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INTRODUCTION

Urider 3 special services aqreement with UNIDO T
spent three months 1n the Feoples Repuhlic of China
working with tne Institute of Ermcimeering Desian and
Research which 1s a3 esart of the Mimistry of Machirne

EBuilding Industry, The visit covered 9Jctober,
November, and December of 1982 and included work im
Beijimag, Lougarng, and Zhengzhou., The following is a3

report of my work in China, some recommendations
based on m4 experiences, and some comments on  our
living conditioms in Chinsa.

My comments are qgiven in 38 spirit of helpfulrness to
8ll my friernds 1im Chima. These commernts mas seem to
be critical of the sitwusation in Chimns bt my purpose
is not to find fault b2t fo0 help them i their Wwork
arnd ®make 11 possible for them 10 make 3 much
progress a3s possible 3s fast &8s pPossible. I hope
these comments will be asccepted 1m the spirit 1n
which they are giver.

Chimas has over one billion pecple, has thousards of
industrial plants, amd has &8 lamnd mass larger than
the Urniited States. I 1lectured to 3 relativly few
Chirniese people, worked 1n ornlw two industriasl
plarmts, spernt time 1rn only three cities, and was in
Chima for only three months. I do rnot speak orme word
of Chinese. My experience does not quslifs me to pe
an  ewxpert on Chins, on Chinese engineers, cr  on
Chimese 1industry. I camn only express some o0Opilnions
based orn fnYy owrn very limited experience,

ACHNOWLEDGMENT
I wish toc express my gratitude and appreciacic. to

Mr . Yirm Jia He of the Central Instititte who was mYy
interpreter for the entire three month visit. Mr .

Yin rot ornls handled t.he tramslation of the
techrnical lectures in a superior Marnner out made
valuable suQgestions on W34s to improve the

presentation. Much of the success of these lectures
miist be credited +to Mr, Yin, In 3dditiorn to the
techrnical lectures he assisted mu wife and me at 31l
times during QT visit S0 that our notel
accomodations were comfortanle, restaurant




arrarieemenits wWware vers o Quulds S SLL LI
details that can pe so stiranqe to visiters i 3
foreian larmd were taken care of 1n a2 most =efficient

MBMmer. This 1s a8 difficult task amd throughouat the

=] Mais

erntire three moOnmth period Mr. Yin wWas 3lwavs
pleasarnt and cooperative. As & resiuilt of  +this
2nuperliLence we consider Mr. Yirn to be 3 true frienrd

of ours.

LECTURE SERIES

I aave 3 series of lectures 1n Luoyvamg to a3 growup of
about 40 engineers from variows parts of Chima. This

series lasted aoout six  weeks and covered the
subject material listed 1im 3 separate part of this
report snder  the heading '"Course Outlire for
Industrial Ventilstion.” I shipped 40 copies of

"INDUSTRIAL VENTILATIONY to Chinmna arnd we wused these
as texthooks for the course, This bhook 1s published

DYy the AmMer 1c3n Cormferernce of Toverrmmental
Indostriasl Hyglenists and is & standard referernce
for 1ndustrial verntilation work in the United

States., The materizl seemed to be well received and
seemed to be the tgype of material the students and
actvisors wanted to have presented,. As &3 help for
futiaore work 3nd 8¢ 38 continwing referernce source, I
nave made arrangements for Lhree sets of emngineering
nandbhooks to be sent to the Institute offices in
Bergying, Luoyarng and ZhenqQzhnotu, These handbooks are
publisned by the american Society of Hesating,
Retrigerating & Air-Conmnditioning Emgire=2rs and will
be very helpful to *the erngineers whno are working in
the imndustrial ventilatiorn field.

The lectures were held in 3 ~classroom at the
Techrmical College irn Lirovang.

