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Minimum Air Velocities Required to Capture Certain Industrial Dusts
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Recommendatio

Protective Equipment

The information available on this subject is very complete,
largely because industry has Jemanded and received from
the U. S. Bureau of Mines, the Bureau of Standards, and the
American Standards Association, a series of specilications which
must be met if the equipment is to be approved. The resuit has
been the development of two classes of equipment, one which
passes rigorous specifications and the other which competes
with the approved equipment but is not claimed to pass. Often
the less effective equipment is good enough and both kinds are
being used today.

We refer, of course, to dust respirators, air supplied masks,
sand blast helmets, goggles, gloves, boots, shoes, and the like.
Not all the equipment is covered by these specifications, but
enough is so that industry can see their advantage.

The role of protective equipment in industry is perfectly
definite, although sometimes misunderstood and ahused. In
general, better results are obtained by controlling pollution or
dustiness at its source than by equipping men with safeguards
which they must wear or through which they must breathe.
The use of such equipment should be the second step and not
the first in the dust control project. But protective equipment
always will have a place in industry.

We do not believe that much will be gained by having this
Foundation sponsor research in the field of protective equip-
ment. Competition between firms engaged in its manufacture,
with the friendly interest of the Bureau of Mines in the results
of this competition, insures progress and continued improve-
ment in these goods.

Permissidle Dustiness

Under one name or another this subject comes up whenever
dust control is considered. If the breathing of dust causes
disability of any sort—silicosis is only one manifestation—then
it follows that there must be some degree of air cleanliness from
which no disability will result t> the average man during the
average working period. The super-cautious person may claim
that the permissible concentrations, commonly called thres-
holds, are not precise and generally have not heen established.
This is perfectly true, but emphasizing instead of answering the
question, is merely passing the responsibility along to the en-
gineer. Such an attitude is childish and indefensible.

In the conditioning of air for buildings or for railroad cars
one demands and gets clean air. Often dustiness is reduced from
2 or 3 to less than 0.5 milligram per cubic meter, otherwise the
occupants complain and the enginesr is held responsible. There

1
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Figure 1.

Combustion Apparatus for Taking Air Sample
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FIGURE 1

Index of Refraction

(a) grains of quartz (Q) and feldspar (F) in focus in a 1.540 liquid.

(b) quartz (Q) and feldspar (F) in 1.540 liquid with microscope tube raised
slightly. The halo of light has moved in toward the grain in (Q)
indicating that its index is higher than that of the liquid, while in (F)
the halo has moved away from the grain toward the liquid, showing
the grain to have an index of refraction lower than that of the liquid.
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FIGURE 2

Diagram Showing Relation Between Birefringence (ng-np),
Thickness of Grain and Interference Color

A grain of quartz (birefringence .009) 20 microns thick will have an

© interference color between bluish-gray and white. This is determined by
following the diagonal line from .009 to the lower left-hand corner of the

diagram until it intersects the horizontal line representing 20 microns; then

projecting a vertical line from the point of intersection to the interference

color scale above. (Adapted from Winchell’s Derivation of Newton's Color

Scale, 8 p. 112.)
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FIGURE 3

Parallel Extinction and Extinction Angle

A shows the direction of vibration of light emerging from the ana-
lyzer; P the direction of vibration of light emerging from the polarizer;
(a), (b), and (c) represent the rotation of a grain of tale under crossed

‘Nicols. As the long axis of the grain becomes parallel to the direction of

‘ one Nicol prism, the grain becomes dark. Thus, the mineral has parallel
extinction. In (d), (e), (f), a grain of tremolite rotated does not become
extinct in the parallel position, but does so 17° beyond. Tremolite has an
extinction angle of 17°.
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it is decanted into another dish and allowed to settle
for two days, and fimally into a dish in which it gettles
for four days. The dust is roughly classified by this
first process; the largest particles are found in the
sediment of the first container, and the finest in the
last. Dust remaining in suspension after four days
of settling is in such violent Brownian movement that
it will remsin suspended practically indefinitely.
“In order to clean these fractions, the ‘fines’ must
be removed by further washings. Therefore, the
sediment in the first dish Is again brought into sus-
pension in a liter of the water-alcohol mixture by
rapid agitation, and is allowed bo settle again for
one-half minute. The supernatant suspension, which
contains a mixture of ‘fines,’ is decanted as before
into the dish containing the sediment which settled
out in one minute in the first classification. All the
dust in this dish is then brought into suspension,
allowed to settle for one minute, and then decanted
into the following dish. This process is continued
through the series and the whole.operation repeated
as often as is necessary to obtain s clear, supernatant
fluid in the settling interval. Beginning with the
third sedimentation, water is used rather than the
water-aleohol mixture,
“When the supernatant fluid is o_n-. at the end of
a washing, it is discarded, and the sediment is care-
fully transferred to a watch glass with the aid of a
rubber ‘policeman.’ The sediment is then dried in
the oven and finally transferred to glass-stoppered
weighing bottles.”
Summary

Expmine the sample under & microscope to find roughly the
size distribution and the type Into which the dust falls.

