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UNIT OF MEASURE ABBREVIATIONS USED IN THIS REPORT

deg degree mg/m3 m illig ra m  per cubic meter

f t fo o t mm m illim e te r

f t /m in fo o t per minute ym micrometer

f t 3/m in cubic fo o t per minute m/s meter per second

g gram m3/s cubic meter per second

g a l/m in g a llo n  per minute oz ounce

h hour pet percent

in inch psi pound per square inch

L/m in l i t e r  per minute s second



THE E F F E C T  OF WATER VAPO R  AND WATER D R O P lE T S  
ON T H E  RAM-1 (P R E L IM IN A R Y  RESULTS)

By R, P .  V in s o n ,  1 K ,  L ,  W i l l ia m s ,  1 G .  H, Schnakenberg , J r . ,  2 

and N. Ja ya ra m a n  3

ABSTRACT

The Bureau of Mines examined the e ffe c ts  of high hum idity  and w ater 
d ro p le ts  on the GCA Corp. re a l- t im e  aeroso l m onitor (RAM-1), which uses 
a 10-mm cyclone p resep ara to r. Tests were conducted both in  a lab o ra ­
to ry  and in  a fu l l - s c a le  model mine e n try . The la b o ra to ry  te s ts  were 
conducted in  a te s t  chamber s a tu ra ted  w ith  m oisture and w ater d ro p le ts . 
Under these extreme co n d itio n s , the RAM-1 responded by in d ic a tin g  dust 
concentrations of 1 - 1 / 2  to  2 mg/m3 , although the a i r  was dust fre e .  
W ith in  the f i r s t  2 h of each te s t ,  w ater accumulated in  the cyclone and 
a ffe c te d  the cyclone p a r t ic le  sep ara tio n  c h a ra c te r is t ic s , re s u lt in g  in  
readings of 3 to 4 mg/m3 . In  a d d itio n , condensation formed in s id e  the 
RAM-1 case and a ffe c te d  the l iq u id  c ry s ta l d isp lay  (LCD). However, the 
f u l l - s c a le  mine e n try  te s ts  revealed  th a t the RAM-1 can fu n c tio n  ac­
cep tab ly  in  an atmosphere of w ater vapor and w ater d ro p le ts  s im ila r  to 
the most severe cond itions found in  an underground mine.

1 Physicist.
Supervisory research physicist.
^Mining engineer.
Pittsburgh Research Center, Bureau of Mines, Pittsburgh, PA.
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INTRODUCTION

The RAM-1 re a l- t im e  aerosol m onitor 
( f i g .  1 ) was designed and b u i l t  by the 
GCA Corp. under co n trac t (J_ )4 to the Bu­
reau of Mines. This instrum ent is  one of 
the more recen t re s u lts  of the Bureau's  
e f f o r t  to  design r e l ia b le  re s p ira b le  dust 
m onitors . The development of such in ­
struments is  v i t a l  fo r  the e lim in a tio n  of 
the mining h e a lth  hazard caused by re s p i­
ra b le  coal mine dust.

^Underlined numbers in parentheses re­
fer to items in the list of references 
preceding the appendix.

The RAM-1 is  o fte n  used in  coal mines 
whose atmospheres conta in  dust p a r t ic le s  
c o ex is tin g  w ith  w ater d ro p le ts  and high  
h u m id ity . To measure somewhat q u a n tita ­
t iv e ly  the response of the RAM-1 to w ater 
d ro p le ts  and high h u m id ity , an atmosphere 
a t dewpoint was produced by in je c t in g  
w ater d ro p le ts  in to  an enclosed, dust­
fre e  chamber and sampling th is  atmosphere 
w ith  the RAM-1. In  a d d it io n , the RAM-1 
was operated in  a fu l l - s c a le  mine model 
to  observe the e f fe c t  o f w ater d ro p le ts  
under m oisture cond itions s im ila r  to  
those found in  mines.

