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NOTICE :  The projec t  that i s  the subject of this report was approved by the 
Governing Board of the Na tional Research Council , whose membe rs a re d rawn 
from the Cou ncils of the National Academy of Sciences , the National Academy 
of Eng inee r i ng , and the In stitute of Medicine . The members of the committee 
respons ible for the report were chosen for the i r  special canpetenoes and 
w ith re ga rd for appropr iate balance . 

The report has been reviewed by a group other than the authors accord ing to 
procedu res approved by a Repor t  Review Commi ttee cons isting of members of 
the Na tional Ac ademy o f  Sciences , the Na tional Academy of Enginee r i ng ,  and 
the Ins t i tute of  Medicine . 

The Na tional Re search Counc il was e stablished by the Na tional Academy of  
Sciences i n  1 9 1 6  to associate the b road community of science and technology 
w ith the Ac ademy ' s purposes of furthe r i ng k nowledge and of advising the 
fede ral gover nment . The Counci l operates i n  accordance with gene ral 
policies determ ined by the Academy under the author i ty of i ts cong ress i onal 
cha r te r  of 186 3 ,  which establ ished the Academy as  a pr ivate , nonprofi t ,  
sel f-gover ning membership corporation .  The Counc il has become the pr incipal 
operating age ncy of both the Nationa l  Academy of Sciences and the National 
Ac ademy of Enginee r i ng i n  the conduct of the i r  services to the gove rnment , 
the publ ic , and the scienti fi c  and enginee r i ng communities . I t  is 
adminis tere d  j ointly by both Academies a nd the In stitu te of Medicine . The 
Nationa l Academy o f  Enginee r ing and the Institute of Medicine we re 
established i n  1 9 64 a nd 19 70 , respectively,  u nder the charte r  of the 
Nationa l Academy of Sciences . 

This s tudy by the National Mate r ial s Advisory Board was conducted unde r 
Contract No .  J-9-F-8-01 3 7  with the Occupational Safe ty and He alth 
Adminis tration (OSHA) . Funding was provided by OSHA ,  Nationa l Ins t i tute for 
Occupa tional Safety and He al th ,  and the Department of Agr icultu re . 

This report i s  for sale by the Nationa l Technical Information Ser vice , 
Spr i ngfield , Vi rginia 2 21 51. 

Printed in the Uni ted States of  Ame r ica . 

i i  
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PLEASE NOTE CAREFULLY 

This handbook has been compil ed a s  a gu ide for des igners , installers , 
and owners of  pneumatic dust collection s ystems . Most of the i nformation 
conta ined he rei n  is  equall y  appl icable to new and existing faci l i ties . 

I t  mus t be emphas i zed , however , that the t rad i tional grain e levator 
has ce rtain inhe rent s tructu ral featu res , which rende r the total control of 
layere d  dust v i rtually imposs ible b y  pneumatic means . Th e  d i ff icu l t  a reas 
a re typicall y the inte r iors of wor k i ng bins in the headhouae , concre te 
l egwella , tanka a nd i nterstice b ins . 

In a ny par t  of the s tock handl ing s ystems or s torage facil i t ies whe re 
laye red dus t can accumu late in s igni ficant quantities , the re is always the 
poss ibili ty of •cling •  dus t be ing dislodged by pressu re from a pr imary 
explos ion or by the dropping of a leg belt . The growth of these laye red 
dus t  focmations w il l  be re tarded by a pr operly functioning dus t control 
system , bu t  the i r  presence should always be anticipated , and appropr iate 
means should be employed to remove them as necessary . 

i i i  
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PREFACE 

The Na tional Ma te r i als Advisory Boa rd i s  a unit of the Commiss ion on 
Enginee ring and Technica l  Systems of the Nationa l  Resea rch Counci l .  Its 
general purpose is the a dvancement of mate r ials  sc ience and e ngineer ing i n  
the nationa l inte rest .  It  fu l f i l l s  tha t pu rpose b y  providing advice and 
a ss is tance to gove rnment agenc ies and pr ivate organizations on matte rs of 
mate r ials sc ie nce and technology affecting the nationa l i nte rest , by focus i ng 
a ttention on the mate r i al s  aspects of  pr oblems a nd opportuni t ies , a nd by 
making appropr iate recommendations for the solu tion of such problems and the 
exploi tation of the opportuni t ies . 

The Occupa tional Sa fety a nd He al th Aminis tration ( OSHA) requested that 
the Nationa l  Resea rch Counci l (NRC) of the Nationa l  Academy of Sciences 
u nde rtake a s tudy o f  the causes a nd prevention of grain e levator explos ions . 
The NRC th rough the National Mate rial s Advisory Board (NMAB) appointed the 
Pa nel on the Causes and Preve ntion of Grain El evator Ex plos ions . Th is panel 
serves unde r the Commi ttee on Evaluation o f  Indus tr ial Haza rds . The pane l i s  
composed of  e xperts i n  many f ields related t o  expl os ions , the grain i ndustry , 
and systems analys i s . 

Gr ain-handling facil i ties have su ffered from devastat ing f i res and 
explos ions for wel l  ove r 10 0 years i n  thi s country . A common ingredient i n  
a l l  o f  these occu r re nces has been the accumulations o f  grain  dus t i n  
su ff icient quantities t o  support su ch f i re s  and explos ions . A va r iety of 
approaches has been u sed i n  the past to control dus t accumulations . One of 
the mos t common systems use d nowadays i s  pneumatic dus t control , which i s  the 
subject matter of th is manual . The re is a w ide variety of des igns and s i zes 
of such pneumatic systems wi th accompanying va riations i n  the de gree of 
e ffect ive ness . 

The manual a ddresses pneumatic dus t control s ys tem des ign , i ns tallation , 
operation , and ma intenance . Recommendations are made on the necessary 
qua l i fications for des igners and i ns ta l lers of such pneumatic dus t control 
sys tems and on gu ide l ines on des i gn ,  including fundamenta l  pr i nc iples and 
suggested speci fications . Housekeep ing cr i teria a re addressed to minim i ze 
both explos ive a i rborne concentrations and dange rous s tatic dus t accumulations 
of grain dus t i n  gra in e levators and gra in-handl ing fac i l i ties . Guidel ines 
for operat ion of the sys tem and cr ite r i a  for dete rmining pe rmiss ible 
a lterations to the system a re presented as wel l  as recommendat ions for 
ma intenance of the sys tem , i ncluding tra ining of pe rsonne l .  Suggested 
a cceptance tes t procedu res for gu idance to grain e levator ope rators a re also 
given . An appendix is  i ncluded in  which technica l  te rms used in the tex t a re 
defined . 

v 
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Refe rences to propr ieta r y  products a re for illus trative pu rposes only 
and do not c ons t i tu te e ndorsements or recommendations . 

It is recognize d  tha t ce rtain specific facets of pneumatic dus t control 
a re s usceptible to furthe r  improvement . There fore , we u rge that efforts be 
made toward removal of explos ive dus t suspens ions fraa bucke t elevator legs , 
a nd  foe dus t removal and dus t emiss ion control fraa truck and car dumps . 
Des igners  are requested to keep ab reas t of developments in thi s  and othe r 
a reas . 

I would l ike to thank the part icipants i n  the Subpanel on Pneumat ic 
Dus t Cont rol for the i r  unti ring e fforts i n  preparing this manual . 

Roger A .  S trehl ow ,  Chai rman 

vi  
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Membe rs 
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Sect ion 1 

INTRODUCTION 

Gr a in e levators i n  the Un ited S tates a re des igned and ope rated i n  such 
a way that a t  leas t 3 0  of them will  su f fe r  a dus t explos ion i n  any g iven 
yea r (1 ) . Some of these e xpl os ions may cause onl y minor damage , but people 
wil l be inj u red in roughl y hal f  of the i ncide nts , and people will  be kil led 
i n  about one f i fth of them . What i s  more , e levator ope rators may sus tain 
sign i ficant loss of equ ipment and stock. The re can be no question that dus t 
e xpl os ions i n  grain e levators a re a serious problem i n  this country . 

Running a grain elevator , l ike any bus iness , invol ves ce rtain r isks . 
The key to success l ies i n  managing those r isks e ffectively.  Dust f i res and 
explosions are a la rge pa rt of the tota l r isk i n  ope rating grai n  elevators . 
Me ans o f  preventing f ires a nd expl os ions , the re fore , mus t play a 
cor respondi ngl y la rge role i n  the overal l management and ope rating programs 
a t  these fac i l i t ies . 

Al l e levator ope rators do a certa in amount of r isk management . They 
mus t  keep handl ing and process ing machine ry i n  working orde r to mee t del ive ry 
deadl ines . They mus t do preventive mai ntenance--oil ing , repa i r ,  replacement , 
and regu la r  inspection--to avoid cos tl y breakdowns . These activities make 
good common s ense . They also happen to be e ffective r i sk  management . 
Employee tra i ning and good communications can help prevent mis takes . Thes e 
activi ties , too, a re good sense and e ffective r isk management . 

The elevator manage r who recogni zes and deals effectively with the 
r i sks i nvolved i n  his bus iness gene rally has a wel l-run ope rat ion and s tands 
a bette r  chance of showing a profi t  at the end of the yea r .  Effective risk 
management , i n  othe r words , i s  e ffective management . The two cannot be 
sepa rated . 

The f irst  s tep i n  managing the r isk of dus t f i res and expl os ions i n  
grain elevators is t o  recognize the problem . Many ope rators s a y  t he y  may 
have had a few smolde ring f ires i n  the i r  e levators , but neve r an explosion . 
They seem to think tha t because they have not ye t  had an explos ion they wil l 
neve r have one . Such ope rators a re relying more on luck than on e ffective 
risk management . The onl y sure way to prevent dus t explos ions is to 
e l iminate or control the i r  causes . 

(1 ) Preve ntion of  Dust Expl os ions i n  Gr ain El evators--An Achievable Goal , 
u.s. Depa rtment o f  Agr icultu re , Washi ngton , D .C . , 198 0 .  

1 
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causes of Expl os ions 

Grai n  dus t explodes when th ree conditions occur at the same time . There 
must be an e xpl os ible concentra tion of dus t suspended in a i r 1  the dus t must be 
suspended i n  an e nclosed space , and the re mus t be a sou rce of ignition ,  such as 
a spa rk or a hot surface . *  To avoid this s ituation , the elevator opera tor mus t 
enforce sound programs of ma intenance , empl oyee tra ining , safe ty , and phys ical 
s ecu r i ty a nd a bove all he mus t e nforce an e ff icient house keeping program to 
keep his elevator clea n .  

House keeping programs should be based o n  t he  fact that the root o f  t he  
expl os ion problem i s  dust . Dus t is  the mate r ial tha t explodes , and mode r n ,  
h i gh-speed , gra i n-handl ing methods gene rate l arge amounts of i t .  I n  many 
expl os i ons the exac t sou rce of i gn i t ion has been unknown .  But the one factor 
common to nearly all expl os ions in grain P.levators is excess dus t . There fore , 
al though a housekeeping program shoul d prevent the accumulation of tras h ,  
sp il led gra i n ,  d iscarded tools , and s imiliar debr i s , the program should be 
gea red prima r il y towa rd du't control . 

How wel l mus t dus t be controlled? Many e levator opera tors think they 
need onl y avoi d expl os i ble concen trat i ons of a i rborne dus t  in the i r  facil itie s . 
Th at degre e of cleanliness i s  necessa ry , bu t i t  is not good enough .  ca re ful 
s tudy has shown that laye rs of dus t  on fl oors , ce i l i ngs , walls , ledges , and 
equ ipment a re a lso a ser ious hazard . Unusual cur rents of a i r ,  for e xample , can 
pick up laye red dust ,  creating an expl os i ble concentration whe re none ex isted 
before . More importantly , an init ial e xpl os i on  can violently d isperse laye red 
dus t  i nto ai r ,  leading to a se r ies of seconda ry explos ions . We now know that 
the l arges t pa rt of the damage from gra in-dus t expl os i ons results from 
devas tating seconda ry explos ions fue led by laye red dus t (see NMAB report 367-2 ) .  

Estimates o f  the amount o f  layered dus t that i s  hazardous vary w idely for 
a numbe r of reasons . Howeve r ,  a laye r of fine , dry dus t onl y l/6 4th of an inch 
th i ck i ns i de a n  elevator can be an expl os ion hazard . In gene ral terms , i f  
accumulations of dus t a re vis ible , the elevator has a potential explosion 
problem .  The thi cker the l aye r of dus t ,  the greate r  a re both the probabil ity 
of an explos ion and the seve r ity of the resulting damage . 

Methods of Dust Control 

The danger of  dus t expl os ions i n  gra i n  e levators can be reduced or 
el iminated onl y by an e f fective dus t-control program . Such a program has thre e 
pa rts : mechan ical housekeeping , manual housekeeping , and var i ous measu res 
that min imize the creation o f  dust . Each of these pa rts i s  essential to the 
pr ogr am . For e xample , the ope ra tor does not have a choi ce between mechanical 
and manual house keepi ng--both mus t be used . 

* For details  on expl os ibil i ty pa rame ters re fe r  to the previous report i n  this 
se r ies , NMAB 367-2 , •prevention of Grai n  Elevator and Mil l  Expl os i ons." 
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It  shoul d be noted tha t "dus t control " and "dus t collection" have 
d if fe re nt meanings i n  this manual . Du st control i ncludes all means of 
combating the grai n-dus t problem . Dus t collection i ncludes onl y means of 
collecting dus t .  Thus a dus t-control program ,  as noted a bove , i ncludes 
mechanical and manual housekeeping and measu res for minimi z i ng the generat ion 
of dus t .  Mechanical and manual housekeeping , in tu rn , i nclude var ious means 
of collecting grain dust . 

The onl y mechanical housekeeping s ys tem that is  known to be e ffect ive 
i s  the pneuma tic type . Ove r the pas t 2 0  years , many elevator ope rators have 
i nstal led pneumatic dus t-collection s ys tems , pr imarily s ys tems using bag 
( fabr i c )  fi l ters . Howeve r ,  many of these pneuma tic sys tems do not control 

d us t  well e nough to reduce e ithe r the r is k  of expl os ions or the seve r i ty of 
those tha t occur . The y a re inadequate even when combined w i th e f fect ive 
manual house keeping and dus t-minim i zat ion measu res .  Such s ys tems gene rally 
have not done the job for seve ral ma j or reasons : 

• There a re no real istic des i gn s tandards for pneumatic 
dus t-collect ion sys tems for gra in  elevators . 

• S ystems a re fab r i cated and i ns talled i ncor rectl y .  

• Buyers select the lowes t bid , with l i ttle rega rd for the 
contractor ' s  expert ise or rel iability . 

• Ope rators do not know how the s ys tem should be expected to pe rform . 

• Systems a re operated and mai nta ined imprope r l y .  

This manual is  des i gned to help cor rect these shortcomings . It g i ve s  
detailed i nformation on all aspects of  pneumatic dus t-collection s ys tems for 
grain elevators . Abb reviations and de finit ions of te rms used in dus t-control 
work i n  the grain i ndus try appear i n  Appendix A. Al though the manual i s  for 
elevator ope rators , i t  conta ins gu idel ines for des i gne rs , ins tallers , and 
contractors i nvolved with pneumatic dus t-collection sys tems . The manual also 
conta ins much i nforma t ion tha t should be use ful to grai n-elevator management . 
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Section 2 

DUST-CONTROL TEX:HNIQUES AND EQUI PMENT 

An e ff icient dus t-c ontrol program i n  a gra in e levator , as pointed out i n  
Section 1 , has th ree pa rts : mechanical housekeeping , manual housekeeping , and 
methods foe m in imi z ing the gene ration of dus t .  Mechanical house keeping us ing 
pneumatic s ystems is  the pr ima ry subj ect of thi s  manual . Howeve r ,  the other 
a spects of dus t-c ontrol programs dese rve brief  treat.nt at  this point . 

The ultimate goal of a dus t-control program is pe rfection--no dust ,  
e ithe r suspended i n  a ir or accumulated on surfaces i ns ide the e levator . A 
sound program mus t be designed to approach pe rfection as closely as poss ibler 
a t  l east to the point where e xplos ible suspens ions and dus t laye rs do not 
exist . Qlidelines aimed a t  pea k pe rforma nce in  dus t-control programs appea r 
i n  Table 2-1 . 

The human e lement i s  extremely important i n  dus t control ,  as i n  othe r 
a reas of elevator operation . well-trained and vigilant employees are vi tal to 
a success ful program .  Equally v i tal is well-organi zed and e ffective management . 
In thi s  vei n , one person on each s h i ft i n  an elevator should be ass i gned the 
re spons ibility and author i ty for i mplementing the dus t-control program . Th is 
individual should report d i rectl y and only to the senior manage r of the elevator . 

Minimi zing Gene ration of Dust 

Normal e levator ope ra tions w ill always produce dus t ,  but there a re ways 
to minimize the e f fect . The more the grai n  is handled and ag i tated , the more 
dust i s  produced . More e fficient handling of s tock , there fore , w ill reduce 
the generation of dust . Deepe r layers of grain  on conveyor belts are helpful .  
I t  i s  also help ful t o  avoid l ong free-falls and s teep-angle descents o f  grain 
in  spouts and to choke those spouts where these problems cannot be avoided . 
Besides reducing the gene ra tion and d ispersal of dus t ,  avoidance of l ong free­
falls reduces the amount of a i r  entra i ned by falling grai n  and car r ied into 
e nclosed sections of the elevator . Reducing entra ined a i r ,  i n  tur n ,  reduces 
the load on the mechanical dus t-collection sys tem . 

Manual House keeping 

Manual housekeeping i s  always necessa ry i n  a grain e levator . The extent 
of the need depends on the e f fectiveness of the othe r pa rts of the dus t-control 
program . Th at i s , the need for manual housekeeping depends on how well the 
gene ration and di spersal of dus t a re controlled and on how well the mechanica l 
sys tem keeps dus t from escaping from enclosed sections of the facility .  The 
key to a good manual program is to anticipate the need for cleanup and schedule 
i t  accord ingly. Removi ng dus t a fte r i t  has accumulated--i f only to a depth at 
which footpri nts f i rs t  become vis ible--is not good housekeepi ng . It  is  playing 
catch-up ,  and i t  is  hazardous . 
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TABLE 2 -1 Guide l i ne s  for Dus t con trol i n  Grai n  Elevator s 

1 .  Te chniques for preventing or reducing the gene ration of dus t s hall 
be used a t  al l poss ible l ocations . 

2 . Pn eumatic or othe r mechan ical dus t-collection techniques shall be 
used a t  al l dus t-producing locations in or adjacent to a facil i ty .  

3 .  Pn eumatic dus t-col lection s ys tems s hal l  be des i gned and ope rated to 
captu re vi rtuall y al l dus t emitted from the s tock s tream and so 
preve nt the occur re nce of expl os ible concentrations of a i rborne 
dus t and subsequent laye r i ng of dust . 

4 .  Mamal cleanup s hall be scheduled and performed so as to prevent 
the accumulation of se ttled dus t  at any locat ion in quant i t ies 
which , i f  d ispersed i nto the a ir ,  could support propagation of an 
explos ion a t  tha t location . 

s. Mamal cleanup s houl d be appl ied to all surfaces i n  a facil i ty as 
needed . 

6 .  Va cuuming should be the pre fe r red technique for manual cleanup 
ins ide faci l i ties . 

7 .  Asp iration of legs a nd othe r canponents of s tock-handl ing s ys tems 
shall be appl ied to minimize the a i rborne dus t  the re i n .  

8 .  Inter i or parts of s tock-handl ing s ys tems s hou l d  be des igned and 
a sp i rated to minimize suspens ions and formations of layers . 

9 .  Bl ow-down of settled dus t w i th compressed a i r i s  a hazardous 
cleanup me thod because it can create expl os i ble concentrations of 
a ir bor ne dus t .  I f  blow-down i s  used for maj or accumulations of 
dus t on su rfaoes not access ible to othe r cleaning techniques ,  al l 
s tock-handl ing equ ipment s hou l d  be shu t  down and rema in ou t of 
operation until  the dus t has substantially se ttled and been removed . 

Copyright © National Academy of Sciences. All rights reserved.

Pneumatic Dust Control in Grain Elevators: Guidelines for Design Operation and Maintenance
http://www.nap.edu/catalog.php?record_id=18634

http://www.nap.edu/catalog.php?record_id=18634


7 

The manual-housekeeping schedule needed to control dus t e ffectively i n  an 
elevator can be dete rmi ned by expe r ience . Howeve r, the manage r can es timate 
h i s  housekeeping needs by means of  certain measu rements . 

Dus t i ns ide an elevator can be removed manually by seve ral  me thods : 
b room a nd  s hove l, blowing down, washing down, a nd vacuuming . One pr oblem with 
broom and shovel is  tha t su r faces cove red with haza rdous bu t  ve ry thi n  laye rs 
of  dus t--es l ittle as 1/64 i nch thick--may l ook clean to a sweeper, who may 
thus ignore them . Blowing down with compres sed a i r  may create an explos ible 
cloud of  dus t a nd, a t  bes t, s impl y redistr ibutes mos t of the layere d  dus t .  
Washing down with a hose i s  ra re i n  this count ry, bu t  also ca n  ini tial l y  
cre ate expl os ible clouds of  dus t .  Vacuuming (w ith a cleane r  approved for use 
i n  Clas s I I, Group G locations ) i s  the pre fer red me thod for manual cleanup . 
Vacuuming can col lect small amounts of  dus t extremely wel l . Al so, i t  does not 
dispe rse dus t into the a i r, so tha t normal ope rations need not be shu t  down 
during cleanup by vacuuming . 

Mechanica l Housekeepi ng 

Mechani cal housekeeping sys tems i n  gra i n  elevators have been de s i gned 
t raditionally to keep dus t from escaping from enclosed sections of  these 
facil i t ies . Howeve r, mechanical sys tems of  the pneumatic type evidentl y ca n  
do moce than preve nt emiss ions o f  dus t .  Re cent tes ts i n  operating 
grain-handl i ng facil i t ies  sugges t tha t properly des igned pneuma tic sys tems can 
prevent a ir borne dus t i n  enclosed spaces--such as  elevator l egs--from reaching 
concentrations high enough to expl ode . These ve ry promis ing results have not 
yet been ful ly conf irmed a nd furthe r tes ting i s  u nde r way . 

Pneuma tic dus t col lect ion invol ve s  onl y a few common-sense pr i nciple s .  
Gr ain dus t  i s  heavier than a ir and s o  becomes a irborne onl y when distu rbed i n  
same way . Once a i rborne, dus t se ttles b y  gravity i f  left undistu rbed . Apart 
from the e ffect of  gravi ty, a ir borne dus t moves onl y when car r ied by the a ir 
i t  is  suspended i n .  The a i r, i n  tu rn, moves i n  response to diffe rences in 
pre ssure . Furthermore, a ir moves from a reas of highe r pressu re to a reas of  
lower pressu re . Grain  dus t  in an e nclosed space, the re fore, can be controlle d 
by controll ing the a ir flow associated w ith the s ys tem . 

Dus t-collect ion sys tems using these pr i nciples have five bas ic components . 
exhaust fans, captu re e nclosu res, ductwor k, dus t-s eparation devices, and s torage 
bins . These components a re descr ibed in gene ral te rms in the rema inde r of this 
s ection. The ir  appl ication to dus t-control problems is  descr ibed i n  deta il in 
subsequent sect ions of this manual . 

Exhaust Fa ns 

An e xhaust fan i s  a centr i fugal or axial device that mainta i ns a 
di ffe rence between the a i r  pressu res on its i ntake and exhaust s ide s . The 
pressure is l ower than a tmosphe r i c  on the i ntake s ide of the fan and h ighe r 
than atmosphe r ic on the e xhaus t s ide . In a dus t-collection sys tem, dus t  i s  
capture d o n  the l ow-pressure, o r  i ntake, s ide of the fan and d ischarged o n  the 
high-pressu re, or e xhaust, s ide i f  the fan precedes the filte r  in the s ys tem . 
If  the order i s  the reverse, the dus t is removed by the f i l ter, and the cleaned 
air is e xhausted on the high-pressu re s ide of the fan .  
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A fan reduces the pressu re on its intake s ide and increases the pressu re 
on its e xh aust s ide . Ai r a nd e ntra ined dus t a re forced through the s ys tem 
solely in re sponse to the di ffe re nces between these pressu res and atmosphe r i c  
pre ssu re . 

n.tctwor k 

The intake ductwork i n  a pneumat ic s ys tem connects the l ow-pressure s ide 
of the e xhaus t fan to al l points in  the s ys tem where the internal pressu re must 
be l ower than atmosphe r i c . 

When a pneumatic s ys tem is  ope rating, atmospher i c  pressu re forces a i r  and 
entrained dus t into the s ys tem .  The intake ductwor k channels the a i r  and dus t 
to the i ntake s ide of  the fan . He re the a ir and dus t a re transported to the 
exhaus t  s ide o f  the fan, where the higher-than-atmospher ic pressure forces them 
th rough the d ischarge duct to the f il ter or other dus t col lector . 

The pressure i n  a duct always has two canponents : s ta tic pressu re ( SP )  
a nd  velocity pressu re (VP) . Stat ic pressu re a t  any point i n  a duct is the 
pressu re exerted on the wal l of the duct . Velocity pressu re in a duct is  the 
pressure that a moving s tream of a ir would e xert on a flat plate a t  r ight 
angles to the d i rection of  moveMnt of the a i r . The sum of the two pressu res i s  
the total pressu re (TP), i .e . ,  TP • SP + VP . 

I f  the pressu re on the wal l of the duct i s  lowe r  ins ide than outs ide, the 
s ta tic pressure i s  said to be •negative . • I f  the reve rse is true, the s tatic 
pressu re is  •pos itive . •  The velocity pressu re, on the othe r hand, i s  always 
pos i t ive . 

Dust-COllection Devices 

Indus try in gene ral uses four bas ic types of devices to remove dus ts and 
othe r pa rticles from a i r .  The fou r types a re we t  scrubbers, elec trostatic 
pre cipitators, mechanical col lectors or cyclones, and fabr ic f i l ters . Cyclones 
and fabric f i l ters are in common use in the grai n  indus try, al though the use of 
c yclones is decl ining . Fo llowing a re the characte r i st ics of the four types of 
devices . 

Wet Scru bbers .  We t scrubbers remove part icles fran a i r  by scrubbing i t  w i th 
wate r (e . g . ,  sprays, wate r spinners, wetted bed collector s ) . The devices are 
e ffective on a w ide range of  part icle types a nd  s izes . As part icle s i ze 
decreases to the fine range ,  however, the ene rgy consumption of a we t scrubber 
r i ses s ha rpl y .  Al so, ord ina ry water cannot be used i n  wet scrubbers mounted 
ou t-of-doors in col d cl imates . For these reasons and others, the devices find 
virtually no u se i n  the grain i ndus try . 

