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- I *  SUMMARY 

- a  -.-.f.g.- - -  ,, .cop i 

- 

e r s  t h e  t ime i n t e r v a l  f rom 
t o  October 1 9 6 7 .  

p roq res s  r e p o r t  o n  t h e  F o g  Broom P r o j e c t :  
-1 P (A)’ in  exper imenta l  outdoor  ‘ f o g  broom i n s t a l l a t i o n  

procedures  have been developed t o  eva lua5e  f o g  
broom-strand m a t e r i a l s  i n  t h e  f o g  chamber a n d  e v a l u a t i o n  

S 
D 

n g  conducted,  

p o r t a b l e  f o g  broom- demonst ra t ion  chamber has  

.) mber a t  Mercer C o u n t y  A i r p o r t  has ‘been 
used f o r  demonst ra t ion  purposes a n d  has bee-n used by 

-‘persong‘’outside t h e  Department t o  e v a l u a t e  t h e i r  f o g  
removal d e v i c e s .  

* r  
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Report p repared  by 

Frede r i ck  H. Scheer  Arthur C .  Johnson I 

P r i n c i p a l  Engineer ,  Research P r i n c i p a l  Engineer ,  Resea rc  



( A )  O U T D O O R  FOG B%r)Oi.l INSTALLATION 
i . . a  

* .  - _ _  : a -  

From September: 1966 t o  December 1966, p l a n s  were 

f i n a l i z e d  an.d r e q u e s t s  were made for  m a t e r i a l  a n d  equip-  

ment f o r  t h e  f i r s t ' o u t d o o r  exper imenta l  fog broom f n s t a l l a -  

t i o n .  The a r e a  i n  f r o n t  of F e r n w o o d  S h o p s ,  Parkway Avenue, 

Trenton;New J e r s e y ,  was s e l e c t e d  fo r  t h e  s i t e .  .Bids were 

c ing around t h e  s i t e ,  a n d  for  t h e  manu- 

twenty f o g  brooms. D u r i n g  t h i s  t ime,  

g conducted i n  t h e  fog chamber a t  
c- - - - _  < . A * - .  

MercerI'County Airb6rt were v ideo- taped  as  p a r t  o f  t h e  
- .,_ - 

{esearch  p r o j e c t .  A co lo red  motion p i c t u r e  w i t h  a n a r r a -  
- r .  - - *  

t i o n  o f  - t h e s e  expei iments  was prepared  f o r  p r e s e n t a t i o n  t o  

e sea rch  B o a r d  i n  J anua ry  1967. 

i d  o f  January 1967,  t h e  f e n c e  around t h e  i n s t a l l a -  

t i o n  w a s  completed.  

{eceived t h e ' b i d  t o  f a b r i c a t e  t h e  brooms, a n d  were i n  process 

Also, a r e q u i s i t i o n  was sub- 

F A B C O N  Engineers  Company, Trenton h a d  

. the*fog 'broom frames.. 

mi t ted ' " to  t h e - E l e c t r i c a l  Bureau o f  t h e  Department f o r  t h e  

i n s t a l l a t i o n  o f  a l l  t h e  equipment involved  i n  , t h e  e l e c t r i c a l  

o p e r a t i o n  o f  t h e  system. 

T h e  fog  b r o o m  a s sembl i e s  were completed by t h e  1 s t  of 

A p r i l .  Members o f  t h e  Bureau o f  E l e c t r o n i c s  and S c i e n t i f i c  

, A i d s  completed t h e  brooms by w i n d i n g ,  by h a n d ,  t h e  ny lon '  

s t r a n d s  o n  t h e  r o t a t i n g  p a r t  of t h e  frame. There twenty 

c . -1- 
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a t  16 - foo t  i n t e r v a l s .  

r e c o r d i n g  f o g  d e n s i t y  and t h e  p h o t o e l e c t r i c  system were 

r ece ived .  

The Texas I n s t r i m e n t  Recorder f o r  

These d e v i c e s  were c a l i b r a t e d  a n d  p u t  on t e s t  

i n  t he  A i r p o r t  fog chamber. A t  t h i s  t i m e ,  i t  was dec ided  

to-have  o u t s i d e  c o n t r a c t o r s  i n s t a l l  t h e  e l e c t r i c a l  p w e r  

t o  t h e  s i t e .  

Next, t h e  p h o t o e l e c t r i c  au tomat i c  c o n t r o l  system was 
*- k;, 

instaI‘i”ed’:--’’The i n s i a l l a t i o n  could not  be t e s t e d  because 

by th;*&d o f  Apri’l%he e l e c t r i c a l  power h a d  y e t  t o  be 

I 

- 

I . install<d by”P’Fi.ublic‘‘Service. Members of  t h e  Bureau wired 
.-?$ - -* 

t h e  se -pa ia t e ly  fused  A.C. b r o o m  motors t o  t h e i r  r e s p e c t i v e  
- /  c -.- 

j u n c t  i 0;” boxes.  
‘ Oice  t h e % l e c t r i c a l  power h a d  been connec ted ,  t h e  

. A  - T . * -  - . a l l , -  fog d e t e c t i o n  system-was a l i g n e d  and t h e  s o l a r ’ c e l :  f o g  

d e n s i t y v m o n i t o r i n g  system was i n s t a l l e d .  
0 .  

Because t h e  

Texas Instriment Recorder w o u l d  mal func t ion  a n d  t h e r e -  

f o r e  be*%nrel Tab1 e t was s e n t  back t o  t h e  Texas Xnstru- 

When i t  was ‘ r e t u r n e d ,  t h e  .- 
p a i r  shop.  

s t e d  a t  t h e  f o g  chamber a n d  then - i n s t a l l e d  

a t  t h e  f o g  b r o o m  i n s t a l l a t i o n  i n  t h e  o u t e r  guardhouse.  

A l s o  l o c a t e d  i n  t h e  guardhouse were t h e  w i n d  d i r e c t i o n  

a n d  v e l o c i t y  meters  w i t h  t h e i r  a s s o c i a t e d  t r a n s l a t o r s  

and power supp ly ,  and t h e  main power panel b o a r d .  Trim- 

, po ten t iome te r s  were connected a c r o s s  t h e  s o l a r  c e l l  e l  ec-  

t r i c a l  o u t p u t s  i n  o r d e r  t o  a d j u s t  and c a l i b r a t e  t h e  i n p u t  

to- the T e x a s  Ins t rument  Recorder .  

e 
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'og broom- i n s t a l  l a t i o n  , designed ' t o  measure 

the effectiveness of removing fog by twenty fog brooms, became operational. 

To make t h i s  s i t e  automatic, a photoelectr ic device i s  used t o  detect 

For example-,^a l i g h t  source transmits a beam o f  l i g h t  t o  the the fog. 

photoelectr ic c e l l .  When the fog becomes dense enough, the l i g h t  beam i s  

interrupted and closes a r'elay which turns on the fog brooms and i t s  

associated data-gathering equipment. When the fog has been abated, the 

photoelectr ic system automatically turns o f f  the equipment. Security 

guards a t  Fernwood have been very cooperative i n  no t i f y i ng  the Bureau 
*$wz 

whenever the &stem turns onautomat ica l ly  o r  when fog has seeped i n t o  

the area. Each' t ime'a- phone c a l l  i s  received from the secur i ty  guards, 

no matter what t i m e  o f  aay i t  i s ,  a member f r o m  the Bureau inspects the 

s i t e  and makes'a report. 