FIGURE 1. - The RAM-1.
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THE RAM-1

The RAM-1 Is  a com m ercially a v a ila b le ,  
p o rta b le , re a l- t im e  aeroso l m on ito r, w ith  
a double a ir f lo w  system. The prim ary  
system is  used to sample d u s t-lad en  a i r .  
A pump in  the instrum ent p u lls  a i r  from  
the environment a t 2 L/m in through a 10- 
mm-diam nylon cyclone p resep ara to r a t the  
i n l e t .  The cyclone separates out the  
re s p ira b le  f r a c t io n  o f the dust. The 
dust- laden a i r  then passes through the  
o p tic s  chamber where the dust p a r t ic le s  
s c a tte r  the n e a r - in fra re d  l ig h t  em itted  
by a pulsed s o l id -s ta te  source. The 
s ca tte re d  l ig h t  Is  detected  by a s il ic o n  
photodiode. The re s u lt in g  s ig n a l is  pro­
cessed to g ive a d ig i t a l  d is p la y  in  m il­
ligram s of re s p ira b le  dust per cubic  
meter o f a i r .

The secondary purge a i r  system uses the 
same pump as the prim ary system uses but

cleans and d rie s  the a i r  by p u llin g  i t  
through a f i l t e r  and d e s ic c a to r. A con­
s ta n t flow  of th is  a i r  continuously  
cleans the o p t ic a l surfaces in  the o p t i­
c a l chamber. This a i r  is  a lso  used to  
zero the RAM-1 when i t  is  operated in  the  
zero mode.

The RAM-1 can be set to  one of th ree  
fu l l - s c a le  ranges: zero to 2 , 2 0 , or 2 0 0
mg/m3. The measurement tim e constant can 
a lso  be set to  e ith e r  0 .5 ,  2 , 8 , or 32 s . 
The 0 .5 -s  time constant was used through­
out th is  in v e s tig a tio n . A convenient 
d ig i t a l  LCD on the top o f the instrum ent 
presents the measured dust concentration  
reading in  m illig ram s per cubic m eter. 
D e ta ils  of the RAM-1 can be found in  var­
ious rep o rts  by the Bureau ( 1 - 3 ) .

LABORATORY TESTS

EXPERIMENTAL PROCEDURE

The i n i t i a l  o b je c tiv e  o f the te s ts  was 
to  determ ine whether the RAM-1 would 
respond to an atmosphere co n ta in in g  wa­
t e r  d ro p le ts  and high h u m id ity . The 
procedure used was as fo llo w s . A m is t-  
producing h u m id if ie r  was placed in  a te s t  
chamber measuring 26 in  deep, 28 in  w ide, 
and 26 in  high ( f i g .  2 ) .  The h u m id ifie r  
c o n tin u a lly  added w ater vapor and drop­
le t s  to  the a i r  in  the chamber, so th a t  
the atmosphere in  the chamber became s a t­
ura ted  w ith  w ater vapor. (The vapor con­
te n t  was measured w ith  a psychrometer 
placed in  the chamber.) These conditions  
were m aintained w h ile  the RAM-1 was 
te s te d  in  a v a r ie ty  o f c o n fig u ra tio n s . 
The analog output of the RAM-1, rep re ­
senting  the response of the instrum ent to  
a ero so ls , was continuously recorded on a 
s t r ip  ch art recorder during the te s ts .

RAM-1 INSIDE THE TEST CHAMBER

In  the f i r s t  te s t ,  the RAM-1 was placed  
in s id e  the te s t chamber and operated in