Although correspaondence had been exchanged between
Mr. Dirg of the Institute amd me aon the subject of
the curriculium, 1t was not possible to establish
more than the broad outlimes of +the proposed
materisal for +the lecture series, It 15 virtually
1mpossible to work out 38l1 the details of such 3
proaram withouwt face to face discussions. Thnerefore
am outline was worked ouwt ny  Mr. Dimg, of the
Institiite, and me prior to my leaving the United
States bt the program wWwas ieft flexible erough tao
meet the requirements that developed when we had an
opportitrilts  to meet and plarn the detasils of  ithe




COLITSe .

a4t the hbeqinmning of the series 3nd 3t inmtervals
durinme  the lectures, conferences were held with
officials of the Imstitute, representatives of ihe
enqQineers 1n  tha class, arnd me to establish  tne
supject material to be discussed armd the priorits
for the material. As 3 result of these corferernces
we were a3ble to work out &3 program that covered the
maiterial of interest amnd 1mportiance to the ergineers
it still remairned in mwyw  area of expertise. From my
point < wview this arrangement worked out very well
ard I believe 1t was very satisfactory from their
point of view 3s well since thew expressed approval
with the progress 3as we proceeded throwgh the
lecture series.

Sirice there were 40 engineers in the class there uwas
2 wide rarge of interests represented even thouah
3ll of them were from the qgerneral fiela of
Industrial Ventilation. We tried 3s much 3s possible
to arrarnge the material so each sibgect would be of
interest to most of +he engineers. The gz2neral
recommendation given by the conference members wWas
t,0 cover as much material a3s possible 10 the time
available. However questiorns from the class prompted
more detailed discuesion on certain  subjects  and
resulted in more time beirmg spent on certain partis
of +the curriculum tharn com others, This 1s probably 3
gqood reswult sirmce this method refliects the treie
interests of the emngireers in the class,

At the beqirnirg of the lectures the c¢nqireers did
mot participate 1n the classroom activities but
simply seemed to accept what I presented. After
abourt two weeks and Wwith some encourageMment aon MYy
part the class members Degan to a8sk  specific
questions amd to irmitiate discussions on material of.
interest to them. This i1s a8 hetter atmosphere for
moth the students and the lecturer amd we were able
to improve this as time went on a3nd for the last
half of the lecture series the cooperation andg
discuissions bhetween +the students and m2 were verwy
satisfyimg Lo me amd I hope to the students.

Severz] times during this period 1 gave two and
three davy lectures to different qQroups numbering as

mian 3s 200 ergineers.

It 15 my pelief that the lecture series W3S




successT il and tnat 4 lot uf gcod, setirl
ermgineering 1nformation was given Lo the Chinese
argineers, OQbviouwsls, a8ll of ws gained experierice
durineg  the si1x weelks o©f classroom work andg 1f we
were 1o do it 3gs1in we wowld mske some 1mproverents.
I have made some recommendations 1n 3 later section
of this report.

TRACTAGR FACTORY

At the coricluzion ef the lecture series I worked for
about two weelks 3% the Tractor Factory 1m w1o4armg. I
worked with the plant erngineers on 1rdustrial
ventilation problems, air cleamirng protolems, and
roise control problems. This was 3 +aluable
experience for all of us 2and I recummend tiat this
type of work e made 3an inteqrasl part o2f any
inditstrial developmernt visit to Chims. It gave me 3
first hend look 3t a3 Chinese industrial plent and

nNelped me to set up discussiorns that had direct
application to real problems in  the planmt. Somnne of
the Tractor Factory emgineers nad atterndecn the

lectiure seriec and I was a3ble to demoristrate maay of
the principles we had covered 10 the lectiures bw
sing these principles to propose scolutions Lo
actuzl problems im tne plant. I thirk.  the
combimation of lectures arnd 3sctusl plaent work was
qQuite valusble to the ermgineers who particifated 1rm
both sessions since thew had the opportunity to «ee
at first harnd how to apply the primciples to actual
problems.,