For t h i s  experimental i n s t a l l a t i o n  the most promising fog broom 

strand mater ia l  evaluated was used. Various types of strands were tested 

i n  the fog chamber. These tests  and the i r  resu l t s  w i l l  be more f u l l y  

discussed l a t e r  i n  t h i s  repor t  i n  Section (6) .  Monofilament nylon strand 

was considered the most  e f fect ive.  

with approxindtely one'half  m i l e  o f  t h i s  nylon strand. 

- 
reducing gear t r a i n  i s  used t o  revolve the broom. Tests a t  the fog 

chamber demonstrated that  the speed o f  r o t a t i o n  i s  important and c r i t i c a l .  

Each o f  the twenty brooms was wound 

A one- f i f teenth ' ( l / l5)  horsepower, 115 v o l t ,  A.C. motor w i th  a speed 

Below n inety  r.p.m. the broom i s  not  e f fect ive.  

one hundred and ten r.p.m., the broom becomes a fan which j u s t  red i s t r i bu tes  

A t  high speeds, above 

the fog but does not abate it. However, a t  n inety r.p.m., the brooms i n  

the t e s t  chamber ef fect ive ly  removed the fog. This ninety,r.p.m. i s  now. 
\ 

considered the standard speed f o r  the brooms w i th  a l l  other speed evalua- 

€ion tests measured against it. 

-3- 
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-foot intervals for a total  distance of 

320 feet along the Avenue. This 16-foot spacing i s  arbitrary and will 

be evaluated against other spacings a t  a future date. 

Wind direction-and wind velocity are recorded t h u s  mapping the fog 

movement through t h e  installation. A five solar cell fog monitoring 

system measures the fog density around the brooms. 

i s  referenced zgainst a s i x t h  fog density monitor which i s  60 feet  from 

the s i te .  The reference density monitor measures the fog density as the 

fog seeps i n &  the fog broom area. Clearing of fog by the brooms can be 

noted- by tk'change'i n the fog density values between the reference monitor 

This density data 

which shouId"main%onstant and the monitors i n  the installation which 

should sh0~7a  decrease i n  fog density. 

pu t  is across the'T6xas Instrument Recorder. 

Each solar cel l  electrical  out- 

Operational Problems with the Fog Broom Equipment 

Since June 29,' 1967, two broom frames have been replaced 

broken strands. The A.C. motor for  the # one broom became no 

heated. It'-was reakyed and'repaired. The  motor was out of s 

because of 

sy and over- 

rvice from 

August 16 t8Septem5er 29. Repairs t o  the motor included: adding shielded 

bearings, a new star t ing coi l ,  replacement of the s t a to r  windings,  cleaning, 

baking, and painting. These motors are  classified as being weather proof; 

however, this doesn ' t  mean t h a t  they are  waterproof. Inspection showed 

t h a t  water had seeped into the motor which rusted i t  and provided a low 

resistance path to ground. The noise that had been noticed was from rusted 

bearings. The gear t r a in ,  which had remained adequately greased, was 

trouble free. I t  i s  l ikely that  a l l  of the fog broom motors will have to  

+e-waterproofed. T h i s  can be done t o  the A.C. motors by replacing t h e  

I 
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ngs, dipping the s ta tor  and rotor windings 

i n  epoxy resin, and replacing the open start ing switch w i t h  an o i l  f i l l e d  

capacitor start ing switch. W i t h  the D.C. motors used i n  the f o g  chamber, 

i t  is  more a i f f i cu l t  t o  have them waterproofed because the commutator and 

brushes are exposed'and cannot be encapsulated. Therefore, i t  would be 

best to  coat the f ie ld  and. annature windings w i t h  epoxy resin and then 

seal the motor i t s e l f  with silicone rubber as a firm gasket. 

has been made to have this process done t o  one motor. 

proves - -  satisfactory, the remaining A.C. and D.C. motors will be processed. 

. Maintaining -proper alignment o f  the photoelectric fog detector system 

x has presented a continuous problem. 

cri t ical? The l igh t  source and photoelectric ce l l  are spaced 50 fee t  

apart. To shade the photocell from ambient l i g h t ,  i t  was necessary to  

add a two inch diameter tube three f ee t  long to  the photocell. Due t o  

A request 

I f  this waterproofing 

I t  was found that  alignment was 

the narrow tube opening and the 50 foot distance, a s l i g h t  movement of 

either device will cause the system to  malfunction. For examples, a 

strong wind, the ground around the posts set t l ing,  or the screws loosening 

on the brackets can cause mis-alignment. Every time this device malfunctions, 

the ent i re  fog broom system is turned on. Another problem encountered was 

that the photoelectric cel l  received l i g h t  from the immediate area around 

the l i g h t  source. A four-sided black box arrangement w i t h  the l i g h t  

source inside corrected th i s  situation. These additions made the automatic 

system wholly dependent on the l i g h t  source. On July 10, a cal l  was 

received indicating that the fog  brooms were runn ing  b u t  there was no 

fog i n  the area. Inspection of the s i t e  showed t h a t  condensation had 

bui l t  up on the lens o f  the photoelectric cel l .  T h i s  reduced the l i g h t  

r 

\ 

beam,enough . .  . . _  t o  t u r n  on the equipment. Four one-sixteenth holes were 

-5- 
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case to  allow a i r  to  circulate and prevent 

condensation, 

Experience has shown t h a t  a fa i r ly  heavy fog i s  needed t o  t u r n  on 

the brooms,* I t  would be better t o  turn on the brooms i n  a l i g h t  fog so 

as t o  keep the fog from increasing. This can be done by a d j u s t i n g  the 

sensit ivity of t h e  photoelectric cell  relays. Plans are being fonoulatcd 

to  develop a better automatic system and do away w i t h  the present system 

because of the problem of alignment and ambient l ight .  

Problems have also occurred w i t h  the solar cell  fog monitoring system. 

Several times condensation has appeared on the solar ce l l s  which caused 

the measurement to d r i f t .  T h i s  condition usually occurred a f te r  heavy 

rains. -It wasnoted that the solar cell tubes are parallel t o  the ground 

which makes i t  possiblefor r a in  water to drain i n t o  the tubes. T h i s  

problem can be reduced if  not eliminated by t i l t i ng  the tubes towards 

the 

the 

can 

ground.--+By ra is ing  the solar cell  device six inches and lowering 

l igh t  source by six inches and t h e n  aligning the system this condition 
0 

be met, - *. 

The second-hand wind direction and velocity equipment has not proven 

satisfactory i n  regard t o  dependability. On Ju:y 10, a short time af te r  

the equipment was instal led,  the power supply b u r n t  up  and was replaced 

w i t h  the  only remaining spare. 

experienced w i t h  the wind detection equipment, power supply, translators 

Since t h a t  time no problems have been 

or meters, except for  the inkpens. The pen elements have been a consistent 

source of trouble which  resulted in the wind equipment being o u t  of 

operation most of the time. To solve this  problem and a t  the same time 

inirease uti l ization of the Texas Instrument Recorder, attempts will be 

-6- 
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+- 
_ _  

the ‘signal o u t p u t  ,of the trans1 ators 

to be fed-directly - into the Texas Instrument; thereby, do ing  away w i t h  

the two wind meters. 
.__ ~ . .  