the "c le a r"  mode to determ ine i f  i t  could 
be zeroed in  the w a te r-s a tu ra te d  environ­
ment. In  the c le a r  mode, only the c lean , 
dry purge a i r  en ters  the o p t ic a l chamber. 
W ith fre s h  desiccant in  the purge a i r  in ­
l e t ,  the RAM-1 m aintained zero reading  
w h ile  o p era tin g  continuously fo r  5 h in  
th is  w a te r-sa tu ra te d  atmosphere. How­
e ve r, i t  was found th a t i f  the purge a i r  
desiccant was removed or lo s t  i t s  a b i l i t y  
to absorb w ater the RAM-1 d r i f te d  from  
zero , g iv in g  a fa ls e  in d ic a tio n  of dust. 
I t  is  suspected th a t the w ater vapor con­
densed to  d ro p le ts  in s id e  the RAM-1, 
where they were detected  as they passed 
through the RAM-1's o p t ic a l d e te c tio n  
system. This f i r s t  te s t showed th a t the  
purge a i r  had to be kept clean and dry  
throughout the te s ts . I n i t i a l l y ,  th is  
was accomplished by fre q u e n tly  changing 
the desiccant in  the purge a i r  in l e t .  In  
la t e r  te s ts ,  the purge a i r  in le t  (shown 
in  f ig u re  2A) was connected to a section  
of tubing and to  another conta iner of 
desiccant th a t was placed outside the 
te s t chamber. This ensured th a t the 
purged a i r  would always be clean and d ry .
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A

inlet

TOP VIEW

FIGURE 2. - Top views of test setup with RAM-

To see i f  the RAM-1 responded to w ater 
d ro p le ts , i t  was placed in  the te s t cham­
ber w ith  a 1 0 -mm cyclone preseparator  
connected to i t s  in le t  and operated in  
i t s  "sample" mode. The graph in  f ig u re
3 shows the RAM-1's response to w ater 
d ro p le ts  from the h u m id if ie r , whose ou t­
l e t  was 17 in  from and fac in g  towards 
the cyclone in le t  ( f i g .  2A ) .  In  th is  
c o n fig u ra tio n , the RAM-1 rece ived  w ater 
vapor and a wide s ize  range of w ater 
d ro p le ts , many of which were v is ib le  to  
the unaided eye. Under these c o n d itio n s , 
the RAM-1 produced an i n i t i a l  reading of 
1 mg/m3 , which increased to 2 mg/m3 In  
the f i r s t  h a lf  hour and then ra p id ly  in ­
creased to about 4 mg/m3 , a doubling in  
the response.

The e ffe c ts  of the RAM-1 from w ater in  
the form of vapor and d ro p le ts  not v is i ­
b le  to the unaided eye were examined

B

1 inside (A) and outside (6) the test chamber.

FIGURE 3. - RAM-1 response to water dropfets 
with the humidifier outlet facing RAM-1 inlet.
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n e x t. The h u m id if ie r  o u t le t  faced toward 
the chamber w a ll opposite  the RAM-1's in ­
l e t  (o u t le t  shown as dashed l in e  in  f i g ­
ure 2A) .  The v is ib le  w ater d ro p le ts  im­
pinged ag a in s t the w a l l ,  lea v in g  w ater 
vapor and n o n v is ib le  w ater d ro p le ts  in  
the chamber's atmosphere. Once again , 
the RAM-1 im m ediately responded ( f i g .  4 ) .  
I n i t i a l l y ,  the reading was 1 mg/m3 , which 
increased to  3 mg/m3 and stayed between 2 
and 3 mg/m3 fo r  the remainder o f the 
te s t .  Other repeated w ater d ro p le t te s ts  
produced a s im ila r  response from the 
RAM-1 both in  magnitude and in  tim e.

The fo llo w in g  observations were made 
when the RAM-1 was operated in s id e  the  
te s t  chamber. F i r s t ,  the RAM-1 responded 
to  w ater vapor and w ater d ro p le ts ; the  
RAM-1 in d ic a te d  high dust concentrations  
when i t  was a c tu a lly  sampling a i r  con­
ta in in g  la rg e  amounts o f w ater vapor and 
w ater d ro p le ts . Second, there  was no 
s ig n if ic a n t  d if fe re n c e  in  the RAM-1's re ­
sponse to v is ib le  and n o n v is ib le  w ater 
d ro p le ts . T h ird , the e le c tro n ic  compo­
nents of the RAM-1 could be contaminanted 
by w ater as when, fo r  example, w ater

m igrated in s id e  the LCD lam in a tio n s , 
causing improper d is p la y s .