Electrostatic Precipitators . The e lectros tatic precipi tator uses h igh vol tage 
to attract electricall y cha rged particles to the collecting su r faces . Normal 
operation o f  the devi ces i nvolves a certain amount of sparking, so they cannot 
be used with combustible and explos ive grain  dus t . Such a device has been 
f ield-tested by a grain company, but the resul ts a re not yet ava ilable . 
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Mechanical Collector s . A mechanical collector or cycl one induces a spinning 
a ction i n  a s tream of a i r  i n  a cyl indr i cal vessel w i th a conical bottom . 
Particles are thrown out of the a irs tream and collected . The cyclone i s  
1 imited b y  i ts inabil ity to sepa rate f ine o r  very l ight par ticles . Thus the 
use of the device in  the grain indus try is declining as the Envi ronmental 
Protection Agency grows more concerned ove r the d ischarge of f ine, inhalable 
par ticles to the atmosphere . 

Fabr i c  Fi lters .  Fa br i c  f il ters or baghouse uni ts f il te r  part icles from a i r  
w i th high e f f iciency . Moreove r, they are e fficient for pa rticles o f  widel y 
vary ing s ize, i nc luding ve ry f ine and very l ight particles . The ini t ial cost 
of a fabric f i l te r  is  several times the cos t of a cyclone . Also, the f i l ters 
mus t  be care fully mainta ined and ope rated to reta in the ir  des ign performance . 
Never theless, the a i r  discha rged from a baghouse is extremely clean, and the 
devi ces are the bes t avai lable for dus t col lection in  the grain i ndus try . 

Dus t-Control TerminologY 

Abbre viations and definitions of terms used in dus t-control work, as 
noted earl ie r, are g iven i n  Appendi x A .  However, explanations of th ree bas i c  
terms--pre ssu re, volume flow, a nd veloci ty--are in  orde r he re . 

Pressu res in  pneumatic dus t-control sys tems usuall y a re s tated in inches 
o f  water . A pre ssure of  1 i nch of water, for example, is  the pressu re e xerted 
by a column of wate r 1 inch high, or 0 . 03 61 pounds per square inch (psi) . A 
pre ssure of 1 i nch of wate r i s  also the velocity pressu re exe rted by a i r  moving 
through a duct a t  approx imatel y 4 00 0  fee t pe r  minute ( fpm) • Atmosphe r ic 
pre ssure ( 1 4 . 7  ps i )  is  4 07 . 5  i nch of wate r .  

Volume flow is  the volume o f  a i r  moving through a duct . Usuall y i t  is  
g iven in cubic feet per m inu te ( c fm) . In a branch duct, the volume flow is the 
same a t  al l points . In a mai n  duct, the volume is the sum of al l the volume 
fl ows i n  the b ranch ducts . 

Ve locity i s  the speed of  the a ir moving th rough a duct . Us ually i t  is 
given in fee t pe r  minute . Velocity is  equal to the volume flow divided by the 
cross-s ectional a re a  of the duct i n  square feet (sq ft) . For a g iven volume 
flow, velocity may be increased by mak ing the duct smal le r and decreased by 
mak ing it l arger . Th is a lso i ntroduces pressure drops in the duct . 

Use of Pneumatic Systems 

The practical use of pneumatic sys tems to collect gra in dus t  in elevators 
i s  e xpl ained in deta il in subsequent sections of th is manual . The treatment 
s ta rts with points of emiss ion of dus t from enclosed and open sou rces . I t  the n 
proceeds i n  order through dus t-col lection hoods and trans i t ions, ductwork, 
filter collectors, and fans . Final ly, ins tallation and acceptance of pneumati c 
s ystems, as wel l as training of plant personnel i n  the ope ration and 
ma intenance of pneumatic sys tems a re presented . 
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Sect ion 3 

HOODS, TRANSIT IONS, AND DOC'IWORK 

A pneumatic dus t-collection s ys tem has four ma in components : the hoods 
and othe r enclosu re s ; the ductwor k ;  the filte r  or othe r dus t col lector ; and 
the exhaust fan . The s ys tem a lso includes trans i tions, the f ittings that l ink 
hoods and othe r encl osu res to the ductwor k .  Fach component mus t be properly 
des igned, fabr i cated, i ns talled, and ope rated . I f  any one of them is de fective 
in  some way, the s ys tem wil l  not wor k wel l . This sect ion covers important 
a spects o f  dus t-c ol lection hoods, trans i tions, and ductwor k .  

captu r e  Velocity 

Ai r mus t flow into hoods or othe r suction inlets fas t enough to car ry 
dus t  w ith i t .  Th is min imum capture, or pickup velocity is 200 fpm . 

I t  has bee n thought tha t 20 0 fpm is  the max imum pe rmiss ible inle t 
ve locity .  Ai r a t  higher velocities, i t  was believed, would captu re whole g rain 
as wel l as dust . Howeve r, recent expe r iments have shown this bel ie f to be 
i ncor re ct ( Appendix D ) . Minimum p ickup velocities for e ight grains were found 
to range from 90 0 fpm ( for oats ) to more tha n 2, 20 0 fpm ( for soybeans ) . The re 
i s  thus no need to l imit a ir i nlet velocities to 1 0 0  or 200 fpm, which has 
been fa i rl y common practice . In fact, a i r  at velocities be low 20 0 fpm often 
w ill not captu re a ir bor ne grain dus t .  

A velocity o f  a t  leas t 2 00 f pm  i s  not the onl y requ i rement a t  suction 
inlets i n  a pneuma tic dus t-collect ion sys tem . Some minimum volume flow--in 
cubic feet per m inu te--is  also requ i re d .  For a g iven hood or othe r enclosure, 
the requ i re d  minimum flow of asp i ration a i r  is the sum of th ree quantities : 

1 .  The volume of a ir d ispl aced by e nte r i ng grain ( 1 . 2 5  cfm t imes the 
number of bushels of grain  ente r ing pe r  minute) . 

2 .  The volume of air entra ined by the ente r i ng grain.  

3 .  The volume of air  requ i red to provide the minimum captu re velocity 
(2 00 fpm t imes the a rea of the opening i nto the enclosu re in  square 
fee t) . 

The requ ire d  volume of asp iration a ir w il l  d i f fer a t  d i ffe rent hoods or 
othe r pi ckup points . volume flows and veloc i t ies also mus t  di f fe r  elsewhe re 
i n  a pneumatic s ys tem i f  it is to ope rate proper ly. For example, the volume 
flow in a main duct is the sum of the volume flows in the branch ducts leading 
i nto it . 

1 1  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

P n e u m a t i c  D u s t  C o n t r o l  i n  G r a i n  E l e v a t o r s :  G u i d e l i n e s  f o r  D e s i g n  O p e r a t i o n  a n d  M a i n t e n a n c e
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The total suction on a system is  determined by the fan .  At a g ive n  
total suction, howeve r, volume f l ow  and velocity a t  various points in  a system 
depend on its des ign . As noted in Section 2 ,  decreas ing the diameter of a 
duct i ncre ases a ir velocity a t  cons tant volume flow . To double velocity a t  
constant volume flow, th e  cross-sectional a rea o f  the duct mus t be cu t  i n  
half . S imi larly, decreasing the i nlet  a rea of a h ood  increases t he  velocity 
of the ente r ing a i r  a t  constant volume flow . The movement of a i r  can also be 
varied by insert ing a res tr i ction, or blast gate, i n  a duct . 

Hood and Trans i t ion Des ign 

Seve ral basic  poi nts mus t  be cons idered in the des ign and ins tal lation 
o f  dus t-c ol lection hoods . Fi rst, a ir moves from all d i rect ions towa rd hoods 
or other openings under suction . The pattern of movement toward a pla i n, 
c ircular opening i s  s hown in cross s ection i n  Fi gu res 3 -1 a nd 3 -2 .  

In these f igu res, the d i rection of a i r  movement from points nea r the 
hood i s  indicated by the l ines (s treaml ines ) l eading i nto the opening . The 
cu rve d  l ines marke d  wi th pe rcentage s (velocity contou r l ine s )  indicate velocity 
re lative to the veloci ty a t  the opening, or face velocity .  The contou r l ine 
ma r ke d  1 0 0  pe rcent re presents the face velocity .  Le t  us say, for example, 
that the face velocity is 300 fpm . In that case, the velocity a t  any point on 
the contou r l ine mar ke d  6 0  pe rcent i s  1 8 0  fpm, and so on . In othe r words, 
ve locity towa rd the hood from any d irect ion decl ines s ha rpl y with increas ing 
distance from the opening . 

A hood ' s  per f ormance depends on the associated a i r  movement ( volume flow 
and velocity)  and the s ize and shape of the opening . These character is tics 
a re i nter re la ted . Fi gu res 3-1 a nd 3 -2 , a s  spec i f ied above, depict a i r  
movement nea r plain, c i rcula r openi ngs . Howeve r, the same pr inciples appl y to 
other types o f  openings . A method of calculating a i rflow or velocity nea r 
hoods of va rious types is  given i n  • Indus tr ia l  Ventila tion•l . 

we have a l re ady seen that the min imum captu re velocity for grain dust is  
200 fpm . On this bas is, a i r  ente r ing a hood should have a vel oc ity of at 
l eas t 2 00 fpm a round the perimete r  of the opening . Ve loci ty s hould increase 
to not more than 80 0 fpm at the en trance to the trans it ion l inking the hood to 
its b ranch duct . At h igher velocities, e ne rgy l osses from a i r  f r iction and 
tu rbulence become excess ive . For the same reason, trans itions should be 
tapere d s o  that velocity i ncreases gradually to that requ i red in the branch 
duct . 

1 Indus tr i al Ve ntilation, • A Manual of Re commended Practice, 1 6th Edition, 
Ame rican Confe rence of  Governme nta l Indus tria l  Hygienists, Committee on 
Industrial Ve nt ilation, La ns ing, Mich igan, 1 980 . 
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and streamlines for circular openings. (from "Industrial 
Ventilation," 16th Edition, 1980) 
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Hood Placement 

Hoods s houl d  be des igned and placed s o  that larger pieces of airborne 
grain avoi d captu re and se ttle back i nto the grain s tream while the smal ler 
a irbor ne dus t part icles a re captu re d by the hood ( Fi gu res 3-3 and 3 -4 ) . It  is  
extremely important, i n  order to mai ntain the recommended minimum inlet 
ve locity o f  200 fpm, that hoods have flex ible s ide s k i rt ing i n  contact with the 
conveyor bel t .  The des igne r, when calculating a i r  volumes, should remembe r 
th at he mus t des ign for grain d isplacement and entra ined air as wel l  as the 
open a rea of a hood to ma intain a minimum inle t velocity of 20 0 fpm . ( See 
Table 3-1 and Fi gures 3-5, 3 -6, a nd 3 -7 . ) It i s  also recommended that the 
upstream and downs tream ends be s k i rted so as not to inte rfe re with the maximum 
grain s tre am . As a rule of thumb, the hood trans i tion s hou l d  be at leas t 1 2  
inches from the grain s tream . Howeve r, the proper distance and hood des i gn 
w il l  depend on a number of factors including bel t speed, bel t width, method of 
feeding the bel t, idler spacing, and the phys ical room available . In many 
cases where there a re a numbe r of bel t  l oaders loading onto a s ingle bel t in 
series, the ins tallat ion of a cont inuous bel t  cove r with suct ion being appl ie d 
a t  s everal points along the bel t is  the bes t method of controll ing the dust . 
(Wi th this me thod or i n  any hood des ign, ex treme cau tion shou l d  be used by the 
des igner to avoid any i nternal hor i zontal surfaces whi ch could col lect dus t . )  

Hoods shoul d be ins talled ve rtically, whe re poss ible . A ve rt ical hood i s  
e nt irely sel f-c leaning--that is, a ir bor ne part icles not captu red will  fall from 
the hood by gravi ty . I f  practical,  the trans it ion should tape r evenly on all 
four s ides, with a max imum taper of  3 0  degrees . In s ome i ns tances, hoods mus t 
be ins tal led hor i zontall y because of phys ical cons tra ints . The bottom of a 
hori zontal s uction hood s hould be s l oped a t  leas t 5 5  degrees from the 
hor i zontal .  

Exampl es of  improperly des igned hoods a re s hown i n  Fi gu re 3 -8 . 

Ductwor k Des ign 

The ductwor k in a pneumatic sys tem connects all dus t-col lection points 
to the exhaust fan . Each combination of hood, trans ition, and branch duct is 
a s imple dus t-collection sys tem in i tsel f .  Thus a complex sys tem is real l y  an 
a r rangement of s impl e s ys tems connected to a common main duct . 

Afte r the f i rs t  s tep in  des i gn ing a system, which is to select the 
proper hood or othe r e nc l osu re for each dus t pickup poi nt, the volume flow and 
veloc ity a t  each hood dete rmine the s i ze of the branch duct from tha t hood . 
The mai n  duct i s  then s ized to handle the combined a ir fl ows from the branch 
ducts at a vel oc ity high enough to transport dust . 
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TABLE 3- 1 Ca l culations for Design of Sys tem Shown in Figure 3- 5 . 

Pickup Point Pi ckup Location Velocity , fpm c fm Diamete r ,  in . 

Exaaple 1 :  
l 

2 

S\lllll!laZ'y : 

Filter to hood no . l 

Notl!l This is the 
pickup that deter­
mines the maximwn 
static pressure 
in inches o f  water 

3851 

4074 

4073 

800 

1000 

1750 
3550 

1800 

BOO 

3 5 50 

6 
7 
9 

l 3 

9 

6 

6 

Total cfm • 3 5 50 + 10 A/C • 3 5 5  ft
2 

cloth required 2 
Fi lter select ion : Mode l no . XYZ , bag filter with 3 5 5  ft cloth 
Primary cyclone used : none requi red 

Tota l S tat ic Pressure cal culation : 

Example 2 :  

4 
added to 
existing 
system 

l 

2 

4 

l .  Equivalent straight run res istance 
2 .  Pickup hood resistance 
3. Cyclone resis tance 
4. Fi lter resistance 
5 .  Other ( filter to fan) 

Total system static pressure 

( in .  water) 
Note : Us e 12 . 5 " t o  s i ze f an .  

Note : I f  a pick up no . 4 
is added to the system 
wi thout changing the f i l t e r ,  
fan , or duct s i ze ,  the 
actual cfm at each p i ckup 
�int is reduced to 81 . 6  
percent of des ign cfm . The 
new cfms are as fol lows : 

) j 2 �  

3 0 5 3  

3 2 2 2  

3 3 2 4  

3 . 87 
2 . 00 
N/A 
6 . 00 
0 . 50 

12 . 37 

6 5 3  

816 
1427 

6 5 3  

6 
7 

9 
6 

Duct System 
Length of 
Straight Run, ft 

20 

so 

2 5 

10 

Elbow 

( 1 ) 6" X 

Branch 

l3 x 9 x 9  

9 X 7 X 6 

90° 

Equiva lent 

Straight Stat ic  

Run Pressure 

20 0 . 34 
8 0 . 14 

50 1 .  39 
6 0 . 17 

25 1 . 09 
7 0 . 30 

10 0 . 44 
3 . 87 

,_. 
....... 
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a )  Emi s s ion areas not cove red by s uct ion hood . 

b )  Hood s ituate d  too far from b e l t  and is not skirte d .  

FIGURE 3- 8 Imp roperly des igned s uct ion hoods . 
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Each component o f  a systea causes a de crease i n  s tatic pressure,  or 
pressure l oss ,  relative to atmospher i c  pr essure due to fr iction of a i r  flowing 
in the duct . I t  is this pressure de creas e ,  as pointed ou t  in Section 2 ,  that 
perm its a tmosphe r i c  pressure to force a i r  through the sys tea . The SUJI of the 
pressu re losses in the components of a s ys tea is the s tatic pressure of the 
s ys tem. Th is s tatic pressure , or suction , mus t be provided by the exhaus t  fan 
selected for the system . 

It is impor t ant to recogn ize that ductwor k is aore than a condu it for 
a ir--a good deal of sol id pa rticulate mater ial can be transported along with 
the a ir .  Proper des i gn of hoods and othe r enclosures will insure that only 
l ight, flotation dus t  is captu red du r i ng normal operation . Howeve r ,  du r i ng 
abnormal conditions, l arger part icles of grain can also ente r  the systea . 
The re fore, ductwor k should be designed to transport abnormal amounts of sol ids 
w ithou t  clogg ing . In addition, clean-out doors should be provided in all 
ducts tha t could be car rying gra i n .  

ru ct  Ve loci ty 

The s ingle mos t important des ign speci fication for ductwork is the 
velocity .  I t  was noted above that a i r  mus t  flow through a duct a t  leas t fas t 
e nough to transport the captured dus t .  Th is min imum velocity i s  called the 
transport velocity .  Normal ly , a velocity o f  4 , 0 0 0  fpm al l the way to the fan 
w il l  assu re good operation withou t clogging problems . Howe ve r, the re is room 
for judgment through a range o f  3 , 50 0 to 4 , 50 0  fpm . At  some pickup points, 
where abnormal conditions a re unl ikel y, transport velocities at the lowe r  end 
of the range may be employed . At other pickup points , such as elevator boots , 
occas ional surges a re more l ikel y .  Ductwor k from these points should be 
de s i gned for velocit ies a t  the highe r  end of the range . 

Mi nimi z ing Horsepower 

In ver t ical runs that a re sel f-c leaning, velocities cons iderably l owe r  
than 3, 50 0 fpm ma y  be used . Lower velocities requ ire less pressu re drop and 
s o  reduce horsepower demand . 

Other ways to minimi ze horsepower demand may be detected by care fully 
examining the ent i re sys tem . For example, a long run of smal l branch duct 
w ith l ow  a ir fl ow  w il l  requ ire much more pressu re drop than the ave rage branch . 
I f  the ent ire s ys tem is des igned to provide the high suction needed by this 
b ranch , the requ ire d horsepower will  be higher (often by 20 to 30  percent )  
than woul d  othe rwise be needed . I n  such cases, i t  might be bette r  t o  ins tal l 
a smal l, sepa rate col lector close to the d is tant sou rce of dus t .  In this way 
the ma in s ys tem would be freed from operating at unduly high suction. 

Be nds a nd Branch En tr ies 

To mainta in a uni form velocity in ductwor k, generous rad i i  s hould be 
provided at  al l bends and branch entries . Also,  abrupt enla rgement or 
contraction of duct d iameters shou l d  be avoided . Sharp changes i n  the 
d i rection and diameter of ducts increase fr iction and turbulence ,  which upse t  
fl ow .  Tu rbulence and a brupt changes i n  direction also may cause l a rger 
particles to se ttle and plug the duct, rega rdless of the nominal a i r  
ve locity . FU rthe rmore, i ncreases i n  fr iction and turbulence increase the 
horsepowe r demand on the sys tem . Gu idel ines for des ign of elbows and other 
duct f it tings appea r in Fi gu res 3-9 , 3 -1 0  and 3 -1 1 . 
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Balancing the System 

A pneumatic s ys tem mus t be des igned s o  that a ir f l ow  is prope r l y  
distribu te d  among th e  branches . Otherwise , the sys tem w i l l  not produce the 
a ir fl ow  requ ired a t  each hood or othe r pickup point . Designing for proper 
dis tr ibution of a i r flow is cal led balanc ing ·the sys tem . To achieve proper 
a irflow d is tr i bu tion ,  the re fore, the s tatic pressures in all ducts ente ring a 
junction mus t  be the same . A sys tem can be balanced i n  th ree bas i c  ways : the 
balance method� the blas t-gate method� a nd the plenum method . 

In the balance me thod , each branch is des igned to have the cor rec t 
pre ssu re l os s  up to the ma in duct . The des igner s impl y cal culates the duct 
diame te r tha t wil l produce the des i red pressure loss . The balance me thod 
requ ire s more des ign t ime than the other methods . Howeve r , it avoids the need 
for adjustable res trictions in ducts , which can lead to imprope r ope rat ion . A 
s ys tem des igned i n  this way has l imited flexibi l i ty because changes or 
addi tions requ i re recalculation of the ent ire sys tem . Also,  ex tra hi gh 
ve locity i s  often needed in s hort branches nea r the f il te r  or othe r col lector 
to achieve enough pressu re loss to ma intain balance . Unusua l l y  high velocities 
can l ead to excess ive wea r by abras ion .  In s ame cases , howeve r , e ffective use 
of high-l os s  flexibl e  hose can resul t in prope r pressure l oss wi thou t extra 
high vel ocity .  

The blas t-gate method ach ieves balanced a irflow b y  means of a n  adjus table 
res tr ict ion , or blas t ga te , in each branch . This  approach s impl i f ies des ign 
cal culations . Howeve r ,  i t  compl icates s ta rt-up because each blas t gate mus t be 
adjus ted for prope r flow . When each blas t gate has been adjusted , i t s hou l d  be 
l ock ed i n  pos i tion w ith a pin to prevent tampering .  When blast gates a re 
placed in hori zontal runs they should be placed a t  the top of the duct s o  tha t 
they w il l  not act as dams and knock occas ional l a rge part icles from the flowing 
a i r . 

The plenum method empl oys a l ow-velocity plenum, or duct , equ ipped with 
a dus t-remova l sys tem . Ai r need not flow a t  transport vel oc i ty because any 
a ir borne mate r i al that settles is  conve yed away.  Th is appr oach is especial l y  
use ful whe re many branches a r e  requ i red in a relat ivel y compact space . 

Which method s hou l d  be used to bal ance a pneumatic s ys tem? The re is no 
unive rsal answe r .  The blas t-gate me thod is  the mos t popular in the gra in 
i ndustry , pr imari ly because of i ts ope rational flex ibil ity .  Howeve r ,  each 
ins tallat ion should be evaluated on its own me r i ts by a compe tent enginee r .  
In a few cases , the cor re ct duct s ys tem is none a t  all . That is , the bes t 
choice is to use bin-vent col lectors at  ind ividual locations . 

Ma ter ials of Cons truction 

Low-carbon s teel is the cons truct ion mate r ial used mos t commonl y in 
pneumatic dus t-col lection systems . The me tal mus t  wi ths tand normal cor ros ion 
a nd also e ros ion- -a high-velocity s tream of gra in dus t can be extremely 
abras ive . Also,  ductwor k and othe r e ncl osu res unde r suction mus t  wi ths tand 
pre ssu re equ ivalent to the d i f ference between the internal s tatic pressu re and 
atmosphe ric pressu re . The me tal in each duct should be of a gauge that wil l 
w ithstand the max imum negative pre ssu re that can be imposed on the duct . 
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Sugges ted gauges for s tra i ght ducts a re g iven i n  Table 3-2 . I t  ma y be 
w ise to use heavier gauges i n  a reas whe re ductwor k is exposed to bumping by 
forkl i fts or othe r mate r ial s -handl ing equ ipment . The me tal in elbows and 
a ngles s hou l d  be a t  l eas t two gauges heavier than in s tra ight ducts of equal 
diame te r .  The me ta l  in hoods should be ·a t leas t two gauges heavie r than in 
s traight connecting branches .  

TABLE 3-2 Sugges te d  Gauges for ructwor k unde r l S " ' Static  Pressu re a 

D.l ct  Diame ter Gauge 

Unde r 8 i nches 20  

8-1 8 i nches 1 8  

1 8-3 0 i nches 16 

More than 3 0  i nches 1 4-1 2 

a Se e "Round , Indus tr i al Dust Cons truction S tandards , "  Shee t Metal and 
Ai r Conditioning Contractors , Nationa l Association , Inc . , Vienna , VA. , 
19 81 ,  part icularly where s tatic pressu re exceed 1 5 " . 
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Section 4 

DUST FILTERS 

A pneumatic s ys tem in a gra in e levator exhaus ts to the a tmosphe re 
through an a i r-cleaning device tha t removes the collected dus t  for disposa l . 
The mos t e ffective a ir-cleaning devi ce now use d  i n  elevators i s  the fabr ic 
f i l te r  (sometimes cal led baghous e) . A less e ffect ive device, the cyclone, i s  
a lso u sed . ( Se e  Se ction 2 for a general compa r ison o f  these and two othe r 
devices, we t  scrubbers and elec tros ta tic prec ipitators . )  

The great a dvantage of the f il te r  is  i ts  e ff ic iency.  The device 
e f ficientl y col lects la rge pa rticles as wel l  as ve ry smal l (submi cron )  and 
ve ry l ight part icles . The cyclone, on the othe r hand, does not col lect f ine 
or ve ry l i ght pa rticles e f fectively . A wel l  ope rated filte r  collects 
pa rt icles at an  ove rall e ffic iency of more than 99 percent . Cyclones, i n  
contrast, a re 6 0  t o  9 5  pe rcent e f f icient . 

Pa rt icles small enough to be inhaled tend to pass through a cyclone 
uncollected . Because such pa rticles have become an envi ronmental concern, the 
u se  of cyclones i n  the grain i ndus try has been decl ining . Howeve r, the devices 
are often used in se r ies with filters . This dual a r rangement is  cove red at  the 
e nd  of th is  sectionJ  otherwise the section i s  devoted to fabric f il tration .  

Fabr i c-Fil tration Practice 

A typical filte r  is shown in Figu re 4 -1 . The fabr ic is in the form of 
s tock ings ( tubes or rocks)  in the f igu re, but othe r des igns empl oy fabric 
lea fs (envelopes ) .  As the fil te r  ope rates, a mat of dus t bu ilds up on the 
d ir t y  s ide o f  the fabr i c .  I t  i s  this mat that f i l te rs dus t from the ente r ing 
a i r . Res is tance to a i r flow increases as the mat bu i lds up, s o  the accumulate d  
dus t  mus t b e  removed per i odical l y .  It  may b e  removed b y  sha k ing o r  vibrating 
the fab r ic or by use of a i r  in  reve rse flow, reve rse jet, or reve rse pulse . 
The dus t d islodged fal ls i nto the l owe r  chamber, or hopper, and is  d ischa rged 
through the a i r  lock . At interval s, al l bags or s tockings mus t be removed 
from the f il ter a nd cleaned thorough ly.  

Ai r-to-Cloth Ratio 

An important factor i n  the per formance of a f il te r  is the a ir-to-c loth 
ra tio--the cubic fee t pe r  minute of a i r  being filte red per square foot of 
fabr i c  i n  the f il te r . The bes t  a ir-to-cloth ratio for a f il te r  depends on 
factors such as the dus t be ing handled, the des ign of the f i l te r, and the 
f il tration fabri c, or med ium . 