If sample contains much material above 100 microns, it
should be passed through a 270- or 326-mesh screen. A
weighed sample (about 6 grams) is screened and the percent-
age which passes the screen is determined. This portion s
then studied further.

The amount of HCl-soluble material and the organic matter
are determined in the customary way. The original material
and the residues are then examined in suitable immersion
media under ordinary and polarized light to identify the min-
erals present.

Chemical determinations may then be necessary in oz_a.. to
confirm the presence of any doubtful minerals.
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11 supply half-gram samples
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FOREWORD

Upon recommendation of its Preventive Engineering Committee,
Industrial Hygiene Foundation authorized a comprehensive study of
exhaust ventilation. A grant was made to the University of Pennsyl-
vania, where work is now being carried on under supervision of
Professor Theodore Hatch, ably assisted by Robert H. Walpole, Jr.

Reports will be issued from time to time, so that members of the
Foundation may benefit while the study is in progress. The reports
will be in the form of bulletins in the Preventive Engineering Series;
the first is on AIR FLOW MEASUREMENTS.

The fundamental factor which determines the rate of exhaust
ventilation for certain industrial processes is the rate of air displace-
ment produced by the process itself. As a starting point, therefore,
in the development of a basic approach to the design of exhaust sys-
tems, it is desirable to measure the rate of air displacement produced
by the process which is to be ventilated.

‘In, general, the air displacement occurring in a given process takes
place in such a way that the ordinary air flow meters are not appli-
cable. It becomes necessary, therefore, to utilize a different method
of measuring air flow.

The method described in this bulletin was developed to meet these
needs, and is capable of measuring the rate of air flow in a complex
system which has multiple air inlets and outlets. A major advantage
of the method is that it is not necessary to measure the amount of air
escaping from every opening.

Practical field tests have indicated that the technique offers a
useful and practical approach to the determination of basic exhaust
ventilation requirements for those industrial processes which by their
operation cause air displacement.

H. B. MELLER,
Managing Director.

4400 Fifth Avenue,
Pittsburgh, Pa.
June 1, 1942.




AIR FLOW MEASUREMENT BY THE DILUTION METHOD ‘
By

THEODORE HATCH®
and
ROBERT H. WALPOLE, JR.*

Problems in air flow measuremeut are encountered in which it is not
possible to confine the air stream entirely and force it through a meter or
past a definite velocity-medsuring station. Under these conditions, the rate
of air flow may be determined by the dilution method wherein a test gas
is fed into the air stream at a known rate and, after uniform mixing is
established, its concentration is determined in a unit volume of air. The
rate of feed of the gas divided by its resulting concentration equals the
rate of air flow.

The test gas must be one that is not absorbed either chemically or
physically in the system and, for general use, it must not be*toxic or explos-
ive. It should lend itself to collection and measurement by means of simple
sampling apparatus and analysis. Carbon dioxide meets these requirements.
It is readily available in pressure cylinders and may be fed at a constant
rate through a standard pressure-reducing valve and flow-meter. It is
easily absorbed in an alkaline solution and is quickly determined by simple
titration with as high an accuracy as may be desired. For approximate
tests, a portable CO, analysis apparatus of the volumetric type may be
employed.. It is, of course, necessary to subtract from the total amount of
CO. in the sample that amount which is normaily present in the air in order
to determine the concentrations of the added gas.

The basic apparatus required for air flow measurement by the dilution
method is shown in Figure 1 and the various parts are enumerated below:

1. Cylinder of CO,. i
2. Constant pressure valve. '

3. Flow-meter, calibrated in grams of CO, per minute at 760 mm.
Hg and 0° C. Correction values for other pressures and tem-
peratures are arranged in a convenient table.

4. Gas-feeding tube, arranged to insure uniform mixing of the
test gas with the air stream.

5. Sampling tube.
6. Dust filter (when required).
7. Sampling apparatus, including absorption flask and flow-meter. !

8. Source of suction.

Many combinations of feeding and sampling equipment will suggest
themselves. The apparatus should be simple, rugged, and positive in opera-

e  Department of Public Health and Preventive ledivine, School of Medicine,
University of Pennsylvania.

3 |

-~




9

‘sdjay aaua Jujonpag
oif) JUDU JUIUIS JUIUIY U JO BN BYL "OA[TA Y)Y U FUJZIS EIENLD AU Hupoanpod
saqussond aty Ydnoayy (daomr puv anupu aad s gr) paaj fO) Jo sayud Y3y .