This la s t  fin d in g  made i t  necessary to  
operate the RAM-1 outs ide the te s t cham­
ber w h ile  sampling the w a te r-sa tu ra te d  
a i r  in s id e  the chamber, to  e lim in a te  the 
in flu e n c e  of w ater contam ination on the  
e le c tro n ic s  so th a t the RAM-1’ s response 
was only from l ig h t  s c a tte r in g  in  the op­
t ic s  chamber.

T h is , in  tu rn , req u ired  measuring the 
w ater volume sampled ( 1 ) to ensure th a t 
the RAM-1 sampled an eq u iva len t amount of 
w ater outside the chamber as i t  sampled 
in s id e  the chamber and ( 2 ) to determ ine  
i f  there  was a c o rre la t io n  between the 
response of the RAM-1 and the w ater v o l­
ume sampled.

WATER VOLUME MEASUREMENT METHOD

Two b o tt le s  were f i l l e d  w ith  d e s ic -  
cant and connected to an a i r  pump ( f ig s .
2 , 5 ) .  The pump p u lled  saturated  a ir  
from the te s t chamber through the bo t­
t le s ,  where the w ater in  the a i r  was

0 .5  1.0 1.5 2 . 0  2

TIME, h
FIGURE 4. - RAM-1 response to water droplets with the humidifier outlet facing the test chamber 

wall opposite the RAM-1 inlet.
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absorbed by the d es iccan t. The bo t­
t le s  were weighed before and a f te r  each
te s t .  The d iffe re n c e  in  the p re te s t and
p o s tte s t w eights equals the weight of
w ater c o lle c te d . A tube f i l l e d  w ith

A i r  o u t le t  

t

F I G U R E  5. ■> C r o s s  s e c t i o n  of  d e s i c c a n t  b o t t le .

c o lo r - in d ic a t in g  desiccant was connected 
to  the o u t le t  of each b o t t le .  This made 
i t  possib le  to  determine i f  any w ater was 
passing through the b o tt le s  and, thus, 
not being c o lle c te d . None was. An o r i ­
f ic e  between the b o tt le  and a i r  pump was 
used to m ain ta in  a constant 2-L /m in a i r ­
flo w  fo r  the d u ra tio n  o f each te s t .

Both the desiccant b o ttle s  and the 
RAM-1 drew a ir  from the te s t chamber a t 
the same ra te  and fo r  the same amount of 
tim e . T h ere fo re , the amount of w ater 
c o lle c te d  by the desiccant b o ttle s  would 
be e q u iva len t to  the amount of w ater sam­
pled by the RAM-1.

WATER VOLUME MEASURED

As in  previous RAM-1 te s ts ,  these te s ts  
were d iv ided  in to  two groups based on the 
o r ie n ta t io n  of the h u m id ifie r  o u t le t ,  
which faced e ith e r  the in le ts  of the des­
ic c a n t b o tt le s  (te s ts  A-C) or the w a ll 
of the te s t chamber ( te s ts  D -E ), as de­
scribed p re v io u s ly . Table 1 gives the  
amount of w ater c o lle c te d . The average 
amount of w ater c o lle c te d  was 1 2 . 2  g when 
the h u m id ifie r  o u t le t  faced the desiccant 
b o tt le  in le ts  and 1 0 . 2  g when the hum idi­
f i e r  o u t le t  faced the w a ll of the te s t  
chamber. A comparison was made of these 
two means using a " t"  t e s t ,  which showed 
th a t w ith  5 deg of freedom and a t the 
95-p ct confidence le v e l both means were 
from the same p o p u la tio n . Thus, the wa­
te r  volume sampled by the RAM-1 would not 
be s ig n if ic a n t ly  d if fe r e n t  fo r  these two 
c o n fig u ra tio n s .