T h i s  would also place a l l  recorded d a t a  on one chart. 

On September 8, 1967, the f irst  data-gathering fog occurred. The fog 
*$.. . 

seeped i n t o  the Fernwood area from the  southwest a t  approximately two miles 

per hour .  A t  5:43 a.m., the fog brooms turned on automatically. 

for t h i  rty-seven minutes and then automatically turned themsel ves o f f ,  

I t  shou ld  be emphasized that th i s  was the f irst  fog  and that  several fogs 

They ran 

. .  

will be needed t o  adjust the automatic controls and- data-gathering equip- 

ded data showed-a partial clearing of fog a t  the ment. H 
_ _  -% 

- L  
_1/. 

I 
I 
I 
I 
I 
I 
I 
I 
4 

installation. The chart indicated tha t  the fog detection system will have 

t o  be made more sensitive so i t  will t u r n  on i n  a l ighter  fog and start 

clearing fog before the fog becomes heavy. 

detection system has been adjusted t o  be more sensitive to  l i g h t  fog, 

I 
I Since this f irst  fog the 

- . -  -- 
however, lack of fog a t  the s i t e  has limited i t s  evaluation. 

Again, on October 17, 1967 fog seeped i n t o  the Fernwood area from 

the southwest a t  approximately zero t o  one mile per hour. Because the 

. fog was not heavy enough t o  t u r n  on the brooms automatically, they were 

started manually a t  5:20 a.m. i n  order t o  obtain information, Visibil i ty 

towards Parkway Avenue was about 500 feet .  A t  6:40 a.m., the brooms were 

stopped. Visibil i ty a t  this time was about 900 f e e t  looking toward Olden 

2’  c 

L Sr 3 

Avenue. Clearing of the fog seemed t o  be occurring naturally. The 

.observer noticed no change i n  fog 

- b u t  i t  m u s t  be pointed out t h a t  

minutes l a t e r  when the sky became 

f o i  had been successfully abated 

density as  a direct  resul t  of the brooms 

a t  t h a t  time i t  was s t i l l  dark. Twenty 

l ighter ,  i t  was quite obvious t h a t  the 

n the immediate area. The importance 

of the electronic recorder proved i tde l f  when the observer could not  

-7- 
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the broom because of the n i g h t  darkness bu t  

the data from the recorder showed t h a t  the brooms w2re i n  fact  clearing 

the fog i n  t h a t  area. 

With each fog.occurrence, more i s  being learned not only about the 
I t  is characteristics o f  the brooms b u t  a lso about the data equipment. 

s t i l l  too early t o  make value judgements pertaining t o  the instal la t ion 

because the in s t a l l a t ion  i s  still being refined and upgraded. However, 

including a l l  the data and experience received a t  the installation and 

a t  the fog chamber, a substantial foundation has been l a i d  for f u l f i l l i n g  
*.*-*. 

the goal s -0;- th i  s. project .- 

1 B )  EVALUATION OF FOG BROOM STRANDS 

The choice o f  the 8 l b .  test nylon monofilament strands fo r  use i n  

the fog broom construction appears to  be a good one. However, i t  i s  f e l t  

that  some other material may possibly be superior and this thought has 

promgted the ser ies  of experiments. For example, some other strand may 

be superior i n  fog particle p ick-up ,  mechanical strength, or-outdoor 

weathering. The materials used for comparison w i t h  the 8 l b .  t e s t  nylon 

monofilament were made available to  us by representatives of various 

manufacturers. The assignment o f  summer help to  the Bureau of Electronics 

and Scientffic Aids made i t  possible t o  continue the experiments w i t h  

1 i ttl e interruption. 
I 

b 
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spent i n  a t t e m p t i n g  to  amend 
' 

the t e s t  conditions to  get more consistent readings. The various t e s t  

conditions a re  detailed and are a pa r t  o f  t h i s  report. A table sumariztng 

the test results is also appended. 

In general, results were inconclusive, b u t  i t  appears t h a t  the nylon 

monofilament surpassed any'of the yarns used i n  terms of  water collected 

from the fog. A polyester (dacron) monofilament may be slightly superior 

i n  this respect, b u t  further evaluation is  indicated. 

Further: study is  being made of thef ic tors  contributing to  the variable 
. _- - ., 

results and the eiperiments w i  11 continue. 

Compilation of'Test Conditions and Discussion o f  Data 

The intent of these experiments w i t h  fog broom strand material was 

t o  make comparisons between the 8 l b .  t e s t  nylon monofilament material 

and various*other materials. A standard broom o f  our conventional con- 

s5;ruction and the unknown of l ike  configuration were operated i n  the same 

fog environment and under the same conditions. To minimize variables 

. such as position i n  the room and motor drive speed, the brooms were inter- 

- 

changed for  a l ike  number'of runs made each way. 

A table giving the results o f  the runs under different t e s t  condi- 

tions and with the different strand materials i s  a part of th i s  report. 

(page 18) For an understanding o f  tbe resul ts  reference must' be made 

t o  the t e s t  conditions compiled under this section of the report. 

Test Conditions A. (runs 1 h 2 )  

T h i s  condition is the same as tha t  used dur ing  the in i t i a l  laboratory 
I 

\ 

investigation o f  s t r and  s ize ,  material and spacing, and broom rotation 

speed. Elaborate detail i s ,  therefore, not repeated here. A tray 301.1/2" 



o r  draining off water, was centrally secured 

I 
I 
I 
I 
I 
I 
I 
I .  
I 
I 
I. 
I 

I 
I 

I 
I 

j 

under the rotating broom member. A duct 5" wide w i t h  a 1" r i g h t  angle 

flange extended the vertical height of the broom on each side. 

. Two brboms equipped as described were placed i n  a small partitioned 

section of the fog room. The polyethylene curtain d i d  not completely 

seal the section b u t  l e f t  an opening of about two f ee t  a t  the top. A 

collimated l i g h t  source, an overall l i g h t  path of 20 feet  and a photocell 

detector were used t o  measure fog density. The roam was fogged u n t i l  the 

photocell output was 4.5 microamperes. Then the tMo brooms were rotated 

a t  90 r.p.6: u n t i l ' t h e  fog was cleared corresponding t o  a reading of 25 

m i  croamperes. 

. After flve __ cycles of fogging and clearing, the water collected i n  

the trays was measured. The broom rotors were then switched so that  

their  positions i n  the room section and the motor drives were interchanged. 

Equal cycles were thus  made and the measurements recorded. 
0 

In the'table the broom position is  defined as "front, back" qr " r i g h t ,  

left". 

than i n  the other, regardless o f  the strand material, The inconsistent 

readings shokn i n  the Test-Result Table led t o  a procedure modification. 