M} £q poonpul mop 1fu Jo 281 Y} g puv | §)S0} Jo suwdwt Lg g dandyy
ul UMOY$ SUOIUIO[ DY} 1V IPUW BIIM SJUIUIINSBIW MO AIw 1004 ‘SHUY
-nado ajBIpowaduf Ju puu peBdY J0JLADD 9y} 18 uldudsd ife Yyam danssasd
Jopun 2 0} punoj sum Juisnoy 9y) 100q I0JA[D Y} dA0qY ‘||am S JDYSNID
M) WOy puu Suddd8 Aavwiad oy} Woay JupHIvtIsIp 210 31} Y)IM 10)BADJD
MY JO 100G ) SuLINUD SBM J18 JU) PIJBIADL §5D) IYOUIG “JOIAD[D DY} uf
UM ASIP A1 Jo DJUA Y] JUIWLNOP 0} Kum wojiodd YL, “IaYsnId DY) M
Y2 pue ulq 8 ydnotyy paddoap yarim wioay 2z1813A0 dY) ‘SUIILIL 0] OJ FBM
M YIYM WOI] ulq PIsOjd U OJUl JOJBAD[D BY} WOAJ padreydsip [BLIBIU Y],
“194sN1D B Wolj 1ay10 9y] PuB SUIIIS L1vwiud woly auo ‘sanid omy ydnoaiyy
101EAD[d UV JO j00q aY) Ojul PdJ SBM 210 PIYSNID ‘Y08 3ty u| pajedpul sy
¢ aandr ur umoys ajdwexa ayy Aq pajeaisn|pi ||dm §) §3jeL Mol JiB JuLin
-5oUl JO POYIdW SIY] JO DIUIIUIAUGD Y], °‘PooYy ISneYxX’d ay) Jo udisap oty
Jo0y sisuq v Jwipiacad snyj ‘poygawu uonnpip ay) £q paInsudwd dq uLd 13139]
ML JUDDDULASEP A1V Jo DJUL Y] JO S3IIXD uy dq Jsnut Juyod s{1} 38 voljuy
-IJUOA 1SNUYXD JO 2Bl Y, ‘didydsowju Juypunolans ayj vojug snp sossadsip
12q a3 ojuo poaj Jo jutod 3y} woay Juyduass a1w ayy puv [uLIdBW Bulj(u)
Yy YIIm 38 Jo mop v dn 998 J[3q B 0ju0 AN B Y3noajy yo01 paysnid jo
adzuyasip oy ‘ojduruxd ue sy °J|3sN ssac01d ) £q paysiquysa juawddeld
-SIp ¥ JO 2JUX Y] 81 EPIBU UOKIV[IUAA 2y Bugjjoljuod 103du) [edidulrd ay)y
ot ug sossooodd upisnpul uie3aad 10j SURUDIINDIL UOPB[IIUIA IENUYXD
g} JO sMpIMS ut [nJasn Apendgiaed punoj udde suy potjawe uorn(Ip ],

uopwddy

+'18113 Juanbasqns pus moy iiw oy} JOo VWIS
{epitug ue woay pasy Q0 jo et zadoad ayy 30a[as 07 LJussadau s} 9| wia|
-qoad Jupnapjaud v U puu PIINSUdW 3Q 0} §INBI MmOl 118 Jo dJunl Iy} I3A0D
01 §10310W-MO]) D[GUITUBIIINUY [RIDADS YJim popraold aq pinoys snjniedde
Jugpaog L CI9Ad[ Bwus Ju ‘A Jo "33 'nd 00| 49d swuad gg JsBa| Ju Jo paaj
%00 Jo 2jul B saanbal sy "%0JF JO JUIWIINSBIW MmOl IIv JO £IWIndE
unr Jujard snyy ‘ylom ppay judgouad Joj pajdojas uaaq swy anjuAa BjYj puv g'|
Ajopuugxoaddu sf ojjul JudI2d Yy} ‘uorjuuiwiadp Q) aY3 ul 99T JO Joa1d
ue Jo.f  CAPrdud S05u40p) JUIIDINEUIW MOJJ Jj¥ Jo ADUINIDV Y] YIIym
MOPM| Y JO HINJUA UHNIDD 0 BYudI( diuys JY(IYXD 8IAIND asAy], 3 NI
uj “udyy Jo sonua 2aay) Jo) ponojd sf 3 puu by udIMIIq uolB[AL BY],

‘uojjeijuaduod ) jeuriou oy pappe Jooney = Y
‘U0 Uadu0d QD uf 10119 quUIdRg = Sodg
‘qUaWAINSBAW MOy JIT Ul JOId juIRg = O azeyp
001
11— — I+ : + 1 _
(+u) (o =]
o= By + 1
L BC

:uorjenba Juimolo} Y3 £q pajedtpu s8 ‘Sa8¥aIAP too
[twiow 0} PIPPY Jo o)jus |} S8 $ITTIIIUY JUIWIINSTIW MOy I8 uf 10143
ayl "poylaw uolnpip Yl Aq JUIWIINSTIW MOY I{8 Jo Ad¥INIe ayy Jujupu

14

BYBVIVAY OB[U DI &pOL{ AU HANIINPUOD o
-1339p uj 2070u] juslaodwy Js0w aY) ‘Huixiwr Jo LTojjun 0] IXau ‘S| JuUIUOI
dpaydsourju (uwiiou A} 0] SUZ PIPPR JO UOHBIIUIIUGD DY) JO OFjuL Y]