ABRASIVE WHEEL FACTORY

After the two weebks 3t the Tractor Factory I spent
about two weelks a3t the Secornd Abrasive Wneel Faotor.w
in Zhnengzhou, The work hera wWas «imi. om0 Linat 21,
the Tractor RO FOeh PRWR SRS o nhat we coverea i1rdustris]
centilastion, 21ir cleaning., 3ried MOLnS contra
However tLhe spactfic  pronlemes 2zt this plamt we
auite  dgdifferernt, 3md created manw mew snd interesting
pronhlems for 11 . Come of {tne ARTracLve Plant
ANQLNSeTr s Nac also attenced thne lecturs ser iy and
WE WD ziml et damornsthrate the conmectorn bpetween
e pranciplee amd actusl application to real
rroblems,
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Jrily 3 few of the enagineers nad the opportumnltw Lo
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factories arnd 1 future sessions 1t might he

possible to give all the emgimeers Lhis opportunity

by dividing the class into several teams and
ass1Qnine each team 3 real problem in  some local
factory., They woirld spend epart of  thelr t 1me in

lzctiore courses amd part of Lheir time workimg on
the resl problem, The wvisitimg lecturer wowld be
available to aquide +the work orn the problem &snid to
answer questiomns 35 the worbk progressed. In addition
this procedure produces some needed desiqgn work for
the plant that maw rnot qQet done otherwise,

A possible problem may 3arise as a result of t{the work
in both plants. During these visits we discussed and
made preliminars plans for some projects that are to
he carried out inm the future, Somre of these projects
will he expensive and 1t is important that thew be
dome right. We did not have time to get 1mto the
details of the designs a3nd only the qerneral i1deas
were pitt om paper, If there was amy mlisunderstanding
during these initiasl discussiors 11 might reswlt 1nm
some ma3jor errors 78 the time the fimal aesigrnis 3re
worked out. There 1s rmo way for me to kriow 17 My
recommendations were fully uwnderstood during  our
prelimirary discussiors., As  these desiqgns are bheing
developed I recommend that they be reviewed by some
Chinese englneer who nNas had experience 1n this work
3nd can 8ssist in the design. £y a3ll means the final

designs stontlad e carefully reviewed before
comstruction work beqins to mske sure that the
recomendstions were fully wrnderstood Dw the

engimeers who carried out the detailed design.

BETIJING LECTURES

After two weels 23t +the Abrasives Factory we went to
Eeijing where I gave 3 series of lectures for about
one weel , The erngineers came from «some local
industry  for ore series of lectures and  another
lecture series was qiven at the offices of the
Cermtral Institute. Both lectures covered some of the
material that haed peen Qiven during the lactures 3¢
Luosang.
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IONS FOR F SERIES

I{ showld be wunderstood tnat these recommendstions
sre mot &8 coriticism of the lecture series Neld ir
Chima 1last October, November, anr December, fg I
nave statea  above, I bpelieve these lecturas  went
very well grmd I am very grateful for the cooperat:on
and assistance given me DY  the people 2t the
Instituite 3md by the ernqQineers who atternded the
classes,

However this series of lectures was 3 valuable
experience ana wWwe can  take advantage of this
experience to i1mprove the lecture series for future
lecturers and students.

i, My strongest recommendation 1s that +the
lectures snowuld ot be scheduled for s1x dags 3
week ., The schedule 1s too difficult for both the
lecturer armd the students, Everyone 15 so tired
by the ermd of the weel thst the raste of learning
fz2lls off very rapidly. I helieve t1hat more can
pe learned inm five days of classes tham 1 s1
days hecause the people involved gare anle to
malntairn their atterntion better.
Z, Fouture plamnine showuld comsider Lwo possible
directions Tor the swbject materisl of the course
aris for the method of tesachirnaq. These two cernersl
classifications arel

w. Lectures of broad interest.