I t  i s  interesting t o  note more water was collected i n  one position 

Test Conditions B. (runs 3 ti 4)- 

Same as "A" except the parti t ion was removed 'and eight atomizing 

nozzles (out o f  the 19 previously used) closest  to the brooms under t e s t  

were turned off. The t e s t  brooms were started r o t a t i n g  a t  the s tar t  of 

fogging. Fogging continued for  20 minutes. Brooms continued rotating 

u n t i l  the room cleared t o  25 microamperes. 
\ 

. r -  - -  --.---- - . _  _ .  ~ - _ _  . -  . . . - . _ _  . -  - -  - -  - - - _ _ _ _  - _  
I -  

. -  
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f t e s t  condition "El" were less  widely dis- c *  

. persed except fo r  a few "wild cat" readings i n  r u n  4 ,  for  which no ready 

explanation could be found. This resulted in a change t o  "C". 

Test Conditions C. ( r u n  5) 

Same as 'B" except the broom speed was changed from 90 r.p.m. t o  

50 r.p.m. 

I t  was thought t h a t  uncontrolled variations i n  fog broom speeds 

could influence the water collected. Vindication of the speed variations 

theory is- substantiated by gradual deterioration of the D.C. motors used 

i n  the fog room. -After selecting two motors w i t h  almost equal speeds, 

a ser ies  o f  runs were made a t  50 r.p.m. Surprisingly, t h e  water collected 

* I d  

. ( -  

increased about three time over that  a t  90 r.p.m. However, the amounts 

were s t i l l  widely a t  variance and led t o  inconclusive resul ts ,  

A run was made w i t h  conditions l ike "B" except the brooms were n o t  
.,- - --- 

rotated. The water collected in the trays measured 29 and 30 mi l l i l i t e r s .  

The time taken for  equivalent clearing (25 u A )  increased about l - l /Z times. 

Test Conditions D. ( r u n  6) 

I t  was a t  t h i s  .~ point . verified by repeating test conditions "A" 

(classical) that  nine brooms, seven of standard construction (no trays 

or ducts), dispelled fog  from the chamber f a s t e r  a t  90 r.p.m. than a t  

50. The.better performance of the water collected brooms a t  the slower 

speed i s  attributed to  the modification of adding water collecting ducts 

and a pan. No tabulized data are recorded for this run .  
\ 

I 

Test Conditions E. (runs 7 & 8)  

Conditions 'C" were continued b u t  the comparison t e s t  material was 

-11- 
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'yarn t o  840 denier nylon yarn. I '  

I 
I 
I 
I 
I 
I 
I 
I -  
I 
I 
I .  
I 
I 
I 
I 
I 
I 

The reference material, 8 l b .  t e s t  nylon monofilament, seems superior, 

b u t  the resul ts  are n o t  conclusive. 

Test Conditions F. ( r u n  9)  

The locations of the brooms under t e s t  were shifted t o  a more central 

position i n  the fog chamber and motors hav ing  very close t o  the same 

ro ta t ion  speed selected. Two nozzles were turned off,  others oriented 

so that  no direct spray would h i t  the tes t  brooms. 

l i k e  IIE". 

Other conditions were 

The attempt'of changing t e s t  broom positions i n  the room d i d  not 

eliminate the rather wide disparity i n  readings. As shown i n  the Test 

Results Table, the 8 l b .  t e s t  nylon monofilament i s  superior. 

Test Conditions G. ( r u n  10) - 

,- . .  , I . .  

In order t o  decide the optimum speed f o r  the brooms with added 

water collecting trays and ducts a series o f  runs were made a t  25 and 

75 r.p.m., other conditions were l ike "F".. These were cmpared w i t h  the 

water collected a t  50 and 90 r.p.m., previously taken. The optimum 

speed i s  50 r.p.m., so i t  was decided t o  use this  speed for a l l  additional 

evaluation runs. 

Test Conditions H, (run 11)  

Same as "F" except the r o t a t i o n  direction of the brooms was reversed, 

Apparently, a direction change was made a t  about condition "C" and was 

not  restored. The flange on the ducts  i s  oriented so t h a t  a clockwise 

(viewed from the top) rotation i s  desired. The comparison t e s t  material 

was changed from the 840 denier nylon yarn t o  840 denier polyester yarn. 

b 

- 
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b&UU/-//b/ 
.. 

of rotation. The dataare not included i n  the table.  

Test Conditions I. ( run  12)  

The conditions were changed so that  the room was fogged fo r  30 minutes, 

then cleared for 20 , m i n u t e s ,  the brooms under t e s t  rotating a l l  the while. 

A plast ic  cover was p u t  over the  top o f  the frames. Positions, e tc . ,  were 

the same as F. except a different  motor was selected for  the  comparison broom. 

The 8 l b .  t e s t  standard is  somewhat superior. 
* fl-.'-l$T,. 

r - * - -  

Test Conditions J. ( r u n  13) 

Same as "Itteexcept 1100 denier polyester yarn was substituted f o r  

the 840 denier polyester yarn. The 8 l b .  test standard seems decidedly 

superior. 
- .  . 

Test Conditions K. ( r u n  14) 

Same as "I" except polyester monofilament was substituted f o r  the 

1100 denier polyester yarn. The polyester. monofilament appears s l igh t ly  

superior. 

A summary o f  the  measurements indicate tha t  the 8 l b .  t e s t  nylon 

monofilament standard was superior i n  water collecting qua l i t i e s  t o  any 

of the yarns. The superiority was greatest  when compared w i t h  the higher 

denier yarns. A denier i s  the weight i n  grams of 9000 meters l e n g t h  of 

material. Perhaps the polyester monofilament material i s  superior t o  the 

nylon monofilament. 

1 oGer tensi 1 e strength. 

I t  may be noted t h a t  i t  has the disadvantages of , 



A 

I: 
I 
I 
I 
I 
I 
I 
i 
I 
I 
I -  

t -  

Nylon monofilament 8 l b .  t e s t  Gem, Gudebrod Bros. Silk Co. 

Nylon yarn 1050-175 1/2 2-702 b r i g h t ,  du Pon t  

Nylon yarn 840-140 1/2 2-702 bright, du Pont 

Polyester yarn 840-192-R02-68 bright, du Pont 

Polyester yarn 1100-192-R02-68 b r i g h t ,  du Pont 

Polyester monofilament 500-ME 1924 SA-NC 410-06, du P o n t  

Considerations for Further Tests 

1. Determination of the constancy o f  the l i g h t  source - photocell - _  

detector system. 

2. Improvement i n  water collecting adjuncts t o  the rotating fog 

brooms. A design objective would be t o  create less disturbance t o  the 

conventional design as indicated by rotation speed. 

3. Removal of d i s t u r b i n g  factors such as non-rotating brooms from 

the  chamber, as i t  is  known t h a t  these contribute t o  fog dispelling. 

. 4. The significance of such a factor as the rat io  of closure w i d t h ,  

determined by effective total strand diameter, and the overall winding  

width.. The effect of this factor on water collected w i t h  different broom 

rota ti on speeds. c 
c 

5. Evaluation o f  many new sample materials recently received from 

du Pont as  well as samples from other manufacturers. 

IC) PORTABLE FOG BROOM DEMONSTRATOR 
.b 

A t  the suggestion of the Office of Public Information of the N.J. 

Department of Transportation, a portable fog chamber demonstrator was 

I 
1 .  . -1 4- 



68-007-7767 

ugus t  1967 i n  time t o  be used 

a t  the N.J. State Fair from September 18 to  24, 1967. Even though the 

Fog Broom Abatement Project i s  s t i l l  i n  the research stage, i t  has been 

introducted- t o  the public t h r o u g h  several news releases a n d  by an a r t i c l e  

i n  Time Magazine. This demonstrator gives the public and interested 

agencies a good opportunity t o  see the brooms and judge their  effective- 

ness. For example, a t  the State F a i r  abou t  five thousand people watched 

the demonstrations. 