« PauiBIqo A|1pudl 81 9,gF JO £ORINIIV UL SUCKIPUOd play
0} 3quidepe aiw Yaym sainpadoid |udpA[Bun puv snjusudde ajduns M
*£281n238 Jo daadap yIi| v s uoljrauAU0D FQ) A} Jutansuawu jo ‘Jar0moy
‘ajquded 8§ 3] ‘s BUv JUOjWALD nJoaud puv ‘Juijdiues JIJu pus II10)dq
ae oy3 woay QD yyum uopBujwuiuod wosj pmby wondiosqu ayy jo uopy
-2030ad ‘031A0p uo0|}dI08qE JUDDIPYD UL ‘1d)dIU-MOY IIUINDIL UL saaynbaz sy
‘uoljuBI}} OB AqQ Pa3Iajod JUNOWE DY)} JO UOIIBUIWIIIIP puu Y13udilE umouy
Jo uonnjos augjey[e ue uy gy ayy Jo uopdiosuqu ay) uodn puadap spoyjaw
218IN208 0 -quadAd (Z 0} gIF ¥q ||IM JUdWAINSUIW MmO} 1|8 Y} JO
£>uInddw Y3 ‘000‘01 uj syaed g 0} g Padaxa Jou Avw pappe 83 Jo JUNOWS YY)
acuis ‘pue 00°0] uy J1ed | 03 usy} £[380[> 3I0W UOJJTVIIUIIUOD Y} danswaut
J0U S0P 'IDADMOY ‘JUIWINIISUL PIBPUB)S Y, ‘PIAOAU] ULJJBIY] [BIjWIIYD
8] Jou 2d{Aap Jujidwes djvavdas ou sainbax 31 -so|dwis ayy sdeysad e
‘A|30a21p painswaw s{ QD ayy jo wondiosqe wosy Hupnsar ajdwes Ay
Jo awnjoA us aduvyd ayj YdIym uj ‘poyjout dajuUnjoa ], ‘sisfjuuu su3 uo
8)Q0q1X0} PAUPUB]S Ul Paqudsap aie sud s{y) Bupmsuaw 1oy spoijow Jo 1aq
-whu ¥ °uopjeIjuaduod Q) ayj aujwiajop o0y pafojdwa atnpadord juapfjuun
3} 03 30adsas Yym anay Aja8au| osu s YL, wjqoid ) Jo spuvwIAP oY)
Je3W 03 pPaxy aq Auul JOIII At} U [0IU0D JIAIP 0} JI(GNS 2LV ISIL, ‘I8N
) Buunp mop jo Adumisuod ayy puv aanssdid puu danmjuiadwdy Jo 839349
ayy oy pajiddu a1v Juy} SUOJIIOLI0D DY) ‘20JDM-MO]) Y} JO uOljBL||[8d PUB
udgsap ay) uodn spuadap sul 1833 dy) Jo pa3j Jo djuL Jo AJFUINIIL YL,
a31uydsip Jo sjujod [B12A38 a1 Ju dwes ay) aq o} punoj 8] Q) oY) Jo
UOJJBIJUAIUOD Y} UIYM pAjuIIsuowap s Juixjw wrojjun jo Joorg ‘wiwdals
ujsw 3yj wio} 03 ujof L3} 210)aq swWuIllE Jjw £1VPUOIIS Y] JO Ii0W 10
om} ojuj QD 8y) aonpoajuj 0} A18S8303U ] PUNOJ DABY oM BISUD UJBIID U]
‘Fupxjwu y3noloy} ainsuj 03 PaIsEIIIXI Iq ISNHW IIVD djYUIIPISUOD ‘SuT 1823 Yy
Jo Bupndap-jioys Joy safjjunizoddo yym puu sdujuado d3avyasp puw Uy
snozauwiny Yjam ‘1daamoy ‘wasfs mop xa|duiod ¥ U WUIIISUMOpP duBE(P
a[quaapisuod 8 pajuao] 9q uvd Jujod Fugdwus Yy puw jaquf d2j3uls v yAnoiyy
$13jUd I1® Y} YOIIym uy weaxis e djdulys B Ul pauyeiqo A[ipeas 8 3 ‘1
-udssd A|SNofAGo §] WEAI}E 18 Ay} Y){m 8u3 1833 ayy Jo Bujxjw jadwo)

‘'sed 81y jo juajuod spiayd
-sowe [swaou 3y} 0} 50D pappe Jo uojjuIjudULd Ay} Jo opyey ‘P

WLl 448 ayy uj uojeauI0d ¥Q) ey
Sujujuiagap a0y pafojdua eanpadosd [edfihjeus ayy jo Loeinddy ‘g

‘snjeredde Buipaay 2: uj JaRW-Mof Jo Lowanddy g
weans 1w oYy yim QD ayy Jo Juixpw jo Ljwaojupn |

‘duymojjoj ayy uodn
spuadap ‘sed 383} oYy 6w t0D Buysn ‘poyraw uopINjIp 3y} Jo £IBANIDN [,

£w1nddy .

