'v = f a n  v e l o c i t y  p re s su re  converted t o  s p e c i f i e d  
C cond i t i ons ,  i n .  W.G.,  

and Po 
= s tandard  a i r  dens i t y  a t  s e a  l e v e l  and 70°F, l b / f  t3. 

The flow r a t e  i s  simply: 

where, 

Q = V  c x A ,  

Q = f a n  q u a n t i t y ,  cfm, 

A = e f f e c t i v e  a r e a ,  f t 3 ,  

and Vc = average v e l o c i t y ,  fpm. 

The flow c a p a c i t i e s  were determined f o r  a  f a n  opera t ing  i n  t h e  
forward mode and i n  r eve r se ,  and t h e  percent  reduc t ion  of flow r a t e  
due t o  f an  r e v e r s a l  was c a l c u l a t e d ,  a s  fol lows:  

1 reduc t ion  i n  capac i ty  =I - %Ir LOO, 

where, Qr = f a n  quan t i t y  i n  r eve r se ,  cfm, 

and Qf  = normal f an  capac i ty ,  cfm. 
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4.5.4 S t a t i c  P re s su re  

A s  shown e a r l i e r ,  t h e  f a n  s t a t i c  p r e s su re  under s p e c i f i e d  
cond i t i ons  i s  g iven  by equa t ion  4.  The percen t  r educ t i on  i n  s t a t i c  
head due t o  f a n  r e v e r s a l  is  simply: 

X r educ t i on  i n  head = 11 - 'sr ( x 100, 

where, P = converted s t a t i c  head of f a n  wh i l e  i n  
sr r eve r se ,  i n .  W.G. 

and Psf = converted s t a t i c  head of f a n  ope ra t i ng  
i n  the forward mode, i n .  W.G. 
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5.0 FIELD TESTS 

F i e l d  t e s t s  on seven (7)  main mine f a n s  were conducted a t  t h r e e  
(3)  mines l oca t ed  i n  d i f f e r e n t  p a r t s  of t h e  United S t a t e s .  D e t a i l s  
of t h e  tests along wi th  t h e  r e s u l t s  a r e  provided i n  t h e  fol lowing 
s e c t i o n s .  

5.1. Mine No. 1  

The f i r s t  f an  t e s t  was performed a t  a room-and-pillar l imestone 
mine i n  t h e  Midwest. Aux i l i a ry  mine v e n t i l a t i o n  included two 60,000 
cfm (28 mS/s) c e n t r i f u g a l  f a n s  ope ra t i ng  a t  low pressure .  No a i r  
doors  o r  r e g u l a t o r s  t h a t  could a f f e c t  main f a n  r eve r se  performance 
were p re sen t .  The l a r g e  open a r e a  of t h e  mine and low p re s su re  
a u x i l i a r y  f a n s  suggested l i t t l e  i n t e r f e r e n c e  wi th  t h e  performance of 
t h e  main fan .  

Mine a i r  w a s  exhausted by an 81-in. (2.1-m) diameter  8112-C 
Chicago Blower vane-axial  fan ,  having a  hub d iameter  of 27 i n .  
(0.7 m), mounted v e r t i c a l l y  over  a  15-ft  (4.6-m) diameter  mine s h a f t .  
A schematic of t h e  f a n  i n s t a l l a t i o n  i s  shown i n  Figure 12. 

5.1.1 Tes t  1  

5.1.1.1 Tes t  Condi t ions 

Due t o  l i m i t e d  a c c e s s i b i l i t y  and absence of ductwork, only one 
p i t o t  tube t r a v e r s e  p lane  was a v a i l a b l e .  Very l i t t l e  a i r  tu rbulence  
was de t ec t ed  a t  t h i s  p lane ,  pos s ib ly  due t o  t h e  absence of elbows, 
s t r a i g h t e n i n g  vanes,  o r  o f f s e t s .  Fan r e v e r s a l  was accomplished by 
simply r eve r s ing  t h e  e l e c t r i c a l  connect ions lead ing  t o  t h e  f a n  motor. 

5.1.1.2 Tes t  Resu l t s  

Performance comparison d a t a  f o r  forward and r eve r se  f a n  opera- 
t i o n  is  l i s t e d  i n  Table 2. The ope ra t i ng  poin t  i n  t h e  blowing, o r  
r eve r se  mode, was a t  a  cons iderab ly  lower volume and s t a t i c  p r e s su re ,  
compared t o  forward performance. A i r  q u a n t i t y  i n  r eve r se  was 55 per- 
cen t  of t h e  capac i ty  i n  t h e  forward mode, a t  36 percent  of t h e  s t a t i c  
p ressure .  