The fog chamber is  16 feet  long, eight feet  wide and seven fee t  h i g h ,  

big enough t o  hold two brooms. I t  requires about three minutes t o  fog 

the chamber and two minutes t o  clear the fog to the p o i n t  a t  which the 

rear wall of the chamber i s  visible. The chamber has four nozzles t o  

produce fog from compressed air mixed with water. I t  a l so  has one over- 

head l i g h t ,  one automobile headlight, one automobile fog l i g h t ,  and one 

pair o f  automobile ta i l l igh ts .  When the chamber i s  fogged up, these 

ta i l l igh ts ,  located a t  the back o f  the chamber, are n o t  visible. 

the brooms a re  turned on these ta i l l igh ts  become visible within s i x  

seconds and then become progressively brighter. 

L .  

When 

After the Fair, the chamber was moved t o  the Mercer County Airport, 

When i t  i s  not i n  use as a demonstrator, the portable fog chamber will 

be used by this Bureau as an environmental t e s t  chamber. 

pressed a i r ,  water and electrical  out le ts  a re  being installed a t  the 

Airport' lab for  this chamber. These connections will be constructed so 

t h e  chamber can be easily disconnected from these sources. The fog broom 

motors used a t  the State Fair were constant speed A.C. motors. These 

motors will be replaced by variable speed A.C. motors i n  case future 

tes t s  cal l  for  variable speed evaluations. 

Permanent corn- 

-1  5- 
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The Bureau has always maintained a policy of sharing our research 

experiences and keeping interested agencies informed of our results. 

keeping w i t h  this policy, the f o g  chamber has been utilized to  demonstrate 

i n  actual fog conditions the effectiveness of the fog brooms. Dur ing  this 

In 

last  year, over one hundred interested persons have viewed a fog broom 

demonstration. A look a t  the log book of persons who visited the f o g  

1aboratory.shows people came from the Franklin Inst i tute ,  the Navy Weather 

Research Facil i ty i n  Norfolk, Va., R.C.A. Laboratories i n  Princeton, 

Bendix Corporation, the N.J. State Police and many other companies and 

agencies: 

. I n  cooperation w i t h  this Bureau, Mr. Lawrence Macrow, Consulting 

Engineer i n  industrial a i r  conditioning systems, made use o f  the  fog 

chamber a t  Mercer County Airport twice t o  t e s t  an invention of his for 

use i n  fog abatement. The device operates on a principle similar-to that 

of the fog brms .  

revolving a t  100 r.p.m. which i s  t i g h t l y  laced w i t h  synthetic f iber .  

Moisture, which collects on the strands, i s  forced to the periphery by 

centrifugal action. The whole u n i t  i s  encased in an aluminum cylinder 

Fog laden a i r  i s  passed through a cone-shaped u n i t  

' 

approximately one foot i n  diameter, two feet  long, and open a t  both ends. 

The i n i t i a l  t es t s  showed the design t o  be inadequate. Air did not 

flow through the cylinder, actually only and in-and-out turbulence was 

developed. Due to  the results of the f i r s t  series of t e s t s ,  a fan was 

added t o  the device t o  pull foggy air through the cone. Also a larger 

device u t i l i z i n g  a larger fan and cone (abou t  30") was b u i l t  and tested. 
.. 

- - - -  I..--_ - 
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The results of the second series of t es t s  a t  f i r s t  seemed t o  indicate 

t h a t  the device was performing well. However, an ordinary.  twelve inch 

ventilating fan operating i n  the fog chamber cleared the fog as well as 

the device. The concensus is that the fog brooms, present i n  the chamber 

b u t  n o t  operating during the t e s t s ,  were clearing the fog as the f an  on 

the device moved a i r  through the stationary strands. After the tes t s  

were conducted, i t  was indicated to Mr, Macrow t h a t  we would help to 

evaluate any further improved devices he m i g h t  wish to submit. 
1 . * b  -. .. 

-. 67 

. .  -.. . - .  
- 
c 
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TEST 
COND . - 

A 

A 

B 

B 

C 

E 

E 

F 

I 

J 

K 

\ 

T A B L E  O F  T E S T  R E S U L T S  

BROOH 
POSITIONS 

f r o n t  
back 
front 
back 

f r o n t  
back 
f r o n t  
back 

front 
back 

f r o n t  
back 
front 
back 

r i g h t  
l e f t  

r i g h t  
l e f t  

, ri@t 
l e f t  

r i g h t  
l e f t  

WATER COLLECTED, ML. 

NYLON MONO. 8' TEST 
AVE , DISPERSION 

100. * 

95. 
50. 

139. 

53.2 
60.0 
63!4 
70.8 

161.6 
244.8 

215.2 
245.8 
237 .cA 
340.4 

375.4 
464.6 

395 .O 
506.2 

368.2 
506.2 

313.0 
414.0 

32-61 
59-62 
61 -68 
68-74 

97-190 
230-258 

172-235 
232-250 
215-270 
335-347 

345 - 4 00 
410-492 

380-41 0 
468-548 

350-379 
490-530 

285-330 
345-475 

NYLON YARN 1050 DENIER 
AVE . DISPERSION REMARKS 

97. 
42. 
57. 
72. 

8' t es t  seems 
supe r io r .  Results 
n o t  conclusive.  

47.6 44-49 same as above 
51.6 49-56 
57.8 52-69 

116.5 51-269 

190.2 ,159-200 
217.6 209-229 

NYLON YARN 840 DENIER 
182.0 169-190 
280.8 24 2 -32 0 
186.8 180-200 
337.4 280-387 

312.4 278-3553 
409.0 350-479 

POLYESTER YARN 840 DENIER 
389.6 382 -400 

. 468.4 455-495 

POLYESTER YARN 1100 DEN. 
179.0 165-190 

. 260.4 235-297 

POLYESTER MONOFILAMENT 
321.2 267-382 
421.6 360-490 

inconclus ive  

8' t es t  seems 
supe r io r .  Result!  
no t  conclus ive  

8' t e s t  supe r io r  

8' tes t  somewhat 
supe r io r  

8' t es t  decided1 
supe r io r  

p o l y e s t e r  mono- 
f i l a n e n t  s l i g h t 1  
s u p e r i o r  

-1 8- 
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I : .  I 
; This r e p o r t  w a s  prepared to eva lua te  t h e  

f ec t iveness  of a fog screen i n  a p i l o t  opera t ion  
c 

.. I 

s t a t i c  condi t ions.  ! 

- 5  .- - Ptesentedaherein is an eva lua t ion  of t h e  
I- 
I .  

pilot t es t  opera t ions  as w e l l  as two comparable 

t e s t s  

7 .  

The fog screen  c l ea red  t h e  fog i n  t h e  cur ing  

r o o m  at t h e  laboratory of t h e  Highway Departxknt 
0 .  

