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2 or 3 to less than 0.5 m
illigram per cubic m

eter, otherw
ise the 

occupants com
plain and the engineer is held responsible. 

There

Minimum Air Velocities Required to Captor* Certain Industrial Dusts

Required air vain city
Industry Ptbiwh At point 

oi origin
At face 
oi hood

Criterion

Granite cutting Hand pneumatic tool 220 PPM Reduced coacentratioa to aaio level.
Surfacing machine ISM PPM Reduced caacantration to aaio ItveL
AH took ISM FPM Reduced coaceatraticn to aaia level.

Graia elevator* EUvator boot ft head 
pmr

SM FPM Viaual teat.

Paint Spraying Spraying booth S0-2M PPM Reduced conceutratiou to aaio level
Sand pul venting Bagging machine 400 FPM Reduced coacentratioa to aaio level.
Electric welding 100-200 PPM Viaual tost.
Quarrying and mining Horiaoatal drUUng 

with Kelly-Hatch trap
60* i1

to tale kvtL

Vertical drilling 
with Kally-Hatch trap

200* Seduced concentration to aaio levoL

Electric plating Chromium plating .. ISM FPM Reduced concentration to oaid level.
Steam to acid tonka 75-100 FPM Bodncod concentration to aaio level.

Hattara' For B making 200* Uenal Practice.
Cutting me chinaa uo* Uaual Practice.
Blowera 2000* Venal Ptactica.

•Cubic feet per mia.
••Cubic (tet per mia. per feet at slot (common practice).

Recommendations as to hood design, requisition velocities, and the like, can now be obtained from the ap­
propriate departments of many states, some of which embody these recommendations in codes.
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Figure 2. Storage R
eservoir for Titanium Trichloride.
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Figure 1. Apparatus for Taking Air Sample.
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Figure 1

91

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 Shoving 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 
Allowing 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

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 talc 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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■Soluble in hydrochloric acid.
Thr Denartment "t Industrial Hygiene. Harvard School of Public Health, Boston, will 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.

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

H. B. MELLER, 
Managing Director.



AIR FLOW MEASUREMENT BY THE DILUTION METHOD
By

THEODORE HATCH* 
and

ROBERT H. WALPOLE, JR.*

Problems in air flow measurement 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 C02 analysis apparatus of the volumetric type may be 
employed. v It is, of course, necessary to subtract from the total amount of 
CO. in the sample that amount which is normally 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..
2. Constant pressure valve.
3. Flow-meter, calibrated in grams of C02 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-

* Department of Public Health and Preventive Medicine, School of Medicine. 
University of Pennsylvania.
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Figure 2.
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FI*. 2: Tapered cone, or 
rectangular to round. -

C. = 0ito0.95 .
Sm Table I. .' ; *..•

_ . ■ • • , »•
Hr. 3: Flanged tapered 

. cone, or rectangular
:to round.

0.82 to 0.96
Table I.

•Vsr'JS£f*
iHg. <x Samira»' Kg^*:

^ ^except eknadbaw^

- -v? C._ ...
’^rvalue found1 in. Table!

*3*
Op. a<

?i V»-

.Fig. 6: Plain end 
of pipe. . ^

*' --'Cl = 0.72 t J5

* *f A<
Fif. T: Flanj^d !^£’Fir/fr:

•end of pipe.
— • end:'

0.82 0.62.

:±r i! I=Vv»3

ar**

£of pipe plna. 
dose ettoer.

fpP-

3&£c

>>. rt

.. .;_ „
slFlg. 5: Samo.ai'Fig.' 

^except eloee dhow..

LGL = deduct 0.08 froi 
ae found in Table’ll)

frjgg»js*gf -

w*>

Mg/tlfr&hi^
edge " .Tv-’"

•S>f
3w*f

7*ri7V».
;VV -if

“SK*'

-■SVi>Zfiri

Fig. 11: Exhaust booth, fun­
damentally same as Fig. 7.

c. = oj2

- - A'-t-v f i~
' •„ -■ f.-v t, ^»

.*+% w,
.

1**'

~/l t--* ; • tv: ,'%2
~Si , •

' »> w . c.^*- \ \~7b

* XT>
C^ri

.-. , • ,v. "•^ayv;j«
Fig. 12: Endosed chamber;*, 

- and negligible pressure inside.-
yo«. <:

.13: .Encioseif . chamber, 
under'measurable nega>

0.82 7-.S..* a*<
i pressure.' Net

nee of 2
fat h. •= 
reading

•:: V-.. •

Fig. 14: Hood as over 
lead pot, low face ve­

locity, low stack 
temperature.

Ca = same as Fig. 2

Fig. 15: Bench exhaust 
grill with taper 

connections.
C„ = same as Fig. 5

;,V\*

Fig. 16: Double hood 
with inner cone. ,

C, = 0.70 (approx.)

Figures 2 to 17.
Coefficients of entry (Ct) for various hood shapes. 

Use in formula: Q = 4000 x Area X C. Vh,

Fig. 17: Grinding wheel 
hood.

C( = 0.80
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|l 2 3 - 5" 4.56

- 1. I2, 13 ~6” P G IT ^ '■ - • - ^ v . . . * * ■

1 2 3 7' . . 4 5 . 6
1 J 3 8‘ - 4 ^ 5 • |6

1 2 3 ■ gr - 4: - V" . Is v: • 6 •

___ u |2 3 10“
I4 ' •• 5 lfe

Figure 20. -
Wood scale to facilitate proper positioning of the Pitot tnbe in pipe, 
for a 6-point traverse. Shown are scales for pipe sizes 5’-10’ 
inclusive. Positions may be interpolated for pipes of intermediate 

diameters, e. g., 6%", use 6" and 7" scales.
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