This  f an  was of a  d i f f e r e n t  manufacture compared t o  those  t e s t e d  
during t h e  l abo ra to ry  phase,  sugges t ing  t h a t  b lade  des ign  was prob- 
ab ly  based on a  d i f f e r e n t  philosophy. Hub t o  t i p  r a t i o  was a l s o  
h igher  than t h e  l abo ra to ry  f a n s ,  having a  va lue  of 0.33. I t  was 
assumed t h a t  t h e  b lade  angle  was t h a t  l i s t e d  on t h e  nameplate,  17 
degrees  (0.3 r a d ) ,  a s  access  t o  t h e  b lades  was no t  pos s ib l e .  
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OUTLET CONE 

---- 

FIGURE 12. - Fan i n s t - a l l a t i o n  at Pfine :.L>= 1. 
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TABLE 2 .  - Performance comparison for fan 1 

Parameter Forward 

Volume, cfm (m3/s) 227,242 (107) 

Stat ic  Pressure, in .  W.G. 
(Pa) -3.75 (-933) 

Total Pressure, in .  W.G. 
(Pa) 

Velocity Pressure, in .  W.G. 3.18 (791) 
(Pa) 

Current, amps 151 

Reverse 
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5.2 Mine No. 2 

T e s t s  on f o u r  (4)  main mine f a n s  were performed a t  a room-and- 
p i l l a r  copper mine i n  t h e  Midwest. The mine was f a i r l y  e x t e n s i v e  and 
c o n s i s t e d  of f i v e  (5) i n t a k e  s h a f t s ,  one (1)  i n t a k e  p o r t a l ,  and f o u r  
(4 )  exhaus t  s h a f t s .  The r e l a t i v e  p o s i t i o n s  of t h e  i n t a k e  and exhaus t  
s h a f t s  and t h e  l ayou t  of v e n t i l a t i o n  s t opp ings  a r e  shown schemati-  
c a l l y  i n  F igu re  13. 

Each exhaus t  s h a f t  was equipped w i th  a M96-50D Joy Axivane f a n ,  
r a t e d  a t  900 RPM and 700 hp. These were 96-in. (2.4-m) d iamete r  
vane-axial  f a n s ,  w i th  50-in. (1.3-m) hub d i ame te r s ,  mounted h o r i -  
z o n t a l l y  and connected t o  40-f t  (12.2-m) long evases .  F igu re  14 
shows t h e  e s s e n t i a l  f e a t u r e s  of t h e  f a n  i n s t a i i a t i o n  a long  w i th  t h e  
l o c a t i o n s  of t h e  p i t o t  tube  t r a v e r s e  p lanes .  

5.2.1 Tes t  2 

5.2.1.1 T e s t  Condi t ions  

Th i s  t e s t  was conducted on f a n  2,  t h e  l o c a t i o n  of which i s  shown 
i n  F igure  13. The t r a v e r s e  p l a n e s  were l o c a t e d  on e i t h e r  s i d e  of t h e  
f a n  b l ades .  Minimal a i r  t u rbu l ence  was d e t e c t e d  a t  t h e  t r a v e r s e  
p lanes .  

Tes t i ng  t h i s  f an  i n  t h e  exhaust  mode was done w i th  t h e  o t h e r  
t h r e e  (3)  f a n s  a l s o  o p e r a t i n g  i n  t h e  exhaus t  mode. During r e v e r s e  
t e s t i n g ,  f a n  5 was r eve r s ed ,  wh i l e  f a n s  3 and 4 were i n  t h e  normal. 
mode. The a i r  damper doors  w i t h i n  t h e  f a n  housing and t h e  under- 
ground a i r  doors  were kep t  open by means of b o l t s  du r ing  r e v e r s a l .  
T h i s  t e s t  scheme was cons idered  by mine personne l  t o  r ep r e sen t  
emergency a c t i o n  f o r  e x i s t i n g  mining cond i t i ons .  

5.2.1.2 Tes t  R e s u l t s  

Performance comparison d a t a  f o r  forward and r e v e r s e  f a n  opera- 
t i o n  a r e  l i s t e d  i n  Tab le  3. A s  expec ted ,  a drop i n  bo th  q u a n t i t y  and 
s t a t i c  p r e s s u r e  was noted fo l lowing  r e v e r s a l .  Volume of a i r  handled 
decreased  t o  39 p e r c e n t ,  wh i l e  s t a t i c  p r e s s u r e  was on ly  11 pe r cen t  of 
t h e  forward va lue .  The b l ade  a n g l e  f o r  t h i s  f an  was found t o  be  37.5 
degrees  (0.65 r a d ) ,  and t h e  measured f a n  rpm was 920. 

5.2.2 Tes t  3 
5.2.2.1 Tes t  Condi t ions  

This  t e s t  was conducted on f a n  3. Forward t e s t i n g  was performed 
w i t h  a l l  f a n s  o p e r a t i n g  i n  t h e  normal mode. During r e v e r s e  t e s t i n g ,  
f a n  4 was r eve r s ed ,  f a n  2 was o p e r a t i n g  i n  t h e  normal mode, and f a n  5 
was i n o p e r a t i v e  due t o  mechanical  d i f f i c u l t y .  Th i s  t e s t  scheme was 
cons idered  by mine pe r sonne l  t o  r e p r e s e n t  emergency a c t i o n  f o r  
e x i s t i n g  mining cond i t i ons .  
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TABLE 3 .  - Performance comparison f o r  f a n  2  

Parameter Forward 

Volume, cfm (m3/s) 455,196(215) 

S t a t i c  Pressure ,  i n .  W.G. 
(Pa) -16.44 (-4091) 