-and s u b s t a n t i a l l y  reduced t h e  water  conten t  i n  

the atmosphere, 

that- a d d i t i 6 n a l  p i l o t  tests should be conducted 

The results of t h e  tests i n d i c a t e  

.under d i f f e r e n t  and varying condi t ions.  
- -  

. .  
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r -  * Fog Screen  

P i l o t  Operation 

To test  on a p i l o t  scale t h e  e f f e c t i v e n e s s  

of the  fog screen i n  condensing and/or 
Purpose: 

. 

. -  

a 

Scope: 
:--This r e p o r t  covers t h e  ope ra t ion  of a s c a l e  

node1 fog screen i n  t h e  concrete  'curing room 

of t h e  Highway Department Laboratory under s t a t i c  

conditions'. 

I 

_- The fog screen tests o r ig ina t ed  f r c n  an 

experiment being conducted--at-.Antofagasta, 
Background: 

_ _  
Chile. 

t o  f requent  dense, wind-driven foqs.  

have e rec t ed  i n  t h e  mountain passes frames conta in ing  

nylon s t r i n g s .  Wind d r i v e s  t h e  fog through t h e  frames . 

and t h e  water i n  suspension c o l l e c t s  o n ' t h e  nylon s t r i n g s .  

The are.a. surrounding Antofagasta is s u b j e c t i v e  

German experimenters - 

. Experimentation showed the  moisture c o l l e c t e d  is n o t  t h e  

r e s u l t  of condensation. The experimenters have concluded 

t h e i r  sc reens  have commercial p o t e n t i a l ,  i n  r e l a t i o n  t o  

i r r i g a t i o n ,  etc. 
\ 



f 
1 .. 

.. . , -  . 

t h e  fog screen  was cons t ruc ted  

of redwood s t r i T e s ,  t h e  i n s i d e  dinensions of 

which are 3'-10" by 2'-3". T h e  frame i s  rotated around 

a c e n t r a l  a x i s ,  motivat ion beinq e f f e c t e d  by neans of a 
- 

f i s h i n g  reel and s t r i n q .  Nylon. s t r i n q s  were mountccI 

1 ;  ; vertically on t h e  frames. They were of fou r  p3und t e s t  i <  r 

mocofilarnent l i n e  andtnere placed 2 0  to t h e  l i n c a r  i n c h .  
I . * I .  -1 t I - I  

k. . . 
? - ;;L ?' . , .  

. .  
The atmosphere i n  the  cur ing  room is controlLed 

by means of a w e t  bulb/dry bulb  recorder.  This I 

a ' actuate2' ; the a& and water supp l i e s  i n t o  the room as well 

as the room h e a t e r ,  Under normal ope ra t ing  condi t ions  

it. ii d i f f i c u l t  t o  see f ron  one end of t h e  room (about 

15') t o  t h e  o t h e r  due t o  the  fog produced. The open 

volume of t h e  room i s  1635 cu ft.- 

- I  

During t h e  tes ts  conducted the w a t e r  and hFatcrs  

were deac t iva ted  i n  t h a t  t h e r e  is no means of measuring 

t h e i r  output ;  

taken by means of a s l i n g  psychrometer. 

W e t  buld and dry bu lb  temperatures w e r e  

Four tests w e r e  conducted r e l a t i v e  t o  t h i s  

i nves t iga t ion .  

were e s t a b l i s h e d  i n  t he  room. 

P r i o r  t o  each tes t  i d e n t i c a l  condi t ions  

(1) I n  t h e  f i r s t  test  which w a s  made a s  t h e  

con t ro l  s tandard  t h e  only a c t i v i t y  i n  t h e  room was t h a t  

Of two i n v e s t i g a t o r s  t ak ing  t en3e ra tu re  readings.  

,outside sources  of moisture were d e a c t i v i t c d .  T h e  test  ' 

ran for 13 minutes during which there w a s  no apparent  

All 



I change in 
i "F 
og density and t h e r e  was no measurable . .  .- 

change i n  t h e  moisture contcnt.  

( 2 )  The second an6 t h i r d  tests were t h e  same I .  
I 
I 
I. - 
I 

' as t h e  f irst  w i t h  t h e  exception the fog screen  was 

int roduced and r o t a t e d  a t  75 q m .  

s t a r t e d  t o  d i s s i p a t e  a f t e r  t h r e e  minutes and t h e  room 

w a s  v i s u a l l y  clear a f t e r  s i x  FAnutes. A t  t h e  conclusion 

of t h e  tes t  (13 minutes) readinrJs showed t h a t  10% of t h e  

The fog i n  t h e  room 

s 
\ 

moisture i n  t h e  atmosphere had been removed. Inspec t ion  //--- _- - .  - *- ._ L>. . 
_-  of t h e  screen showed water rrodulars on t h e  s t r i n g s .  The . - 1  

I _ -  . . .  r - 
r e s u l t s  of t h e  t es t  sre tabulated on pege-C--and shown 

graph ica l ly  on page 7 , 

( 3 )  The fou r th  t es t  was i d e n t i c a l  t o  t h e  second 

and t h i r d  wi th  t h e  except ion t h a t  t h e  frame was covered I, . a 

I 
I 
I 
i 
I 
I 

mil polyethelene shee t s ,  a n d ' r o t a t e d  a t  75 rpm. ' 

As a r e s u l t  of t h i s  tes t  t h e r e  w a s  no measurable change 

i n  t h e  moisture content  and only a s l i g h t  ( i f  any) l e s s e n i n g  

of the  fog. The tes t  t i n e  was aGain 13 minutes,  

a -  

L 
! . .  

L The fog screen  e f f e c t i v e l y  c l ea red  the cu r ing  

room a f t e r  six minutes of opera t ion  and 

s u b s t a n t i a l l y  reduced the  moisture  conten t  i n  t h e  room. 

Two t h e o r i e s  have been advanced as t o  p r i n c i p a l  involved 

i n  t h e  opera t ion  and e f f e c t i v e n e s s  of t h e  screen:  

..- 
Conclusions: 

I 

(1) The water  molecules being forced t h r u  t h e  

- 'screan forms l a r g e r  u n i t s  by combining w i t h  one another ,  

These i n  t u r n  condense on the  screen .  
_ -  1 -  c . a -  ? 
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y l o n  s t r i n g s  t h r u  t h e  air 

1 

I . .  

produces an e l e c t r o s t a t i c  charge.  This  a t t rac ted  the 

water suspended i n  t h e  atncsphere which i n  t u r n  c o l l e c t e d  

on' t h e . s t r i n g s .  

nylon i s  a common occurrence . )  

(The c r e a t i o n  of e l e c t r o s t a t i c  charge  w i t h  

The l a t t e r  t h e o r y  is cons ide red  t o  be t h e  m o r e  

p l a u s i b l e .  If the  f i r s t  were t r u e ,  i .e. it r e s u l t e d  

fron f a n n i n g  and mixing it is f e l t  a measurable  q u a n t i t y  

of water would have been renoved d u r i n g  t h e  tes t  w i t h  the 

p o l y e t h e l e n e  cover .  

n o d u l a r s  on t h e '  fog s c r e e n  also t.rould i n d i c a t e  an e lec t r ica l  

a t t r a c t i o n .  Although t h e  Gembans have n o t  released d e t a i l s  

on t h e i r  exper iments  i n  Chile t h e y  s t a t e d  the p r i n c i p l e  

invo lved  w a s  not one of condensa t ion  which i t  would be i f  

t h e  water removed was f r o n  n ix ing .  It i s  p o s s i b l e  t h e  water 

The c h a r a c t e r i s t i c  of t h e  wa te r  

rerrioved i s  from a combinat ion of t h e  two theor ies . .  