2 9  
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Valve Body Assembly:  
-Planum Chamber 

Magnehel ic 
Gauge 

-Butterfly Valve 

FI GURE 4- 1 Typ i ca l  fab r i c  f i l te r .  
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Fil te r  pe r formance and optimum a i r-to-cloth ra tio also va ry with humidity 
a nd  the s al t  content of  the a ir .  Howeve r, humidity and sal t content a re h igh 
enough to be s i gn i ficant only in a coas tal a rea reaching from Texas to Ma ryland 
( Fi gu re 4-2 ) . Th is coas tal bel t extends 50 to 10 0 miles i nl and . 

Fil ters a re generall y class i fied as high-ra tio or low-ra tio . Hi gh-ratio 
f il ters use fel t med ia w ith continuous cleaning, such as reve rse-pulse or 
reve rse-flow cleani ng . Ai r-to-cloth ratios in high-ratio filters should not 
e xceed 9 to 1 i n  the coas tal bel t descr i bed above . El sewhe re i n  the Un ited 
States, they shoul d not exceed 1 1  to 1 .  Low-ratio filters use woven media 
cleaned by shaking ,  gentle reve rse flow, or inte rm ittent methods . Ai r-to-cloth 
ratios in low-ratio filters shoul d not excee d 2 . 5  to 1 in the coas tal band 
(s ee Fi gu re 4 -2 ) . They s hould not e xceed 3 to 1 e lsewhe re i n  the Un ited States . 

( See also l as t  pa ragraph of this Section, unde r cyclone-Filte r Faci l i ties . )  

Ai r-t o-c loth ratios highe r than recommended here can be used, and the 
f i l te r  can be made cor respondingl y smalle r .  Howeve r, highe r ratios increase 
maintenance a nd ope rational problems a nd s horten bag l i fe .  They also increase 
pressu re l os s  across the filte r  and so increase ene rgy costs . Furthe rmore, 
ratios higher than recommended above s ometimes g ive less e ffective dus t control . 
Lowe r a i r-to-cloth rat ios tend to minimize ma intenance, increase bag l i fe, 
re duce pre ssu re loss and e ne rg y  cos ts, and g ive gene rally more trouble-free 
operation . 

ca ut i on  s hould be used w ith a ir-to-c loth ratios in  e levators handl ing any 
product othe r than whol e  grai n .  More conservat ive (lowe r )  ra tios should be 
cons idere d for products such as mal t, bee t pulp, oil seeds, and l ow-dens ity 
powde rs . 

Fi lter Collector Loca tion 

Se lection of a location for a f il te r  a t  a grain e levator should be guided 
by the distinct ha za rd invol ved . The f i l te r  will  contain a la rge amount of 
grain dus t that can support e ithe r a f ire or an expl os ion .  The re fore, it is 
highl y advisable that f i l te r  col lectors be located so as to present the minimum 
e xposure to e levator personnel . 

A bag f il ter col lects the smal les t and dr ies t part icles of dus t in  the 
elevator . This dus t makes excellent fuel . Only an ignition sou rce is neede d 
to s et i t  on f ire . Because the f ire would occur i n  the conf ined space of the 
filte r  collectors, a irborne dus t  in tha t space coul d explode . Expl os ible 
concentrations of dus t may e as i ly be d ispe rsed into the a i r  by pulse-cleaning or 
by an expl os ion propagating into the filte r .  An explos ion in a f i l te r  produces 
a f ire ball of  s ign i ficant s ize, although we have no way as yet to predict i ts 
exact s i ze . Venting may cons iderabl y reduce damage to a filte r  in  the event of 
a n  e xpl os ion . However, venting a lso will mar kedly increase the s ize of the 
f i rebal l but venting mus t be done in  such a way to minimize da nge r to pe rsonne l . 
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A fil te r  should be s i tuated for ease of ma intenance, as wel l  as in the 
i ntere st o f  s afe ty . I f  the unit i s  i ns talled off the g round, maintenance can 
be eased by use of catwalks and ladder s .  Ins truments for check ing the 
performance of the f il ter s hould be in the e levator ' s  control room whe re they 
can be mon itored continually . A baghouse shoul d also be l oca ted so that it can 
convenientl y feed the dus t-s torage fac i l i ty, whe the r by gravi ty or mechanically 
or pneumaticall y . A final cons ide rat ion is noise from the e xhaus t fa n.  
However, if  the f il ter i s  l ocated remotely because of the expl os ion haza rd, 
noise should not be a problem . 

Fi lter Ma te r i als a nd  Cons truction 

Ma te r i als and type of cons truction for a bag filte r  s houl d  be selected on 
th ree general grounds : ease of assembl y and ins tal lation , service l ife 1 and 
maintenance requ irements . The opt imum materials and cons truction may vary for 
pa rticula r  ins tallations . Wi th any filte r, howeve r, attention should be pa id 
to the fol lowing points : 

1 .  Magnehe l i c  gauge or mananete r .  
2 .  Ga uge of  hous ing . 
3 .  Type of ser vice platform and access ladde r .  
4 . Adequate l iners  a t  wea r points . 
s .  Life and class rating of bea rings and gea r reducer s .  
6 .  Wind-l oading, dead-l oading, and seismic requ i rements of s tructu ral 

legs . 
7 . Type and cons truction of a i r  l ock--mach ined hous ing, close 

tole rance 1 nonmachined hous i ng, flex tip .  
8 .  Ra ting o f  motor--Totally enclosed, fan cooled, Cl ass I I, Gr oup G .  
9 .  Explos ion vents and vent ratio . Hous ing should have high enou gh 

pre ssure rating to withs tand ruptu re pressure of vents . 
1 0 .  High-temperature l imi t switch . 
1 1 . Ne ga tive pressu re rating of f il ter hous ing . 

Selection of Fil te r  Media 

The selection of filter media s hould be based on : 

1 .  Type of filte r .  
2 .  Type o f  dus t being handled .  
3 .  Temperatu re of a i r  being handled . 
4 .  un usual characteristics of a i r  and i ts  contents : acid ic, alkal ine, 

moistu re ,  e tc .  

Fi lter med ia can be made of a var iety of mater ials . Those ava ilable 
include cotton, wool , polyeste r, a cryl ic, nylon, Nomex, and polypropylene . 
Wool i s  used rare ly because i t  is cos tly and does not reta i n  i ts s i ze and s hape 
well in ser vice . Acryl ic fiber, l ike wool, is cos tl y and is used onl y in 
special appl ications i n  the s ta rch i ndus try . Nylon i s  used occas ionally i n  
acid.ic condi t iona, bu t  has n o  a dvantages in the grain indus try . Nomex, a 
heat-resistant f iber, would be used only whe re process a i r  was hotte r than 
2 So0p . Cotton, polyeste r, and pol ypropylene a re the mos t w idely used filter 
mater ials i n  the gra in indus try . Of these th ree, polyeste r  is the moa t common .  
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Fil te r  me dia are made in  woven form or as felts . Woven media a re 
re lative ly l ightwe ight and a re use d  pr ima r i ly in  shaker and reve r se-flow 
f i l ters . The mate r ia l  can be cotton, polyeste r, or polypropylene .  Pel t 
media, the more common form, a re used bas ically i n  reve rse-j et and pulse-j et 
filters . They a re made by needl i ng or sh r ink ing a loose, continuous blanket 
of f iber s i nto a dense fel t .  

Polyester i s  by far the mos t common f iber i n  fel ts . Normal we ight for 
polyeste r  fel t is 1 2  to 1 9  ounces pe r  square yard . The f ibe r is relat ively 
i nexpens ive and hol ds its s ize and s hape wel l i n  service .  Polyeste r  also can 
be launde red or dry-cleaned and so can be renewed inde f initely.  

Polyester fel t  can be  made with a s l ick sur face (eggs hell f in ish) on  one 
or both s i de s . This type of su rface provides bette r  dus t  release and has been 
found bene ficial i n  high-humidity a re as l ike the Gu l f  Coas t .  A smooth f inish 
also can be produced by s i nge ing the f ibers at the su r face of the fel t  with a 
d ire ct flame . Th is type of f inish also impr oves dus t release i n  humid a reas . 

Polypropylene fel t is  favored by some ove r polyeste r  because i t  g ives 
better dus t re lease . The two f ibers a re bas ical ly interchangeable, howeve r . 
The i r  costs are s imila r, as are the i r  retention of s i ze and shape in service . 

A few new types of f il ter med ia a re said to offe r  u l trahigh e fficiencies 
for submi cron pa rticle s . One of these media is a fel t-back membrane wi th 
e xtremely small pore s .  Anothe r i s  a n  a r rangement o f  pleated pape r . These 
media, along with the s o-cal led absolute filte rs, would be cons ide red for 
cleaning a ir to be re turned to the i ns ide of the bu ilding . Re tu r ning a i r  to a 
bu ilding is  a ques tionable practice, howeve r, especially i f  the dus t involved 
is flammable, e xpl os ive, or tox ic . 

A word of cau tion i s  i n  order on the selection of filte r  med ia for 
speci fic ins tal lations . General ly, the medium recommended by the manu factu re r  
o f  the f il ter will  be the mos t s u i table . woven fabr i cs  usually will  bl ind 
(dus t will  plug the pore s )  or otherw ise wor k ine fficiently on a reve rse-je t 
f il ter a nd s hould not be cons ide red for such fac i l i ties . Al so, l ightwe ight 
felts (8 to 10 ou nces per square ya rd)  should be avoided . 

Di sposal of  Collected Dust 

Gr a in dus t d ischarged from a f i l te r  rema ins a ser ious f ire and expl os i on  
ha za rd . The collected dus t shoul d always be disposed o f  with these haza rds in  
m ind . The fol l owing practices a re recommended . 

Transporting Dus t 

Collected dus t may be conveyed to s torage mechanically ove r a s hort 
dis tance with one or no change in  d i rection . Long, compl icated screw or drag 
conve yors requ ire the i r  own dus t-c ol lection sys tems, whi ch onl y add to the 
problem . 
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rus t i s  bes t moved longe r dista nces pneumatically . Metal l ic, 
e lectr i cally cooductive p ipe s hould be used . Long-sweep elbows and othe r 
featu res in accord with good engineering pract ice should be employed . 
Nonconductive plas tic p ipe s hould be avoided because of the r isk that s tatic 
electr ic ity will create hot spots, which are a potential ignit ion sou rce . A 
pneumatic transport s ys tem mus t suppl y enough a ir to flu idi ze the dus t and 
transport it to storage . 

ru st Storage 

ru st s hould be s tore d i n  a noncombustible tank not housed in a 
bu ilding . The tank should be located so as to minimize the length of cha rgi ng 
a nd d ischarg ing conveyors . The hopper s hould have a min imum angle of 6 0  
degrees, and one s ide of the discha rge opening should be flush with the s ide 
w al l . I f  the dus t is to be s tore d for a cons ide rable t ime, the bottom of the 
tank may requ i re some sort of me chanical agitation for loadou t to preclude 
b ri dg ing or other coodition problems . The tank s hould onl y be large enough to 
hol d 10 days ' production of dus t  or 1 5 0  pe rcent of the capac ity of the vehicle 
being loaded, whicheve r i s  greater . 

Retu rning rus t to Grain Stream 

Where a l ong, compl icated dus t-transport sys tem would be requ ired, i t  
ma y  be des i rable instead to return the collected dus t to the gra in s tream . 
However, the dus t s hould not be reci rculated through the grain-handl ing and 
dus t-collection s ys tems . Such rec i rculation can be avoided by the following 
re str i ctions : 

1 .  ru st s hould not be re turned to bucket elevators . 
2 .  rus t should always be retu rned to the grain downs tream from the 

point where i t  was f irst  col lected . 
3 .  rus t shoul d  not be retu rned to spaces a round machine r y  whe re i t  

woul d  again  be  drawn i nto the dus t-col lection s ys tem . 
4 .  rus t re turned to conveyors or spouts must be retu rned so tha t i t  

beneath the grain s tream .  

Di sposa l  Alternat ives 

is 

Al ter na tive methods of dus t d isposal a re s lu r rying in wa te r and 
agglome r i zation or pelleti zation . Pa rticularly a t  elevators associated wi th 
process ing plants, wate r containing s lu r r ied dus t can be empl oyed in the 
proces s . Grain dus t can be agglome rated or pelletized to yiel d a product tha t 
can be handled safely.  The pel letiz ing process has i nhe re nt f i re problems and 
must be sepa ra ted from the grain-handl ing operation by a f i re wal l . Magne ts 
s hould be i ns talled ahead of  the pel let mill to scavenge tramp metal . Fi re 
monitors also mus t be ins talled . 
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cyclone- Fi l te r  F.acil i ties 

Cyclones are commonl y used in  se r ies with bag filters in  grai n  elevator s . 
The e xh aust fan mus t have additional horsepower to handle the pressu re drops 
across both cycl one and filte r .  The advantage is that cyclones tend to collec t  
a higher percentage of larger pa rt icles, which can be re turned t o  the grain 
stream . The smal le r pa rticles tend to pass th rough the cycl one to the filte r , 
where they a re col lected for d isposal i n  some othe r way . Howeve r, dus t 
collected by the cycl one may still contain a good deal of fine, dry mate r ial . 
There fore, this  dus t s hould be re turned to the grain w i th the same precau tions 
tha t appl y to dus t from the filte r .  

Us e  of a cyclone ahead o f  a bag f il te r  does not as a rule a f fect the 
optimum a i r-to-cloth ra tio of the f il te r .  The dus t loading on the filte r  i s  
l ower w ith the cyclone than w ithou t  i t .  On the othe r hand, the f il te r  is less 
e f ficient . The reason is tha t the la rge r pa rticles captu red by the cyclone 
would otherwise contr i bu te to the col lection e ff iciency of the mat of dus t  
that bu ilds u p  on the f i l te r  fab r ic . These factors--l owe r  dus t loading and 
l ower e fficiency--tend to balance each othe r . Thus, although add ing a cyclone 
reduoes the dus t loading on the filte r, i t  does not pe rmi t the a i r-to-cloth 
ratio to be i ncreased . 
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Section 5 

EXHAUST FANS 

The exhaust fan on a pneumatic dus t-col lection sys tem crea tes the 
d i ffe rences i n  pressu re tha t cause a i r  to move through the sys tem . In 
pract ical terms , the fan mus t mee t the s ys tem ' s  requ i rements for a i r flow and 
s tatic pressu re . These and othe r cri te r ia for selecting fans a re cove red in 
th is s ection . 

The main class i fications of fans a re axial flow and centr i fugal . Types 
of fans in each class i fication are shown i n  Figu res 5-l and 5-2 . The 
per f ormance curves of axial-flow fans make them generally too inflex ible for 
dus t-col lect ion sys tems i n  grain elevators . Howeve r ,  they are sometimes used 
a s  i n-l ine pre ssu re boos ters . The mos t common exhaust fan in grain e levators 
is the centri fugal type with s traight or radial blades (see Figu re 5-2) . 

Selecting a Fa n 

To s el ect the prope r  e xhaus t  fan for a dus t-col lection s ys tem , the 
designe r mus t have the following i nformation :  

1 .  Ai r fl ow  requ ired by the s ys tem (cubic fee t per minu te ) . 
2 .  Sta tic pressure ( pressure drop )  across the sys tem . 
3 .  The k ind o f  mate r i al that w il l  pass through the fan (abras ive , 

cor ros ive , e tc . ) . 
4 .  The flammabil i ty or expl os ivi ty of the mate r i al . 
5 .  Whe the r d i rect dr ive or bel t  dr ive is bes t .  
6 .  Li mi tations on space . 
7 .  The pe rmiss ible level of nois e . 
8 .  The ope rating temperatu re . 

Points 4 ,  5 ,  and 8 cal l for brie f  discuss ion . 

If  the mate r i al to be handled i s  expl os ive or flammable--and grain dus t 
is both--the e xhaus t fan should be nonspa rking . Also , a fan motor that i s  to 
operate i n  the a ir s tream s hould be approved for Cl ass I I , Gr oup G .  The 
ins tal lation shoul d mee t the standa rds of the National Boa rd of Fi re 
Underwr i ters , the Na tional Fi re Protection As sociation , and s ta te and local 
ordinance s . 

Di re ct-dr ive e xhaus t  fans make a more compact assembly than bel t-dr iven 
fans . Di rec t dr ive also insu res cons tant speed by avoiding the sl ippage that 
can occur when bel t dr ives a re not mainta ined prope r l y .  Di rect dr ive l imits 
the speed of the fan to the speed of the motor (excepting d i rec t-cur rent 
motors) , where as bel t drive perm its fan speed to be changed qu ick l y .  Howeve r , 
bel t  dr ives can be sou rces of i gnition i f  they fa il  and so should not be used 
i ns ide e levators . 
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FI GURE 5- l Axi a l  flow fans . 
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( from " I ndus trial Vent i l ation" , 16th Edi t i on , 1 9 8 0 ) 
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BACKWARD CURVED BLADES VOLUME � CFM 

SP 

STRAIGHT OR RADIAL BLADES VOLUME - CFM 

FORWARD CURVED BLADES VOLUME - CFM 

FI GURE 5- 2 Centri fugal f ans . 
( from " I ndus t r i a l  Ve nti l ation " , 1 6 th Edi t i on , 1 9 8 0 )  
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The operating temperatu re o f  a n  e xhaus t fan dete rmines the k ind of 
b ea r i ngs it s hou l d  have . Sleeve bea r i ngs a re satis factory for fans ope rating 
a t  up to 2 500r . Ball bea r i ngs a re requ i red a t  2 500r to 5 500r , and 
special cool ing devices are requ i red a t  hi ghe r tempe ratu res . The des i gne r  
general l y  s hould follow the manu factu re r ' s  recommendations . 

Pan Size and Speed 

The s ize a nd speed o f  the exhaus t fan for a speci fic ins tal lation s hould 
be selected for maximum e f ficiency . Tha t ia , the fan should suppl y the 
requ ire d a ir f l ow  a nd s ta tic pressu re a t  minimum horsepowe r  and thus minimum 
operating coat . 

The des igner u sual l y  can determine the optimum s i ze and speed of the fan 
from a rat ing table publ ished by the manu factu re r .  The bea t form of table ia a 
mul tirating table . I t  g ives the a ir f l ows ,  or capacities , for a fan of a g iven 
s i ze ove r the ent i re ra nge of s tatic pressu res and fan speeds . The table also 
g ives the horsepowe r  requ i re d  ove r the e nt i re range of s ta t ic pressu res and 
speeds . 

When a fan i s  running a t  a g iven s peed , i ts capacity var ies w i th the 
s tatic pressu re i n  a manne r cha racte ris tic of the fa n .  A range of capaci t ie s  
a nd  the c or re sponding s ta tic pre ssu res a t  cons tant speed can be plotted t o  g ive 
a cu rve that ia characte r is tic of the fa n .  A typical characte r is tic cu rve ia 
s hown  in Fi c�ue 5-3 . The second curve in Fi gu re 5-3 shows how capacity--or 
a i r flow th rough the sys tem--va r ies w i th the res ista nce , or s tatic pressu re , 
a cross the s ys tem . The poi nt w he re the two curves inte rsect represents the 
capaci ty of the fan i n  a given s ys tem a t  cons tant speed . In othe r words , a 
pa rt icular fan running a t  cons tant s peed in a part icular s ys tem can have onl y 
one capaci ty ,  or a i r flow . Tha t capac ity can be changed onl y by changi ng the 
speed o f  the fan or the res i s tance of the s ys tem . 

The s l ope , or de gree of s teepnes s ,  of a fan ' s  characte ristic cur ve  i s  
e specially important i n  a grain-dus t s ys tem . Fi gu re 5-4 s hows a relat ively 
flat characte r is tic cu rve (le ft)  and a relat ivel y s teep one ( r i ght) . 

I t  can be seen in Fi gu re 5-4 that a a l i ght increase in the s tatic 
pressu re of the s ys tem causes a smal ler l oas of capacity for the fan w i th the 
s teep characte r i stic curve than for the one w i th the flatte r  cu rve . The point 
is signi ficant because a dus t-col lect ion s ys tem may occas iona l l y  become 
over l oaded w ith dus t .  When ducts becane ove r l oaded , the res is tance of the 
s ys tem r ises and a i r flow decl ines cor respondingl y .  If the fa n ' s  cha racte r is ti c  
curve i a  too flat , a ir fl ow  may fal l to the point where vel oc i ty i a  below the 
transpor t vel oc i ty ,  and the sys tem w il l  cl og . Thus when choos ing among 
otherwise a dequate fans for a part icular j ob ,  the bea t selection ia the one 
w i th the s teepes t cha racte ristic curve . 

Copyright © National Academy of Sciences. All rights reserved.

Pneumatic Dust Control in Grain Elevators: Guidelines for Design Operation and Maintenance
http://www.nap.edu/catalog.php?record_id=18634

http://www.nap.edu/catalog.php?record_id=18634


� 
' 
� 

i p  
l 
-� � (/) 

4 1  

1-�� cJurJ.Jstk � 
...,. """"' r"""o r-.... " .... �--"'" r-.... � 

� 
i'. 

- - � ·  � - · - - , _  - - � � � -"" - -

v 
v 

/ ""' 
..,... "" 

� � 

Copocify CFM 

j 
v 

v 
v 

f7 
/ 

I' 1/ � �f)ys�em Msis� � 
-I"'\[/ (vories opprox. os Q1) 1/� 

v I i\. 
I 1\. 
I ' 
i \ 
l 1\ 

"' 
Q 

F I GURE 5- 3 Typi cal poi n t  o f  rating . 
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( from " I ndustrial Venti l ation " , 16th Edi t ion , 1 9 80 ) 
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EFFECT OF FAN CURVE SLOPE 
FIGURE 5 - 4  Fan s e l ection . 

( from " Indus t r i a l  Venti lation " , 1 6 th Edi tion , 1 9 80 ) 
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A flat characte r i stic cu rve may a lso cause problems dur i ng s tart-up of a 
fabric filte r .  The fab ric has ve ry l i ttle res istance du r ing s ta r t-up because 
the mat of dus t has not yet formed on i t .  I f  t he  fan • a  curve is  too fla t ,  the 
s ys tem will  tend to handle much more than the des ign a i rflow . As a resul t , 
more than the des ire d amount of dus t will  be conveyed and w i l l  tend to 
overload the fil te r  and system . 

Ge ne rally speak ing , an ove r s i ze fan tends to ope rate in a fla t section 
of its cha racte r is tic cu rve . To avoid the problems described above , the re fore , 
the s ize of the fan selected s hould exactl y match the requ i rements of the 
system . 

An actual e xampl e of fan selection is  s hown i n  Fi gu re 5-S . The des ign 
capaci ty of the sys tem is 2 0 , 20 0  c fm ,  and the des i gn s ta tic pressure is 
16  i nches of water ( 4  i nches across the bags and 12 i nches owing to fr iction 
pressue drop) • The fan was selected to g ive des ign volume flow a t  4 inches 
pre ssu re drop across the bags . No te tha t almos t doubl ing the pressu re drop 
across the bags , to 7 . 6  inches , reduces volume flow onl y 10  pe rcent . This 
re lationship re fl ects a good fan selection . 

Even the bes t fan cannot ove rcame poor maintenance . Note i n  Figu re s-s 
that when pre ssure across the bags cl imbs to an excess ive 1 3 . 6  i nches , the fan 
will del ive r onl y 70 pe rcent of des i gn vol ume flow . Unde r these condi tions , 
the duc twor k probably would clog . I f  the des ign is for a 4 •  pressu re d rop 
across the bag this problem woul d occu r more rapidly . 

Fa ns  for Nons tandard Conditions 

Ra ting tables and per formance cha rta for exhaus t fans normally a re based 
on the dens ity of clea n ,  dry a i r  a t  s tanda rd temperature and pressu re . 
S tanda rd tempera ture is 7 0� r s tanda rd pre ssu re i s  sea-l evel pressu re--4 0 7 . 5  
inches of wa te r or 2 9 . 9 2  inches of me rcu ry . At these conditions ,  the dens ity 
of dry a ir i s  0 . 0 75 l b/cu f t .  I f  a i r is not a t  s tandard condi tions , o r  i f  i t  
i s  humi d (conta ins wa te r vapor ) , its dens i ty w il l  not be 0 . 0 7 5  l b/cu ft . The 
normal rating tables and performance charts , the re fore , will  not be accu rate 
gu ides to fan selection unless cor rections a re made to account for the 
d iffere nce i n  dens i ty . 

The dens i ty of a ir increases as tempe rature and humidity decrease and as 
pressu re increases . Normal fluctua tions in temperatu re , pressu re , and humidity 
change the dens ity of air very l i ttle and can be ignore d .  Suppose , howeve r ,  
tha t a fan will be operating at  a n  al t i tude of 2 , 00 0  ft , whe re pressure is 
l owe r  than a t  sea level . At s tanda rd temperature (70 � ) and no humid i ty ,  the 
dens i ty of the a ir w il l  be 0 . 0 70 l b/cu ft. Th is dens i ty is enough l owe r  than 
s tanda rd ( 0 . 0 7 5  l b/cu ft )  to requ i re tha t cor rections be made when us i ng the 
normal tables a nd charts to select a fan w ith proper cha racte r i s tics . 
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SP - Static Pressure 
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SE - Static Efficiency 
TE - Total Efficiency 
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PER FORMANCE CURV ES 
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70° F 29.9S" bar. 0.075 1bs/C.F .  
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* Denotes Slade F requency 

28 

Wheel Diameter - 36%" 
Load Limit Horsepower - 73.0 

Design S.P. 
SP Sags = 4.0" 
SP Friction = 1 2.0" 
Total S.P. = 16 .0" 

32 36 
STAN DAR D  CUB I C  F E ET PE R M I NUTE X 1 000 

FIGURE 5- 5 Typ i ca l  fan p e r fo rman ce chart . 
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Fan Motor and Dr ive 

The motor and dr ive for a f an a re selected on the basis  of the 
hor sepowe r requ ired to produce the necessary static pressure and capac i ty . 
The requ ired hor sepower i s  determ ined from data suppl ied by the manufacturer 
of the fan .  Howeve r , the f ina l selec t ion of the motor and dr ive must take 
i nto account two add it ional factor s :  

1 .  Vo lume flow in the system may well b e  1 0  percent more than design 
volume f low unti l a mat of dust ha s built up on the f i lter fab r ic . 

2 .  Start-up of a system i n  cold weather w ill requ i re more than design 
hor sepowe r because of the highe r  dens ity of the a i r .  

For these reasons, i t  i s  suggested that the motor and d r ive b e  des igned to 
provide 10 pe rcent more than the design a i r f low at the lowest temperatu re 
e xpected f or the system . Th i s  precaution w ill prevent the d r ive f rom cutting 
out because of ove r load . 