E, Lectures of sgpecific interest,

A. Brosd 1nterecst.

This is the generszl tuype of lectuire series
that we conducted durirmng thigs oast visit. In
this type of lecture 3 grezat manyg subjects are
covered and {the purpose 1s Lo provide the
students with &8  bpackgroind on these various
suprjects so that thed can recoqQnize the t4ype
aof problem to bte solved and have 3 qernersl
briowledae of now to proceed +tc 3 satisfactory
soluttiorn of the problem. Another objective Ls
to qgive the studerts 3 Qqerieral krnowledage of
the eauipment  and instrumentation available
for solvime problems., This method qives 3
broad. general packarouna that 1e valuable for
working on 2 arezt variety uf problems st 1t
requires that the erqirneer dao further study  on




nie own i order 1o develop the ‘Vnowledge
necessary to sclve specific problems.

Irn this lecture serizs I believe we maw have
tried Lo cover toao many different subjects. As
a result some <subjects were covered ratner
w1l wnile other sibhyects were covered ratner
quickly and we did rmot give the engineers much
information for future work. The Chinese want
to learrn a8s much 35 possitle sbout 3% mMany

supjects as  possiple and I understand the
logic of this sttitude. However, this series
showed wus that it would be better to put sz

limit on the nmumber of subjects amd make sure
that each subhgect 1s covered asdequately sc 3¢
to give the erngineer a8 good basis for further
sty of each subject.

E. Specific inmterest lectures.

Specific interest lectures cover only ore or 3
few subjects but cover thnem i oreat detail.
These lectures wowld be only two or  three
weeks in durastion arnd  the rclasses wouwld
probably he smaller since onlsg those engineers
WMo are worrire mos. of their time 1 those
particular fields world atternd. The objective
of this t4pe of lecture woitld bDe to qive t{he
englneernr 2 oood WworTking krnowledqge of the
csupgect S0 tnat he can start to work
efrectively o~ the type of protlem covered in
the lecture ser.ies, Some examples of subgjectis
irm this area are!

A, Nolse control

E, Duct system arnd nood desigr
Cs ALlr pollution control systems
Do ITnstromentation

There are many other such subjects that cowld
he covered 1n specific 1nterest lectures,




GENERAL COMMENTS

The following comments are not concermed directly
wit future lectures ot are npasen on MY
ghservations during the actiires anmd  duoring  the
visits to the factories. nNope these comments may
be of some help to {he Chirnese 1n future plamnine,
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INITIATIVE

A number  of the students arnd some of the engineerc
in the plants resisted rnew ideas or suggestions for
charge o the basis that the change woutld sliow down
production, would be am i1rnconvience 1o the workers,
would cost too much money (wWwithout Fkrowing what the
cost wonld be), would et weork, etc. While this
attritude did mot occwur 1in most ~3ses, 1t did occur
in  enough cases to prompt me to mare some comment
about 1t. This attitude 1s rot ome +that 1s limited
to Chinese engineers, Wwe firmd the same 3attitudes
here 1m the Umited States amgd I suwspect that 1t 1s
the same throughout Lhe world., However 1t 1s  an
3ttitude that should be discouraged., The englneers
shoild be trasimed to  approach the problems with
complete confidence that the problem CAN be solvena
and solved within the requirements of cost,
productiliaon, workers conditions, etc.

If 3 more opern mind toward mew 1deas and 3 more
positive attitude cam be developed, more problems
will be solved and thew will he solved 1 8 manner
that wi1ill be of maximum benefit to the operztion of
tne plant.

As a8 part of +this attitude I believe that the
Chirmese engineers may think that the ermqgineers 1n
the United States ( and some other countries ) have
517 the 3nswers ta these irdustrial problems. This
15 rmot true 3rnd we are workime on Lhe solution to
mar< of the same problems that are facime the
Chinese enqgirneers. The Chinese enqlneers have the
sk1lls arnd abilities to solve these problems and
must develop more confidernce 1in their own  3bility.
The Chimese engineers can learn much from encineers
in the United States arnd some other countries and
thew should take advarntaqge of avery opporturnity *to
learm from others but the Chinese stiould ot
underestima.e  their oW engilrneering capabllityg, A
combimation of help from the outside and gQood wsz2 of




Chinese enqgineerine swkills will sllow Chima +to
progress a3t the maximuem rate.