. I t  i s  felt t h a t  a s i g n i f i c a n t  amount of G t e r  

was removed as  a r e s u l t  of operating t h e  fog sc reen .  

The. results w a r r a n t  a d d i t i o n a l  Di lot  s t u d y  of the screen 

appl ic 

. 

; :i : I  
I .. . . .  . . za t ion .  ' : I . - !L 
: *  . ,  

I _  

8 .. 
* I *  

O f  major note is t h e  f ac t  t h a t  t h e  foq p roduc ing  
.-.--.: _ .  : . i 1.. .. . : .-;..,. . . . , -  - . . . '  

. -.. . .  . . : :  ' .  

..:1. ; 
*:. 

. .  
~ .:.. : ' m e <  :!an:isrn-'to the room ha2 t o  be t u r n e d  o f f  du r ing  t h e  
I j ,_ 

: 1  . .  . 
tez-t; for c o n t r o l  reasons .  How e f f e c t i v e  t h e  s c r e e n  would 

I .  

be i n  an atmosphere where fog  producinq c o n d i t i o n s  p e r s i s t e d  

. shou ld  be determined on a p i l o t  scale p r i o r  t o  any f i e l d  
I 

' a p p l i c a t i o n .  



curing room is deemed impractical. 

t h a t  very small quantities of moisture are being measured. 

W i t h  the oquipmcnt available any Elinor chanqes or improvements 

i n  the fan and/or its application would be difficult if not 

It must be recoqnized 

I 
I .  
I impossible to evalu'ate. 

- . -  

- I  -No c o n c l u s i v e  reconnendatinns can be made . 
Reconrmenda t ion s : 

as a result of these tests as to the 
I 
I - ,  

. '  

prhctical a p p l i c  on of the fog screen. Additinnal 

pilot t e s t i n g  is apparently warranted. 
_- 

I 
I, 
i 
I 
I 
I 
I 
I 
I 
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TO: N. R. Ballis 

A 6 N 0 R A X D-LL 

FRW: R. E. BOYUP 

SUBJECT: PROGRESS REPORT ON FOG REMOVAL EXPERIMENTS 

The buic experiment conductad i n - t h e  fog chamber a t  the  Wercar Count;, 

Airport u t i l i z e s  + 'ofog-btooll*o of the  following basic  parameters : . '  - 
a. a fruework 30 inches by 48 inches 

b. w o u n d  with 8 lbe  t e s t  r o n o f i l u e n t  nylon 

c. 
. -  - -  

p a r a l l e l  to  the  longer dimension 

d. spaced at 20 Lines per  inch 

operated on the following p a r u e t e r r :  

a. ro ta ted  a t  about 90 r.p.8. 

b. hor izonta l ly  

c .  with tho  v e r t i c a l  axis through t h e  longer dimension 

Figure 1. is a p l o t  of the time roquired t o  remove fog t o  a prcdr temincd  

leve l  of v i s i b i l i t y  v o r s u  the number of fog broom i n  USO, varying fr-; 

&out 22 r inutsr 'when no brooms a r e  used t o  about 5 minutes when ten 

brooms are oporated. 

The'dtnsity of fog p r i o r  t o  a sweeping operation is reproducibly p ~ o c i i - : ~ '  

u measured by t he  e l e c t r i c a l  output of a photoe lec t r ic  ce l l  de t ec to r .  

The proper r e l a t i v e  humidity of the chrnbcr is establ ished by rcpcateii) 

PTodUClng the  fog and permitting it  t o  dispe l  by itself withol;t t h e  use 

Of the ro t a t ing  brooms until two successive experiments require appmxi - 
u t e l y  22 minutes t o  r ees t ab l i sh  the prcdstenrined l eve l  of visibility. 

. 
I 

I 
I 
I 

I 



This predctersined level of visibility has been 8rbitrRrily established 

as that visibility which exists when the output of the photoelectric 

cell detector is 23 microurperes. The reproducibly produced density of 

fog is arbitrarily established as that level of visibility which exis:.: 

when the output of the detector is 6 nicroaoperes when the l i g h t s  in t A r .  

fog chamber are on. 

Data obtained from experinrents involving these basic pararzters sro :) ' -- 

used as "base-lines" for comparable experinents in which parameters t z e  

varied. 

parative experiments arc conducted i n  single brocm operation. 

a basic broom is compared with a modified broom. 

At the present, single parueter variations are Eade and CG:I- 

That A:., 

The effectiveness of the broom is measured by the improvement in 

visibility versus timr, determined both by personal obrervati?n and by 

the output of the photoelectric cell detector. 

. 

During opamtion,of tne 

bn>a a record is kept of the time required to produce a 17 nicroagp 

increase in the visibility meter reading. 

Th'e efficiency of the b r o a  is being measured by determining the m o i ~ t u . - r -  

collecting capacity of the brooa. This is expressed in cubic ccnti~etaxc 

of water collected per minute of broom operation. 



.. 

- 3- 
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A metal c o l l e c t i n g  device which can be a t t a c h e d  t o  t h e  fog broom under 

test  has been constructed. This c o l l e c t o r  has s h i e l d s  on each s i d e  SQ 

t h a t  it w i l l  collect t h e  water d r o p l c t s  which are throun of f  t h e  brom 

by c e n t r i f u g a l  force, as well as the d r o p l e t s  which run off t h c  b r m s  

due t o  g r a v i t y .  

Table I .shows r e s u l t s  obtained i n  our l a r g e  fog room (6000 cu .  ft.), 
e 

Our s tandard  fog broom wound with 8 Ib.  t es t  nylon c o l l e c t e d  an a ~ t t a p  

of 5.8 C.C. of u a t e r  per minute of opera t ion .  An experimental  brooa 

wound with dacron c o l l e c t e d  4 . 8  C . C .  of water  per  minute. I 
I; 

- 
The nylon broom d i s p e l l e d  t h e  fog i n  an overage t i n e  of 19 minutes,  and 

t h e  dacron btoor requi red  an  average of 214 minutes. 

0 A broom was wound u i t h  8 l b .  test nylon with t h e  strands in t h e  horizontal 

d i r e c t i o n .  

b r o a  with t h e  nylon in the v e r t i c a l  d i r e c t i o n .  

I 
I This broom d i d  not d i s p e l  fog  as r k i d l y  u t h e  s tandard 

(21 r i n u f e s  vs. 19 

minutes) 

The assembly holding t h e  s tandard broom uas placed on i t s  side and t l i t  

broom r o t a t e d .  

broom w a s  r o t a t i n g  with i ts  axis in t h e  v e r t i c a l  p o s i t i o n .  

vs. 19 minutes) 

The fog did not d i s s i p a t e  as r t p i d l y  as it did  when :he 

I 
I (21.5 minu'.:! 