T o t a l  Pressure ,  i n .  W.G. 
(Pa) -7.85 (-1953) 

Veloc i ty  Pressure ,  i n .  W.G. 
(Pa) 8.59 (2138) 

Curren t ,  amps 86 

Reverse 
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5.2.2.2 Tes t  Resu l t s  

Performance comparison d a t a  f o r  forward and r e v e r s e  f an  opera- 
t i o n  a r e  l i s t e d  i n  Table  4. A i r  q u a n t i t y  i n  r e v e r s e  w a s  37 percen t  
of t h a t  i n  t h e  forward mode and a t  9 pe rcen t  of t h e  s t a t i c  p r e s su re .  
The b l ade  ang l e  was 36 degrees  (0.63 r ad )  and f a n  speed was 920 rpm. 

5.2.3 Tes t  4 

5.2.3.1 Tes t  Condi t ions  

This  t e s t  was conducted on f a n  4. During f a n  t e s t i n g  i n  t h e  
exhaust  mode, t h e  o t h e r  t h r e e  exhaus t  f a n s  were a l s o  ope ra t i ng  i n  t h e  
exhaust  mode. During r e v e r s e  t e s t i n g ,  f a n  3 was reversed .  Fan 2 was 
i n  t h e  normal ope ra t i ng  mode, and f a n  5 was i n o p e r a t i v e  due t o  
mechanical d i f f i c u l t y  . Thi s  t e s t  scheme was considered by mine 
personne l  t o  r ep re sen t  an  emergency a c t i o n  f o r  e x i s t i n g  mining 
cond i t i ons .  

5.2.3.2 Tes t  Resu l t s  

The performance comparison between forward and r e v e r s e  f lows i s  
presen ted  i n  Table 5 .  Reverse a i r  q u a n t i t y  was 35.5 percen t  of t h e  
capac i t y  i n  t h e  forward mode, whi le  t h e  s t a t i c  p r e s s u r e  was about  9 
percen t  of t h e  forward va lue .  The b l ade  a n g l e  of t h e  f a n  was d e t e r -  
mined t o  be 39 degrees  (0.7 rad)  and f a n  rpm was 920. 

5.2.4 Tes t  5 

5.2.4.1 Tes t  Condi t ions  

Th i s  t e s t  was performed on f an  5.  During f an  t e s t i n g ,  a l l  f a n s  
were ope ra t i ng  i n  t h e  normal mode. During r e v e r s e  t e s t i n g ,  f an  2 was 
reversed ,  whi le  f a n s  3 and 4 opera ted  i n  t h e  exhaust  mode. Th i s  t e s t  
scheme was considered by mine personne l  t o  r ep re sen t  an emergency 
a c t i o n  f o r  e x i s t i n g  mining cond i t i ons .  

5.2.4.2 Tes t  Resu l t s  

The comparison between forward and r eve r se  performance i s  l i s t e d  
i n  Table  6.  Reverse a i r  q u a n t i t y  was found t o  be about  40 percen t  of 
t h e  q u a n t i t y  i n  t h e  forward mode, whi le  t h e  s t a t i c  p r e s s u r e  developed 
was about 14 percen t  of t h e  forward va lue .  The b l ade  ang l e  was 
found t o  be 37 degrees  (0.65 rad)  and f a n  speed was 920 rpm. 

5 .3  Mine No. 3 

T e s t s  of two main mine f a n s ,  p laced i n  p a r a l l e l ,  were conducted 
a t  an  o i l  s h a l e  ope ra t i on  i n  t h e  wes te rn  United S t a t e s .  The mine 
opera ted  on t h r e e  l e v e l s .  The main acces s  d r i f t s  a t  each l e v e l  
branched from an  8 - f t  (2.4-m) d iameter  c i r c u l a r  s h a f t .  Each of t he se  
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TABLE 4. - Performance comparison f o r  f an  3 

Parameter Forward Reverse 

Volume, cfm (m3/s) 480,868 (227) 177,139 (84) 

S t a t i c  Pressure ,  i n .  W.G. 
(Pa) -16.05 (-3994) -1.44 (-358) 

To ta l  Pressure ,  i n .  W.G. 
(Pa) -6.47 (-1610) -0.14 (-35) 

Veloc i ty  Pressure ,  i n .  W.G. 
(Pa) 9.58 (2384) 1.30 (323) 

Current ,  amps 9 1 78 

E?JGINF:ERS INTERNATIONAL, INC. 



TABLE 5. - Performance comparison f o r  f a n  4 

Parameter Forward 

Volume, cfm (m3/s) 516,446 (244) 

S t a t i c  Pressure ,  i n .  W.G. 
(Pa) -16.70 (-4156) 

T o t a l  Pressure ,  i n .  W.G. 
(Pa) -5.65 (-1406) 

Veloc i ty  P re s su re ,  i n .  W.G. 
(Pa) 11.05 (2750) 

Curren t ,  amps 87 

Reverse 

183,169 (86) 

ENGINEERS INTERNATIONAL, INC. 