TRAMSFER OF INFORMATION

It appearead +to me thast more proqress couwld be made
if 38 system of informatiorn exchange couwld be workea
out withirnn Chins. Durimg +the lecture series 11 was
apparent that some of the engirmeers had a qood
workirne krmowledge of some enqgineering design
procedures while other erngineers in the class did
not seem to know that this knowledge was available.
Ergineers  from one part of Chims had solved proplems
1in 3 very satisfactory mamnmer and thelr systems were
operating very well. Erngineers from other parts of
Chirma were workinme on similiar problems 3md were
startine from the beqinmming rather than taking
advartage of the +Fkrowledge and experience that was
available to them from other erngimeers. Development
of 8 swstem of engineering information exchange 1§
rot easw hit the rneed is great ard the resiiltic are
vers adwvantageous,

In the United States much of the 1nformation
exchange 1s accomplished through {Lhe activitizs of
the engineering societies such 3s  ASHRAE, ASME,
AMCA, and similar organizations, I described thne
opaeragtion of these organizations 1 My lectures andg
the Ch -lese showld comnsider some Similar type of
organization for techrnical informatiorn exchange.

MAINTENANCE

During ms work 3t the tractor factory armd 2t the
sprasives plant I examined industrial exnaust,
systems, a3ir clesning suystems, armd fam 1nstallatiorns
which had been described to me 3s not operating
properly. In some of these cases the probolem was not
in the system desigrn bhut was due to a lack of proper
maintenmance of the equipment., Many of the protlems
coisld be solved by 3 plammed program of preventive
mzintenarnce. This twupe of program 15 1intended {o
Leep a3ll equipment 1 good running order 3t 311
times and rnot wait until eaunipment breaks down
pefore mabking repairs. The equipment 15 chected at
reqgular intervals and parts are repaired or replaced
1 they SNOoW arny siqgrniificant signs of wesr so Lhat
the machines ere zlways 1n Qood ocersting condrtion.
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This tuype of program appears to be supensive but
experience has snhown  that 1t 15 really less
expensive to conduct a well T preventive
maintenance wprogram tham to rurn 3 program  that 1s
nased om repairing eauipment only  Wwhern 1t breaks
GOW Tha proper operation of 3 preventive
maintenance program 1s 3 complex problem anag  must be
Jome  with a8 great deal of thought armdg plsrmning. If
there 1is Laterest i1im such 38 program 1t would pe
advisable to study some backaround material on this
subject. I would be glad to get some material on
preverntive mainternance amd send 1t to the Imstitute
or to the plarts if they desire.

I stromgly recommend that mairnternarnce work be given
a3 much higher priority in the plants,

WORK RULES

I do rot claim expertise or the subject of adequate
workinme cornditions but ever; with My limited
gxperierice I could see that working comditions coinld
pe improved 1m many parts of the plarnts, There were
many instances where the worlers were bel1ng exposed
to high noise levels, to veryg hot cocrmditions, ar to
very dusty conditions. The lonre range soleuetion to
Lhese propnlems s to puildg soumdg rediiction
enclosures, to provide radiation 3nd heat shields,
or t.o irnstall dust removal systems bt there are

wass to s0lve these problems immediately. The
waorkers shoutld be required to wear ear protectors or
to wesr respirators far their cwh protectiaor,

Workers working aroundg furnaces showld e required
Lo wear ege protectiorn ar? face shields. Excuces

such  3s  "They do niot  want to wesr RN ke
necause tLnew ars ot e o mtartania! o are cimplu
L T Thew  most wear tham oF theatr healtn
will] e attacted, Flamt WOT K Tl e ool [
mabtanlishea Lo requiiLrs e wge ot  proteclLive
SRR R TR R N

Ironnner ogses Loe  worbers ars worvins too  close Lo
ORET IO MACRITET S Are Ard wren aa Lo et e