‘snyeivdde Jujidwes ayy Yijim pakojdwa aq Lew

duind moy-jueisucd ‘pajsiado-puely B 3jiym dAa{BA Jununaz-aanssaid ayy
oju} inq aq Asw ‘dwexa 10j ‘*Q) ay) Jujpasj Ioj JajawW-moy YL ‘uOp



»”

poyjonn uolnyip Yy Aq JuIkdInsEIw
Mol 1y Joj pafojdis snjviuddu Jo jnokej dpvuwimwide|q

“yeeandgg

-

T/ S&9

JUIBIXI 8] ORI oy Fuotuy JUIMIGIIHE Y] ‘NI INAY)
BufInp JUVISUOI JON FRM D20 JO MOy JO IJVT DYJ BYY 1OU) Y} JO MIMA Uf

000¥ A |
. 0009 )
099y “z+1
0aLe 1
0181 R
‘UEED ‘MOY HE §O spEY Yy
* IBMOJj0] $8 aq 0} PUNC) 2IIM MOY 1w Jo

RajmL yy 1933 Japey ayy uj Pad) 0D Jo juod 3y} mojag Sujenoy JoywA
ayy uf a2uyuaj ou sem Y] papiacid Juakidazle [BIUWIEGNE Ul aQ pihom §
. PpUs £ B382) WO BYNRIL BY], ‘L 18 U] paujwiqo juyy [unbe Liwiujxordds
pinoM Z puw | N uf POUIRIISIP MmOy 2|8 JO SIWI Iy JO uins Y} jMy}
paydadxa suM 3| ‘FIINYd JINYIN(P IYSRID PUV UITIDR Y} UJ PILININ0 MOPuj
e dofeill 2y WS  IOIRAID Y3 Up jUAWVE|ASIP JIv JO Ijer [w10} YY) N
~SRaut 0 POuB(sap alom ¥ PUB § 5183} SEIIIYM PIUIWIIIIOP I1oM JOIBAR Y)Y
oy Afaajpdadsax Jaysnid 3y) puw suaaids Lrswad ayg woay ai0 jo aBseyasyp

l" FONELET (T BNJ.




[

.

'

| | .
‘ .~

B e R SAMPLES : TESTS I+ &
P8
I .
_b.rm‘ r%-&- o s llo N .
: ) { 1 N
- 3 LY * ~
[] 4 _l'\\ ﬁ
Y
: | _ _ i
U % _
L 3 | f }
y ) ra.. i I v\
5 £e |
h N w.m | N
(I Y Q m.m | [ SCREENS
NG 88 : | )
i% ¢ §i¢ o Vs .
! r < m.u ! ¢ cor? _ L'l fmes 4| cO.FEeD:
-m ' w mm ' + J *_ “ _ TESTS 2%
Wﬂ q {
’ ° .
\ HRBRRS 3 | | ¥
1] * Q wa _ _ na&a\nh
\ f sd.. An wmu _ |
V&L \ 7 1)} m | _
o ! [} ~N
|.||||\\x /A \\ s\\ ﬂ {
- 11— ScrReEnS !
a—l‘L“ \.l\l\\ll.\\\
l-’ .» - P ] ]
5 09 o> o2 (> ‘ o Samo e - .
7 5 — O NI/ JONYT] ANTOY Tt Nn.\.wwk WMM.WMM
. +
Figure 3.

Mensurement of air flow in an clevator by the dilution method.

— - —y -



I‘IDUSTBIAL HYGIENE FOUNDATI(_)N

OF AMERICA, Inc. -

e

P —
e

Precentive Engmeenng Serm, Bulletm No. 3 Par: 2

’ (IIVBD IDI'HOII )

MEASU'REMENT OF AIR FLOW RATE IN
‘ INDUSTRI.AL VENTILATION e

ByWCLEEMEON

{-H-F Head | Industrial Healtn Engineer

PITTSBURGH, PENNSYLVANIA
1946 B




939 o8 v ‘Adoywo v ‘pazedwiun Jo paredu) ‘edyd ¥ Jo pue oY) oq 3
1a4ieym ‘Sujuedo uoIONE JO 9sULY [VIOUIR oY) uj pafojdwd 8y upjeling Sy} uj Poorf §
‘uopyvpunog o:o_nhm— ENPpUY JO 9w FujiRUIBUF eAjJuURARL] oY) Jo Bedid
~801¥ OY) JOpuUn ‘g "ON UIO[IN BV EHE] U A]|BU}D}I0 Ponse] 8I[108 Oy} W] g 14ud ) .._..k. .

*saYouy uj ‘eqny-n uj _.05139 :Es_ou .-3«.& Jospy ="y
+ ' *(Mo0[aq udAl3 oaw spooy - .
jo wadfy juazejjp .Su san[ua) L1jue Jo quapyeod = U
.uoon elunbs uj ‘edid jo waiw [VUO[}738-8803) =, Y .-
' - ANUW zod 1 je95 uSao a...