TABLE 6. - Performance com~arison for fan 5 

Parameter Forward 

Volume, cfm (m3/s) 458,296 (216) 

Static Pressure, in. W.G. 
(Pa) -15.08 (-3753) 

Total Pressure, in. W.G. 
(Pa) -6.34 (-1578) 

Velocity Pressure, in. W.G. 
(Pa) 8.74 (2175) 

Current, amps 96 

Reverse 
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d r i f t s  were abou t  25-f t  (7.6-m) h i g h  and 25-ft  (7.6-m) wide and l e d  
t o  modif ied room-and-pil lar  working s e c t i o n s .  The v e n t i l a t i n g  a i r  a t  
t h e  two lower l e v e l s  were r e g u l a t e d  by f r e e  hanging b r a t t i c e  par-  
t i a l l y  b l o c k i n g  t h e  a i rways ,  w h i l e  t h e  upper  l e v e l  a c c e s s  d r i f t  w a s  
complete ly  open. An a u x i l i a r y  f a n  o p e r a t e d  a t  t h e  lower l e v e l  d u r i n g  
f a n  t e s t i n g ;  however, t h e  l a r g e  c r o s s - s e c t i o n a l  a r e a  of a i rways  sug- 
g e s t e d  l i t t l e  i n t e r f e r e n c e  w i t h  main f a n  performance.  

Mine a i r  was exhausted by two 79-in. (2-m) d i a m e t e r ,  200 hp AMF 
2000-80-10 Spendrup vane-ax ia l  f a n s ,  each hav ing  a hub d i a m e t e r  of 31 
i n .  (0.8 m), h o r i z o n t a l l y  mounted i n  a Y-connection o f f  t h e  s h a f t .  
F i g u r e  15 shows t h e  i n s t a l l a t i o n ,  which is  h e a v i l y  i n s u l a t e d  t o  pre-  
v e n t  i c e  build-up.  

5.3.1 T e s t s  6  and 7  

5.3.1.1 T e s t  C o n d i t i o n s  

Due t o  l i m i t e d  a c c e s s i b i l i t y  and absence of s u b s t a n t i a l  duct-  
work, on ly  one p i t o t  t u b e  t r a v e r s e  p l a n e  was a v a i l a b l e .  T h i s  p l a n e  
w a s  l o c a t e d  a t  t h e  j u n c t i o n  of t h e  f a n  housing and t h e  evase .  Some 
t u r b u l e n c e  a t  t h e  t r a v e r s e  p l a n e  was n o t i c e d ,  p robab ly  due t o  
s t r a i g h t e n i n g  vanes  o r  f a n  motor s u p p o r t s .  Fan r e v e r s a l  was accom- 
p l i s h e d  by s imply r e v e r s i n g  t h e  e l e c t r i c a l  c o n n e c t i o n s  t o  t h e  f a n  
motor. 

5.3.1.2 T e s t  R e s u l t s  

Performance comparison d a t a  f o r  forward and r e v e r s e  f a n  opera- 
t i o n  a r e  l i s t e d  i n  T a b l e s  7  and 8 .  The s t a t i c  and t o t a l  p r e s s u r e  
r e a d i n g s  o b t a i n e d  d u r i n g  forward f a n  t e s t i n g  a t  t h i s  mine were r a t h e r  
e r r a t i c  and,  c o n t r a r y  t o  e x p e c t a t i o n s ,  t h e  sum of s t a t i c  and v e l o c i t y  
p r e s s u r e s  a t  s e v e r a l  measurement p o i n t s  d i d  n o t  e q u a l  t h e  t o t a l  p res -  
s u r e .  T h i s  was judged t o  be  caused by a n  u n f a v o r a b l e  p i t o t  t r a v e r s e  
l o c a t i o n .  The v e l o c i t y  p r e s s u r e  r e a d i n g s ,  on t h e  o t h e r  hand, 
appeared l e s s  a f f e c t e d  by t h e  l o c a t i o n  and were f a i r l y  c o n s i s t e n t .  

I n  o r d e r  t o  e l i m i n a t e  t h e  d i s c r e p a n c i e s  i n  t h e  p r e s s u r e  read-  
i n g s ,  t h e  expec ted  f a n  p r e s s u r e  a t  t h e  inby  s i d e  of t h e  f a n  i n  t h e  
forward mode was e s t i m a t e d  on t h e  b a s i s  of t h e  mine c h a r a c t e r i s t i c  
curve  and t h e  measured v e l o c i t y  p r e s s u r e .  The mine r e s i s t a n c e ,  R ,  
was c a l c u l a t e d  from t h e  o p e r a t i n g  p o i n t  d a t a  f o r  t h e  mine. The mine 
c h a r a c t e r i s t i c  curve  was p l o t t e d  f o r  d i f f e r e n t  v a l u e s  of a i r  quan- 
t i t y ,  Q ,  a s  shown i n  F i g u r e  16,  u s i n g  t h e  f o l l o w i n g  r e l a t i o n s h i p :  
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FIGURE 15. - S c h e m a t i c  o f  f a n  i n s t a l l a t i o n s  a t  Mine No. 3 .  