TABLE 1. -  Water c o lle c tio n  in  
desiccant b o tt le s ,  grams

Test B o ttle  1 B o ttle  2
10.4 9.7

1 1 2 . 8 1 2 . 8
114.6 12.9

19. 9 19 . 2
1 1 1 . 0 H O . 8

HO-mm nylon cyclone connected to  des­
ic c a n t b o tt le  in le t .

NOTE.— In  te s ts  A-C, h u m id ifie r  o u tle t  
faced desiccant b o tt le  in le t s ;  in  te s ts  
D-E, o u t le t  faced w a ll opposite in le t s .

N on in d ic a t in g  

d es ic can t

D e s ic c a n t

b o tt le

B lu e - in d ic a t in g

d e s ic c a n t
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The measured w ater volumes revealed  a 
rough c o rre la t io n  between the amount of 
w ater c o lle c te d  fo r  each te s t  and the  
average RAM-1 response fo r  the same te s t .  
The recorded output of the RAM-1 was used 
to  c a lc u la te  the average response fo r
each te s t in  m illig ram s per cubic m eter. 
This average value  was then graphed w ith  
respect to the average w eight o f w ater 
c o lle c te d  in  the desiccant b o tt le s  fo r  
each te s t  ( f i g .  6 ) .  Although there  are
only f iv e  data po in ts  a v a ila b le , th ere  
appears to be a re la t io n s h ip  between 
the average response and the t o t a l  w ater 
through the RAM-1.

The w ater volume measurement method was 
a lso  used to determ ine whether an equiva­
le n t  volume of w ater would be sampled by 
the RAM-1 when operated in s id e  the te s t  
chamber and o u ts id e  the chamber (sam pling  
the sa tu ra ted  a i r  in s id e  the chamber).

The RAM-1 and two desiccant b o tt le s  
were placed outs ide  the te s t  chamber 
( f i g .  2 B)  and sampled the sa tu ra ted  a i r  
in  the chamber through equal lengths of 
f le x ib le  tubing (3 f t  long, 1/4 in .  in  
diam) connected to  1 0 -mm cyclones placed  
in s id e  the te s t  chamber. The purpose of 
these te s ts  was to  determ ine i f  a s ig ­
n if ic a n t  amount of w ater was condensing 
onto the tubing w a ll .  The weights of 
the c o lle c te d  w ater w ith  the desiccant

7 —

ol --------------------- 1---------------------1--------------------J___________ I___________
9 10 II 12 13 14

H20 COLLECTED FOR 4 h, g

F I G U R E  6. -  A v e ra g e  R A M - 1 resp o nse v e rsu s  

weight of water c o l le c t e d .

b o tt le s  outside and in s id e  the te s t cham­
ber are shown in  ta b le  2 .

TABLE 2. -  Water c o lle c te d  in s id e  and 
outside the te s t chamber, grams

Test B o ttle  in s id e B o ttle  outside
A . ................ 10.4

9.7 > NAp

1 2 . 8

1 2 . 8
•> NAp

NAp r 14.6  
12.9

D................... 9 .9 9 .2
11.0 1 0 . 8

Av............ 11.9 1 1 . 1
NAp Not a p p lic a b le .

The sm all d iffe re n c e  of 0 . 8  g between
the average weights of w ater c o lle c te d  
in s id e  and outside the chamber (1 1 .9  and
1 1 . 1  g) in d ic a te s  th a t the tubing d id not 
s u b s ta n t ia lly  reduce the a irbo rn e  water 
reaching the RAM-1 outs ide the chamber. 
Hence, experiments conducted w ith  a RAM-1 
outs ide  the chamber, sampling the atmos­
phere in s id e  the chamber, are v a l id .