__>.o < 000 = a

H -, _-_ .
_ ’ ] -___Euou u_:to_

~loF oy} «o susaw £q AE « .3 oa._:_E uoa aouu o_aso uf. Sv Ajjjuenb moy .
1|9 9yY3 JO uopjeno[Ed 3p ¥ J[quud ‘pooy ay} jo supjjzodosd pus eduys ey .
uo juapuadap sy jey} (*D) £1)ud Jo Juajdeod paivd Jojowy w puw (y) edid '
9y} Jo wII¥ [UUOJ}IIE-80ID QU) YA uopdunfucd uj uexwy ("y) pwIy dpeys iy
Jo 3ujpeaz sjyy, ‘pooy oYy y3noayy 9 °j ‘2auviuI ay3 38 S90] UO|ONY snid |
adjd ayy uf £3p00j8a oy} Jo einsvawl ¥ -_ d%sa Jo sqyauj uj u::.-ﬁ oYL . .
i : . '] Mn3g g uj umoys sw .oo_.-.s..o.

pooy oy} puokaq o_z__ v on_a o.z Jo =!» qY} uj se[Oy [[w .er0W IO o:o
1) _.no.— 9[3838 J0 YOj}INT WE Yy u_._.:.-noE uj 939jeued oav.csooa YL

.t

27¥38 [Wn)I¢ QY3 03 UOJI[PPY U] PIAJOAU| IW 8103JW] loyj0 ..-o»okoﬂ o[qea’”
-jidde £japja os puw pswoprad Lpinb os ‘eydwie o8 8} 3] asnwdaq [|¥ o O[qE 3
-n(wa 80wt oy Aqjezaual 6} enbjuysn spy) £q JuewININIUL MOy JJV - .'0%F
0} L1vajuod sp spy], $'spooy ydnoayy-moy Jpe Jupewyed, .30F oz_ct oza:
JO 918 UOJONS J[JBIE JO FUIWAINEBIW {8y} peaidsIpiam

R _s_:_.m u_Em pus: 4off WY 7 idca
: it B, dley o b
, ' MIOIIAG .__s uy _.mazo.% B:suﬁs W _:_?25

E--oooc wopes 8} INq elqiesiwed ‘aq Leuf JURN QT R IAHY U
-jdwad jo gpunoq 9y} URfIM :a.p s} pu sagadand gong: J90ip . ..o« o..:-_:.
-3ad 8§ juedrad O Jo 20143 WY ,a_.-ou_:u_-c_ . asmkwn g uPu IR WY ..E.I.
#0 jujod sjy3 woxz Wyl PINF Oq Awi 3 . A[(mdeuap iy _Euaﬁ_!ﬁ
-anpuj Joz Lanssadeyu uioplan s| o_.oEn_nvn =o=-=a=$ .ia..:_w-czn.ta r
-In9wauy U £I%IRIAY 9943 Yoy je%iRa oy rldalia et 3.3%5? i
:; "onbjuyoey JueIOYIP, ¥, £q 4jn80 ¥ Yoo 53, Ei:.ia pajAuTe
Auw omn 03 voym Syjp[ep j ‘YWewSpn{, poofl jo: .._2.1 _.._ .%.is._a
owpd JO 'SPOINIIIWE JA4Q @ 30U PRy pen; Ay 5,. 55:—.:2»3
oy} pus .._....._. . ...._a ..z U 40y 4ju. Aupnsve o:i.

Sy L labna T *A[T1o97 [q3|M’pus s_._o__...
Ea-qu.u 8 -S- oq 2:2—- 3-—5_&».— _-.huava—. pus szeouiSug.jusid ydjym.
1039w} ¥ ‘9ynupwt Jad 399] J4qua uj pesaadxe Ljuomswod ‘moy s Jo o1l oy} s
wajeke uopE[jIuea ¥ Jo JuIUIR[d Jumtoduwy 380 OY], [LTUolIv[juea [edeuad Jo
wayeds w J0 wIes IPNVYXP U JO ULIOF oY} Uf JIY|e conn_zcob Jo =o=-o ....

suopnpuo) Fupyio gy nfyppoel Jo suswasuvapy
oyp s0f
sspympuy fo uopopossy uy

NOLLYANNOJ INJIOXH TVIMLSNANI




T
..

Ll
, _ 8y} wodg jualayip Ajapia 9| sBujpwes u:ouswwwi
4J0 00 Quo ‘o|dwiNxe JoF ‘SSS[MR U)W} oq 0} | sBujpway yonp 39 N
YIseyl A 'eouapngang esedxas Suened Bupig adid J9yj0 Jo Moq(a uS Rupiep]
JUAWISINGUBW ¥.@)YPW 0} AIvesIdau §] 3| eJoym Juvizodw] u__c_oonf.-. .
&&.un_n 9U} JQ GUSIIFUINIINY OY3I :PUROIV, SUCINIO| JUIIYIP 3¢ S[OY ANQ)!
s oy @oW 3w SBujpuax Bupjwy £q paseadwy J9yipy € Bujpess uayaml..m.mﬂ.

o .wv.w..uﬁn-: 1II2P oy} Aupiejol ofjym [w3jds » uj Jjlap oyy Jo sjxn 23.9.._._»— Y