When ue operate only one broom i n  our l a r g e  foR Toom it r e q u i r e s  a long 

t h e  to  compare the e f f e c t i v e n e s s  and e f f i c i e n c y  of var ious  design 

brooms. Therefore, ue have i n s t a l l e d  a movable p l a s t i c  c u r t a i n  so t h a t  



a s i n g l e  fog broom can be t e s t e d  i n  a port ion of the fog roon equal tu 

about 202 of t he  o r ig ina l  fog room volume, The time required fc r  the  

fog t o  d i s s i p a t e  by i t s e l f  i n  t h i s  smaller volume l o o m  i s  the same as 

fo r  the o r ig ina l  room, but the  time required f o r  d i ss ipa t ion  w i t h  one 

broom i n  operation is considerably less. 

Tsble I1 shows r e s u l t s  obtained i n  the snall fog room (1200 cu. ft.). 

Strand spacings from 1 2  per inch t o  24 per inch have been t r i e d  and i t  

has been found t h a t  t he  c lose r  the  spacing the  b e t t e r  the fog dissipa:;aL 

cha rac t e r i s t i c s ,  providing t h e  strands are not so c lose  t h a t  ths spaces 

between them fill up with water. 

found to be optimum. 

A spacing of 20 par  Inch has been 

i 

1 -  
I 
I 
I 
I 
I 
I 

The b r o o u  h8ve been ro t a t ed  a t  speeds from 50 t o  130 r.p.m. 

above 90 r.p.m. the brooms act as fans and c rea t e  rir currents  which 

would move fog from an uncleared area i n t o  the  c l e u e d  area. 

A t  speeds 
0 

0 

The fog 

dispe l l ing  a b i l i t y  of t he  b r o m  decreases when the speed of ro t a t ion  

is  reduced below 90 r .p .8 ,  

the optimm speed t o  be used with broom of our  standard design. 

Therefore, 90 r.p.m. has been se lec ted  as 
i:*,. 

Experimental brooms have a l s o  been constructed using 30 lb. tes t  and 

60 l b .  tes t  monofilament nylon. 

t ha t  the s t rands  s t u c k  together  and the  brooms f amed  t h e  fog with very  

l i t t l e  fog d i s s ipa t ion .  

These nylon s t rands s t re tched so such 

Enameled copper wire was t r i e d ,  but t h i s  s t re tched ,  and the  s t rands  

stuck together .  S t a in l e s s  s t e e l  wire a l so  s t re tched and the  s t rands  
- 



stuck together.  

3r w r e  layers of kni t ted  s t a i n l e s s  s teel  padding of t he  type used in 

comercia1 e q u i p e n t  for el iminat ing sist fmm g u .  

We are now inves t iga t ing  the p o s s i b i l i t y  of using o m  
b 

;zper i ienta1 brooms have be8n constructed w i n g  polypropylene, rubberized 

horse h a i r  and pig hair, nylon mesh, and a perforated copper-bronze 

sheet  used as an awning material and known IS Kool Shad., but none of 

ci.ese r a t e r i a l s  has shown as good all-around r e s u l t s  u the 8 l b .  t o r t  

nonofilament nylon. 
* -  .;*%-- * 7 +. 

Tire s t a i n l e s s  s t e e l  u i r e  with the strands stuck togethar  co l l ec t4  

; l i g h t l y  mom' water than t h o  nylon, but was not ns e f f e c t i v e  a8 the 

nylon i n  t h e  improvement of v i s i b i l i t y .  

greater fan  ac t ion  which brought fog from uncleared areas i n t o  t h e  

cleared a rea  being measured by the  photoe lec t r ic  cel l .  

This was probably duo t o  the 

Tine same condition ex is ted  with the polypropylene, but i n  t h i s  case the 

treater fan  act ion was caused by the  increased cross-sect ion of the  

x r & n d s .  (.OSO" vs.  ,012 f o r  t h e  nylon) 

Loo1 Shade brooms a l s o  produced a fan nction. Another disadvantage 

of these brooms l ies  i n  the  f a c t  t h a t  they would &avo t o  be constnrcted 

s n d  Eounted very s t rongly t o  prevent uind damage i n  outdoor i n s t a l l a -  

t i  ons . 

The r ibbcrized horse h 6 i r  and pig h a i r  were e f f e c t i v e  i n  improving the  

v i s i b i l i t y ,  but they absorbed the water and it was not dropped i n t o  t h e  

col lec tor .  

i n  v i s i b i l i t y  iqtoveorent.  

odor when wet. 

Mter they were soaked with water they were not as e f f e c t i v e  

In addi t ion,  they had a very object ionable  
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TABLE I 

AVERAGEg OF TEST RESULT8 OBTAUED UXTH SLEIGLB BRoo)( OPERATIEC IH 

6000 CU. ?T.. OF WG 

Tine Required to 
?ro&ucr a 17 IfLcro- 

Winding Direction, Amp Increase on 
Material & Spacing V i a i ' c l l i t y  U t t r  

Broom 
- iks lp~~  Bo. 

VtrticaJ .O5O 
Polypropylene (14/inc0) 

2l min. 3 

4.1 l . C .  Vertical 21-1/2 nin. 
Drcron (l6/inch) 

,-= 

6 

5.a C.C. 

- 
Vertical 19 min. 
8 lb. nylon (20/inch) 

I 1  " (rotated 21-1/2 rin. 
horlzontJly) 

7 

0 Diagonal 
8 lb. nylon (20/inch) 

20 rin. 

Hori tontal 
8 lb. xxylon (20/inch) 

2 l  Bin. 9 

h.2 C . C .  Rubberired M r  
k t  (30" x 26Y 

1.0 C . C .  Rubberized Itair 
k t  (24" 1: 48") 

13 I 5.6 C . C .  Vertical 
Kml Shade 

ib I Horizontal 
-1 8 b . b  

15 

. 16 

I 
I 

Rubberized U r  - 
12 Unged piecer (b"x l5")  

lfyloa Wt8h 
lb4 opniagr/aq.  in .  

Stainlass Steel. Wire 
(20 per inch) vertical 

17 



I '  
I 

TABLE 11 

T h e  Required t o  Water 
F'roduce a 17 Micro- Collected 

Broan Y i n d i n g  Direction, Aap Increore on Per Ednut.2 
Design Ilo. htericrl & Spacing Visibility Metor of Operatirj. 

I 
I 
I 6 Vertical - 

3 Yettical .OSO 5.7 afn. 6 . 9  C . C .  
Polnxopylene ( l b / i n c h )  

- 
7 v u t i c d .  

8 lb. nylon (20-inch) 

I 

--- . 
> , - .  . 

5 . b  a n .  6.6  C . C .  

8 Diagonal 
8 Ib. nyloa (20/inch) 

8 lb. nylon (20/inch) 
9 Horl rontal 

11 Rubberitad Hair 
X a t  ( 30" I 26") 

12 

13 

lb 

Rubberlsed EUr 
h t  (24" x b 8 ' )  

V e r t i c a l  
IboP 8hdc 

Horl r ont al 
Kool 6hrde 

- 

6.2 rfn. 

6.5 . in. 

15 Rubberired Hdr 5.5 r i n .  

16 Yplon k 8 h  6.1 rin. 

17 Stainless Steel Wire 7.3 . in.  

l2 hinged pitC.8 ( k " f i 5 " )  

144 opeaIng8/rq. in. 

( 2 0  per inch) vertical 

0 .  - 
- 

7.2 C.C. 

7 . 1  C . C .  

3.0 C . C .  

5.0 C.C.  

7 .1  C . C .  

I :  