RAM-1 OUTSIDE THE TEST CHAMBER

The RAM-1 was placed outs ide  the te s t  
chamber and sampled satu ra ted  a i r  in s id e  
the te s t  chamber ( f i g .  2 B)  to e lim in a te  
any possib le  e ffe c ts  th a t w ater contami­
n a tio n  might have on the RAM-1's output 
s ig n a l. This te s t c o n fig u ra tio n  ensured 
th a t the output s ig n a l o f the RAM-1 would 
be a ffe c te d  only by the response of the 
l ig h t -d e te c t io n  system to  the w ater drop­
le ts  as they passed through the o p tic a l  
chamber.

The RAM-1 response in  th is  con figura ­
t io n  was eq u iva len t to i t s  response when 
operated in  the te s t chamber. There was 
an i n i t i a l  reading fo r  approxim ately one- 
h a lf  hour of about 1 mg/m3. The response 
then ra p id ly  increased to  about 3 mg/m3 

and stayed a t th a t le v e l fo r  the re ­
mainder of the te s t .

I t  is  concluded th a t the response 
of the RAM-1 in  a l l  o f the te s ts  was 
due s o le ly  to  the d e te c tio n  of l ig h t
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s ca tte red  by w ater d ro p le ts  in  the o p t i ­
c a l chamber.

OTHER OBSERVATIONS FROM LABORATORY TESTS

During the te s ts  both in s id e  and ou t­
s ide the te s t chamber, the RAM-1 response 
would suddenly in c re a se , roughly doubling  
the i n i t i a l  read ing ( f ig s .  3 -4 ) ,  This 
u s u a lly  occurred w ith in  2  h a f te r  the  
s ta r t  of a te s t .  This behavior was
probably due to  the cyclone's  f i l l i n g  
w ith  w ater, which stopped or changed the 
sep ara tin g  e f fe c t  o f the cyclone, thus 
a llo w in g  w ater d ro p le ts  o f a l l  s izes to  
en te r the l ig h t -s c a t te r in g  system of the  
RAM-1. A fte r  many of the te s ts , the

TESTS IN  A FULL-

The RAM-1 response to  w ater d ro p le ts  in  
the previous te s ts  caused concern as to  
how i t  would respond in  underground mines 
near the working face where w ater sprays 
are used to c o n tro l dust and methane. 
T h ere fo re , two te s ts  were conducted in  
the Bureau's f u l l - s c a le  model mine en try  
to examine what e f fe c t  w ater sprays from  
a fu l l - s c a le  m ining machine might have 
on the RAM-1. The fu l l - s c a le  model was
f i r s t  cleaned w ith  a h igh-pressure  spray
washer to  reduce the possib le  in flu e n ce  
o f re s id u a l coal dust from other te s ts .  
Since the purpose was to observe how w e ll 
the  RAM-1 would operate under the most 
severe spray c o n d itio n s , two RAM-1's w ith  
1 0 -mm cyclones connected to th e ir  in ­
le ts  were placed in  the immediate re tu rn  
airw ay ( f i g .  7 ) .

A Tyndallom eter T . M. D ig i t a l ,  a 
German-made l ig h t -s c a t te r in g  dust moni­
to r ,  was a lso  included in  these te s ts  
( 4_). The outputs o f a l l  th ree  dust moni­
to rs  were continuously  recorded on chart 
reco rd ers .

During these te s ts ,  the f u l l - s c a le  mine 
e n try  was operated w ith  an exhaust v e n t i­
la t io n  system a t 5 ,500 f t 3/m in (2 .5 9  
m3 / s ) ,  producing an a i r  v e lo c ity  of 360 
f t /m in  (1 .8 3  m /s) in  the re tu rn  a irw ay . 
The only change made fo r  the two te s ts  
was the w ater sp ray 's  pressure and flo w .

cyclone body had f i l l e d  w ith  w ate r, but 
no w ater had c o lle c te d  in  the g r i t  p o t. 
The Bureau hypothesized th a t the f i r s t
w ater d ro p le ts  to be separated out plug  
the very sm all entrance to  the g r i t  po t.