TABLE 7. - Performance c o m ~ a r i s o n  f o r  f a n  6 

Parameter Forward Reverse 

Volume, cfm (m3/sec) 113,130 (53) 57,072 (27) 

S t a t i c  p r e s su re ,  i n .  W.G. -2.33 (-580) -0.55 (-137) 
(Pa) 

T o t a l  P re s su re ,  i n .  W.G. -1.50 (-373) -0.36 (-90) 
(Pa) 

Veloc i ty  P re s su re ,  i n .  W.G. 0.83 (207) 0.19 (47) 
(Pa) 

Curren t ,  amps 144 14 1 
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TABLE 8.  - Performance comparison f o r  f a n  7 

Parameter  

Volume, cfm (m3/sec) 

Forward Keverse 

127,463 (60) 54,983 (26) 

S t a t i c  p r e s s u r e ,  i n .  W.G. -2.99 (-7.44) -0.67 (-167) 
(Pa)  

T o t a l  P r e s s u r e ,  i n .  W.G. -1.93 (-480) -0.49 (-122) 
(Pa) 

V e l o c i t y  P r e s s u r e ,  i n .  W.G. 1.06 (264) 
(Pa) 

C u r r e n t ,  amps 150 144 

48 ENGINEERS INTERNATIONAL, INC. 



FIGURE 16. - Comptitation of t o t a l  pressure from 
c l ~ a r a c t e r i s t i c  curves.  



where ,  P = t h e  t o t a l  p r e s s u r e .  

The measured forward q u a n t i t y  f o r  each  f a n  was e n t e r e d  on t h e  Q-axis, 
i n t e r c e p t i n g  t h e  mine c h a r a c t e r i s t i c  curve.  The cor responding  t o t a l  
p r e s s u r e s  were read .  The s t a t i c  p r e s s u r e s  were t h e n  c a l c u l a t e d  u s i n g  
t h e  e s t i m a t e d  v a l u e  of t o t a l  p r e s s u r e s  and observed v e l o c i t y  p res -  
s u r e s .  

I n  o r d e r  t o  v e r i f y  t h e  v a l i d i t y  of t h i s  approach,  t h e  observed 
r e v e r s e  q u a n t i t i e s  were a l s o  e n t e r e d  on t h e  Q-axis and t h e  cor-  
responding t o t a l  p r e s s u r e s  were compared t o  measured d a t a .  The c a l -  
c u l a t e d  v a l u e s  were found t o  b e  reasonab ly  c l o s e  t o  observed d a t a .  
I t  shou ld  be  emphasized, however, t h a t  t h e  c a l c u l a t i o n  o f  mine resis- 
t a n c e  was based on a n t i c i p a t e d  f a n  du ty  f o r  a s p e c i f i c  f a n  and b l a d e  
a n g l e  and does  n o t  n e c e s s a r i l y  r e f l e c t  t h e  a c t u a l  r e s i s t a n c e  of t h e  
mine a i rways.  The r e s u l t s  o b t a i n e d  through t h i s  approach shou ld ,  
t h e r e f o r e ,  b e  cons idered  merely  as rough e s t i m a t e s  of t h e  a c t u a l  con- 
d i t i o n s .  The d a t a  d i d  n o t  a c c u r a t e l y  show t h e  exhaus t  performance 
v a l u e s ,  however, t h e  d a t a  d i d  a l l o w  d i f f e r e n c e s  between forward and 
r e v e r s e  performance t o  be  i d e n t i f i e d .  

The c a l c u l a t e d  s t a t i c  p r e s s u r e s  appear  i n  Tab le  9.  The f a n  6 
q u a n t i t y  i n  t h e  r e v e r s e  mode i s  50.5 p e r c e n t  of t h a t  i n  t h e  forward 
mode, a t  23.6 p e r c e n t  of t h e  s t a t i c  p r e s s u r e  i n  t h e  forward mode. 
The p r e d i c t i o n  would b e  ( 0 . 5 0 5 ) ~  o r  25.5 p e r c e n t .  Fan 7  gave 43.1 
p e r c e n t  of forward f low when r e v e r s e d ,  a t  22.1 p e r c e n t  of t h e  s t a t i c  
p r e s s u r e .  The p r e d i c t e d  p r e s s u r e  would be  ( 0 . 4 3 1 ) ~  o r  18.6 p e r c e n t .  
There fore ,  t h e s e  r e s u l t s  a r e  i n  good agreement wi th  e a r l i e r  d a t a .  

These f a n s  were of a  d i f f e r e n t  manufacture  t h a n  t h o s e  t e s t e d  i n  
t h e  l a b o r a t o r y ,  s u g g e s t i n g  t h a t  b l a d e  d e s i g n  phi losophy was p robab ly  
d i f f e r e n t .  Hub t o  t i p  r a t i o  was a l s o  h i g h e r  t h a n  t h e  l a b o r a t o r y  
f a n s ,  having a  v a l u e  of about  0.39. Blade t i p  a n g l e s  were measured 
a t  12 d e g r e e s  (0.21 r a d )  and 15 d e g r e e s  (0.76 r a d )  f o r  f a n s  6  and 7, 
r e s p e c t i v e l y .  