Fan In stallat ion 

Ma nufacture r s '  data on the perf ormance of fans a re obtained from tests 
conducted unde r idea l conditions . A fan installed in a dus t-collect ion system , 
howeve r ,  normal ly does not operate i n  ideal cond it ions . To obta in max imum 
pe rformance , the refore , certain gu ide l ine s should be observed whe n installing a 
fan. A fan ' s i nlet and d isch arg e  ducts shou ld be des igned to m inim i ze 
nonuni form ( turbulent)  f low . The reason i s  tha t nonuni form f low increase s 
pr e ssure drop and so decreases volume f low .  Fi gure S-6 s how s  the losses i n  
volume f low caused by va rious inle t  f i tting s .  Th e  f igure also shows the 
i ncreases i n  s tatic pressure that the fan must provide to compensate for those 
losse s .  The s ituat ion is generally the same for fa n-d i scha rge f i ttings 
( Fi gure S-7 ) . El bows i n  d ischarg e  ducts , f or example , should be avoided to 

minimize pre ssure drop . 
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F IGURE 5 - 6  P robab l e  e f fe cts of various inlet conne ctions . 
( Thes e los s e s  do not i nc lude fri ction los s e s . )  

Add i t i o nal fan 

SP needed � 

( from " I ndus tri a l  Ve nt i lation " , 16th Edition , 1 9 8 0 )  
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H i gh S . P .  Mode rate S . P .  Low S . P .  No los s S . P .  
Los s  Los s Los s  Regain 

S . P .  • stat ic pressu re 

FIGURE S-7 Ef fects o f  fan d ischarg e  methods upon static pressure . 

Fa n  Locat ion 

Nonun i form flow, a s  well a s  other problems , can be avoided or m inimi zed 
by selecting the opt imum locat ion for a fa n .  If at al l poss ible , the 
i nstallat ion should conform to these g uide l ines : 

1 .  Locate the fan downstream from the f i lte r  to minimize  e ros ion and 
abras ion .  

2 .  Locate the fan s o  a s  to avoid e lbows and other obstruct ions i n  the 
inlet . 

3 .  Ar range the d irect ion o f  rotation a nd the d ischarge of the fan so 
that it exhausts in the d i rect ion f inal ly des i red , thu s avoiding 
unnecessary bends.  

4 .  As noted previously , do not i nstall V-belt dr ives  i ns ide an 
elevator because they can be a sou rce of  ign i t ion i n  the event of 
fa i lure . 

5.  Locate small fans on the f ilter i tself . Locate l arg er fans so as  
to minimize vibrat ion--usual ly they are best mounted on a conc rete 
pad at ground leve l .  

6 .  Locate fans for easy in spec t ion and ma intenance . 
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Mod i fying a System 

The capabi l ity of the exhaus t fan must be carefully checked when a 
d ust-c ollection system i s  to be mod i f ied .  When replac ing a cyclone w ith a 
fabr ic f i lte r , for example , i t  i s  ex tremely important to ensu re that the 
e xisting fan can perf orm sat i sfactor i ly .  i n  the mod i f ied system . A fabr ic 
f i lter generally w i l l  entai l highe r  pressure los s than a s imple cyclone . The 
fan must produce cor re spond ing ly h igher s tatic pressure to keep the system 
operating proper ly . I f  i t  cannot , i t  should be replaced by a fan of greater 
c apac ity .  

I t  may be poss ible to obtain the necessary i ncrease i n  stat ic pressure 
by speed ing up the ex i sting fan .  Howeve r , an exhaus t fan should be speeded up 
only after the fan ' s manufacturer has been consulted . 

Booste r Fans 

Booster fans may be used in some c irc umstances . Where add i tional s tat ic 
pressure i s  requ i red , as in the case above , i t might be obta ined by putting a 
s econd fan i n  ser i es w ith the existing fan. In other i nstances ,  small  booster 
fans may be used to provide add it iona l stati c  pressure in pa rt icula r sections 
of complex dust-c ollection systems . In any event , extreme care should be 
exe rc i sed when consider ing the use of booste r fan s .  Generally they w i l l  
h andle g r a i n  d ust and so must b e  spark-pr oof and otherw ise proper ly selec ted 
for a dus t locat ion . 
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Section 6 

DUST CONTROL I N  PROBLEM AREAS 

Ef fective dus t control is especially important in ce rta i n  pr oblem a reas 
in grain elevators . Thes e a reas involve both enclose d and ope n sou rces of 
dus t . Ex ampl es of e nclosed sou rces a re bucket e levators ( legs ) , hor i zontal 
conveyors (drag or screw) ,  and dis tr ibutors . Examples of open sou rces a re 
tr i ppers , conveyor bel ts and bel t l oaders , and l oading/u nloading facil i t ies 
( truck , rail , ma r ine) . This sect ion outl ines the basic principles of 

pneumatic dus t col lection i n  problem a reas a nd g ives speci fic examples . 

It is extremel y important to recognize tha t a dus t-control program has 
two goals . One goal is to keep the leve ls of dus t i n  the wor kplace and 
environment from creating inhalation health haza rds . The othe r goal is to 
preve nt e xpl os ions . Measu res that a tta in one of these goals w il l  not 
necessa rily attain both . In othe r words , an elevator tha t eas i l y  compl ie s 
w ith e nvironmental and occupational regula tions is  not necessar i l y  free of the 
ha za rd of grai n-dus t explos ions . A program based on a pneumatic system can 
e as ily mee t the resp iratory s tandards on dus t leve ls and s ti l l  permit  dus t  i n  
enclosed spaces to reach explos ible concentrations . On the othe r hand , a 
pr oper l y  des igned pneumatic s ys tem can e l iminate expl os ible concentrations of 
dus t  in enclosed spaces , as wel l  as sati sfy the envi ronmental and occupationa l 
requ irements . 

Ideally,  the mater ials-handl ing s ys tem i n  an e levator s hould be des igned 
from the s ta r t  with prope r dus t control in mind . Des irable featu res include 
ve ry short free-falls , choke-fed spou ts , a nd s low-runn ing bel ts and e leva tors . 
Depending on the ci rcums tances , such featu res minimize the gene ration of dust , 
the entra inment of a i r , or both . 

In a poor l y  des igned e levator , proper dus t control may be next to 
imposs ible . It wil l  ce rtainl y not be economical . In such elevators i t  may be 
bes t to revise the mater ials-handl ing s ys tem to avoid the d i f f icult  
dus t-generation problems and the n appl y norma l dus t-control technique s .  

A pneumatic s ys tem mus t col lect dus t from eve ry e nclosed space i n  an 
elevator if i t  is to wor k e f fectively . The sys tem also mus t col lect dus t a t  
a ll gra in-trans fer points that a re not e nclose d .  

Enclose d Problem Areas 

The use of pneumatic dus t control w i th enclose d equ ipment is relative l y  
s traight forward . As noted earl ier , the equ ipment is on the i ntake s ide of the 
exhaus t fan and is  connected to the fan by ductwor k .  The fan creates a s l i ght 
negative pressu re i ns i de the enclosed space and ductwor k 1  the nega tive pressu re 
creates a flow of dus t-laden a i r  through the system towa rd the fan .  Since the 
system wor ks by control l ing the movement of a i r , enclosures a round equ ipment 
should sur round al l poss ible dus t  emiss ion points with adequate inflow of a i r . 
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A pneuma tic s ys tem mus t ma i nta i n  an a i r flow la rge enough to remove the 
dus t  that i s  generated . To do so,  the s ys tem mus t continuously remove fran 
enclose d equ ipment both the air displace d and the air entra ined by the ente r i ng 
gra in.  A bushe l  of gra i n  d ispl aces 1 . 2 5  cub ic fee t ( cu ft )  of a i r . When gra in 
is fed to enclosed equ ipment , the re fore , the dus t-col lect ion a i r flow mus t be a t  
l eas t 1 . 2 5 c fm  per bushe l of gra in fed per minute t o  remove d isplaced a i r .  I f  
the grain i s  choke-fed , i t  w il l  en tra in relatively l i ttle a i r .  Howeve r , gra i n  
th at i s  fed b y  a l ong free-fal l ,  pa rt iculary o ne  w i th free inflow of a i r  a t  i ts  
sou rce , can entrai n 1 0  or more times the volume of a i r  i t  di splaces , and the 
dus t-c ol lect ion s ys tem mus t a lso remove th is entra ined a i r . 

It  i s  clea r that prope r grai n-feeding technique s help to minimi ze the 
s ize a nd c os t  of dus t-col lection ductwor k a nd fans . The powe r consumed by the 
sys tem is reduce d cor re spond i ngly . 

Enclosed gra in-handl ing equ ipment mus t be sel f-cleaning . I t  s hould be 
free of ledge s or othe r su rfaces where dus t ca n  bu il d  up . Conveyors shoul d be 
des igned to avoid dus t bu i l dup on the bottan surfaces of enclosu res and there 
should be no inte r na l  s tructu ra l members upon which dus t can accumulate . 
Enclos ing a poor l y  des igned gra in-handl ing device i n  s hee t metal can make i t  
more haza rdou s than i t  was when unenclosed . 

Bu cket El evator s 

The mos t common ver t i cal conve ying device i n  the grain i ndus try i s  the 
continuous bu cke t eleva tor . The buckets on the device scoop gra i n  from the 
boot , a t  the bottan of the e levator , r aise i t  to the head , d ischarge i t ,  and 
re turn to the boot . The up-movi ng and down-moving sections of the elevator 
may be e nclosed i n  separate , sheet-me tal cas ing r  in othe r des i gns , the entire 
bucke t eleva tor may be enclosed i n  a s i ngle , concrete hous i hg . The canbination 
of bucket e levator and hous ing u sual l y  is called the •leg . •  

The leg i s  the mos t dange rous canponent of a gra i n  elevator as the 
preponderance of grain dus t e xpl os ions or iginate here . As the bucke ts scoop 
gra in from the boot the y s t i r  up more dus t than any othe r operation in the 
e levator . Fu rthe rmore , mos t pneumatic dus t-col lection s ys tems maintain onl y 
enough negat ive pressure i n  the leg to prevent dus t  from escaping . Su ch 
sys tems do not prevent bui ldup of expl os ible concentrations of dus t in the 
hous ing . The ha za rd is re inforced by the bucke t elevator ' s  potential for 
producing spa rks and hot spots . 

Te sts have s hown that a properly des i gned pneumatic s ys tem can avoid 
expl os i ble concentrations of dus t in  a le g (see Appendi x C) • The a i r flow 
needed will  vary w i th the des ign and othe r factors . Howeve r ,  the re i s  a rule 
of thumb for calculating the necessa ry a i r flow ( Fi gu re 6-1 ) . The calculation 
i nvolves the cross-s ect ional a rea of the leg cas ing , the speed of the e levator 
belt , and a factor ( f )  rang ing fran 1 . 2 5  to 1 . 5 0 , the f factor to be selected 
a ccord ing to the dus t l oad .  Th e  factor f rema ins the same rega rdless of the 
cros s-sectional a rea and bel t speed . The equation is : 

W X D X B X f • Ai rflow 
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In this equat i on ,  w and D a re the w idth and depth of the leg cas i ng i n  feet , B 
i s  the bel t spee d  i n  fee t pe r  minu te , and the a i r flow i s  i n  cubic fee t per 
m inute . 

In the e xample of Fi gu re 6-1 , the l eg cas i ng i s  2 . 0  f t  wide and 2 . 5  f t  
deep , and the bel t  speed i s  7 0 0  fpm . The volume flow requ i re d  i n  the l e g  i s : 

2 . 0  X 2 . 5  X 7 00 X 1 . 2 5  • 4 37 5  C fm  

That is , a volume flow o f  4 37 5  cfm should be su fficient to reduce internal dus t  
s uspens ions adequately,  provided the asp i ration patte rn i s  properly des igned . 

A volume flow of more than 400 0 cfm i s  much highe r than i s  usually used 
i n  e levator l egs . It has been commonly bel ieved that a volume flow of about 
750  cfm was su f ficient to accommodate a typical 2 0 , 00 0  bph leg . We now know , 
howeve r ,  that 7 50 c fm  w il l  not avoid e xpl os ible concentrations o f  a i rborne 
dus t ;  such a volume flow i n  some cases ma y  not even handl e the a i r di splace d  
b y  the e nte r i ng  gra i n .  In the tes ts reported i n  Appendix c ,  nume rous samples 
were taken by a vacuum me thod from va r ious points in legs w i th no aspiration 
a nd i n  l egs w ith

.
conventional aspiration ( i .e . , suct ion on top of boot 

hous i ng) . I t  was shown tha t adeguate volume flows appl ied properly coul d 
re duce the l eve ls of a i r borne dus t i n  l egs bel ow  the minimimum expl os ible 
concentration . The use of adequate volumes of a i r ,  combined w i th proper 
ae rodynamics , has bee n appl ied at onl y a few elevators , bu t  i n  al l cases i t  
s ubs tantial ly reduced the levels o f  a ir borne dus t .  

I t  shou l d  be remembe red tha t the calculat ion given here i s  a rule of 
thumb . The volume flow a ctually requ i re d  i n  the leg w il l  vary not only w i th 
bel t speed , bu t  als o w i th the way gra in i s  fed to the leg , the suction in 
a ssociated equ ipment , a nd poss ibl y  w ith othe r factors . Fu rthe rmore , as 
indicated in Figu re 6-1 , the calculation uses onl y the cros s section of the up 
l eg .  

The suction hoods i n  this k ind o f  s ys tem s hould be on the s ides of the 
up le g above the boot . Hoods mus t  be des igned and pos i tioned w i th ca re so tha t 
a ir movement does not de flect the bel t .  Such de flection can cause the buckets , 
or cups , to s t r i ke or ru b aga ins t the cas i ng . One way to avoi d bel t de flection 
i s  to appl y s uction equal ly to both s ides of the l eg cas ing . Ai r should move 
from the leg i nto the hood a t  a face velocity--the velocity a t  the entrance to 
the hood- -of no more than 1 0 00 fpm; a l owe r  face vel ocity i s  des i rable i f  
possible . Thi s  l imi t on face velocity ,  produced by a prope rl y des i gned 
trans ition, i s  necessary to avoid s calping grain a nd deflecting the bel t .  

Reducing the speed of the bel t can sha rpl y reduce the gene ration o f  du s t  
i n  a l eg .  The a ir f l ow  needed i n  the l eg i s  reduced cor respondingl y ,  as  s hown 
by the a i r flow equat ion above . On the othe r hand , i f  the bel t runs too 
s lowly, the bucke ts w i l l  not d ischarge properly.  If  the d iame te r of the head 
pulley is 4 8  inches , the minimum be1 t speed for prope r discha rge is abou t 4 8 0  
fpm. Howeve r ,  bel t speed i n  u . s .  e leva tors typically i s  a bou t  8 00 fpm . Thus 
ope rators shou l d  have some leeway in selecti ng the bel t speed tha t is the bes t 
compromise between dus t generation a nd gra in-handl ing capacity .  
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Hori zontal Conveyors 

Enclosed hor i zontal conveyors a re usual ly screw or drag conveyors . 
Common me thods of a i rflow control for these devices are shown i n  Figure 6-2 . 
It i s  e xtremely i mportant that more a ir be e xhaus ted from the conveyor hous ing 
than is displaced by i ncoming gra i n , and tha t adequate makeup a i r  inlets whe re 
necessary be provided a t  the prope r  l ocations . It i s  also important that the 
face a i r  vel ocity not excee d 80 0 fpm . Thi s  l imitation avoids a i r-conveying 
ve locities nea r the moving gra i n ,  perm i tting onl y the fine dus t to ente r  the 
dus t-col lect ion s ys tem . 

Scales a nd Ga rners  

Hopper s cales a re among the mos t troublesome dus t-emiss ion poi nts in 
conventional elevators . The emiss ions are usuall y i nte rmittent . They tend t o  
b e  h i gh dur i ng  the l oading o r  d ischarge cycle or du r i ng both cycles . The 
captu re of dus t by pneumatic me thods i s  compl ica ted , i n  tha t pressu re 
d i f ferent ials between the i ns ide a nd ou ts ide of the scale hoppe r  can a ffect 
the accu racy of the scale s i gn i f icantly .  

Scale i ns tallations vary cons ide rabl y ,  but the typical a rrangement i s  an 
uppe r ga rne r , a scal e hoppe r , and a l owe r  ga rne r .  Thi s  bi n-scale -bin sequence 
can be used to i llustrate wor kable dus t-c ol lection methods . 

The uppe r ga rne r  usually i s  f i l led from the eleva tor head . The i ncomi ng 
gra in a nd the a ir e ntra ined w ith i t  bu i l d  pressu re and release dus t i n  the b in .  
Dus t-laden a i r  i s  thus forced from any openings i n  the bin or the spouti ng 
l eading to i t .  A dus t-col lection take-off a t  the top o f  the uppe r  garne r  can 
create negat ive pressure i n  the bin , thus el iminating dus t emis s ions . 

The pressure s  i ns i de and outs ide the scale hoppe r mus t be equal du ring 
the we i ghing cycle to obtai n  accu rate we i ght . The re fore , the hoppe r cannot be 
u nder nega tive pressu re , or suction ,  du r i ng the we ighing cycle , nor can the 
scale room be unde r s i gn i ficant nega t ive or pos i t ive pressu re . I f  the scale 
hopper is u nder negat ive pressu re or the scale r oom  u nde r pos i tive pressu re , 
the hoppe r is  buoyed by the highe r  pressure in  the roam . Addi tional gra in i s  
requ ire d  to ove rcome thi s  flotation e ffect , s o  the scale w il l  we i gh heavy . I f  
the scale r oom  i s  unde r negat ive pressure du ring the we i ghing cycle , the scale 
w il l  we igh l ight . 

TWo general methods can be used to prevent dus t emis s ions from hoppe r  
scale s . On e  me thod assumes an a i rti ght bin-scale-bi n seque nce . The othe r 
method a l l ows for l ea ks , which u sually e x is t .  

I n  the f i rs t  me thod ( Figure 6-3} , pressu res  gene rated i n  the bi n-scal e­
b in s equence a re vented to a "Ch i nese hat• (see Fi gu re 6 -3 } . As p i rat ion by 
the dus t-col lect ion sys tem creates a n · a rea of negat ive pressu re a t  the Ch ines e 
hat , where d ispl aced dus t i s  col lected . Howeve r ,  the a r rangement does not 
create negat ive pressu re i n  the scale hoppe r ,  s o  accu rate we i ght i s  obta ined . 
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air, cfm = bpm x 1 .25. Makeup air inlets may be required when the system is airtight. 

F I GURE 6 - 2  Horizontal screw , drag , belt 
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in Duct 

NOTE : System must be airtight. 

FI GURE 6- 3 S cale- - Garner inte rvent sys tem . 
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The second me thod ( Figure 6-4 ) places the ent i re bi n-scale-bin sequence 
u nder nega tive pressure , e xcept dur i ng the we i gh i ng cycle . Only the uppe r 
ga rne r i s  unde r suction du r i ng the we i ghing cycle . Cycl ing of the sl ide gate s  
a nd a uction damper is  shown i n  Fi gu re 6-4 . 

Dis tr ibutor s  

The term •d is tr i butor• i s  appl ied to many s ign i ficantly d i f fe rent 
devices tha t have the same function : dis tr ibution of gra i n  in va r iabl e 
d ire ctions . Distr i butors a re s ome t imes ve ry t roublesome emi tte rs of dust . 
They a re not troublesome because the y gene rate dus t or pressure themselves . 
The problem i s  that distr i bu tors a re often the poi nts of re lease of high 
pressure and la rge amounts of dus t create d  du r i ng long free-falls of i ncomi ng 
gra i n .  

The mos t common conventional t ype  of distr i bu tor , part icularly i n  olde r 
elevators , i s  the Mayo spout . Othe r conventiona l dis tr ibutors a re the 
turnhead a nd the d is tr i bu tor box . The Mayo spout i s  connected to one sou rce 
of grain , i s  a ngle d downwa rd , and is  rotatable , usually th rough 3 6 0  degrees 
(s ee Fi gu re 6-5 ) • Thus the spout can del ive r  g ra i n  to any por thole a round i ts 
lowe r  ci rcle of rotation . The tu rnhead i s  a rotating encl osu re tha t rece ives 
gra in from one spou t a nd d irects it to any of seve ral others . The d is t r i bu tor 
box di f fers from the turnhead i n  tha t i t  is  stationa ry and uses inte rnal 
valves or ga tes t o  d ive rt the grain ( s ee Figure 6 -6 ) . 

It  i s  the rule i n  dus t control tha t use of free-falls and long , s teepl y  
i ncl ined , u nre s tr i cted spouts s hould b e  minimized i f  not e l iminated . The 
lowe r  the speed of  the grain  ente r ing a distribu tor , the eas ie r i t  i s  to 
maintain nega tive pressu re i n  the device and captu re a ir borne dus t .  The 
closes t feas i bl e  approach to choke-feeding should be used . Eve n the n ,  
howeve r ,  suction on the d is tr i bu tor w il l  be requ ired t o  avoid dus t emiss ions . 

Ins tal lation of Mayo dis tr ibutors i s  not recommended because of  the 
d if ficulty of controll ing the associated dus t emiss ions . The main  problem is  
providing adequate suction a t  the many escape points wi thou t i nte rfe r i ng wi th 
the rotation of the spou t .  Fl ex ible suction ducts can be used , but gene rally 
requ i re too much ma intenance . 

The pressure generated i n  a s teepl y angled Mayo spou t  can some times be 
handled by tak i ng suction from the bins fed by the spou t ( Figu re 6-5) . In 
s uch cases each b in must be kept unde r negative pressu re whi le it is be ing fed 
to avoid blowback th rough the porthole . I t  is  also good pract ice to f i t  the 
e nd of the spout w i th a fla re d  s k irt  or c i rcula r bristle b rush that e ncl oses 
the opening be tween spou t and por thole . The diame te r  of the por thole should 
not e xceed the d iame te r of the spou t  f i tting by more than 20 pe rcent . 

The tu rnhead dis tribu tor presents dus t-col lect ion problems s imi la r to 
those of the Ma yo spou t .  Aga i n ,  these problems can be s ol ved by placing 
suction on the bins tha t the tu rnhead is  feedi ng . Also , the tu rnhead 
d is tr i bu tor can be t ightly e nclosed w i th sheet metal ( Fi gu re 6-6 )  so that i t  
can be treated as a box dis tr ibutor . 
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FI GURE 6- 4 S cale--Ga rne r in tervent sys tem . 
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F loor 
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F loor 

i'-... 
l ntervent l ntervent /r 

FIGURE 6- 5 Rotating o r  Mayo s pout dus t contro l .  
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FI GURE 6- 6 Enclosed di s tributo r dus t contro l sys tem . 
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Th e  box dis tr ibu tor i s  immovable and relativel y tight and can be kept 
u nder nega t ive pre ssu re rather eas il y .  The device has few leaks . Al so ,  i t  
ha s  a la rge top-su r face a rea from which auct ion can be take n ,  us i ng a prope r 
trans i tion f itt ing , w i thout scalp ing gra i n .  

Unenclose d Problem Area s 

I t  i s  essential tha t a pneuma tic s ys tem collect the dus t generate d  a t  
a ll unenclosed gra in-trans fer poi nts i n  a n  e levator . The re is l ittle dange r 
tha t an explos ion will  be initiated i n  une nclosed spaces . Howeve r , i f  a irborne 
dus t i s  not col lected a t  grain-trans fer points , most of i t  w i l l  settle on 
su r faces in the wor k i ng space . This dus t can then fuel seconda ry expl os i ons in 
tunnels , gal le r i es ,  and headhouses . Fu rthe rmore , l ayers of dus t a round wor k i ng 
equ ipment are ideal s i te s  for hidden , smolde r i ng f i res . Such f i res  can be the 
s ource of i gn i t ion for an e xpl os i on .  

Galler ies--Tripper s  and Bins 

Du st in the gal lery of an e levator results mainly from the ope ration of 
tr ippers , "blowback " from tanka be ing fil led , loade rs , and excess ive conveyor 
bel t speeds . Th is dus t can be col l ected pneumatical l y .  The type of 
ins tal lat ion depends on whe the r the bins are fille d  by travel i ng bel t tripper s 
or by s tationary t r i ppers and d is tr i bu tors . 

Trippers . The travel i ng trippe r  shou l d  have a wel l -fitted sucti on hood above 
a nd  e nc los ing the ends o f  the t r i ppe r  pulley.  Suction hoods bel ow  the tr ipper 
pul le y  usuall y  plug w i th grain  and should be avoided . The re shou l d  also be a 
hood a t  the head pul ley of the trippe r  bel t .  In a dd i t ion , hoods s hould be 
fitted a t  the spou ts . 

Stationary t r i ppers s hould have h oods a t  the d ischarge of each t r ippe r .  
Hoods should also be fi tted at the bel t reloaders and dis tr ibutors . Be l t  
re loaders s hou l d  not b e  treated l ike typical bel t l oaders because they requ i re 
subs tant iall y more a i r .  

Fi gu re 6 -7 s hows two typical dus t-c ol lection a rrangements for manual or 
automated travel ing trippers . Tabl e  6-1 shows the a i r flows requ i re d  for 
typical bel t w idths and capacities . These a ir volumes a re for the t r ippe r  
only . They d o  not include a i r  for the hoods a t  the head pu l ley o r  bel t loade r .  

Both whole grain a nd dus t mus t be handled a t  the bel t d ischarge o f  a 
travel ing tr ippe r .  The bes t approach usually i s  to return spi l le d  grain to 
the tops ide o f  the bel t  w i th a miniatu re l oop conveyor . 

Whole gra i n  mus t also be handled along w i th dus t  a t  the head pulley of 
the tri pper bel t .  I t  i s  not poss ible mechanical ly t o  retu rn this grain to the 
grain s tream . The grain can be captu red by the dus t hood a t  the head pulley 
by using h i gh a ir velocity for pickup a nd relatively high vel oc i ty in the 
associate d  duct . Ai r veloc ity i n  the duct shoul d approach tha t used for 
pneumatic conveying--4 , 5 00 to 5 , 5 00 fpm . Othe rw ise , grain w i l l  not rema i n  
a i rborne in  the duct . The hea d-pu l ley duct shou l d  neve r be connected t o  the 
e nd of the t r i pper duct . Th is a r rangement would make i t  imposs ible to provide 
enough suction a t  the head pul le y  a t  al l times . Ins tead , the head-pulley duct 
s hould be t ied i nto the mai n  duct a head of the trippe r duct . 
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Top Hood Shown Plan V iew  Only 

PLAN 

Zipper Duct F lex. Sleeve 

Blast Gate 

7 
Spout Hood StYle A Spout Hood StYle B 

ELEVATION 

FIGURE 6- 7 Z ippe r  s uct ion fo r t rippe r . 
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Whol e  grai n  a t  the head pu l le y  o f  the trippe r  bel t can also be caught i n  
a hopper u nder the pulley.  The hopper would d ischarge through a n  opening i nto 
the bin . Howeve r , thi s alte rnat ive ma y  not be practica l  whe re gra ins cannot 
be caningled . 