. e o o . | '
B S *Moqia oyj 1038 Bujpuax !’
uo[1on® 8yj Fupiv) §e9¥3]88003U moq|d uw 03 Ajjwixoid peo(d eIeym ewoyy :
10§ uvyy (moqje Jujuealajuj ou) pooy pajdauuod I8N ey} JOF Jo3jaq Sjqe i
-qo1xd 8] £ouanddw oyJ, ‘poyinese Ljejus oq Avw jusazed gy 03 g Jo Lr8INddW
us ‘3[qe] oyj uj uaAld asoyj Buows woly juapPeod Jodoad oqy Bujyores -
Aq ‘aAamo}f -mop ije ey3 jo uopwwixoidde pood A[quuoswal w jjured |18 -
pinom loaxd 3jqissod wnuixww ayj ‘ge0 Les ‘e3uex sjy3 uj Lemppu Judd - 0
-Wa02 © pasn Ajjava)jque puv suojizodosd s3} pus adeys pooy ay) Jupsypmep; { i . e~ .
uj §52[21%2 a1dm 8UO '310Jaiay} FF..°96°'0 03 38’0 WoiF sf odjd Iupdapuod . _-_u-...ﬂ.hn_an_ M.u.m_u.____u“uw““uuuwuoﬁmwuowa M".qo“ﬂ..-a_-%.__....—wu‘...u__“..‘u{_o&m Nﬂ%;ﬂﬁ
ay3 usyj} vais uj s8] eBussud Jjv ou §j B2} AIeYM #PR[Uf Bupey YjlM epooy A . . . aooeo._uc__ﬁ._ o ® eavy pauLIo} soutgjoulos -.-_..... .._H_WE." iy
1Y318198. 10] SJUIJIYI0D JO ou__ﬁ.o_: a-.__a. voao:. oq, =—F, :..‘.h.o!:.ou. ; Lo _,:o_—o.n:_:_..__ uf'y. ‘paujviqe aoc. .,-_ .._o_ao..n 23039 oy Jo v:—g.:ou.uw,wna# )
Y ‘WIsaIE [V oYY GIMSIP w104 JO §Bpa Pa3Buf Sujdaford Kpapaul ARy’
CopIyaund oq jou pluoys ojoy oyl ‘sduwprodusf [$I[3LI Jo Jou o RIAH JQ.
..o ..Eo_._;.so.._ usu_.__..:.._...._o_._.;:_- n_x.e_uﬁaaa.._i

o

¢ & ]

M

C b e S e
wetdeip Bugfusdurodae ayj uf udA[d n:o.n:un.—v._-ewu—doﬁ« E.ﬁm s Jun ;v
-uj jo uopjswysd yamb Fujjqpua susBuviod jo oiqwy W 8f I 9IqVL M] .
*po1ap}suod euo oy3 oq pinoys sI[IJue vog_u:—..os.s 94} Jo xo33w[ oy} .
‘sapye Jo ajed 3?25% youa J0) “u_ﬂ_ﬂ UAIIYIp ey “92— Js[ndusinz w uonu ﬁ.
alayp ‘(mopeq y ejdwuxy eag) edijd punos v 03 zedwy yojm epooy paduys did.ey3 jo [jea » 3u 39QqNI Y3 JO pya ey} udeM
-19|N3Uv)321 UOWIWIOI BI0W B} 07 OF|Y Paj|ddP 9q LWus FUOD JOF SROYY,. .. 1, L MRS dred . ﬂfew—%ﬂ?—hﬂhuw-av _..-._“..-.”N.m_v%h -.o:h..w__«._.__..ﬂz-uwﬁ.::. aop_u.a.o_ﬂau AN
. 0 T+ 9[qe, Ul pus LY 03 g seandig. uf A ‘ : (doem oY1 Jo JYBIAY .U} SURIOP[P 0y} Pus ‘9[0y P[IHP WY} u..t..z.s..._u“_
£pooy jo saduys [ejuswIBpUN] A1) J0F UGALH @18 SIUIII0N i JUSPPY0D Yy ;: j W70 [[9a0y) JsujsHuiLpy3yy s1eduy oy YILM - PRy 8] ‘19jeuouwiy Jq ¢
Jay3yy ayy ‘pooy ayy jo saBussud varv-[[RWs Oy} I8 SIAUL0D AINYS SIZWUULY S8|3 ¥ 03 pua 3oy o oy 18 Pejaeuuon ‘Jujqny Jeqqn3 Oy Jo pue paiy §
adeys oyy ajow ayy “adid oyj SIAUD WWIAE - JIW. OY) YOJYM U] dauysuty Yol - Vo Ly F e 30dey ou sp ey J1-odid oy 3o pus’, ..
ay) uo adwys jsy) Jo 30243 ayY) Jo 9snwdeq AdULIUI pooy ayy Jo adeys oy} . sIpWeIp 3 M T «e.ou:ﬂn_w » odyd qyy 18:
uo juapuadop | enuLio] ay) uj pasn eq 03 (D) JuSIW0d L1y 8] RIOH [[ewie. ¥ fpooy w 3p "y \,v-c_—._m_aﬂn o.—a.u_._u-_.-o.—..—r