LT Y, e BT, HLE . 0 @l gquards showld be
§

1
tin e machiners Lo protect the workers

DI




AUTOMATION

iring my  lectures Lhere was gareat interest im
at.omation  3ra computer cantrol for ridustrias
ventilation gyctems, These subgects  shouwld De
careiully  studien by the Chinese engineers  put T
want Lo add a8 word of cauvtion. We have fournd nere in
the United States that 1t 1s very essy Lo use
automation and computers 1n waks that are not
ecormomical., Il 16 verw temptling tc wse computers as
mich as possible amd to wse agutaomatic i1nstruments 3s
mich a2s possible but 1t will so00n De Tourd that much
of the equipment 1e¢ rot doimg 2 sigrnificant part of
the oD, The objective 15 1o use Just ernoiah
instrumerntation and computer capabilits to do the
joo  and mnot to use any more than that. The Chinese

enqQineers shold e warned toc proaress versy
caretiilly irn this area and to make swure that the
instrumentation and computers will bhe Justified

ecoromically. They must wse this type of equipment
nt thes must plan their development program well.

ENERGY CONSERVATION

We discussed the subgect of energy conservation on
marms  octcasions but I wamt to add some further
Somments on  tnis supgect DbDecause there 1% ar
important differance bhetweern energw conservation 1r
the Urmited States ard im China. Irn the United States
we have rnot desiqgrned emerqy efficient sYystems 1in the
past arnd we are now redesiqning  Lhose systems 50
that they are ernergy efficient and are desiaring rew
s4staems to he efficient, Im existing buildings a3nd
prants 1t 1s aquite possible that tre total erergy
reqiiirments will less tham they were previousiy, I
Chima the situstion 1s different.

Irr China mans of the erxistine systems do not have
ardequate ventilatiorn armg air cleaning facilities and
it will be recessary to add these to the plant
facilities, This will mear am INCREASE i the power
requirements for the plant, Therefore China must
evpect i1rncreased power requlrements ang must add
these essential facilities but must do verd good
ereirneerine desion work so  thzt the i1ncrease 1s  3s
small as passitle.




GENERAL LTVING CONDITIONS

The three month visit I made to Chima sponsored
by UNIDO was s very rewsrdirg experience 1 mMany
W34S Muy  wife accompanien me and for both of wus 1t
was  our first tLime 1 China. We row feel very
sympathetic to the Chimese people 3nd will faollow
their develapment ard history with grest 1nterest
alwavs., We fael verw close to the peorle with whoe
we worked, gll of whom were wlthout exception
extremely cordial arnd helpful. Mr, Yin, who acted
8s interpreter during owur whole stay, of the
lectuures a3s we'l 3s in other si1tustions, was
evervything one could wish for, He was alwa4ys 3
pleasant, helpful companion, besides doing excellent
work Wwith the technical lectures.,

Mrs. Crzham conducted 2 series of
conversational Ermglish classes, arranged bw the
Institute inm Luokamg., We both feel that the benefit
was mutual ard that we are far richer irm Qur
personal lives becailse of our close contact with the
members of owr classes.

Evergything possible was dorne to male us
comfortable ir our quarters 1in Luowanag, A cuiite Was
provided <o that I had 38 place to work other tham 1n
the bedroom.

Each Sundey we were takem to the sgspecial
ciultural and historic sights withinm driving distance
of Luoyarng. Banaquets with deliciows 3nd besutifully

presented foods were qivern for us i all three
cities. We had beern asked what we were 1nterested
i and nhad replied, "Eversthing''" Herice we were
taken to Frovimcial operas, Chirese films,

libraries, schools, arid angthing else that could be
arranged.

Our orly travel request was to gqo +to Xian to
see the Qi tomb excavatiaons, A four das  trip
hetweer the ernd of the lectures and the beqgirmming of
My  work in the Tractor Factory was approved. Mr,
Yirm  and  Mr. Xiue accompaiiled s by trairnn, all
arrarnqgements were made for us, and we pald ourT Own
evpenses only, Through the good help of the Chirese
we were able to see one aof +the grest cultural
wonders of Lheir countrg,

The Tractor Factory staft comtirnwed +the good
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treatment Wwe had become wused 1o, Wher we left
LuokYang for Zhnenqzrhou we were driven by van 1n order
to be taken to a2 commurne a3nad  to Ome Hunmdred Sprirgs
ori the was.