TABLE 6-1 Ai r Volume for Travel ing Tr ippe r sa 

Be lt Width Approximate Capaci ty Ai r Volume 

24 i nches 1 0 , 00 0  bph 3 , 50 0  cfm 

3 0  i nches 1 5 , 0 00 bph 3 , 800  cfm 

4 2  i nches 3 0 , 00 0  bph 5 , 50 0  cfm 

4 8  i nches 4 0 , 0 00 bph 6 , 0 00 c fm  

6 0  i nches 6 0 ,000  bph 6 , 80 0 cfm 

a The figure s a bove assume bel t  speeds of  500 fpm or less . Speeds i n  
excess of  50 0 fpm should b e  avoided because o f  a )  excess ive dus t  
e mission ,  b )  maintenance problems , and c )  grain breakage . 

Bins . Grain ente r ing a bin from the gallery forces a i r  ou t  of the bi n .  
Normal l y  thi s  d ispl aced a ir conta ins dus t and s hould be captured by the 
pneuma tic s ys tem . 

The requ ired b in s uction u sual l y  i s  appl ied a t  the e nd of  the t r ippe r  
spout . Thi s  i s  the leas t cos tl y way to vent the bin , bu t  i t  ma y  not be the 
bes t way . Often the s pou t  i s  almos t as big a s  the opening to the bin1  the 
ente r ing grain  keeps di splaced a i r  from r i s ing freel y through the opening and 
i nto the dus t hood . When thi s  is the case , dus t-l aden a ir some t imes forces 
i ts way from the bin th rough a manhole or gravity vent . I t  woul d  be bette r  to 
pr ovi de a s epa rate b in opening and hood to capture d ispl aced air and dus t that 
cannot leave the bin at the spout . The hood coul d  be connecte d  to the tr ipper 
duct or to an external bin-vent man i fold . 

Dus t col lection from bins can be s impl i fied i f  the bins a re i nte rconnected . 
one dus t-c ol lection take-off can e ffective l y  maintain negative pressu re i n  a 
group of inte rconnecte d  bins . Va rious codes have di ffe rent requ i rements for 
i nterconnections , howeve r , and some codes prohibit interconnection of bins i n  new 
cons truction on the theory tha t intervents can propagate expl os i ons from bin to 
b in .  Howeve r , numerous i nves tigations s how that as a resu l t  of h igh pressure the 
explos ion w il l propagate to othe r spaces rega rdless of openings . In many cases 
i nter venting may be the onl y pract ical way to provide for a c lean galle r y .  
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When bins a re not inte rconnected , each mus t have its own dus t  take-of f  
a nd  exhaust fan . Th is approach requ i res n o  i nterconnecting ductwor k .  Al so ,  a 
fan need run onl y when its bin is  be i ng fil led , s o  less powe r i s  consume d than 
by a l arge , central i zed s ys tem with a h igh-h orsepowe r fan . Even s o ,  the s ys tem 
ma y  be complex and expens ive . 

Al te r na tive l y ,  a man i fold could be used to connect many bins into a 
central sys tem . Blas t gates , or val ves , could be used to isolate suction to 
the prope r  b in .  Gr ain-dus t e xpl os ions , sufficiently conf ined , may generate 
pressu res of up to 120 ps ia . At pressu res below 1 0  ps i a  bin walls , tops , and 
d is charge spou ts th rough fa ilure wou ld propaga te the expl os i on .  

Any bin-venting sys tem , rega rdless o f  its des ign ,  shoul d provide for free 
i ntake of a ir by the b in .  Fr ee i ntake of a i r  is requ ired to prevent the b in 
from collaps ing when i t  discha rges gra i n .  

Be lts 

The head pul ley on mos t bel ts presents two problems : carry-ove r of 
whol e  grai n and car ry-ove r of dust . I t  i s  best , whe re practica l , to trea t 
these problems sepa ratel y .  

Wh ole gra in that car ries ove r the head pul ley usual ly i s  released 
d i rect! y unde r the pul ley . This gra i n  is bes t handled by a me chanica l  pi ckup , 
s uch as a m inature l oop conve yor or screw conve yor . The reclaim conveyor can 
be used to re turn  the collected grai n  to the grai n  s tream on the top s ide of 
the bel t .  A s hort s crew conve yor can be used to car ry the g rain to a d ischa rge 
poin t whe re i t  can be pi cked up pneumatically or reelevated to the gra i n  s tream 
on the bel t .  

Du s t that car ries ove r the head pu l ley mos t often will  become a i r borne 
a t  the f i rs t  re turn idle r pulley . I t  should be col lected a t  tha t point by a 
s uction hood .  Some times , howeve r , dus t w il l  become a i r borne a t  seve ral retu rn 
idlers . Thi s  can be handled by a high velocity ai r sweep a t  the f i rs t  re turn 
i dler . 

In s ome cases i t  is  not poss ible to re turn the col lected grain to the 
grain s tream . An example i s  the head pu l le y  on a trippe r  bel t (see above , 
u nder Tr i ppe r s )  • There a re two ways to s olve this problem . One approach is 
to handl e the grain with a suction hood a t  the point of car ry-ove r , us i ng hi gh 
a ir veloci ties for p ickup and transport to the pr imary separator . He re a 
prima r y  sepa ra tor should be used to remove the grain from the dus t  s tream 
before i t  reaches the f il te r . The othe r appr oach is  to provide an opening in  
the bin  d i rectl y unde r the head pu l ley . Grain tha t car r ies ove r the pu l ley 
can fal l  d ire ctly i nto the b in .  

Cleaners and Smal l Scales  

Other s ou rces of  grain  dus t i n  an e levator a re cleaners and small open 
hoppe r scale s . These devices should be enclose d insofa r  as poss ible . Ledges 
and other flat surfaces that can col lect dus t s hould be avoided . Aspiration 
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should be appl ied t o  the enc losure o f  each cleane r and scale w i th suff ic ient 
makeup a ir to provide a sweep of the emi s s ion a rea . Enough suct ion should be 
appl ied to handle the a i r  d i splaced by enter i ng grain and st i l l  create an 
i ndr aft veloc i ty of 200  fpm at each opening i n  the enc losure . 

Truck and Rai l Unloadi ng 

Cr i t ica l area s for controlling grain dus t outs ide elevator s are the 
rece iv i ng  p its , where trucks and r a i l road c ar s  a re unloaded . S t il l , there a re 
bas ic me thod s for solving the problem . When used proper ly ,  they will  help to 
control dust emi ssions a round tr uck and r a i l  dumps . 

Truc k Dumps . Control of  grain dust a t  truck dumps i s  i llus trated by Figur e  6-8 . 
In the f igure , the plan v i ew of the p i t  at  gr ate leve l  i s  d ivided i nto Ar eas B ,  
c, and D .  The truck crosse s the pi t from r ight to lef t- -enter ing vi a Area B 
a nd  leavi ng via Ar e a  c .  Options X and Y i n  the f igure a re possible 
ar rangement s of the dus t-collect ion sy stem . 

Are as C a nd  D o f  the pit  should be protected by a three-s ided bu i ld ing .  
The back wal l of the bu i ld i ng should be i n  Area B ,  paralle l  to and 2 or 3 
i nches from the l ine d ivid ing Ar eas B a nd  D .  Th i s  back wall i s  an automatic 
door . It  should be c losed when grain is be ing unloaded to keep wind from 
i nterf er i ng  w ith the dust-c ollection system . The door a lso pr events g r ain 
from be ing spi l led on most of  Area B ,  wh ich is covered , thu s el iminating a 
housekeeping problem . The two parallel walls of the bu i lding should extend at 
leas t 6 f t  beyond the front of the pi t ( the lef t  edge of  Are a C)  to he lp 
pr event d ust from e scap ing i n  that a rea . 

Are a B i s  covered to keep grain  from enter ing the dus t-collect ion system . 
The cover a lso cre ates a space below g r ate l eve l where a irborne d ust can be 
trapped long enough for the pneumatic sy stem to collec t it . I f  the collection 
sy stem i s  connected to the p it at only one point ( Opt ion Y) , a s h ield should be 
installed around the pi t under the grate to provide an unobs tructed a i r  passage 
to the t ake-o f f .  The shield pr events gr ain from f il l ing the p i t  and restr ict ing 
the a i rflow to area s where dus t emi ss ion s  could be a problem . 

Re lat ive ly l ittle gr ain enter s the p it th rough Ar ea D .  Th at a rea should 
be closed of f w i th baf fle s  tha t w i l l  swing to one s ide to le t grain ente r the 
p it .  The baffles a re des igned to b lock the e scape of dust-l aden a ir from the 
pit to above floor leve l .  By doing so , they sha rply reduce the powe r consumed 
by the d ust-c ollection system . 

The bulk of the grain falls i nto the p it th rough Ar ea c, wh ich should be 
lef t  open except for the grat ing . Baffles i n  Are a C would only reduce the 
unload ing r ate . 

A very impor tant a spect of dust c ontrol a t  a truck d ump i s  to pr ovide 
the prope r a i r f low through the pit area . The method of comput i ng volume flow 
i s  shown i n  Fi gure 6-8 . Th e  major c oncern i s  to supply adequate a ir f low i n  
al l cr i tica l a reas whe n the pit i s  ful l  of grain . 
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Area "8" I Area "B" I 

Vertlclil View Option "X" Vertic.! View Option ''Y" 

f 
Area "C" Area "D" Area "8" Area "C" Area "D" ! <( 

P .. n View Option "X" P .. n View Option ''Y" 

Angle " A "  1 5  degrees from low p o i n t  o f  a i r  out l e t  t o  top o f  
grate , det e rmines Area " B " . 

h 

1--' 

'0 :! 
� 

r, 

1--' 

Are a  " B " Cove r thi s area wi th so l i d  s t e e l  plate to k e ep grain 

Area " C "  
Area " D" 

f rom entering dus t sys tem . 
4 '  x 8 '  ope n  area for easy entry o f  gra i n  to p i t . 
B a f fles to be i n s t a l l e d  unde r grain grate--b a f f les 
to cover 2/3 o f  open area . 

Comput ation of ai r r equi red to control dus t 

1 .  A i r  displac ement caused by grain f low c fm 
Example : 5 0 0  bushe l s  goes i nto p i t  i n  1 0  s e conds . 

5 0 0  bushe l s / 1 0  s e conds = 5 0  bps x 60 s e conds 
3 0 0 0  bpm x 1 . 2 5 cu ft/b ushe l  = 3 7 5 0  cu ft/minute 

2 .  Square feet o f  Are a " C "  x 100 c fm c fm 
3 .  Square feet o f  Area " D "  x 3 3  c fm c fm 

Total 1 ,  2 ,  3 c fm 

FI GURE 6- 8 S ugge s t i ons for contro l o f  grai n dus t  at truck dumps . 
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It  should be noted here tha t truck and ca r dumps have been per s i stent 
problems w ith re spect to dust emiss ions . The d ifficulty has been an inabi lity 
to concen trate suf f ic ient inle t  air  i n  the center of the pit  face from where 
most emi ss ions e scape . The treatment f ir st descr i bed represents the most 
successfu l approach to date , bu t exper imentat ion i s  cur rently underway with a 
new conceptJ one which i s  intended to serve the dual purposes of controlling 
emiss ions and cleaning incoming grai n ,  al l with less hor sepowe r than i s  now 
typically appl ied . 

Ra il Dumps . The methods of dust control a t  truck dumps also apply to railroad 
hoppe r car s .  Mos t hoppe r-car pits are long and nar row and requ i r e  less 
a irflow than truck d umps . However ,  the leng th of the train makes i t  
imposs ible t o  c lose i n  the ends o f  the bu i lding . Wi thout thi s  control on 
w ind ,  s omewhat h igher a ir veloc ity than is u sed in  truck dumps may be needed 
to control cros s-draft s .  

Tr uck and Ra i l  Load ing 

There a re several  ways to control dust when load ing truck s and r a i lroad 
car s with free-pour ing grai n .  The me thods for ope n-top truck s ,  hoppe r car s ,  
a nd  boxcar s a re g enerally s imila r .  However ,  truck s vary much more than 
rail road car s in height , leng th ,  and conf iguration . 

Fl ex Ho ses and Ho cxls 

Du st from l oad ing r a ilroad cars can be captured r e lat ive ly inexpens ively 
with two f lex hose s .  The i r  free end s  can be su spended by rope s .  

W i th hopper car s ,  the end o f  one hose i s  suspended near the spout at the 
top of the grain pile . The othe r hose extend s  into the hoppe r and collects 
most of the d ust there before i t  e scapes .  W i th boxcars , a hose i s  placed on 
each s ide of the grai n spout . The hose s can be held i n  place extended into 
the boxcar .  

The d es ign a ir f low for th i s  system , f or both hopper cars and boxcar s ,  
should b e  4 , 20 0 cfm for each hose o r  a total o f  8 , 40 0 cfm . Thi s a i rflow i s  
based o n  an  a ir veloc i ty of  4 , 0 00 f pm .  

A hood ove r a hoppe r ca r can control dus t effectively during load ing . 
I f  the hood e xtends on both s ides of  the spout , the car can move i n  e ither 
d i rection dur ing load ing . The hood should be abou t 16 ft long and 20 inche s 
w ide and s hould h ave a f lex ible s k irt . Suct ion shou ld be ducted i nto each end 
of the hood . The device should be able to move a t  leas t 4 f t  ve rtically , 
pr e fer ably by means of a powered hoist . A t elescoping g r ain spout must be 
u sed , and the suct ion duct s must be telescoping or flex ible . The c lose r the 
hood f its to the hopper c ar ,  the better i t  w i l l  work . 

Deadbox Spout s and Hood s 

The d eadbox spout c an be used e ffec tive ly w ith both trucks and r a i lroad 
car s ( Figu r e  6-9) . Grain  fal l s  freely down the spout , i s  stopped momentar i ly 
i n  the deadbox , and then drops about 1 f t  to the grain p ile . The short fall 
from the deadbox minim i ze s  the generation of dust . Entrained air and dust 
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l ibe rated i n  the deadbox a re aspirate d  back u p  the spou t by the dus t-col lection 
s ys tem . on a gra in spou t  1 4  i nches i n  d iame ter , the cross-s ectional a rea of 
the a i r  condu i t  wil l  be abou t 3 . 2  sq ft . Ai r velocity shou l d  be 1 , 50 0  fpm , s o  
the des ign a ir f l ow  s hould be abou t  4 , 8 00 c fm ( 1 , 5 00 f pm  x 3 . 2  s q  ft) . 

The deadbox spou t requ i res ve rtica l  clearance and mus t be re tractable 
a nd  power ope rated . The nose of  the spou t  mus t be kept close to the grain 
pile , but not bu ried , which can be a problem for the ope rator . At flow ra te s  
l owe r  than a bou t  2 5  percent o f  des i gn capacity ,  grain fal ls  uninter rupted 
thr ough a deadbox , gene rating cons ide rable dus t on impact with the gra i n  
p i l e . A deadbox s hould have plug-re l ie f  doors to prevent back-up and chok ing . 

A ve ry e ffect ive dus t-collection sys tem i s  a combination deadbox and 
hood . Suct ion is taken from the deadbox i tsel f and from a hood on each s ide 
of the deadbox (se e  Figu re 6 -1 0 ) . 

Pr opr i etary Loading Devices 

Va rious propr ietary devtces a re a va ilable for controll ing grain dus t 
du r i ng l oading ope ratioos . These devices employ the deadbox (and othe r choke 
feeding ) , venturi , centr i fugal force , or reve r se a i rsweep pr inc iples . They 
ope rate mos t e fficientl y whe n hel d  close to the grain pile . 

Spout De s ign, Wind 

Spout des ign i s  an important a spect of dus t  control dur i ng l oading . The 
bes t des i gn i s  a shor t spou t wi th no a i r  inle t at the top ( Figure 6-1 1 ) . The 
w or s t  des ign i s  a spout that perm i ts a ir to ente r  a t  the top and has a l ong 
free-fal l .  The volume of a i r  entraine d  wi th such a spou t can be more than 3 0  
t imes the volume o f  the ente r i ng grain.  Th is condition can create a seve re 
dus t problem a t  the discha rge point . 

Wind can s harpl y reduce the e ffectiveness of dus t-control measu res 
du r i ng loading . Wind cur rents a re bes t control led by encl os ing one end of the 
l oading bui lding w i th roll-up or bi-fol d  doors . Th is approach wor ks wel l when 
l oading trucks , but is les s conven ient with rail road cars . 

Ma r ine Loading 

Controlling dus t when l oading vessels w i th free-pou r i ng g rain i nvol ves 
me thods much l ike those use d  w i th tru ck s  and ra i l r oa d  car s . Ships va ry much 
more than barges i n  hatch s ize and i n  he ight above the waterl ine a t  l ight and 
ful l  dra ft . At export elevators rad ica l  changes i n  wate r leve l  have to be 
cons idere d  when des i gn ing dus t control for l oading spou ts . 

The mos t flex ibl e means of control l ing gra in  dus t whe n loading vessels 
i s  the hatch tent . Other devices gene rally have two d isadvantages when used 
wi th exis ting l oading ins tallatioos . The f i rs t  i s  tha t the adde d we i ght 
u sually cannot be suppor ted w i thout e xtens ive s tructural changes . The second 
drawback i s  tha t mos t exis ting ins tallations we re not des i gned to hold 
dus t-c ontrol devices near the grain p ile i n  all l oading cond i tions . 
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Outer Sleeve 
Must Be Telescoping 
or Col lapsible 

Must Maintain 
1 2" Clearance 
to Be Most 
Effective 

Grain Pi le 

Air Conduit 
Must be F lex 
Hose or Swivel 
Joint 

Telescoping 
Grain Spout 

F I GURE 6- 9 Retractab le spout deadbox for truck load-out . 
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Dead Box 

Suction 

Vertical I Movement 

Hopper Car 

Grain Spout 

r-------------- 1 6  

l • Suct ion 

FI GURE 6 - 1 0  Comb ination deadbox w i th s uction hood . 

Power Hoist 

.-+- Suction 

F lexible Sk irt 

0\ 
ID 
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Storage Tenk 
or Garner 

L.L-.J�- Si ide Gate 

No Volume of 
Entrained Air 
to Deel With 

Control 

GOOD DESIGN 
Easiest to Control D ust 

At Discharge 
Entrained Air 
Can Be 30 Times 
Vol . of Grain on 
Long F ree-Fa l ls 

POOR DESIGN 
Most D ifficult  to 
Control Dust 

FI GURF 6- 11 Load- out spout de s i gn . 
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Hatch Tents 

The hatch tent , or cove r i ng , i s  the bas is of a number of dus t-control 
s ys tems for ma r ine loading . Wi th the tent i n  place , negative pressu re can be 
mainta ined on the hatch using flex ible hoses that col lect the dus t .  Li ttle i f  
any s tructu ral change i s  needed to ins tal l a hatch-tent sys tem . The tent may 
be hung from the s hip ' s  r igg ing or s impl y draped across the hatch . The l atte r  
approach i s  not e f fect ive du ring topping-of £ procedu res . 

Othe r Load ing Devices 

The deadbox pr inciple descr ibed u nder Truck and Ra il Loading ( Figu re 6-9 )  
i s  also used with vessel s .  The same propr ietary devices mentioned on page 
a re a lso u sed f or mar i ne l oading ope rations . Such s ys tems requ i re additional 
he i ght to accommodate the devices . As note d ea r l ie r , the ins tallation mus t be 
s trong e nough to support the e xtra hardware . 

A few ma r ine dus t-control sys tems have gravity spouts whose discha rge 
e nd  can reach the grain p ile a t  all  t imes . The spou t  is partially bur ied i n  
the gra i n  p i l e  and kept unde r negat ive pressu re . 
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Sect ion 7 

REQUIREMENTS FOR DESIGN , INSTALLAT ION , AND 
ACCEPTMCE OF PNEUMATIC DUST-coNTROL SYSTEMS 

Sect ion 1 of thi s  manual poi nted out tha t many pneumatic dus t-col lection 
s ys tems i n  gra in e levators do not per form as anticipated when they were 
ins tal led . A pneumatic s ys tem should do two j obs :  it shoul d sat i s fy 
dus t-e mission re gulations related to the environment and to occupational safe ty 
and health 1 and i t  should minimize the hazard of grai n-dus t explos ions . Many 
i ns tallations do ne ither of these j obs .  Sometimes , i n  fact , by bu ilding a 
fal s e  sense of secu r i ty , they actual l y  increase the haza rd of explos ions . Thi s  
s ec t ion proposes measu res des igned to cor rect this s tate of  a ffai r s  on a n  
industrywide bas is .  

Pn eumatic dus t-col lection s ys tems may not perform as expected for several 
reasons . A maj or reason , howeve r , i s  that the contractors who des ign and 
i ns tal l the s ys tems often a re poor ly qual i f ied for the wor k .  Gr ain e levators 
pose special requ i rements for such sys tems . These requ i rements a re unl i kely to 
be met by des igners and i ns tallers who a re qual i f ied mainly in heat ing and a ir 
conditioning and i n  shee t-me ta l  wor k .  Ye t elevator ope rators regularl y have 
re l ied on contractors s o  qual i f ied . 

Ne ithe r operators nor contractor s  can real l y  be blamed for this s ituation .  
The re have been n o  ca re fu l l y  developed s tanda rds o f  pe rformance for pneumatic 
s ys tems in gra in e levators . Moreove r , the spec ial problems posed by these 
s ys tems have not bee n wide l y  publ ic i zed in the indus try . Some such problems , 
i n  fact , have onl y recentl y become evi dent . Th us e levator ope rators have not 
known wha t pe rformance to expect of the i r  dus t-col lection sys tems . Simi larly , 
many contractors have been unawa re of the problems i n  des ign and i ns tal lation 
that they mus t solve . 

The s impl es t approach to the ove rall problem would be for the grain 
industry to spec i fy clear l y  what it needs -i n the des ign and ins tallat ion of 
pneumatic dus t-c ol lection s ys tems . Th is tas k m ight wel l be undertaken by one 
of the indus try ' s  trade or techn ical associations . Likel y  candidates are the 
Na tional Gr ain and Feed As sociation ( NGFA) and the Gr ain El evator and 
Process ing Society (GEAPS ) . 

Me asures that the appropr iate trade or technical association could 
develop i nclude qual i fications for contractor s  and deta i led procedu res for 
speci f ication and a cceptance of dus t-col lection s ys tems . These measu res a re 
spel le d  ou t  i n  the rema inde r  of thi s section . 
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�al i fications for Des igners and Ins tal ler s 

A formal , indus trywide procedu re is proposed he re for qual i fyi ng 
c ontractors to des ign and update pneumatic dus t-col lection s ys tems for grain 
elevator s . The procedu re woul d  be implemented by an appropriate organi zation 
acceptable to the i ndus try . The proposed procedure fol l ows :  

A .  A pe rmanent , f ive11embe r camni ttee shal l mee t fou r times each yea r to 
compile a nd update an approved l is t  o f  des i gners and i ns tallers of 
dus t-col lect ion s ys tems for grain elevators . The camni ttee shal l be 
made up of:  

1 Eng ineer who i s  active l y  empl oyed i n  the grain or an associated 
indus try , i s  famil ia r  w i th dus t-control des ign , and is aware of the 
needs of the gra i n  i ndus try . 

1 Operating supe r intendent . 
1 Fi re u nderwr i te r . 
2 Members-a t-la rge . 

Members  s ha l l  serve for two yea rs . Th ree of them s hal l be appointed i n  
odd-numbe re d years and two i n  even-numbe re d years b y  ma j or ity vote of 
the Board of Di rectors of the sponsor i ng organi zation .  

Thi s  camni ttee should be ass i gne d  the prima ry au thor ity and 
re spons ibi l i ty for s electing des igners a nd i ns tallers who a re qual i fied 
to mee t the needs of the grain indus try . 

B . Appl icants for the approve d l is t  o f  ins tallers s hall  mee t the fol l owing 
criteria : 

1 .  Contractor s hall appl y to the commi ttee by lette r  3 0  days be fore a 
qua rterly mee ting . Appl icat ion shal l include completion of a 
document deve loped for the purpose and generally resembl ing the 
Contractor ' s  Qual i fication Statement of the Ame rican Ins t i tute of 
Archi tects (see Appendix B ) . 

2 .  Contractor shal l provide proof of bonding capacity . 
3 .  Contractor s hal l provide a cur re nt Ce r t i f i cate o f  Insu rance . 
4 .  Contractor shal l demons trate a wor k ing knowledge of the gu idelines 

in thi s  manual or  of  any impr oved techniques that may be  deve loped 
in the fu tu re .  

The appl ication,  i n  addition to providing sufficient i nformation to 
identi fy the contractor , shal l include the fol lowing :  

1 .  Li st of dus t-control j obs contracted dur i ng the pas t f ive yea rs . 
2 .  Names of employees who have success fu l l y  completed the Advanced 

Course o f  the In dustr i al Ve nt ilat ion Confe re nce . 
3 .  Descr iption o f  shop faci l i tie s . 
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c .  Appl ications for the approve d l is t  of des i gn engineers shal l mee t the 
following cr i te r i a :  

1 .  De si gner s ha l l  appl y to the camni ttee by lette r 3 0  days be fore a 
qua rterl y meeting . 

2 .  De signer s ha l l  demonstrate a wor k ing k nowledge of the gui del ines i n  
thi s  manual o r  of any improve d techniques tha t may b e  developed i n  
the futu re . 

The appl ication ,  i n  add i tion to providing sufficient information to 
identify the des igne r , shal l i nclude the fol lowing :  

1 .  Li st of dus t-c ol lect ion s ys tems des i gned for grain e leva tors . 
2 .  Name of employee las t  canpleting the Advance d Cou rse of the 

In dus tr ial Ve ntilation Confere nce g iven u nde r the auspices of the 
Ame r ica n Confe rence of Gove rnmenta l Indus tria l  Hygienists , and date 
of caupletion . 

3 .  Li st o f  eng inee r i ng qual i fications and descr iption o f  expe r t ise . 

Summa ry of Intent 

The fore going procedure i s  pr oposed a s  a means by which the grain 
indus try can improve the qual ity and pe rformance of the dus t-col lection 
s ys tems that i t  buys . The procedure no doubt would i ntroduce a degree of 
regimentat ion and s tanda rdi zat ion . Howeve r ,  i t  i s  not intended to exclude any 
qual i fied des igners and i ns tallers from the bus iness , nor to h inder the 
introduct ion of new dus t-col lect ion te chnology . 