As p rev io u s ly  mentioned, the e le c tro n ic  
components o f the RAM-1 are a ffe c te d  by
condensation. For example, when the  
RAM-1 was operated in  the saturated  a t ­
mosphere, the LCD gave p e c u lia r  d isp lays  
such as three decimal p o in ts . Water had 
condensed and m igrated in s id e  the LCD
lam inations causing such improper d is ­
p lays . The trapped w ater was removed by 
p lac in g  the LCD in  a vacuum fo r  about
1  h.

SCALE MINE ENTRY

Table 3 shows th a t the response of the  
RAM-1 was very low and d id not d ir e c t ly  
re la te  to the w ater spray pressure and 
flo w .

TABLE 3. -  Dust m onitors ' responses to  
w ater d ro p le ts  fo r  two 0 .5 -h  te s ts

Test 1 Test 2
Water sprays:

P ressure ..................... p s i . . 1 0 0 400
18 36

Dust monitor response,
mg/m3 :

RAM-1:
0 .09 0 .06
0.14 0 .08

T . M. D ig i t a l ..................... 5 .5 25.2

At the end of te s t 2 , the fro n t RAM-1 
continued to o p era te , to determ ine i f  
there  was a change in  response owing to  
the cyclone f i l l i n g  w ith  w ater as was in ­
d ica ted  in  the la b o ra to ry  te s ts .

Almost a t the beginning o f the second 
h a lf  hour, the RAM-1 response increased  
in  a manner s im ila r  to th a t recorded in  
the la b o ra to ry  te s ts . The o r ig in a l cy­
clone was replaced w ith  a c lean , dry one 
to f in d  out i f  th is  increase was due to  
w ater in  the cyclone. Once the c lean , 
dry cyclone was in s ta l le d ,  the RAM-1 
reading dropped from 0 .25  to 0 .13 mg/m3.
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Water sprays

Full-scale
continuous

miner

/
v

10 ft, 
curtain

to
face

I f t Front RAM-1
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T. M, Digital

Back RAM-

Exhaust ventilation,
5,500 ft^min

FIGURE 7. - Test  setup in the fu l l -scale mine 
entry model.

Although the RAM-1 response was r e la ­
t iv e ly  low throughout the te s ts ,  the  
reading dropped to  almost h a lf  w ith  the 
dry cyclone. I t  seems, th e re fo re , th a t  
the increase in  the response of the  
RAM-1 w ith  time in  h ig h ly  w a te r-s a tu ra te d  
atmospheres is  caused by the t o t a l  v o l­
ume of w ater c o lle c te d  by the cyclone

p reseparator and is  not a fu n c tio n  of the 
t o t a l  volume of w ater passing through the
RAM-1 per se. The phenomenon is  not as­
socia ted  w ith  the RAM-1 d e te c tio n  p r in c i­
p le  but w ith  the cyclone.

A fte r  the second t e s t , the fro n t RAM-1 
( the one c lo sest to the spray) was d is ­
assembled and examined. Water had con­
densed on the in n er components, the purge 
a i r  f i l t e r s  were soaked, the main flow ­
meter was h a lf  f i l l e d  w ith  w a te r , and the
pump and p u ls a tio n  dampener contained
0 .14  oz of w ater. ( In  previous lab o ra ­
to ry  te s ts , w ater was found in s id e  the 
RAM-1 case; however, the motor and pulsa­
t io n  dampener were not d is m a n tle d .) I t  
is  very u n lik e ly  th a t the RAM-1 w i l l  ever 
be subjected to  an environment th is  se­
vere  even in  a coal m ine, since dust is  
seldom monitored in  the immediate re tu rn  
a irw ay . Even i f  the RAM-1 is  operated in  
the re tu rn  airw ay of a re a l coal m ine, 
the w ater d ro p le t co ncentra tion  w i l l  be 
lower because a la rg e  q u a n tity  of w ater 
w i l l  impact on the coal being mined and 
never reach the re tu rn  a irw ay . The re ­
s u lts  in d ic a te  th a t the RAM-1 w i l l  per­
form s a t is fa c to r i ly  in  underground mines 
provided i t  is  not placed in  a high  
co ncentra tion  of w ater spray fo r  long 
p e rio d s .