Irn Zhengzhou ™Mr, Hao and others at the No. Z
ADTr3sives Factory were equally cordial and
nospitable. We were gqiven dinners, takerr to the
cinema, arid 3 Sunday trip 1o Kaiferg was most
ernjoyahle, We left Zherazhouw witn rearet 3as we had
LiioYarig. Qur stays 1im both cities were memorable.

Irn Eeijing we were given a3 room at the EBeijing
Hotel, the best accommodations we had haddl very
comfortable and of course corveniernt to the Cemtiral
Institute.

We Wwill be happy to belp the friends we made 1n
Chima 1n any way possible. I have sent some product
catalogs a3t their request, arnd my wife s sending
pictures wnich she took. Ve will slso be hapepy 1°f
we carn advise others Qoing to Chima 3%t gour behest.




CONRSE NUTLTRE
FOR
THRHSTRTAL VENTILATION

L= FiUID Fi.GW

FRESSURE VARIATIONS
TOTHL FPRESSURE

VELOCITY FRESSURE
STAHTIC PRESSURE
FOLIGHNESS

COEFFICIENT OF FRICTION
TUREULENT FLOW

Wal i, FRICTION EFFECTS
DUCT SECTION CHANGES
FLLOW SEFARATION

O - FAN SELECTION AND AFFLICATION

CENTRIFUGAL FaMNS

A AL FANS

FAaN DESIGN

FAN FPERFORMANCE CURVE

FAal LAWS

FAN FROFORTIONS

SELECTION CHARTS

SELECTION EASED ON TOTAL FRESSURE
TOTAlLL FRESSURE = STATIC FRESSURE + UVELOCITY
FRESSURE

FAN FRESSURE RELATIONSHIF

FaN CONTROL METHODS

FaN CURURE EVALUATION

SYSTEM FFFECT FACTORS

STAREILITY

3 - DUCT DESIGN

URLOCITY FROFILE
SYSTEM ANALYSIS
FRICTION FACTORS

ROUNED DUCTS

FEC ianGULAR DUCTS
ENTRANCE CONDITIONS
CHANGING CROSS-SECTION
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QUTLETS
NIFFUSERS
NOZZILES
ELEOWS

TEES
NRIFICES
QBESTRUCTIONS

4 — DUCT DESIGN METHODS

EQUAL FRICTION
VELOCITY REDUCTION
STATIC REGAIN
CONSTANT UVELOCITY

5 — MATCHING THE FAN TO THE SYSTEM
Fan FERFORMANCE CHARACTERISTICS
DUCT SYSTEM CHARACTERISTICS
DESIGN VS, MEASURED FERFORMANCE
DAMPER ADJUSTHMENT
SFEED ADJUSTMENT
OFPERATING TECHNIQUES

6 — HOOD DESIGNS

ENTRANCE FLOW FATTERN
CaFTURE VELOCITIES
HOOD SHAFE
HOOD FOSITION
ENCLOSURES OR EOOTHS
EXTERIOR HOODS
FLAIN QFENINGS
FLANGED OFEMNINGS
SLOTS
CANOFY
FECEIVING HOQDS
FUSH-FULL HOODS
DOWN DREAFT HOODS
WORKER PROTECTIGN
ECONOMY OF AIR FLOW
SEFARAGTE AR SURRLY
FECIRCULATION OF AIR
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- HNID AFFLICATIONS