Speci fication and Acceptance Testing 

Ac ceptance tes ting , i n  i ts s implest form , means • t ry be fore you buy . • 
It i s  the elevator operator ' s  means of insu ring that he is ge tting exactl y the 
dus t-c ol lect ion s ys tem he speci fied and that i t  is mee ting h is needs as 
expected . The operator shoul d thorou ghl y check the condit ion and ope ration of 
both new a nd mod i f ied dus t-col lection equ ipment . He s hould not pay for a j ob  
until he i s  satis fied w i th it . Thi s  condi t ion should always be speci f ied in 
des ign ,  i ns tallat ion ,  and purchase contracts . 

Bes ides the obvi ous bene fit  to the buye r , acceptance tes t i ng--as wel l  as 
war rant ies and contractual l y  s tated b reak- i n  pe r i ods--offers bene fits to the 
sel le r .  By clea rl y de fining these matters i n  the contract , the se ller 
e ffective ly l imits his  l iabil ity for the j ob . 

From anothe r perspect ive , acceptance tes ting of dus t-collection 
equ ipment i s  an important means of m in imi z ing the hazard of f ire and 
explos ion .  The compe tent elevator opera tor ma kes su re tha t his equ ipment i s  
perform ing accord ing t o  des ign and that i t  will  cont inue t o  pe r form w ith in 
acceptable tolerances . Bes ides minimiz ing haza rd , ins is tence on qua l i ty 
m inimi zes costs i n  the l ong run . 
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The operator who i s  buying a dus t-col lection s ys tem shoul d speci fy 
c learly,  to des igners and i ns tallers , the per formance he requ i res . The 
speci fications should be w r i tten i nto the contract and should i nclude 
procedure s  for acceptance tes ting . The fol lowing guide l ines a re recommended . 

G.t idel i nes for Speci fication and Acceptance Tes ting 

1 .  Speci fications 

The buyer ' s  speci fications to the des igner s hould always call for a 
given level of pe r forma nce unde r speci fi c  condi tions . The des i gne r  
i s  respons ible for speci fying the equ ipment and i ns tallation to 
mee t the owne r ' s  pe rformance requ i rements . 

A .  � No v is ible dus t emission and sufficient volume flow and 
prope r  des ign ae rodynamics to provide a i rsweep . 

B .  Enclosed Egu ipment (conveyors ,  cleaners,  e tc . )  No vis ible dus t 
emiss ion from enclose d equ ipment operating a t  des ign capaci ty ,  
e xcept whe re s tructu ral o r  mechanical conditions make such 
pe rformance imposs ible . Exceptions should be ident i f ied i n  the 
speci fications . 

c .  Scales No v is ible dus t emiss ion from scales opera ting at 
des ign capacity (same exceptions as in lB) • No e f fect on the 
accu racy of the scales as a result  of d i f fe rential pressu re i n  
the s ys tem . 

D .  Du st Hoods and Loaders  No vis ible dus t emiss ion , a t  des ign 
a i r fl ow ,  from hoods and truck , ra i l , and vessel loading and 
unloadi ng .  

E .  Gr ain Loading and Unloading- -Truck, Ra i l ,  Ve ssel Should compl y 
with local regu lations related to the environment and 
occupa tional safety and health . 

F .  Dr iers Should compl y w i th local regulations related to the 
e nvi ronment and occupational safe ty and heal th . 

G .  Fabric Fil te r  Pressure drop across fabric filte r , a fter 4 5  
days o f  operation ,  s ha l l  not e xceed the max imums s tipulated i n  
the agreement and shal l not i n  any case excee d 5 inches of 
wate r .  

H .  Bl as t  Ga tes and Cl eanout Opening Location and type . 

I .  Ins trumentation Numbe r  and l ocation of magnehe l i c  or 
photohe l ic gauges , pi tot tubes , and manome ters . 

J.  Conveyor-Bel t Bea d Pul ley Speci fy how dus t car r ied over the 
head pu lley will  be recove red and conveyed to the dust or grain 
s tream . 
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2 .  Review of Des ign to Increase Sa fety Factor i n  Pe r formance 

By revi ewing the des ign , the buyer may be able to speci fy upgrading 
of equ ipment so as to increase the safety factor i n  pe rformance at 
l ittle i ncrease i n  the total cos t of the dus t-col lection s ys tem . 
The bu ye r  and des igne r can assess the poss ibil i ties by che ck i ng the 
following points : 

A .  Types , s i zes , and horsepowe r of fans . 

B .  Fi lter media . 

c .  Ai r -to-cloth rat ios . 

3 . The agreement s hould s tipu late a dhe re nce to the speci fied des ign 
s tanda rds , especially those for inle t and transport velocitie s , 
hoods , volume flows , trans i tion f ittings , and a ir-to-cloth ratios . 

4 .  Important Miscellaneous Specifications 

A. Types and gauges of metal . 

B .  Types and s i zes of fans . 

c .  De si gn  s tatic pressu re . 

D .  Volume of a i r  to be removed per minu te a t  all  takeoff points . 

E .  Nominal transpor t veloci ties . 

F .  Ai r-t o-cloth ratios of all fabr i c  f i l ters . 

G .  Types and s i zes o f  motor s . 

H .  Expl os ion-vent ratios on fabric f i l ters . 

I .  Locations of filter s .  

J.  Types and s izes of rota ry val ves on fil ters . 

K .  Types and locations of moni tor ing ins truments (magnehel i c  
gauges , e tc . ) for f il ters . 

L .  Requ i rement and equ ipment for compresse d a i r  ( i f  appl icabl e ) . 

M .  Provi s ion for maintenance plat forms . 

N .  In i t ia l  ins tructions for ope rat ion and ma intenance . 

0 .  Ce r t i fication of b idde r ' s  accreditation by permanent commi ttee 
on qual i fications propose d ea r l ie r  in this sect ion . 
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5 .  Acceptance Testing The buye r shal l pe rform an acceptance tes t of 
the dus t-col lection s ys tem accord ing , to the fore going 
speci fications . This tes t should be pe rforme d a fte r  4 5  days of 
operation .  A s ample check l is t  for the acceptance tes t  i s  shown i n  
Tabl e  7 -1 . 

TABLE 7-1 Sampl e Check L i st for Acceptance Te st 

Descript ion of 
Item to be Checked 

1 .  Sys tem a i r flow (cfm) 

2 . Ai r-t o-c loth ratio 

3 .  Fa n  pe r formance ( rpm ,  
c fm ,  s ta tic pressure , 
brake horsepowe r )  

4 .  Static-pressu re drop 
acros s f i l te r  

5 .  Ai r velocity i n  duct a t  
Point 1 

2 
3 
4 
5 
e tc . 

Des ign Va lue Ac tual Va lue a t 4 5  Days 
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Section 8 

INSTRUMENTAT ION , OPERAT ION , AND MAINTENANCE 

A pneumatic dus t-c� lection s ys tem is  made up of many inte r related 
components . The e f ficiency of the ent i re s ys tem su ffers i f  a s i ngle component 
is not wor k ing prope r l y .  To assu re max imum e ff iciency , ope rating personnel 
mus t monitor the s ys tem continual l y  and inspect and maintain it on a regular 
sche dule . Th is s ection covers bas ic a spects of the i ns trumentation ,  
operation , and ma intenance o f  dus t-col lection sys tems . The section i s  not 
i ntended to be camprehens ive . Da y-to-day operation and maintenance of a 
sys tem requ i res much more i nformation than can be given he re . 

Operators s hould have a t  hand the or iginal des ign data and drawings for 
the i r  dus t-col lect ion sys tems . When a sys tem is  modi fied , the data and 
drawings s hou l d  be modi fied accord ingl y .  The respons ible people s hould s tudy 
these mate r ial s  until the y are thorou ghl y famil ia r  with the layou t and 
i ntended per fomance of the s ys tem . They s hould also s tudy the i ns truction 
manual s  provided with the equipment and keep the recommended tool s and spa re 
pa rts re adily ava ilable . 

Ins trumentat ion 

Va r ious ins truments and associated ha rdware are availabl e  for monitori ng 
a nd  control l ing dus t-col lection s ys tems . Besides contr ibu ting to e fficient 
ope ration , thi s equ ipment wa rns of potentially haza rdous breakdowns . Commonl y 
u sed equ ipment and i ts  functions a re descr ibed briefl y  bel ow .  

TypeS of B;Ju ipment 

A magnehel ic gauge i s  a pressu re-measu r i ng device w i th a d irect-reading 
dial . Nomally i t  i s  used to measure the pressure drop across a fabric filte r . 

A photohel ic gauge i s  a ls o  a pressu re-measu r i ng device . I t  has a 
direct-reading dial l ike a magnehe l i c  gauge , bu t  als o has electrical contacts 
th at can be w ired to an alam , such as a l ight or hor n ,  on a control panel . 
The contacts are actuated by pressu re . Usually they are se t a t  the uppe r and 
l ower pressu re l imits .  

A manometer is a handy device for measu r i ng s tatic pressu re a t  any point 
in a dus t-col lect ion sys tem . It is  a glass or plas tic tube shaped l ike a long 
U a nd f il led w ith oil or ant i free ze . The tube i s  mar ked to i ndicate pressu re 
in inches of wate r . 

7 9  
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A pi tot tube is a device tha t can be use d  with a manome te r  to measu re 
ve locity pre ssu re- -the pressu re e xerted on a flat plate by a s tream of air  
flowing pe rpendicular to the plate . Vel oc ity pressure can be  used to  
determ ine volume flow i n  a duct . 

A l eve l i ndicator i s  used to detect plugging of a f il te r  hopper w i th 
dus t . One type of leve l indicator is a rotating paddl e whee l dr iven by a 
torque motor th rough a fr ict ion clu tch . The clutch s l ips when dus t bu ilds up 
in the hoppe r and covers  the paddle whee l . A second type of leve l  indicator 
is a pressure-s ens ing d iaph ragm tha t detects a bu ildup of dus t . A third type 
is a probe having a dielectric fiel d that changes when the probe is sur rounded 
by dus t .  

Ea ch t ype  o f  leve l  i ndicator i s  t ied e lectr ically t o  a n  alarm that 
s i gnals whe n the hoppe r is pluggi ng . 

A b roken-bag detector u sual ly i s  a photoelectr ic cel l i n  the a i r  outlet 
of the f i l te r .  I t  detects abnorma l discha rge of dus t from the f i l te r  and 
a ctuates an a larm . 

A zero-motion swi tch s ignals fa ilure o f  rotating equ ipment , such as the 
rota ry discha rge valve on a filte r . 

A pre ssu re-d ifferent ial swi tch can be preset to close and open a t  
spec i f ied pressu res . It  is  used to control •demand cleani ng •  of f i l te r  bags . 
The cleaning s ys tem s ta rts when the pressu re drop across the f i l ter reaches 
the high setting of the swi tch and s tops when i t  retu rns to the low se tting .  

A record ing pen can be used w i th a pressu re sensor to record a 
pe rmanent , continuous log of pressure a t  a des i re d  point . 

Basic Mon i tor i ng Equ ipment 

It i s  re commended that a dus t-c ol lection s ys tem be equ ipped w ith bas ic 
moni tor ing devices a t  leas t su fficient to warn of potent ial l y  ha za rous 
mal func tions . An adequate i ns tal lation would i nclude the fol l owing devices : 

Fil te r  

1 .  A magnehel ic gauge to g ive the pressu re drop across the uni t .  A 
manome te r  coul d  be used i ns tead , bu t  may not wor k properly in 
e xtreme heat or col d .  I f the operation of the e levator i s  
moni tored from a central control panel , i t  ma y  be des irable t o  
re pl ace the magnehel ic gauge w i th a photohel ic gauge w i red to an 
alarm at the control pane l .  

2 .  A pre ssure-d ifferential swi tch to control •demand cleaning •  o f  the 
bags . 
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3 .  A broke n-bag detector . 

81 

4 .  A l evel i ndicator i n  the f il ter hopper . 

5 .  A pressure gauge with record ing pen to log pressure drop across the 
f il ter . 

6 .  A m icroswi tch a t  the f i l ter i nlet to close down the s ys tem when 
cleani ng . 

7 . A z ero-motion swi tch to s ignal s toppage of the rota ry d ischarge 
valve on the filte r  hoppe r .  

Exhaus t Fan 

1 .  A m agnehelic  gauge to g ive s tatic pressure between i nlet and outlet 
of fan .  

2 . A p itot tube cal ibrated to g ive d irect reading of  a i r flow i n  s ys tem . 

Dlctwor k 

1 .  A mananeter i ns tal led a t  each hood to indicate suction a t  hood . 

Electr ica l  Inte rlock 

Bes i de s  being equ ippe d  w i th bas i c  moni toring and control equ ipment , the 
moving canponents of a dus t-col lect ion s ys tem s hould be electr ical l y  
inte rlocked . The inte rlock shoul d be a r ranged s o  tha t shu tdown of any 
c anponent w il l  s hu t  down the s ys tem . It  i s  also recommended that a t ime-delay 
sequence be bu il t into the electrical sys tem . The orde r of s tar t-up woul d  be : 

1 .  Pneumatic s ys tem or screw conveyor tak ing dus t away fran f i l te r . 

2 .  Rota ry discha rge valve on filte r .  

3 .  Bag-c leaning motors on fil ter . 

4 .  Exhaus t fan on the s ys tem . 

To s oo t  down the s ys tem , the foregoing sequence would be reve rsed . The grain 
elevator handl ing should be interlocked s o  tha t they cannot ope rate wi thout 
the dus t s ys tem i n  ope ration .  

Us ing the Ins truments 

Prope r ins trumentat ion can tel l you bas ically how a pneumatic  
dus t-c ol lect ion s ys tem i s  perform ing . Fi gu re 8-1 s hows the relat ionship of 
the components of a typical s ys tem and the points whe re ins truments may be 
i ns talled . The uses of the i ns truments a re descr ibed brie fl y  bel ow .  Agai n ,  
howeve r , keep in  mind tha t the des cription is not intended t o  be canprehens ive . 
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FIGURE 8-1 Typical dus t control sys tem . The figure shows an e xhaus t sys tem 
because the fan draws a ir through the col lector . I f  the fan i s  ahead 
( i . e . , pushing a i r  through ) of the collector , it is a blow sys tem . Mos t  

c yclone col lectors a re a ttached t o  blowing s ys tems , and mos t f ilter collectors 
a re attached to e xhausting systems . 

Fi lter Pre ssure 

A t ypical i ns tallation of a magnehe l ic ( or photohelic)  gauge on a fabr i c  
filte r  is  shown i n  Figu re 8-2 . It  is  use ful  t o  mar k ( re d-l ine )  the face of 
the gauge to s how the l ower and uppe r  pressure l imits for acceptable ope ration .  
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FIGURE 8- 2 Typical magnehelic gauge ins tallation . The bes t me thod of 
determ ining whe ther a collector i s  operating e ffectively i s  to check the 
magnehelic gauge . I f  fil te r  res is tance i s  above 3-4 inches of s tatic pressu re 
( SP  d if ference between the upper and l owe r  chamber ) ,  check the f i l ters for 

e xcess ive dus t accumulation .  

Fi lters  a re des igned t o  operate a t  a pressure of 3 t o  5 i nches o f  water . 
( Pressure a t  s ta r t-up may be less than 1 inch unti l a mat of dus t begins to 
build up on the fabri c . ) Once the f i l te r  reaches equ il i br ium pressu re , the 
magnehelic (or photohe l i c )  gauge becomes an indicator of the operation of the 
e ntire s ys tem . So long as the gauge reads between 3 and 5 i nches of wate r , the 
s ys tem will be del ive ring des ign volume fl ow .  

When pressure e xceeds the upper l im i t , the fil te r  s hould be checked for 
mal function . I f  none is found , the excess ive pressure means that the bags 
s hould be cleaned or repl aced . Normal ly,  the bags s hould not requ i re 
attention unti l afte r  many months of operation .  

When f il ter pressu re falls bel ow  the l ower l imit , the s ys tem , aga i n ,  
should be checke d  for mal function . Th e  mos t l i kely problems a re broken filte r  
bags , a par t ial ly plugged main duct , closed blast gates in  branch ducts , or 
sl ipping belts on the system ' s  e xhaus t fan .  

Fi lter Hopper 

Le ve l  i ndicators s hould be included w i th all new f il ters , and retrof i t  
is recommended for exis ting filters . An indication of dus t bu ildup in the 
f il ter hopper points to one o f  seve ral problems : failure of the r otary 
discha rge valve on the hoppe r J plugging downs tream of the filte r ,  or bridging 
of dus t i n  the hopper . 
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Manomete r-Pi tot Tube 

The manometer is  used to balance a dus t-collection s ys tem ini tially.  It  
is als o use d  pe r iodically to re check s ta tic pressu res a t  hoods or othe r points . 
The use o f  the i ns tru•nt i s  shown i n  Fi gu re 8-3 . Note tha t a tmospheric  
pressu re at  the open end of the manome te r  depresses the column of wa te r aga ins t 
the l ower pre ssure ins ide the duct . The i ns tru•nt is  mar ked s o  that the 
ve rtical dis tance betwee n the ends of the column is pressure in i nches of 
water . 

Adjustable Blast Gate 

Min.  of 1 '  6" -I Manometer 

:_j_ 
- I nches of Water � Wh ich Varies from 1 "  to 2%" 

FIGURE 8 -3 Typical hood a nd blas t gate . 

Figure 8-4 shows the use of the pi tot tube and manome te r  to •as u re 
ve locity pre ssure . The pitot tube i s  a combination o f  two tubes , as shown . 
The leading tube measu res total pressure in the duct , and the tra il ing tube 
measures s ta tic pressu re . The d i f ference--the velocity pressure--is shown by 
the manomete r .  
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Velocity pressu re can be used to obtai n  a i r flow i n  a duct . The velocity 
o f  the a ir in the duct in fee t per m inu te is  4 , 0 00 t imes the square root of the 
velocity pressure i n  i nches of water as shown in Figure 8-4 . The velocity (V) 
t imes the cross s ect ional a rea ( A) of the duct g ives a ir flow (Q ) in cubic fee t 
pe r  minute ( i . e . , Q • AV) . Tables a re available tha t g ive a i r flows for a range 
of velocity pressures a nd duct s i zes . 

Manometer 

- Air Flow -

� 
Vel. Pressure 

T 
• vel . = 4000 .J Vel. Pressure 

Vol . = Vel . x Area of Pipe 

• Based on Std. Temp. and Pressure. 

FIGURE 8 -4 Pi tot tube . The pi tot tube , an ins trument for measu r i ng veloci ty 
pressu re , cons ists of two tubes j oined toge the r as shown . Special pi tot tubes 
a re requ ire d for measu r i ng a ir fl ow i n  a p ipe conta ining dus t .  The s tandard 
ASME tube is unsatis factory because the holes in the tube plug with dust 
quick l y .  The pitot tube i s  inserted i n  the p ipe at right angles to the a ir 
flow and a trave rse is made to ge t  the average vel oc ity ptessure readi ng . 

Ma intenance 

Ma intenance s hould be kept cons tantly i n  mind when des ign ing and 
ins tall ing dus t-collect ion sys tems . Li kel y problem points such as elbows , 
l ong h or i zontal runs , s hould be made access ible for i nspection and routine 
ma intenance or repa i r . Inspection ports should be provided as necessa ry .  
Re member that a poor des ign cannot be wel l mainta i ned . 
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It is  recommended that one individual be ass igned to aoni tor the 
operation o f  the dus t-collection s ys tea . The individual ass igned s hould have 
al l manu factu rers ' ma intenance manuals readily available . Be should be 
thorough ly famil ia r  w ith the aanuals s o . as to be able to pinpoint trouble 
should i t  occu r .  

The i ndivi dual respons ible for the sys tea should fol l ow  a regular 
schedule of inspection and ma intenance . The exact schedule will depend on the 
pa rt icular s ys tem and the numbe r of hours i t  operates per day or wee k .  
Howeve r , a sample ma intenance schedule i s  shown below . Table 8-1 shows a 
s ampl e trouble s hooting guide . 

Sample Maintenance Schedule 

Daily 

1 .  Check magnehel ic-gauge readings on all fil te rs . 
2 .  Check for dus t i n  clea n-a i r  ou tle t from filte r . 
3 .  Check f il ter hoppers for continuous d ischarge o f  dus t .  

WeeklY 

1 .  Check a nd record magnehelic-gauge readings on all f i l ters . 
2 .  Check fa n and motor bea r i ngs for excess ive heat or vibration . 
3 .  I f  h igh-pressure pneumatic conve ying equ ipment i s  used to dispose 

of dust , check the pos it ive -displacement pump for vibrat ion ,  
ove r heating , a nd proper l ubri cation . Al so ,  compa re reading on 
pressu re gauge with previous readi ngs . Clean a i r -inle t filter or 
repl ace as necessary . I t  i s  important to foll ow  the aanu factu re r ' s  
recommendation on this piece of equipment . 

Month lY (or a t  manu facture r ' s  recommended i nte rvals )  

1 .  Check oil i n  al l gea rmotors . Do not ove r f il l .  

Si x Months 

1 .  Check bel t tens ion on all V-be l t  dr ives . 
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TABLE 8 -1 &ample Troubleshooting Gu ide 

Problem Poss ible Sou rce 

Abrupt r ise in •gneheli c-cjauge readi ng 

No ma gnehelic-9auge reading 

tus t i n  (normal ly)  clea n a i r  ou tlet 

Fi lter hopper plugged 

No a i r flow 

Excess ive bu ildup of dus t in ductwor k 

Main e xhaus t-fan motor overloads 
(s tra ight-b laded fan) 

Rota ry-valve gea rmotor ove rloads 

'1\lbes plugge d : tube -cleaning 
mechanism fau l ty 

Plugged tubing to gauge : 
gauge de fective ;  fan off 

Fil te r  tube torn or mis s i ng 

De br i s  ove r ou tle t ,  or 
rota ry valve not operating 

Fan not running ; ma i n  
a ir fl ow  dampe r closed 

Low a i r flow ; high f i l te r  
back pressu re or 
obs truction in hoods ; 
close d  blas t gate s 

Ma i n  a i r flow dampe r ope n  
t oo  fa r 

Obs truction in val ve 
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Appendi x A 

DEFINIT IONSa 

Ae r osol : An assemblage o f  smal l part icles , sol id or l iqu id ,  suspended i n  
a i r . The diame te r  of the pa rticles ma y  va ry from 10 0 microns down to 0 . 01 
m icron or less , e . g . , dus t ,  fog , s moke . 

Ai r Cleaner : A device des igned for the pu rpose of removing atmosphe ric 
a ir bor ne impu r i ties such as dus ts , gases , vapors ,  fumes , and smokes . ( Ai r  
cleaners i nclude a i r  was hers , a i r  f i l ters , elec trosta tic precipi tators , and 
ch arcoal f il ters . )  

Ai r , Dry : Ai r  containing no water vapor . 

Ai r  Fil ter : An a i r  clean ing device to remove l i ght pa rticulate loadings from 
n ocmal a tmospher i c  a ir be fore introduction i nto the bu ilding . Us ual range : 
Loadi ngs up to 3 gra ins pe r  thousand cubic fee t ( 0 .00 3 gra ins pe r  cubic foot) . 
No te :  Atmosphe r i c  a ir i n  heavy indus tr ial a reas a nd i n-plant a ir in  many 
indus tr ies has highe r loadings than this , and dus t collectors  are then 
i ndica ted for proper a ir cleaning . 

Ai r Horsepower : The theore tical horsepower requ i red to drive a fan i f  there 
were no losses i n  the fan--tha t is , i f  i ts e f ficiency were 1 0 0  pe rcent . 

Ai r ,  S tandard : Dry a ir a t  7 0° F a nd 2 9 . 9 2  i nches (Hg ) barome te r . Th is i s  
subs tantiall y equ ivalent t o  0 . 0 7 5  l b/cu ft . Spec i fi c  hea t o f  dry a i r  • 0 . 2 4  
Btu/l b� . 

Ai r-to-Cl oth Ra tio:  The volume tr i c  rate of  capacity of a fabric filte r 1  the 
volume of a i r  (gas ) , i n  cubic fee t pe r  minu te , pe r  squa re foot of f il te r  medi a 
( fabri c) . 

Anemome ter : An ins trument for measu r i ng the velocity of a i r  or gas . 

Aspect Ratio of a n  El bow : The width (W ) d ivided by depth (D )  in the pl ane of 
the bend . AR • W (se e Figure 3-9 ) 

D 

Asp ir a tion : The movement of a i r  by suction .  

a Compiled i n  part  f r om  Indus tr ial Ve ntilation : A Manual of Recommended 
Practice , 2 5th Edition ,  Ame r i ca n  Confe rence o f  Government Indus tria l  
Hygienis ts , La ns ing ,  1 9 78 and " FU ndamental s of Fabr ic Collectors and 
Glossa ry of  Te rms , "  Publ icat ion No . F-2 ,  Indus tr ia l  Gas Cleaning 
Inst i tu te , Inc . ,  S tamford , 1 9 7 2 .  

8 9  
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Atmospher i c  Pressu re : The pressure of the a tmosphere as measured by means of 
the barome ter a t  the l oca tion spec i f ied . 

Backwash : A me thod of fabric cleaning where d i rection of filte r  flow is 
rever sed , a ccompanied by flexing of the fabric and b reak ing of the dus t cake . 
Also known as backpressu re , repressu re , collapse-clean , e tc .  

Bag: The cus tomary form of fil ter e lement . Al so known as tube , s tock ing , 
etc . Can be unsupported (dus t on ins ide ) or used on the outs ide of a grid  
support ( dus t on the outs ide) • 

Bl as t  Ga te :  A s l iding pla te ins talled i n  a suppl y or exhaus t duct a t  r ight 
angles to the duct for the pu rpose of regulating a i r fl ow .  

Bl inding (Bl inded) : The l oading , or accumulation ,  of f il te r  cake to the point 
where capacity rate is diminished . Also te rmed •plugged . •  

bph : bus hels per hou r .  

!?R!!,: bushels pe r  minute . 

!?E!,: bushels per s econd . 

Br ake Horsepower : The horsepower a ctually requ i re d  to drive a fan . Th is 
includes the ene rgy l osses i n  the fan and can be determined onl y  by actua l 
tes t of  the fan . (This does not i nclude the drive l osses between motor and 
fan . ) 

Captu re Ve loci ty: The a ir velocity necessary to entra in dus t pa rt icles . 

£!!!: cubic fee t pe r  minu te . 