. WAL IR ] :

e . “ <
Rk £ - Buqny, 1iwa-qusyt; weyy esodan g
P& A3 £13197 » Bujawy Jujqny Jeqqny (/AQUY-§ 1Y

3

yapW) L1uH pooyy .;i;

o anbjuyaarsy,; 5,5 £
a0, Ay AT

P A TP SRR g . X : s
L 4 , PR . ..H.._..ﬁ A w i wﬁ. & . UK / p : ' O.zv b
. L AR e e Y M Te .«ﬂ...vo )R p G4 4 : =—w=.— PO
PInoys Aawapoow maj o ixdayd ojpokipd puw uwjaniay equAmIAm] pun,aam SN CARIE T AT farom REAAINIA ARy anti 4 g

9y} yInolyy #9980] [WUOJIIIF IPYY,LINENA0N PIOFIAYY LN} JLAIMIIYNHIGH T
Bupwoipul-[eip ayy Y3nosyy 11N o ApY pAJ3I9eq B U, JHORHAAIRIT JURL(HIIUL
Siy3 Jo uopwiadql ‘Iajowioumiy; eqny-(]. AU 0N LRI [PHIEPRULEAA,
papuawwiodat sj SAYaU YPIP P} A493 70 P3UBY'y Jnq _.aiw.a PAVRYRIR 9T BifT
sayouj omy @) 019z ‘aBuui JUIAURAUCH, KR J0F POIRIAIIRY, PG AT VI8 PUN. 2R
oyl "33f sy} Jo pu3 Y} I8 SIYHA ouy, uey} I984s] *q 4[9Y T} il e

§] 3] "3A0Qu paucjuUAW 8% SLING WoIF ealF Aq s_s.i.u O NID.AK U] B/ Te
Jo Aiquaagazd ‘sjoy paj(ip oL ,iad(d oy3 B P[oy, w:ea0 PRORIA .pq P31NIE
uo}ons ® y3jm, papjaosd (099z#) 39f 8°jo oanihq; peay S|3NE, QYY) JuptnewswI R
10f pasn oq ued ‘Iaw py} uj. pums ‘JuiSpjus.v Eonu. L O ml.-i. oqy: .a.t
vS-Eo-.o:aE_ﬁac_.u::.-uuu.aom..:..‘,tﬁ..-...wzo_a#hm > .1.:5#&.»34 }h. i " s .
‘wayy Bupyuw Joy W18} -_.”.93&3-—. [vajwiayo. Atk ySnogipe jradn IR S L . . der der "Wy : [y 4

snyuaudde oyjjualds woay passyaand eq Lww !3»8345.33-: ot 47 s : 457 gaest WK m¥ ¥ ;
‘Ausdwo) quowniysul junowd], oy} puw fusdino) eBsp Jpea(y . UOP[|F WodF ...v..a,. . ;

paswyund oq Lww sulo0f -aqad ~F'POGHIIN Usaq, SEYIS|NL, OPS ‘UIPOOM. SES

deayd v woay epuns swI0f 883Y3 Jo '9uQ . pinby|zo -.—Es_ou..o}.w“oﬂ 70 ey

uf 92UIIPIP 32U Oy} Jo Bulpsas pidex.puv £8a 8IR}|[1aN],00:P9[%08, Q(qW
-sn{pe ija wrajdujouvws xe)axd sxauiBue euros 'LIBeseoey g.m..au_..eﬂg 3

.~ (7 eanBLg eeg) ; "SqjUe} PUL BOYINY, U] paxIeE ] w@
o[ea8 ¥ Sujawy [mew 1q poom Jo dpye ¥ 03 3| SUIQINIL, PUPTA’E Jo edeys 2
3y} oju| Sujqmy ﬂ.—-_u Bujpuaq £q epsui,eq £[ipvel \-.B,a«w meodInd oge wnﬁ

aA198 (|4 ‘paIgsu0d £|apnid YBnoyy a0 ._oaﬂ.ﬁ...mmd« Jinameye
o T L O T | dy )

.’.. ' !

'y




Fig. 2: Taﬁe:éé cone, or
. Eectanzu to round._ .

C, = 08t0095 . - i/ > ¥ NG, =Xdedue

. See Table !, . - R - (333t =Reyaine found - Table.
. A RS R ' an = by “g § -
e . - T b . v e § A Dy Fing 2 > ?
- : TR » X "’ ”. 5 -

1L

. Fig. 11: Exhaust booth, fun- - < R i2: Enclosed’ cham
damentally same as Fig. 7. - 1= { dnggﬁgil_:le

Fig. 14: Hood as over Fig. 15: Bench exhaust _ Fig. lé: Double hood .- " Fig. 17: Grindiris" whe;l -
lead pot, low face ve- grill with taper with inner cone, ; .: . hood. T
1"‘:"7’ low stack " connections. B Sy -
emperature. - T s E _ -
C, = sameas Fig.2 C= sam'ea'sFig.s C = °°7°(.1_’Pf'°i‘-) o G = 0.80 P
Figures 2 to 17. S : :

Coefficients of entry (C,) for various hood sl;apes.
Use in formula: Q = 4000 X Area X C.vh,
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