FOUNDEFIES

GRINGING

MATERIALS HANDLING
FaINTING

WELDING

ELECTRIC FURNACE
ENGINE TESTING
CONVEYOR EELTS
OVENS

- FPRINCIFLES OF DUST COLLECTION

STHTISTICAL CONSIDERATIONS
IMPINGHENT

IMFACTION

INTERCEFTION

STRAINING

DIFFUSIONAL EFFELCTS
ELECTROSTATIC EFFECTS

FARTICLE SIZZ

CONCENTRATION

CHARACTERISTICY OF AIR OR GAS STREAM
CHARACTERISTICS OF CONTAMINAWT
GAS AESORETION

SDSORETION

DILUTION

GENERAL VENTILATION

- DUST AND FUME COLLECTORS

FRINCIFLES arF OFERATION,

OQFERATING

CHARACTERISTICS ANLD TYFICAL AFFLICATIONS FOR:

IMFINGMENT FILTERS
THROW AWaY
WASHARLE
FOLLL TYFE
HEF &

ELECTROSTATIC FILTTRS

FaRRIC
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TUTERMITTENT OFERATION

MULTIFLE SECTION

REVERGE JET CONTINUOUS DUTY
REVERSE FLOW = COLLAPSE

FUILGE TY2E
SHARKER TUEE
WET COLLECTORS
CENTRIFUGAL
DYNAMIC
VENTURT
SCRUERERE
SFRAY TOWERS
FACKEDR TOMWERS
MIST COLLECTORS
AESOREERS
ADSOREERS
DRY COLLECTORS
CYCLONES
DYNAMIC
SETTLING CHAMEERS
UNIT COLLECTORS
COMELSTION

- SELECTION FACTORS

FFFICIENCY
LOADING
FPARTICLE SIZ
cosT
CORROSION
FRESSURE DRQOF
TEMFERATURE
MATNTENANCE

- INSTRUMEWTS - FLOW

FITOT TUERES
MANOMETEFRS

MICRO INCLINES

U=-TURE
THERMOMETERS
FRESSSURE INDICATORS
FRESSURE TRANSDUCERS
SFEED INDICATORS
RECORDERS
ANEMOMETERS

MEASUREMENT
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HOT WIFE
UANE
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FLOWMETERS
VENTURT
ORIFICE
NDZZLE
THREINE

FSYCHFOMETER

TACHOMETER

- SYSTEM TESTING - FLOW

HOOD FACE VELOCITIES

FACE VELOCITY DISTRIEBUTION
PUCT FRESSURE LOSSES

BERANCH FLOW RATES

TOTAL FLOW RATES

FaN TOTAL FRESSURE

Farl SFEED

FRESSURE DROF ACROSS COLLECTOR
COLLECTOR EFFICIENCY
TRAVERSE FLANE LOCATIONS
ACCEFTARLE VELOCITY FROFILES
NUMRBER OF TRAVERSE FOINTS

- DUST COLLECTION EVALUATION
REQUIRED PERFORMANCE
SamMFLING METHOD
INSTRUMENTATION
ANALYSIS

WEIGHT

FARTICLE SIZE

PARTICLE COUNT

OFACITY
EQUIFMENT OFERATING CONDITION

- NOISE CONTROL - FUNDAMENTALS

DECIEELS

SOUND FOWER LEVELS
SOUND FRESSURE LEVELS
tat WETGHTED LEVELS
COMEBINING LEVELS
FREQUENMCY RANGE

FREE FIELD RADIATIONM
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SENI-FEVEREERANT ROOM RADIATION
FOOM CHARACTERISTICS

- NOISE CONTROL - FAN NOISE

FAN NOISE MEASUREMENT

SIZE AND SFEED CHANGE

FAN DESIGN NOISE CHARACTERISTICS
FAN NOISE DATA

- NOISE CONTROL - SYSTEM

ALLOWARLE NOISE LEVELS
METHODS OF NOISE REDUCTIOM

- NOISE CONTROL - UIEBRATION

FAN UNEALANCE
EALANCING FROCEDURE

RESONANCE

ISOLATORS

- MAKE-UF &IR
FECIRCULATION

OUTSIDE AIR
DISTRIEBUTION METHOD
TEMFERATURE DIFFERENCE
HEATING MAKE-UF AIR
SFECIAL DIFFUSERS
HEAT RECOVERY METHODS
DILUTION VENTILATION
STRATIFIED AIR

ATIR CONDITIONING