5.4 Summary of F i e l d  R e s u l t s  

Tab le  9  p r o v i d e s  a  performance comparison summary f o r  a l l  t h e  
f a n s  t e s t e d  i n  t h e  f i e l d  ( a b s o l u t e  v a l u e s  of s t a t i c  p r e s s u r e s  a r e  
shown). Based on t h e s e  r e s u l t s ,  F igure  17 was p l o t t e d  t o  i l l u s t r a t e  
t h e  r e l a t i o n s h i p  between r e v e r s e  performance,  t h e  b l a d e  a n g l e ,  and 
hub t o  t i p  r a t i o  of vane a x i a l  f a n s .  The l a b o r a t o r y  d a t a  a r e  a l s o  
inc luded  i n  t h i s  p l o t  t o  demons t ra te  t h e  c o r r e l a t i o n  between labora -  
t o r y  and f i e l d  r e s u l t s .  

I t  i s  e v i d e n t  from Figure  17 t h a t  t h e  r e s u l t s  of f a n  t e s t i n g  a t  
Mine 2 a r e  i n  good agreement w i t h  t h e  l a b o r a t o r y  r e s u l t s .  The f i e l d  
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FIGURE 17 .  - Fan a v e r a g e  pe r fo rmance  v e r s u s  b l a d e  a n g l e .  

* F i g u r e s  i n  p a r e n t h e s e s  r e f e r  t o  hub t o  t i p  r a t i o s  
**Fan model  number 



d a t a  a r e  n o t  a s  c o n s i s t e n t  a s  t h e  l a b o r a t o r y  d a t a ,  due t o  t h e  
i n h e r e n t  i naccu rac i e s  i n  f i e l d  t e s t i n g  a r i s i n g  from exces s ive  b l ade  
wear, i n t e r a c t i o n  between f a n s ,  and a i r  tu rbu lence .  

The d a t a  p o i n t s  from T e s t s  1, 6 and 7 however, do no t  e x h i b i t  
any apparen t  c o r r e l a t i o n  w i th  t h e  o t h e r  t e s t  r e s u l t s .  There a r e  two 
p o s s i b l e  exp l ana t i ons  f o r  t h e s e  d i s c r epanc i e s .  F i r s t ,  f a n  i n t e r -  
a c t i o n  dur ing  t e s t s  6 and 7 could have a f f e c t e d  r e s u l t s  i n  t h a t  t h e  
f a n  j unc t i on  duc t  was ve ry  c l o s e  t o  t h e  f a n  housing. This  could 
permit  one f a n  t o  i n t e r f e r e  wi th  t h e  s t a t i c  p r e s su re  produced by t h e  
o t h e r .  Second, f a n s  1, 6 and 7 were of a  d i f f e r e n t  manufacture com- 
pared t o  t h e  l a b o r a t o r y  and Mine No. 2 f a n s ,  sugges t ing  perhaps t h a t  
t h e  b l ade  des ign  was based on a  d i f f e r e n t  philosophy. 

The i nve r se  square  r e l a t i o n s h i p  between p re s su re  and a i r  quan- 
t i t y  ob ta ined  dur ing  l a b o r a t o r y  t e s t i n g  (Sec t ion  3.3 .3) ,  appeared t o  
hold t r u e  f o r  t h e  f i e l d  r e s u l t s ,  w i t h i n  reasonable  l i m i t s  of e r r o r .  
The r e s u l t s  from Mine No. 2 dev i a t ed  from t h i s  r e l a t i o n s h i p ,  probably 
due t o  i n t e r a c t i o n  between t h e  v a r i o u s  f a n s  and t h e  complex v e n t i l a -  
t i o n  system a t  t h i s  mine. 
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6.0 GUIDELINES FOR REVERSING FANS 

6.1  Data ?'re~.lds from P r e s e n t  Work -- 

Based on t h e  l a b o r a t o r y  and f i e l d  tes t  r e s u l t s ,  t h e  fo l lowing  
d i s t i n c t  t r e n d s  a r e  e v i d e n t :  

a f o r  a  g i v e n  hub t o  t i p  r a t i o  and b l a d e  a n g l e ,  
t h e r e  a p p e a r s  t o  be  a  d e f i n i t e  r e l a t i o n s h i p  
between t h e  r e v e r s e  f a n  volume a s  a percen tage  
of forward volume of a  vane-ax ia l  f an .  T h i s  
r e l a t i o n s h i p  i s  l i k e l y  t o  be  d i f f e r e n t  f o r  f a n s  
of d i f f e r e n t  manufac tu re r s  

a r e v e r s e  performance of vane-ax ia l  f a n s  i s  
i n v e r s e l y  r e l a t e d  t o  t h e i r  b l a d e  t i p  a n g l e s  

a i n  t h e  absence of s i g n i f i c a n t  i n t e r a c t i o n  from 
a u x i l i a r y  f a n s  w i t h i n  a  gi.ven mine network,  t h e  
p e r c e n t  of s t a t i c  p r e s s u r e  o b t a i n e d  d u r i n g  
r e v e r s e  o p e r a t i o n  v a r i e s  a s  a  s q u a r e  of t h e  
change i n  a i r  volume. T h i s  may be expressed  
a s :  

s t a t i c  p r e s s u r e ,  f a n  r e v e r s e d  where Ps = 
s t a t i c  p r e s s u r e ,  f a n  forward ' 

and r e v e r s e  a i r  q u a n t i t  
= forward a i r  quant i t ; '  