Conve ction : The motion resul ting i n  a flu id from the d i f ferences i n  dens i ty 
and the action of gra vi ty . In hea t transmiss ion this meaning has been 
e xtended to i nclude both forced a nd natural motion or circula tion .  

cycl one : Mechanical dus t collector us ing ine rtial pr inciples for dus t  
separat ion . 

Damper :  An adjus table plate i ns talled i n  a duct for the purpose of regulating 
a i r flow . 

De ns i ty :  The ratio of the mass of a specimen of a subs tance t o  the volume o f  
the specimen . The mass of a unit volume of a subs tance . When we ight can be 
u sed w ithout confus ion ,  as synonymous w ith mass , dens i ty is the we ight of a 
unit volume of a substance . 

De ns i ty Fa ctor : The ratio of actual a ir dens ity to dens ity of s tandard a i r . 
The product of the dens ity factor and the dens i ty of s tanda rd a i r  ( 0 . 0 7 5  l b/cu 
f t) w il l  g ive the actual a ir dens i ty i n  l bs .  per cu ft:  d x 0 . 0 7 5  • actual 
dens ity of a i r , lbs per cu ft . 
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Dus t :  De fined for the pu rpose of this s tudy as pa rticles o f  gra i n  and foreign 
m ate r i al that w il l  pass through a 2 00-mesh ( 7 4- ) screen . 

Dus t Collector : An a i r  cleaning device to remove heavy pa rticulate loadings 
fr om e xh aus t s ys tems be fore d ischarge to ou tdoors . Us ual range : Loadings of 
0 . 00 3 gra ins pe r  cubic foot and highe r . See Cyclone , Fabric Fil te r .  

Du st Load ing :  The we ight o f  sol id part iculate suspended i n  a n  a i r  (gas ) 
s tre am ,  usually expressed i n  te rms of gra ins pe r  cubic foot , grams per cubi c 
meter , or pounds per thousand pounds of gas . 

Dus t Pe r.abil ity: De fined as the mass o f  dus t (gra ins ) pe r  square foot of 
medium d iv i ded by the res istance (pressu re drop ) , inches WG per unit of 
fil te ring velocity , fpm . Not to be canpa red with cloth pe r.abil ity .  

En try Loss : Loss i n  pressure caused by a ir flowing into a duct or hood 
( inches H 20) • 

Envelope : A c aamon fora of fil te r  e le��ent . 

Fabric :  A pla na r  s tructure produced by inte rlacing yarns , fibers or 
f il aments . Ma y  include fel ts a nd woven mate r ials . 

Fabric  Fil ter : A dus t collector us ing a fabric for separation of dus t from 
a i r .  

Fi lte r  Dr ag : Pressu re drop , i nches WG per cubic foot of a i r  per minu te , per 
squa re foot of fil te r  mediua . Analogous to the res ista nce of an  element in an 
e lectr i cal c ircu it . The ratio of f il te r  pressure to fil te r  velocity .  

Filte r  Medium : The subs trate suppor t  for the filte r  cak e ;  the fabr i c  upon 
w hich the f il ter cake i s  bu il t .  

!2!!,: fee t pe r  minute . 

Gr a i n :  A measure o f  we ight , 1/7000 pounds or approximately 6 5  aill igrama . 

Gravity, Speci fic : The ratio of the mass of a unit volume of a subs tance to 
the mass of the same volume of a s tandard substance at a s tandard 
temperatu re . Water a t  3 9 . 2° F is usually the s ta ndard subs tance . For 
gases , dry a i r , a t  the same temperature and pressure as the gas , is ofte n 
taken as the s tandard subs tance . 

Hood : A s haped i nlet des igned to captu re contaminated a ir a nd conduct i t  into 
the e xhaus t duct sys tem . 

Hu midity, Absolute : The we ight of wate r  vapor per unit volume , pounds per 
cubic foot or grams pe r  cubic centimete r .  
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Buaid i ty ,  Relat ive s The ratio of the actua l pa rt ial press u re of the wate r 
vapor i n  a space to the saturation pressu re of pu re wate r a t  the s ame 
tempe ratu re . ( The amount of wa te r conta ined i n  a i r  at a g iven temperatu re a s  
a percentage o f  the total amount o f  wa ter i t  can conta in a t  tha t temperatu re . )  

Inch of Water : A unit of pressure equal to the pressure exe rted by a column 
o f  l iqu id water one i nch high a t  a s tandard temperatu re . The s tanda rd 
tempe ratu re is ordina r il y taken as 7 0°F . One inch of wa te r  a t  7 0 0r  • 
5 . 1 9 6  l b  per sq f t .  

Lowe r Expl os ive Limi t :  ( See also Min imum Expl os ible Concentration . ) The 
l owe r  l imit o f  flammabil ity or explos ibil ity of a gas or vapor a t  ord ina ry 
ambient tempera ture s  e xpre ssed i n  pe rcent o f  the gas or vapor i n  a ir by 
volume . Thi s  l imi t is assumed cons tant for teape ra tu re up to 25 0oP.  

Magnehel ic Ga uge : A pressure d i f fere ntial gauge tha t ,  when used i n  
f i l te r -type dus t collectors , meas u res the s ta tic pressure d i f fe rence be twee n 
the dus t-l aden a ir i nta ke ( l owe r )  chambe r o f  a col lector a nd the clean a ir 
ou tle t (uppe r )  chambe r .  I t  "i s important to know tha t as the s ta tic pressu re 
d i f fere nce i ncre ases , the a ir f l ow  through the cloth f il te r  is be i ng res tr icted . 

Manometer : An ins trument for meas u r ing pressure 1 essent iall y a u-tube 
pa rt ially f illed w ith a l iqu id , u sual l y  wate r ,  mercury , or a l ight oil , so 
cons truc te d  tha t the aaount o f  di splacement of the l iqu i d  indicates the 
pre ssure be ing e xe r ted on the i ns trument . 

Micron : One micron is approx imatel y l/2 5 , 0 0 0  of an inch ( 0 . 0 0 0 0 4  i nche s )  
(h uman hair d iame ter ranges from 5 0-7 5 m icrons )  • 

Minimum Des ign Duc t Vel oc ity : Minimum a i r  vel oc i ty requ i red to move the 
pa rticulates i n  the a i r  s tream , fpm . 

Mi nimum Expl os ible Concentration : The smal les t amount of pa r t iculate mate r ial , 
which whe n dispe rsed in a volume of a i r , wil l pe rmit canbustion of the 
dispers ion to occu r (oz/ftl , g/ml ) .  

Pe rmeabil ity, Fa bri c :  Measured on Fr a z ie r  por os i ty mete r , or Gu rley 
pe rmeomete r , e tc . Not to be confused w i th dus t pe rmeabi l i ty .  The abi l i ty o f  
a ir ( gas) to pass th rough the fabr i c ,  e xpressed i n  cubic fee t o f  a i r  pe r  
minute pe r  square foot of fab ric w i th a 0 . 5  i nche s s 2o pressure d i ffe rentia l . 

Photohel i c  Gauge : same as magnehe l i c  gauge (see above ) , bu t  ha s  elec tr ica l 
contacts a nd can be wired to alarm on control panel . 

Pitot Tube : A means of meas u r ing vel oc ity pressu re . A device cons is ting of 
two tubes- -one serving to measu re the total or impact pressu re exis ting in an 
air s tream , the othe r to measu re the s ta tic pressure only . When both tubes 
a re connected a cr oss a d i f fe re ntial pressure-measu r i ng devi ce ,  the s ta tic 
pressu re is canpensa te d  au tomatically and the vel oc ity pressure onl y is 
re gistere d .  
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Plenum Chamber :  A pressu re-equal i z i ng chambe r connected to one or more 
ducts . 

Poros i ty ,  Fa br i c :  Te rm often u sed i nte rchangeabl y w i th pe rmeabil i ty .  Ac tual 
pe rcentage of voids per unit volume- -the re fore , the te rm is imprope rly used 
where permeabil i ty is intended . 

Pressure , Atmosphe r i c :  The pressu re due t o  the we ight o f  the a tmosphe re , as 
indica ted by a baromete r . Standa rd a tmosphe ric pressu re is 2 9 . 9 2  i nche s of 
mercury, equ ivalents in othe r u ni ts a re 7 60 mm of me rcury , 1 4 . 7  ps ia , a nd 4 07 
inches of wate r . 

Pre ssure , Ga uge : Pressure measu red from a tmosphe r i c  pressu re as a base . 
Gauge pressu re may be indica ted by a manane ters which has one leg connected to 
the pre ssu re s ou rce a nd the other e xposed to a tmospher i c  pressu re . 

Pressu re Je t Clean ing :  A bag-clean i ng me thod where a momenta ry bu rs t of 
c anpre ssed a ir is introduced through a tube or noz zle a ttached to the top cap 
of a bag . A shor t blas t of a i r  fl ows down the bag caus ing bag wall s  to 
col laps e behind i t .  

Pre ssure , Re s i s tance : Re s is tance pressure ( RP )  i s  the pressu re requ i red to 
ove rcome the res istance of the sys tem . It includes the res is tance of s traight 
ru ns o f  pipe , e ntrance to heade r s ,  bends , e lbows , or i fice l os s , a nd clean ing 
device . It i s  indicated by the di ffe re nce of total pressu re be twee n two 
points i n  the duct s ys tem . 

Pre ssure , Static : The potential pressu re exerted i n  all d i rections by a flu i d  
a t  rest . FOr a flu id in motion i t  is measu red in a d i rection normal to the 
d ire ction of fl ow .  us ual l y  e xpressed in inches wate r  gau ge when deal ing w i th 
a i r . 

Pre ssu re , Total : The algebra ic sum of the velocity pressu re and the s ta tic 
pressure (wi th due rega rd to s ign) . 

Pre ssu re , Ve locity: The pressure requ ire d to accelerate a i r fran a s ta te of 
res t to the pa rticula r vel oc ity requ i red . It i s  the pressure tha t woul d  be 
e xe r ted a ga ins t a flat sur face placed i n  a movi ng a i r s tream a t  r ight angles 
to the di rection of motion .  

E!!: pou nds per square i nch .  

Pu lse Je t :  A s ys tem o f  bag cleaning u s i ng a momenta ry bur s t  of canpressed a ir 
in the d is cha rge noz zle of a fil te r  bag , which s tops f i l te r  flow and inflates 
the bag in the oppos i te d irection .  

Reve r se Je t Cl eaning :  A clean ing method u s i ng a trave l i ng r ing traversing the 
exte rior of the f i l te r  bag . Hi gh-press u re a i r  is bl own backwa rd th rough the 
fabri c th rough small holes or s lots i n  contact w i th the cloth . 
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Shak i ng (Cleaning) : A caamon , mechanical me thod of removing dus t from filte r  
e lements . Ba ckwash ,  o r  othe r s upplemental methods , a re often used w i th 
sha k i ng . 

TeJ!I)!ratu re , Dew-Point : The tempe ra tu re a t  which the condensation of wate r  
vapor i n  a apace begins for a g iven s tate of humidity and pressu re as the 
temperatu re of the vapor i s  reduced . The tempe ra ture cor responding to 
saturat ion (10 0 pe rcent relat ive humidity )  for a g iven absolute humidity a t  
c ons tant pre ssu re . 

Temper a tu re , Dry-Bu l b :  The tempe ra tu re of a gas o r  mixtu re of gases i ndicated 
by an accu rate the rmome te r a fte r cor rection for radiation . 

Tegper a tu re , We t-Bu lb : Thermodynamic wet-bulb temperature i s  the temperature 
a t  which l iqu id or sol i d  wate r ,  by evaporating into a i r , can b r ing the a i r  to 
s aturation a diabatical l y  a t  the s ame temperature . Wet-bul b temperatu re 
(wi thou t qual i fica tion) i s  the tempera tu re indica ted by a we t-bulb 

ps ych rome ter constru cted a nd u sed a ccord ing to specifications . 

Transpor t (Conveyi ng) Velocity: See Minimm Des ign Duc t Velocity . 

Vo lume , Spec i f ic :  The vol ume o f  a subs tance pe r  unit mass , the reciprocal of 
dens ity, usuall y g i ven i n  cu bic fee t pe r  pound , e tc .  

Wa ter Ga uge (WG) : A term used a fte r nume r i cal pressu re f igu res , that means 
the figu re i s  calculated i n  te rms of inches of wa ter as obta ined from the 
d iffere ntial water l evels of the two legs of a manome ter . ( Exampl e : 2 . 8  
inches WG) . 
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Appendix B 
SAMPLE OF A CONTRACTOR ' S  QUALIFICAT ION STATEMENT 

The fol l owing Contractor ' s  Qu al i f ication Sta tement , deve l oped by the 
Ame r i ca n  Ins t i tute o f  Archi tects , i l lus tra tes the des ign of such a document . 
A qual i fica t ion s ta tement for des igner s  and i ns tallers of pneuma tic 
dus t-col lect ion s ys tems for the gra i n  indus try woul d  have to be ta il ored to 
the nee ds o f  tha t  i ndus try . 

9 5  
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THE AMERICAN INSTITUTE OF ARCHITECTS 

• 
AlA Document A305 

Contractor's Qual ification Statement 
1 979 EDITION 

Required in advance of consideration of application to bid or as a qualification 
s tatement in advance of award of contract. Approved and recommended by The 
American Ins titute of Architects and The Associated General Contractors of America. 

The U nders igned certif ies u nder oath the truth and correctness of a l l  statements and of 
a l l  answers to questions made here inafter. 
SUBM ITIED TO : 

ADDRESS : 

SUBMITIED BY : 
NAME : 
ADDRESS : 
PRI NCI PAL O F F I CE : 

Corporation 
Partnership 
I ndividual 
Joint Ventu re 
Other 

1 .0 How many years has you r  organization been in bus i ness as a General Contractor? 

2.0 How many years has you r organization been in  busi ness u nder i ts present busi ness name? 
2.1 U nder what other or former names has you r  organ ization operated ? 

AlA copyn,btecl material bu been reproduced wttb tbe 
Permblion of Tbe American lnatltute of Arcbitecu under 
permblion number 82018. Funber reproduction Ia 
problbltecl. 

Becauae AlA Documenu are reviaed trom Ume to time, uaera 
lbould ucertain from tbe AlA tbe current editions of tbe 
Document reproduced bereln. 

Copies of tbla AlA Document may be purcbued trom 
tbe American Institute of Arcbltecu or Ita local dbtributora. 

Copyright 1964, 1969, @ 1979 by The American I nst itute of Archi tects, 1 735 New York Avenue, N.W.,  Washington, D.C. 20006. 
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3.0 I f  a corporat ion answer the fol l owi n g :  
3 .1  Date of i ncorporation : 
3 .2  State of i ncorporat ion : 
3.3 President's name : 
3.4 Vice-president's name{s) : 

3.5 Secretary's name : 
3.6 Treasu rer's name : 

9 7  

4.0 I f  a n  i ndividua l  o r  a partnersh ip answer the fol l owi ng : 
4.1 Date of organ ization : 

5.0 

4.2 Name and add ress of all partners (State whether general or l i m i ted partnersh i p) : 

6.0 list states and categories in wh ich you r  organization is  lega l ly qua l i fied to do busi ness. I nd icate regis­
t rat ion or l i cense n u m bers, if appl icable. list states i n  which partnersh i p  or trade name is fi led .  
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e1979 • THE AMERICAN I NST ITUTE OF ARCH ITECTS, 1735 NEW YORK AVENUE,  N.W., WAS H I NGTON, D.C. 20006 AlOS-1979 2 

Copyright © National Academy of Sciences. All rights reserved.

Pneumatic Dust Control in Grain Elevators: Guidelines for Design Operation and Maintenance
http://www.nap.edu/catalog.php?record_id=18634

http://www.nap.edu/catalog.php?record_id=18634


9 8 

7.0 We normal ly perform the fol lowing work with o u r  own forces : 

8.0 Have you ever fa i led to complete any work awarded to you ? I f  so, note when, where, and why : 

9.0 Withi n  the last five years, has any officer or partner of you r organ ization ever been an officer or 
partner of another organization when i t  fai led to complete a construction contract ? I f  so,  attach a 
separate sheet of explanation. 

1 0.0 

1 1 .0 On a separate sheet, l ist the major projects you r  organ ization has completed in the past five years, 
givi ng the name of project, owner, arch i tect, contract amount, date of com pletion,  and percentage 
of the cost of the work performed with you r  own forces. 

1 2.0 On a separate sheet, l ist the construction experience of the key ind ividuals of you r organ ization. 
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1 3.0 Trade References : 

1 4.0 Bank References : 

1 5 .0 
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100 

1 6.0 Attach a fi nancial statement, audited i f  avai lable, inc luding Contractor's latest balance sheet and 
i ncome statement showi ng the fol lowing items : 

A. Cu rrent Assets (e.g., cash, joint ventu re accounts, accounts receivable, notes receivable, accrued 
income, deposits, materials i nventory and prepaid expenses) : 

B. Net Fixed Assets : 

C. Other Assets : 

D.  Cu rrent liabi l i ties (e.g., accou nts payable, notes payable, accrued expenses, provision for i ncome 
taxes, advances, accrued salaries, and accrued payrol l  taxes) : 

E .  Other l iabi l it ies (e.g.,  capital,  capital stock, authorized and outstanding sha res par  va lues, earned 
su rpl us, and retai ned ea rn ings) : 

Is th is  fi nancial statement for the identical  orga n ization named on page one? 

I f  not, expla in  the relationsh i p  and fi nancial responsi b i l i ty of the organ ization whose financial  state­
ment is provided (e.g., parent-subsid iary) . 

Wi l l  th is  organ ization act as guarantor of the contract for constructio n ?  
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1 7.0 Dated at 

th is  

N a m e  o f  Organ izat ion : 

By : 
Titl e :  

1 8.0 

M 
that he/she is the 

My Com m i ss ion Expi res : 

101 

day of  19 

bei ng d u ly sworn deposes and says 
of 

day of 1 9  

•AlA DOCUMENT A305 • CONTRACTOR'S QUA L I F I CATION STATEMENT • MARCH 1979 E D I T I O N  • A l A• 
®1979 • THE AMERICAN I NST I TUTE OF ARCH I TECTS, 1 735  NEW YORK AVE N U E ,  N.W., WASH I NGTON, D.C. 20006 AlOS-1979 6 

Copyright © National Academy of Sciences. All rights reserved.

Pneumatic Dust Control in Grain Elevators: Guidelines for Design Operation and Maintenance
http://www.nap.edu/catalog.php?record_id=18634

http://www.nap.edu/catalog.php?record_id=18634


Copyright © National Academy of Sciences. All rights reserved.

Pneumatic Dust Control in Grain Elevators: Guidelines for Design Operation and Maintenance
http://www.nap.edu/catalog.php?record_id=18634

http://www.nap.edu/catalog.php?record_id=18634


Appendi x  C 

RESULTS OF AN EXPERIMENT TO DETERMINE EETHER DUST 
SUSPENSIONS IN BOCK ET ELEVATOR LEGS CAN BE KEPT BELOW THE 

LOWER EXPLOSIVE L IMIT BY PNEUMATIC MEANS* 

To determ ine w he ther the normal dus t s uspens ions i n  a typical e leva tor 
leg coul d  be reduced below the l owe r  expl os ive l imit , the fol l owing tes ts we re 
made . The purpose of the tes t was : (a ) to measure the e ffects of various 
volumes of a i r  remova l and (b)  to compa re the resul ts obta ine d  by ta k i ng 
a sp iration from the boot-t op ,  which creates turbulence i n  the boot and base of 
the u p-leg , a s  opposed to tak i ng a sp i rat ion from the s ides of the up-leg ,  
which p rovi des a more l amina r  a ir sweep o f  the boot and i s  in accord w i th the 
natu ral ae rodynamics of the leg . The indications obta ined from these tes ts 
a re s ign i ficant . 

CONCLUSIONS* *  

The tes t procedu re was t o  insert probe heade r  into the leg cas ing a t  
locations indica te d  i n  Figu re c-1 . Two tes ts were run a t  each sample l ocation 
for approximate l y  one m inu te each , one w ith the probes up and one w i th the 
probes down . Re fe r  to a i r  flow s chematic ( Figu re C-2 ) for sampl ing procedu re , 
which i llus tra tes the probes . The three graphs i n  Fi gu re C-3 s how the resul ts 
from each sampl e  l ocation . The hi ghes t  concentra tion of dus t was found in the 
up-l eg a bove the boot . When a spiration was move d  from the top of the boot to 
the up-le g above the boot (d i rties t pa r t  of the leg ) , the dus t concentration 
a t  a l l  th re e  s ampl e points was l owered to bel ow  the l ower e xpl os ive l imi t .  

Thi s  tes t ing procedu re ma y  have some weaknes s and i t  ma y  not be a 
t otal l y  true repre sentation of the condition w ith i n  the leg for two reasons . 

1 .  The short du rat ion of tests (approxima tel y one minu te ) and the 
smal l amount of a ir s ampl ed .  

2 .  Va ri at ion i n  the col lected data between probe up readings and probe 
down readings . 

* Courtesy o f  Ru ssell Brackman , MAC Equ ipment , Inc . , Sabetha , Kansas a nd Ken 
Buss , The Pil l s bu r y  Company , Minneapol is , Minnesota . 

* *  Th is report and the conclus ions here in a re based on tes ting and techniques 
that are based on assumptions , the re fore the accu racy is u nce rta i n .  
Pi ll s bury a nd MAC Equ ipment , Inc . , accept n o  respons ibil i ty i n  rega rd t o  
any partie s  use o f  any i nformation conta ine d  he re i n . FU r the r ,  the 
conclus ions drawn may not be appl icable to othe r equ ipment or ope rating 
conditions . 
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LOCAT I ON : 

A i r Vo �me From Bucket E l eva tor 
S uc t i on Loca t i on . A & B 

Duct S i ze A= l 2"  = . 785 r t .
2 

1 ) 

8=14" 1.06 
VELOMETER READ I NGS 

5 )  9 )  
2 )  __ _ 6 )  1 0 ) - . .  -

7 ) -- -- 1 1 )  - - · - · - · . 3 ) __ _ 4 )  __ _ 8 )  - - - -- 1 2 )  -=� . :  

Tota l ___ t __ = Avg . FPM 

F t .
2 

x FPM = C FM --- ------

- - - P RE L I M I NARY DATA REQU I RE D  - - - - -

- Bucket E l eva tor Capa c i ty �S ,OOQ BPH 
- Head Pul l ey D i a . 6!)_" And R M _4_4_ _. 
- Be l t Speed 6ll.£.P11 And W i d t h  _1_4_"_ 
- Bucket S i ze _• -- · - )pac i ng .J!r' . .ken ter 
- Bucket Ma ke Ma x i  L i ft · 

- Cas i ng S i z e 30" x28" &
-
3
.:..
0
-
" x

_
l
_
l
_
O"  

- Feed S i de OfLe·g · 
- ·  Down _ _ __ - - -

• 1 1 " X a • Doub l e  Row
·- ---- -- - . . .. . 

- P roduc t Hand l ed L2 _YeJ .l_� _Cor_r L  
- P roduc t Mo i s t u re 12 .. � t_o. JJ! _ _  

- Ai r Tempera ture 6�0 
- Re l a t i ve Humi d i ty 42� 
- Barometr i c  l 'r l '�'> ure 

• 

2 

1 0 4  

B 

A 

1 
Feed Poi nt 

S amp l e Po i n te;  On E l evator 
C a !>  i ng 

1 )  Down S i de Above Feed Poi nt 
2 )  U p  S i de Be l ow  Sucti on Poi nt B & Above Feed Poi n t  
3 )  Up S i de Abo ve Sucti on Poi nt B 

A )  S uc t i on Po i n t On T op  O f  Leg 
Boo t  

B )  S uc t i on Po i n t  On Up S i de Of 
Leg Above Feed Poi nt  

NOTE : M-a i n  body o f  l eg is  sl  jp  fonn 
conc rete cons tructi on . 

FI GURE C- 1 P re l iminary data sheet for a bucket e l evator t e s t . 
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--- EQU I PM E N T  L IST ---
1. VACUUM PUMP 
2. GAS METE R 
3. SAM PL E  PROBE 
4. F I LTE R PA PE R  

NOT SHOWN 
5. STOP WATCH 
6. GRAM BALANCE 
7. BARO M E TER 

FI GURE C- 2 Air flow s chemati c f o r  s amp l ing procedure . 

..... 
0 
VI 
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Mi••mu• Ea..,..,. 
Limttl 

lo o.. .. c_ ...... 
Grams hr Cubic Met .. 

.. 

• 

" 

... 

.. 

lO 

lO 

10 

0 

1 0 6  

"' 
' \ ' 

I 
4 

1\ 
'. 

I 

1', 
' 

• 

I 2 J 4 S 6 
DvM C- Aopinlioll iii i .OOO CfM 

b) Sample Point 12 

.. 

• 

" 

.. 

.. " 
\ 

• 

• ·:::: 1' ,  
r-.• .. 

• 
I 2 l 4 S t 

o.. c- � ioo i .OOO CFM 

4 S..C.icNI Top Of -
o � Up Siclc 

Suctioft Top Of D - AN Up Side Of lei 

- Top 
A Of -

- Top 
O Of - AN Up Side Of 

lq 

.. 
• 

" 
.. 

,. 

• 

• 

10 

• 

FIGURE C- 3 Oust concentrations at three sample points . 

a) Sample Point 11 

1', 

r\ 
\ 

1\ 
\ 

1"6 

v/ • 

I 2 J 4 6 
o.. c- � iii i .OOO CFM 

c) Sample Point 1 3  

,. - Top Of -

s..cticNI Up 
0 Siclc 0f le1 
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10 7 

These testa indicate the foll owing which cor relates with previous tea ts 
c cndu cted eve n  though the y may not represent the exact condition w i thin the 
leg . 

A .  The heavi es t dus t concentration a rea i s  on the u p  a ide o f  the leg 
above the fee d point and below the auction point {B) . 

B .  W i th  increased a ir auction ,  dus t concentra tion i s  reduced . 

c .  The moa t e f f icient use o f  th e  a i r  auction i s  on the up a ide o f  the 
leg a bove the feed i nl e t .  

Su gges tion : FU rthe r research and s tudy is necessa ry to improve s ampl ing 
te chn ique and accu racy . 

T EST PROCEDURE TO DETERMINE DUST COR::ENTRATION IN BUCKET ELEVATOR 

A .  Determine a i r  volume be ing drawn from bucke t elevator 

a .  
b .  
c .  

Duct cross sect ion i n  ft2 . 
Du ct velocity i n  fpm using vel ome ter (see Figure C-4 ) . 
Identify auction loca tion . 