The Tyndallom eter was much more sensi­
t iv e  to  w ater d ro p le ts  than were the  
RAM-1' s because i t  had no p resep ara to r. 
Table 3 shows th a t the average response 
o f the T. M. D ig i ta l  to these conditions  
is  s ig n if ic a n t .

CONCLUSIONS AND RECOMMENDATIONS

This l im ite d  s e rie s  o f te s ts  in  both  
the la b o ra to ry  and the f u l l - s c a le  mine 
model in d ic a te s  t h a t , a lthough w ater can 
a f fe c t  the RAM-1’ s perform ance, the e f ­
fe c t  in  most underground sampling s itu a ­
t io n s  w i l l  be m in im al.

The fu l l - s c a le  mine te s ts  a lso  re ­
vealed  th a t the Tyndallom eter T . M. D ig i­
t a l  is  very s e n s it iv e  to a irb o rn e  w ater 
a e ro s o ls .

I t  was also found th a t the performance 
of the 1 0 -mm nylon cyclone preseparator 
is  a ffe c te d  by the accum ulation of w ater. 
This conclusion w ith  regard to  the cy­
clone may have im p lic a tio n s  of wide con­
cern . The evidence suggests th a t the cy­
clone loses i t s  a b i l i t y  to separate ( fo r  
whatever reason) w ater d ro p le ts  from the 
a i r  a f te r  i t  has accumulated w ater. How­
e ve r, th is  s t i l l  leaves unresolved the 
question of the cyclone' s performance as
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a s ize  s e le c to r  in  th is  co n d itio n  w ith  
respect to s o lid  aero so ls .

When sampling w ith  the RAM-1, place  
i t  in  lo c a tio n s  th a t are fre e  from w ater 
sprays.

The e f fe c t  o f w ater d ro p le ts  on the  
sep ara tio n  e f f ic ie n c y  of the 1 0 -mm nylon

cyclone should be more thoroughly ex­
amined. In  a d d it io n , the combined e f ­
fe c ts  o f w ater and dust p a r t ic le s  on the 
1 0 -mm cyclone should be in v e s tig a te d .

A s eries  o f in -m ine s tud ies  should be 
conducted to determ ine the incidence of 
w ater c o lle c te d  In  cyclones.
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APPENDIX.— MEASUREMENT OF WATER DROPLETS

D rop lets  produced by the h u m id ifie r  
were s ized using techniques devised by 
May (5 ) , 1 whereby magnesium s tr ip s  were 
burned using a propane to rc h . The re ­
s u lt in g  magnesium oxide smoke was used 
to  coat glass microscope s l id e s , which 
were then passed through the d ro p le t  
stream about 1  f t  from the h u m id ifie r  
e x i t  p o rt. D rop le ts  s t r ik in g  the s lid e s  
make somewhat permanent impressions in

1 Underlined numbers in parentheses re­
fer to items in the list of references 
preceding this appendix.

the magnesium oxide co a tin g , which can be 
measured m ic ro s c o p ica lly . According to  
May, the diam eter o f the im pression times
0 . 8 6  is  the tru e  d ro p le t diam eter fo r  wa­
te r  d ro p le ts  between 20 and 200 ym. F ig ­
ure A -l shows a microscopic photograph of 
a ty p ic a l magnesium oxide s lid e  w ith  
d ro p le t im pressions. D rop lets  produced 
by the h u m id ifie r  and measurable by th is  
technique appeared to be about 35 ym on 
the average, w ith  a standard d e v ia tio n  of 
about 13 pm. Note, however, th a t drop­
le ts  sm aller than about 1 0  pm w i l l  not be 
measured by th is  technique.

F I G U R E  A - l .  - D ro p l e t  im p re s s i o n s  on magnes ium ox i de  (X 50) .
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