6 .2  G u i d e l i n e s  

When f a n  r e v e r s a l  a t  a  mine i s  a n t i c i p a t e d ,  due t o  an emergency 
s i t u a t i o n  o r  o t h e r w i s e ,  t h e  mine o p e r a t o r  shou ld  c o n s i d e r  t h e  e f f e c -  
t i v e n e s s  of f a n  r e v e r s a l  i n  c o r r e c t i n g  t h a t  p a r t i c u l a r  s i t u a t i o n .  
The fo l lowing  s t e p s  a r e  recommended f o r  t h i s  e v a l u a t i o n :  

1.  Obta in  f a n  d a t a ,  such  a s :  

a t y p e  of f a n  (manufac tu re r )  
a forward f a n  q u a n t i t y  
a b l a d e  a n g l e  (cor responding  t o  b l a d e  s e t t i n g  number) 
a hub t o  t i p  r a t i o .  

2 .  Based on t h e  above in format ion ,  and w i t h  t h e  h e l p  of a  
r e v e r s e  performance c h a r t  ( a s  shown i n  F i g u r e  8 o b t a i n e d  from labor -  
a t o r y  tests  of t h e  f a n  i n  r e v e r s e )  f o r  t h a t  f a n  t y p e ,  e s t i m a t e  t h e  
f a n  q u a n t i t y  and p r e s s u r e  i n  r e v e r s e .  

ENGINEERS INTERNATIONAL, INC. 



3 .  E s t a b l i s h  t h e  q u a n t i t y  of a i r  a v a i l a b l e  t o  d i f f e r e n t  p a r t s  
of  t h e  mine and t h e  o v e r a l l  a i r f l o w  p a t t e r n  based  on t h e  c h a r a c t e r i s -  
t i c s  of t h e  mine a i r w a y s .  

T h i s  w i l l  e n a b l e  t h e  mine e p e r a t o r  t o  e v a l u a t e :  

i n  c a s e  of a  f i r e ,  whe the r  t h e  f i r e  can  be  i s o -  
l a t e d  

whe the r  s u f f i c i e n t  a i r  would b e  a v a i l a b l e  t o  
p e r s o n s  i n  d i f f e r e n t  a r e a s  of t h e  mine 

whe the r  g a s e o u s  p o l l u t a n t s  can  be a d e q u a t e l y  
d i s s i p a t e d .  

On t h e  b a s i s  of  such  e v a l u a t i o n ,  t h e  mine o p e r a t o r  would be  a b l e  
t o  e f f e c t i v e l y  and e f f i c i e n t l y  d e t e r m i n e  i f  and how f a n  r e v e r s a l  
s h o u l d  b e  done. 

6 . 3  A p p l i c a b i l i t y  of G u i d e l i n e s  

The l i m i t a t i o n s  of  t h e  r e s u l t s  of t h i s  s t u d y  s h o u l d  b e  
unders tood  b e f o r e  a p p l y i n g  t h e  g u i d e l i n e s  t o  a  p a r t i c u l a r  mine. 
These  are: 

i n  a s i t u a t i o n  where s e v e r a l  f a n s  a r e  o p e r a t i n g  
i n  c l o s e  p r o x i m i t y  t o  one  a n o t h e r  w i t h i n  a  ven- 
t i l a t i o n  c i r c u i t ,  t h e  e f f e c t  of t h e i r  i n t e r -  
a c t i o n  may i n f l u e n c e  t h e  p r e d i c t a b i l i t y  of  t h e  
r e v e r s e  performance of a n  i n d i v i d u a l  f a n .  The 
r e s u l t s  of t h i s  s t u d y  s h o u l d ,  t h e r e f o r e ,  b e  
used w i t h  c a u t i o n  when f a n  i n t e r a c t i o n  i s  a n t i -  
c i p a  t e d  

due  t o  t ime  and budge t  l i m i t a t i o n s ,  o n l y  a  
l i m i t e d  v a r i e t y  of f a n  t y p e s  were t e s t e d .  The 
s t u d y  r e v e a l e d  t h a t  f a n s  of  d i f f e r e n t  manu- 
f a c t u r e r s  had d i f f e r e n t  r e v e r s e  c h a r a c t e r i s -  
t i c s ,  p o s s i b l y  due  t o  t h e  b l a d e  d e s i g n  p h i l o s -  
ophy of each  t y p e .  Kos t  of  t h e  c o n c l u s i v e  
f i n d i n g s  of  t h i s  s t u d y  r e l a t e  t o  f a n s  made by 
Joy Manufac tu r ing  Compsny. The a p p l i c a b i l i t y  
of t h e  r e s u l t s ,  t h e r e f o r e ,  is  l i m i t e d  t o  J o y  
f a n s ,  o r  t o  f a n s  i d e n t i c a l  t o  t h o s e  t e s t e d  i n  
t h e  f i e l d  

due  t o  t h e  n a t u r e  of t h e  f a n  i n s t a l l a t i o n s  a t  
most of  t h e  f i e l d  t e s t i n g  s i t e s ,  i d e a l  p i t o t  
t u b e  t r a v e r s e  p l a n e s  f o r  p r e s s u r e  and f l o w  
measurement cou ld  n o t  be  found. T h i s  may have 
i n t r o d u c e d  i n a c c u r a c i e s  i n  t h e  f i e l d  measure- 
ments ,  and c o u l d  accoun t  f o r  some of t h e  d i s -  
c r e p a n c i e s  i n  t h e  f i n a l  r e s u l t s .  
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7 . 0  CONCLUSIONS AND RECOMMENDATIONS 