B .  Ta ke a ir measu rements to de te rm ine dus t concentration 

a .  Locat ion of sampl ing point 
b .  Ga s-meter reading be fore and a fter tea t 
c .  We i ght of clean filte r  media . We i ght of filte r  me dia a fte r tea t . 
d .  Conduct a ir sample tea t .  
e .  Conve rt col lected data to grams pe r  mete r 3 . 

c .  Re cord the pre l iminary data (see tea t data form of Fi gu re C-1 ) . 
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1 0 8  

CHART I 

I 
For accura:y of p l u

.

s or mi nus 2� . as i n  l a bo r a t o ry app l i ca t i ons , extreme 
care i s  requ i red and tht fo l l ow i ng precau t i ons s h ou l d  be obs e rved : 

1 .  Duct d i ameter 4" or greater . 1 . . ·· - /-....--- : -� - "'. 
2 .  Ma ke an a c c u r a te t ra vers e pe r 1 f r- /. .. .  · -

· \ s k e t ch at ri ght and average the \ I r , _ _ _  . read i ngS . .aJ) r I 
3 .  P rov i de smoo th , s t r a i ght duct secti ons 1 1 · 4J> · · · · + - · · · · 

1 0  di ameters i n  l ength bo th ups tream nD I 1·� 
. . 1 

and downs tream from the pi tot tube . · I : 
- · 

· 

4 .  Prov i de an egg crate type s t ra i gh tener 1 - - - · 
ups tream from the p i tot tube . _ · :..: : 

5 .  Mi n i mum numbe r  o f  poi nts cons i dered 
acceptable versus duct a rea . 
< 1 ft . 2  • 8 po i n ts 
1 - 2  ft . � • 1 2  poi n ts 

• ! 

> 2 ft . • 20 poi n ts . I • 

Now that we have the ve l oc i ty s ta ted i n  feet per mi nute and we have 
the c ros s secti ona l a rea of the duct s ta ted i n  square feet we can 
mu l t i p l y  these two together and determi ne the c ub i c  fee t per mi nute 
or C FM ,  as we norma l l y  refer to tt . 

C FM  • Area Ft . 2 x Ve l oc i ty ft/mi n .  

S TATIC PRf.SSUR E 
R(AOI IIIC 

FI GURE C- 4 Us e  o f  pi tot tube and ve lomete r .  

1-

D 
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Appendix D 

STEADY STATE VELOCITI ES 

Du r i ng  c omp i lat ion of thi s  manual , i t  became apparent that there were 
some w ide spread mi sconcept ion s concerning max imum permiss ible a i r  veloc itie s  
a t  d ust p ick-up point s .  It was bel ieved by many des igners that veloc i t ies i n  
excess of 20 0 fee t per minute would i ndeed l i f t  whole grain s 1  thus , systems 
w ere l imited to that value , u sual ly w ith extremely d isappoint ing results.  

To ascertain the min imum ve rt ica l a i r  veloc i t ies  i n  which va r iou s whole 
g r a i ns would rema in suspended ( s teady s tate veloc it ies) , test apparatus were 
constructed independently by Nat iona l Agr a  Underwr iter s , Inc . , and MAC 
Eq u ipment , Inc . 

Te st methods a re descr i bed and results a re g iven i n  the fol lowing 
page s .  The MAC test s calculated a i r  veloc i t ie s  from veloc ity pressure s 
obtained w ith a n  i nc l ined manometer , whi le the Na tional Ag r a  tests employed a 
•hot-w i r e •  d i rec t read ing veloc ity mete r .  Var iat ions of results are 
a ttr i butable to d if ferences i n  moi sture contents , k erne l  s izes and weight s ,  
and veloc ity measuremen t me thod s .  Howeve r , there i s  suffic ient s imilar ity of 
r e sults to perm it d es igner s to use safe ly i nlet veloc i t ies up to 8 00 fpm for 
th e l ightes t whole grain s .  

A .  MAC EQUI FMENT, I NC .  TESTS * 

Concept : Ai r veloc ities requ i red to mainta in var i ous whole g r ain i n  
suspens ion . 

Background : Ef fort s  to deve lop s tandard s for mechanical dust control 
systems in grain elevator s have uncove red a basic  data def ic iency in at least 
one spec i f ic a rea--a ir veloc i ty a t  dust p ick-up points . W ide d isagreement as  
to the max imum inle t air  veloc i t ie s , which would remove su spended dus t and not 
whole grain,  was found . It was d iscovered that apparently there i s  no data on 
steady-state or te rmina l veloc i t ie s  for whole grains , and tha t generally 
accepted • r ules of  thumb• a re cur rently be ing employed w ith often i nadequate 
result s .  

So that i nlet veloc i t ies a t  c r i t ical p ick-up points a re not a rbitrar i ly 
l im i ted below funct iona l levels , pic k-up veloc i t ie s  for whole grains must be 
a scert ained . 

* Co urt esy o f  Ru ssell Br ackman , MAC Equipment , Inc . , Sabetha , Kansas.  
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1 10 

Procedure : Severa l method s were used to determ ine the a i r  veloc ity 
e ffect on whole grain  unde� var ious cond it ions , which to sane degree s imulate 
f ield applicat ions . 

Me thod I :  To determ ine a ir veloc i ty requ ired to hold grain i n  a 
suspended state . 

Me thod I I : To determ ine a ir veloc i t ies requ ired to ( 1 )  separate large ,  
l ight , fore ign mate r ial , ( 2 )  to unstabi l ize stat ionary whole grains , and { 3 )  
to l if t  whole gra ins. 

Me thod I I I :  To determ ine the i nlet veloc i t ies,  which w ill ( 1) l ift 
stat iona ry whole grains , and (2)  l if t  ag i tated whole grains . 

Me thod I 

A 4-foot c lear-plast ic tube , open a t  both ends w ith an i ns ide d iameter 
of 2 . 7 5  inche s ,  i s  mounted ve rt ically in a wood box as an a i r  plenum . A 
var i able speed fan i s  arranged to d ischarg e  air  i n  the box , which i s  forced up 
the tube . 

Whole g r a ins were dropped i n  the tube and the fan speed adj usted to a 
point where the kernels  wer e  held i n  suspens ion . Average cros s-sect ional

· 

ve loc ity read i ng s  were then taken w ith a hot-w ire veloc ity measu r i ng  device at 
a sampl ing point 1 2  inche s below the top of the tube . 

Variable Speed � Fan 

Wh11e Graln 

Tube 
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Results 

Gr ain 

COr n 
Mi lo ( l ight) 
Wheat 
Oa ts ( l ight) 
Oats (heavy ) 

1 1 1  

Steady S tate Ve loc ity ( i n  fpm) 
2 , 00 0 
1 , 4 00 
1 , 70 0 
1 , 3 00 
1 , 40 0 

Me thod I I  

A 4-foot c lear-plast ic tube , open a t  both ends w ith a n  i ns ide d iameter 
of 2 . 7 5  inche s , i s  mounted ve rtically in a wood box used as an a i r  plenum . A 
w ire mesh cup i s  placed over the top of the tube . A var i able speed fan i s  
ar ranged to d i scha rge a i r  th rough the tube . 

Whole g r a in a nd  fore ign mater i al a re placed i n  the cup and the veloc i ty 
i s  increased to a point where the content s become unstable . The cup was 
removed and read ings taken. ( See results,  column 1 . ) Th e  cup was r eplaced 
and the a i r  veloc ity increased to a point wher e  the la rge fore ign mate rial 
d eparted . The cup was aga in removed a nd  veloc ity read ings taken . ( See 
result s ,  column 2 . ) 

Whole grain was placed i n  the cup and the fan speed was increased to 
achieve a veloc ity adequate to d i spe l the content s .  The wire cup wa s then 
removed and veloc i ty read ings were taken. ( See results column 3 . ) 

Variable Speed 
Fan 

Wire 
Mesh Cup 

Tube 
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Results 

Gr a in 

Corn 
Mi lo ( l ight ) 
Wheat 
Oa ts ( l ight ) 
Oat s (heavy) 

Departure 
Ve loc ity of 
Large , Light 
Fore ign Mater i al 

70 0 
650 
45 0 
450 
45 0 

1 1 2  

Nons table 
Velocity of 
Whole Gr ain 

1 , 25 0 
7 00 
65 0 
6 50 
70 0 

Me thod I I I  - In le t Ve loc i ty 

Departure 
Veloc ity of 
Whole Gr ain 

1 , 90 0  
1 , 6 0 0  
1 , 6 2 5  
1 , 2 5 0  
1 , 30 0  

A 4-foot c lea r plastic tube , open a t  both end s  with an ins ide d iameter 
o f  2 . 7 5  i nche s ,  i s  placed vert ically and 3 /8 i nch from the f loor . A var i able 
speed suc t ion fan wa s connected to the top of the tube . 

Gr ain was placed a round the i nlet of  the tube and the fan speed was 
increased to a point where the grain at  the inlet became unstable . Veloc ity 
re ad ings were then taken i n  the 3/8-i nch a ir space and the average was noted . 
( See result s , column 1 . ) 

Gr ain was aga in placed a round the i nlet space and ag itated w ith a 
s t i f r ing rod . The fa n speed wa s i ncreased and veloc ity read i ng s  were take n 
when the grain became unstable . ( See results , column 2 . ) 

Air 
F low 

I nlet VelocitY .1 Sample Po int .._... 3/8" ___,;=------,t� 

Copyright © National Academy of Sciences. All rights reserved.

Pneumatic Dust Control in Grain Elevators: Guidelines for Design Operation and Maintenance
http://www.nap.edu/catalog.php?record_id=18634

http://www.nap.edu/catalog.php?record_id=18634


1 1 3 

Results 

Pi ck up Pickup 
Veloc ity Veloc ity 

Grain (Sti l l) (1t9itated) 

Cor n 1 , 7 00 1 , 2 50 
Milo ( l ight) 1 , 000 950 
Wheat 1 , 4 0 0  8 50 
Oats ( l ight) 70 0 8 0 0  
Oa ts (heavy ) 1 , 10 0 5 50 

TEST REPORT 

To dete rm ine te rmina l  veloc ity of grain sample s :  

A) Te rm inal veloc i ty c an be descr i bed a s  that laminar a ir f low wh ich 
w i l l  suspend the mate r ia l  i n  a ve rt ica l a i r  s tream . The mate r i a l  w i l l  not 
r i se nor fall a t  i ts term inal veloc i ty , which i s  a lso refer red to as f loat or 
suspens ion veloc i ty . 

B )  Apparatus 

6" Die.  Clear 
Plex Tube 

C) Procedur e :  

Orifice Plate Used to 
Determine Exact Velocity 
Pressure and Test Velocity 

f 

1 .  Th e  a ir f low i s  adj usted a t  the ant ic ipated requ i red veloc i ty .  
2 .  By s l ightly opening the s l ide gate on the sample hoppe r a smal l  

amount o f  mater i al i s  d ischarg ed i nto the laminar f low a ir s tream . 
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I f  the mater i al r i se s  the a ir f low must b e  decreased . I f  i t  falls 
i t  must be increased . Ai r f low adj ustment s  are then made and anothe r sample 
i s  tested . By tr i al a nd  er ror the exact term inal veloc i ty c an be located . 

be : 
D)  Terminal veloc ity of the following grains have been determined to 

1 .  c or n  1 , 8 1 0  f t/m in 
2 .  beans 1 , 570 -160 0 f t/mi n 
3 .  m i lo 1 , 610 f t/m in 
4 .  wheat 1 , 52 5 -1 , 53 0 f t/mi n 
5 .  oats 1 , 2 00-1 , 2 20 f t/m in 
6 .  grain dust 17 0 -19 0 f t/min 

Other mater i al previously tested f or compa r i son 

7 .  PVC powder 
8 .  soda ash 
9 .  foundry dus t  
10 . w heat m ida 

18 0 f t/ min 
4 50-5 oo f t/m in 

250-30 0 f t/min 
400 f t/m in 

No te :  Because of a var iat ion in grain  k ernel s ize , dens i ty ,  and the presence 
of some cracked kernels , there wa s a not iceable d iffe rence between the te rm ina l 
ve loc i ty of the cracked grain ( l ower t erm inal velocities) and heavier kernels 
(requ ired highe r  term ina l velocitie s) • The veloc i t ie s  l i sted are an average 
and are cons idered to be a r epre sentat ive average term inal veloc i ty .  

The grain dust sample wa s taken from MAC dust f i lter a t  Sabeth a Fa rmer s 
Cooper at ive . The auct ion points on th i s  d ust system a re from the dump p i t and 
leg boot area s .  The dust sample wa s ant ic ipated to be representat ive of the 
typical grain dust as handled in grain d ust control systems . 

B .  NATIONAL AGRA UNDERWRITERS , INC .  STUDY O F  AIR VELOCITI ES REQUIRED '10 
MAINTAIN VARIOUS GRAINS IN SUSPENSION. * 

ABSTRACT 

Efforts to develop standa rds for pneumatic dust control sy stems i n  grain 
e levator s have revealed bas ic d ata defic ienc ies.  Proper a ir veloc i t ies 
at dus t control pick-up points i s  an example . The re i s  w ide 
d isagre ement as to the i nlet a ir veloc i t ies , which w il l  prevent the 
escape of dust wi thout l ift ing whole grain s .  Apparently , there is no 
d ata on steady-s tate or term inal veloc it ies f or whole g r ains.  Th us 
•rules of thum b• have been formulated arbitra r i ly ,  and pe rformance of 
many dust c ontrol systems has been severe ly impeded . 
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Methods for Determining Ai r Velocity Effects o n  Whol e Grains 

A 4-foot , r ig id , c lear-plast ic t ube , 2 . 7 5  i n. I . D. ,  was mounted 
ve rt ically from the top of a plenum chambe r ,  8 i n .  w ide by 10 -1/4 i n .  long by 
4-1/ 4 i n. h igh . A v ar i able speed f an was arranged to d ischarg e  a ir into the 
chambe r .  Whole grains were dropped into the top end of the tube and the fan 
speed adj usted to a point where the grains were held in  suspens ion . Average 
cross-sect ional a i r  ve loc ity read ing s  wer e  taken with a Datametric s  Ai rflow 
Me ter , model lO OVT ,  a t  a sampl ing point 12  i n. below the top of the tube . 
Results are as  follows : 

Whole Gra in 
Drop Point 

3/8" Sampl ing Hole 

2.75" 1 .0. Transparent Tube 

* Courtesy of Du ane w .  Brown, Na tional Agr a  Underwr i ter s ,  Inc . , Camp H i ll ,  
Pennsylvania 
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Results 

Grain 

Corn 
Soybean s 
Ba r ley 
Sorghum (milo) 
Oa ts 
Wheat 
Ri ce 
Rice (pol i shed) 

1 1 6  

Te st We ight 
( lb s/bushe l) 

5 6  
57  
5 0 . 5 
5 8 . 5  
3 7 . 5 
6 2 . 3  
5 8 . 0 

*La rg e  trash f loats a t  lower veloc i t ies.  

OONCLUSIONS 

Steady-State Veloc ity (fpm) 

2 , 2 00 
2 , 20 0+ 
1 , 5 00 
1 , 50 0* 

900*  
1 , 50 0* 
1 , 3 50*  
1 , 20 0  

Even though the results a re subj ect to some var i at ions because of 
d i ffer ing tes t  we ight s ,  kerne l  shape s ,  etc . , they provide a range of max imum s ,  
which a re safely above the veloc i t ies needed a t  dust p ick-up points for 
control of dust . 

It w il l  be noted that oats have the lowest p ick-up veloc i ty ( 9 00 fpm) of 
the common grains tested . Thus ,  it is not necessa ry to l imit inlet or face 
ve loc i t ies a t  dust p ick-up points to the often i neffectual 1 0 0 fpm or 200  fpm 
bel ieved by some des igner s to be the uppe r l imit s .  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

P n e u m a t i c  D u s t  C o n t r o l  i n  G r a i n  E l e v a t o r s :  G u i d e l i n e s  f o r  D e s i g n  O p e r a t i o n  a n d  M a i n t e n a n c e
h t t p : / / w w w . n a p . e d u / c a t a l o g . p h p ? r e c o r d _ i d = 1 8 6 3 4

http://www.nap.edu/catalog.php?record_id=18634


Cur r icula Vi tae for Pane l Member s 

ROGER STREHLOW rece ived B . S . and Ph . D .  degrees i n  chemistry from the 
Un iver sity of W i sconsin.  He was employed at Aberdeen Provi ng Ground before 
becoming a professor of ae ronaut ical and as tronaut ica l engineering at the 
Un iver sity of Il linoi s .  Hi s research i nterests a re i n  reactive gas dynamics 
and combustion . 

JOHN E .  ALBERTSON i s  Safety Di rector of the Amer ican Fe derat ion of Government 
Employee s .  He wa s previously with the Depa rtment of the Army ,  Depa rtment of 
La bor ( Bureau of La bor Standard s) a nd with the Occupational Sa fety and He alth 
Admini strat ion unti l hi s ret i rement . 

WI LLIAM c. BRASI E rece ived h i s  B .Ch . E .  and M . S . E .  degrees from Cornell 
Unive r s ity and the Un iver sity of Michigan .  He i s  a proces s spec ialist w i th 
the Dow Chemical Company i nvolved w ith such research act ivi ties a s  m ixing and 
heat transfe r  of v i scou s systems , compute r simulation of polyme r i zat ion . 

ROBERT w .  FRYE obtained a B . S .  degree i n  a rchi tectural eng ineer i ng  at the 
Univers ity of Kansa s . He wa s employed at Fa r -Ma r-Co unt i l  hi s recent position 
a t  Mac Pn eumatic Systems,  Inc . 

VERNON L .  GROSE rece ived a B . S .  degree i n  phy s ics from Wh itworth Co llege , an 
M . S . i n  systems management from the Un iver sity of Sou ther n califor nia , and a 
Sc . D .  from Southern Ca l i for nia Co llege . He worked for Boei ng Corporat ion , 
Li tton Indus tr ies , and taught i n  Ge rmany and Spain on the faculty of the 
Un iver sity of Southern Ca l i fornia . Presently he i s  vice-president of Tu stin 
Institute o f  Technology . 

ROBERT E .  HUBBARD has a B .Ch . E .  d egree from the Un iver sity o f Minnesota . He 
has been employed by ca rg i l l , Inc . for ove r 3 0  year s and i s  presently 
vice-president a nd manager of  Pl ant Operat ions . 

CHARLES w .  KAUFFMAN rece ived a B . S . degree i n  physic s  from Pennsy lvania State 
Un iver sity and M . S . and Ph . D . degrees i n  aerospace e ng i nee r i ng  f r om  the 
University of Mich iga n .  He wa s employed by Ma rti n Ai rcraft , HRB-Si nge r Stat e 
Co llege and the Un ive r s i ty of  Ci nc i nnat i .  He i s  an assoc iate research 
scientist at the University of Michigan with re sea rch act ivi ties i n  combustion 
phenomena . 

1 17 

Copyright © National Academy of Sciences. All rights reserved.

Pneumatic Dust Control in Grain Elevators: Guidelines for Design Operation and Maintenance
http://www.nap.edu/catalog.php?record_id=18634

http://www.nap.edu/catalog.php?record_id=18634


1 1 8  

ERNEST c. MAGISON rece ived a B . S . degree i n  electr ica l eng i nee ring a t  TUfts 
Un iver sity .  He has been act ive i n  s tandard s w r i t ing act ivi t ies o f  the 
Instrument Soc iety of �e r ica ( ISA) , Nat iona l Fi re Protection ASsoc iat ion 
( NFPA) , Inter national Electrotechnical Commission ( IEC) , part icular ly those 
relevant to preventing ignition by electr ical equipment . Mr . Mag i son i s  a 
senior eng ineer i ng  fellow a nd manager of regulatory affa i r s  at Honeywel l  
Process Control Divis ion and an adjunct professor a t  Drexe l Unive r s i ty .  

ALLEN I .  OBMSBEE obtained B . S .  a nd M . S .  d egrees from the Un ive r s i ty of 
Illlinoi s and a Ph . D .  in aeronaut ics f rom the californi a Inst i tute of 
Te chnology . He was head of the Av i at ion Re search La boratory a t the Un iver s i ty 
of Ill i noi s and i s  now a professor of aeronaut ica l and as tronaut ical 
e ng ineer i ng  and of aviation .  Hi s  research i ntere sts a re in aerodynamics and 
dynamics of gu ided miss i le s 7  spacecraf t and a i rcraft . 

ALBERT s .  TOWNSEND gr aduated from Ge ttysburg Co llege w ith a B .A .  degree . He 
joined a Pennsy lvani a-based agr icultura l prope rty insurance company and rose 
eventually to i ts presidency . He w as one of  the founde r s  of the Na tional Ag r a  
Underwriter s ,  Inc . and i s  now pres ident of the company . 

Copyright © National Academy of Sciences. All rights reserved.

Pneumatic Dust Control in Grain Elevators: Guidelines for Design Operation and Maintenance
http://www.nap.edu/catalog.php?record_id=18634

http://www.nap.edu/catalog.php?record_id=18634


B H l L IC G RAP H I C  DATA 
S � E E T  

T. l' ide and S ubt it le 

lh· p on �o. 
NMAB 36 7- 3 

3. R � c i p i � nt ' s  Acce s s i on :\ o_. 

5. !{ ., p ort Diite  
June 1982 

Pneumati c Dus t Cont rol in Grai n  E l evators : Guide lines for 
De s i gn Ope ration and Mai ntenance 

6. 

1 .  A ut hor ( s ) P anel on Caus e s  and P revention o f  Gra in E levator 
Explos i on s  

8 .  Perform ing Organiza t i on R e  pt .  
No. NMAB- 36 7 

9. Perform i ng Org a n izat i o n  ilia me a nd Addre s s  
National Mat e ri a l s  Advi sory Board 
National Academy of S ciences 
2 101 Cons titution Avenue , N . W .  
Wash ington , D . C .  2 04 1 8  

1 2. Spon s or ing Org an i z at i o n  N ame and Addr e s s * 
U . S. Department of Labor 
Oc cupa t i onal Safety and Health Administrat ion 
200 Consti tut ion Avenue , N .  W .  
Washing ton , D .  C .  20210 

1 0. Pro jec t /Tas k/\t"ork Un it !'\o.  

1 1 . Contract /Grant No.  

J- 9-F- 8- 0 1 3 7  

1 3.  Type o f  Report lk Period 
Covered 

Fina l  

1 4. 

1 5. Supp le me ntar y Notes *With add i t ional funding from : Nat ional Insti tute for Occupat ional 
Safety and Heal th (NIOSH) and U . S .  Department of Agricult ure. 

1 6. Abstra c t s  

Th e danger o f  dust explo s i on s  i n  gra i n  eleva tors can be reduced or e l iminated 

on ly by an e f fective dus t- con trol program . Such a program includes me chani cal hous e­
keeping , manual hous ekeep i ng , and various me asures that minimi z e  the creation of dus t .  
The only mechanica l housekeep i n g  sys tem that i s  known to be e f fe ct ive i s  the pneumati c 
type , however , for seve ra l maj o r  reasons , s uch sys tems have not b een de s i gne d ,  fabri­
cate d ,  i n s ta l led , or ma intai ned prope r ly . 

Thi s  manua l  addre s s e s  the s ho rtcomi ngs o f  pne uma t i c  dus t- co l le ction sys tems for 
gra i n  e l evators and presents guide l ines for des igners , instal lers , and con tractors 
invo lved with these sys tems to corre c t  these shortcomi ngs . The manual also contains 

much i n forma tion tha t shou l d  be use ful to gra i n- e levator management . 

1 7 .  Ke y \1/ord s and D oc ume nt A na lr s i s .  1 7 a. De sc r i ptors 

Gra i n  dus t 

Grai n  e l eva tors 
Dus t  con tro l 
Dus t col lection 
Dus t di spos a l  
Hoods 
Trans i t i ons 

Ductwork 
Fi l ters 

1 7b. Id e nt if iers /Open- E nd ed T�rms 

1 7c. C OSA Tl F ie ld /Group 

18. A v a i l abi l i ty  St ateme nt  

Fans 

I n s t rumentation 

Thi s  repo rt i s  fo r sale by the National Techn i c a l  

I n format ion S e rvi ces , Spri n g f i e l d , VA 2 2 1 5 1  

1 9 .  Sec u r i t y C la s s  (Th i .,;  
R e port ) 

-liNCI.:\SS!FIED 
2U. :;ec u r i t )' C ia ss ( T h a s  

Page 

2 1 . :\o . o i  Pa! c s  
1 3 7  

22. Pr i c e  

���������-------------------------------·---------------�-----�� I���·C�l�- ��S�S�I F�· I�F�D�--�-------����� F O R M N T • s· J s t R E v .  3 · 7 2 1  T H IS F O R M M A Y  B E  H E P R O D li C E D  •J s c 0  ...... oc . 4 � S c · P 7 2  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

P n e u m a t i c  D u s t  C o n t r o l  i n  G r a i n  E l e v a t o r s :  G u i d e l i n e s  f o r  D e s i g n  O p e r a t i o n  a n d  M a i n t e n a n c e
h t t p : / / w w w . n a p . e d u / c a t a l o g . p h p ? r e c o r d _ i d = 1 8 6 3 4

http://www.nap.edu/catalog.php?record_id=18634


Copyright © National Academy of Sciences. All rights reserved.

Pneumatic Dust Control in Grain Elevators: Guidelines for Design Operation and Maintenance
http://www.nap.edu/catalog.php?record_id=18634

http://www.nap.edu/catalog.php?record_id=18634


Copyright © National Academy of Sciences. All rights reserved.

Pneumatic Dust Control in Grain Elevators: Guidelines for Design Operation and Maintenance
http://www.nap.edu/catalog.php?record_id=18634

http://www.nap.edu/catalog.php?record_id=18634


Copyright © National Academy of Sciences. All rights reserved.

Pneumatic Dust Control in Grain Elevators: Guidelines for Design Operation and Maintenance
http://www.nap.edu/catalog.php?record_id=18634

http://www.nap.edu/catalog.php?record_id=18634

	Front Matter
	Introduction
	Dust-Control Techniques and Equipment
	Hoods, Transitions, and Ductwork
	Dust Filters
	Exhaust Fans
	Dust Control in Problem Areas
	Requirements for Design, Installation, and Acceptance of Pneumatic Dust-Control Systems
	Instrumentation, Operation, and Maintenance
	Appendixes
	Appendix A: Definitions
	Appendix B: Sample of a Contractor's Qualification Statement
	Appendix C: Results of an Experiment to Determine Whether Dust Suspensions in Bucket Elevator Legs Can Be Kept Below the Lower Explosive Limit by Pneumatic Means
	Appendix D: Steady State Velocities
	Curricula Vitae for Panel Members