7 . 1  Conclusions  

The fo l lowing  is  a  summary of t h e  major conc lus ions  reached 
from t h e  r e s u l t s  of t h i s  s tudy :  

t h e  s t udy  c l e a r l y  demonstra tes  t h a t  i t  is  pos- 
s i b l e  t o  p r e d i c t  r e v e r s e  performance of vane- 
a x i a l  f a n s  t o  a  r e a sonab l e  degree of accuracy,  
based on d a t a  o b t a i n a b l e  from f a n  manufac ture rs  

t h e  r e v e r s e  performance of vane-axial  f a n s  i s  
no t  a  f i x e d  percen tage  of forward performance,  
c o n t r a r y  t o  e a r l i e r  b e l i e f .  It  g e n e r a l l y  
v a r i e s  between 30 t o  65 p e r c e n t ,  depending on 
f a n  make, b l ade  ang l e ,  and hub t o  t i p  r a t i o .  
S t a t i c  p r e s s u r e  du r ing  r e v e r s e  r o t a t i o n  gener- 
a l l y  i s  reduced t o  v a l u e s  between 9 and 42 per-  
c en t  of t h e  forward mode. 

f a n  laws governing a i r f l o w  dur ing  t h e  forward 
o p e r a t i o n  of mine f a n s  appear  t o  be a p p l i c a b l e  
t o  r e v e r s e  flow 

t h e  f i e l d  t e s t s  i n d i c a t e d  t h a t  f a n  r e v e r s a l  
does  n o t  have n o t i c e a b l e  e f f e c t  on t h e  s t r u c -  
t u r a l  i n t e g r i t y  of t h e  f a n  and i n s t a l l a t i o n .  
I n  a d d i t i o n ,  provided t h a t  a i r  doors  and 
dampers ( i f  p r e s e n t )  a r e  kep t  s e c u r e l y  f a s t e n e d  
du r ing  r e v e r s e  ope ra t i on ,  t h e  s a f e t y  of t h e  
mine i s  n o t  endangered.  

7.2 Recommendations f o r  Fu ture  Work 

The t e s t i n g  of two f a n s  i n  t h e  l a b o r a t o r y  and seven i n  t h e  f i e l d  
does  no t  p rov ide  s u f f i c i e n t  d a t a  from which t o  e s t a b l i s h  d e f i n i t e  
g u i d e l i n e s .  In format ion  from o t h e r  ope ra t i ng  mines t h a t  have per-  
formed s i m i l a r  t e s t s  i s  nece s sa ry  t o  g e n e r a l i z e  t h e  d a t a  t r e n d s  
observed i n  t h i s  s tudy.  Th i s  c o l l e c t i o n  should i nc lude  in format ion  
from sma l l  d iamete r  f a n s  and from f a n s  made by many d i f f e r e n t  manu- 
f a c t u r e r s .  From t h i s  s t udy ,  it  is  apparen t  t h a t  f a n s  of d i f f e r e n t  
manufacture  behave d i f f e r e n t l y  when reversed .  

.It would a l s o  be advantageous t o  t e s t  m u l t i p l e  f a n  i n s t a l l a t i o n s  
i n  v a r i o u s  ways t o  b e t t e r  e s t a b l i s h  t h e  e f f e c t  of f a n  i n t e r a c t i o n  on 
performance.  Another worthwhile a r e a  of r e s e a r c h  is  t o  i n v e s t i g a t e  
t h e  e f f e c t  of f a n  r e v e r s a l  on a i r f l o w  i n  underground ai rways i n  o r d e r  
t o  p r e d i c t  c o n d i t i o n s  du r ing  an emergency. 
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Fan Performance Curves 
Obta ined  i n  t h e  L a b o r a t o r y  
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TEST PERFORMANCE 
FAN MOOEL: M96- 4 3  
JOY AXIVANE MINE FAN 
FAN SPEED: 7 2 0  RPM 
AIR DENSITY: 0 .075  # /cu f t  

BLADE TIP ANGLE: 1 o0 

REVERSE FLOW IN PERCENT 
OF FORWARD FLOW 

FAN WERAiiiiC 3 4  SAME 
SYSTEM WITH REVERSE ROTATION 

W , 
t- 

it' g 100, , 
3 W 
e a z e 

L! 
C 

FIGURE ~ 1 .  - Fan performance with l o 0  b l a d e  a n g l e .  
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