shcwn in Fig. 3. The equation for determmmg
velocity from, the measured velocity pressure is as folluws

venms /00
. N 14 e -

V = velocity, feet per minute.

hy = velocity pressure (Pn.at tube mmometer readmg),
inches of water.

P o= denxxty of air, pounds per eul’uc foot..

-where

Sincs, the velocxty in a duet i§ seldom iniforin’ um
any section, and since -a Pitot . tube xeadmg md:cates a
velocity at on!y one location, a “traverse is “isually
determine the average velocity so.that the flow “can’ be
computed.-In general, the velomty is lowest near the edges
or comers,“and" greatest at of near the-center.'Suggested
Pitot. tube locations far traversing round and rect
-ducta;are shown in Fig..4. In round ducts not less ‘than 20
readings’ should ‘be taken along.two. diameters at - oenfers
of equal aress. asshown.. In lar ducts the
abouldbetakenmtheeenterofequalmovertbecmss—
section of the duect. The number of spacea should. not, be
less, than 16, andneednotbemo:ethng When less than
Mmhken,ﬂmnumberofequalqueeahnuldhesuch
that the centers of the areas are not; more than' 6 in. apart.
In, determmmg the :average: velocity in: the duct.from the
readings given, the calculated: individual: velocities or .the
-square roots of the velocity heads-must be,averaged.-It ig
incorrect to use the average velocity head for this purpose.

may be using some form of im-~
pact tube. Where the static pressure across the stream is rela-
tively constant, as in turbulent flow in a ight duct, a side-
wall tap for static pressure may be used in’ eonuunchon with
the impact tube to obtain ve!oclty pressure. One form of im-
pact tube is a small tube placed in'a position perpendxculm‘ %)
the stream and having a fine hole in its upstream sid
‘Where a side-wall tap cannot be used because of vanable
static pressure across the stream a vunety of pressure-sensing
probes have been used. Ope of these is a wedge-shaped probe
with static holes in the side walls, Another is the Fechheimer.

tube, a round'transverse tube with two holes set at exactly

TauAL comcenTaic
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detennmed opposite sides of the air duectmn Bot.h of thesa
instruments must be carefully made and.calibrated. This
probe technique should be limited to Mach numbera of 0.3 to
0.5.

YOLUME OR MASS FLOW RATE MEASUREMENT

Mmofmeasmng flow rate are listed in Table 5. Gasand
liquid mass or volume flow rates are most often determined
by measurement of the pressure difference scross an arifice,
nozzle, or Venturi tube. The orifice is more easily
s the noszle or Venturi tube and is less affected by ¢ of
Reynolds number. The nozale is often pnzfarred to'the orifice
becanse of its relative.freedom from the influence of ap-
proach conditions and accurste predictability of its coeffi-
cient. The Venturi tube is in essence a nozsle followed by an
expanding recovéry éction to reduce the net pressure drop.

L:q\ud flow - may be measured with good precision by Hming
@ given weight flow. While 4his"method is commonly used for
calibrating other methods, it is particilarly useful where the
fow rate i m low or mtermttent and -where s high degree of

d. A direct-reading flow-meter
for Ilqmds and gases is the vorigble area meler (rotameter),
which comprises a transparent.tapered tube in whith the rate
of flow is indicated by the position assumed by a bob or plug
suxPelll'iledl.ut«l’zeupwnr\:lﬁow PEREPN
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i :' gl | . Since the low peripheral velocities are not measured, the 1 Table 5 . e Measurement of Volume or Mass Flow Rate
A au-ﬁowcalcu]ated by this method is usually slightly hxgb T . Pracision - Limitati
I, 5 ,l 1 Where the velocity profile is unstable or asymmetric, a greate; i No. Moosurement Means Appfication Range .. jasiad =
JH & number of readings should be taken. The use of traverses a, - Flow thro ipes, dustaand | Above Reynolds 1% Coefficient and accuracy * influ-
{ jii] 4 the inlets and outlets of ducts requires special techniques.t= 1 Orifive and manometer ple;um—‘gl" Sfﬁ' number of 5,000 enced by approach conditions
1 i Those such should consult the - « T
. references cited. . 2 Nosle and manometer - St - 1% . :
Pulsating or disturbed flow will give erroneous resulig X . s.me 1.and 2 above but used « 1% . :
and therefore, if possible, the Pitot tube should be located 3 Veatur wbe and ma- | SU0R s o hle  pressure : ‘
at least 734 diameters downstream from a disturbance such bt . de ia Limited i
as that caused by a turn. Straightening vanes! located 1% . iqud - Any e-o 1% Mnstbeadibnﬂed[arthehqmd !
duct diareters ahead of the -Pitot tube will serve to im. 4 Rotameters Normally used for liquids . T [ | ith which used
prove the precision of the ‘ - for calic An R R 017‘ o
¥ Timing & g H Liquids on}; ——uaed or < Any - 17 - -
24 The" ‘Yul’:o: fmf:ﬂnume'ffj mofb:h:s::lo:lrghp:e;‘lzt b?g 5 flow ® glven welght brghns 00'1?2{' flow means : ’
I L 3 ... . ,messured and the accuracy desired. At velocities greater et ,mw_ Relatively small vohime flow A_glnghulom)clm 0.2-2.0% | Some types require calibration
vi Lo » ., " . than 1500 feet per minute, a draft gage of appropriate i 6 pracs at bigh pressure drop on ype depending { |
R, Fig. 3....Standard Pitot Tubé range is usually satisfactory. If the Pitot tube is being used ) ’ - - on type ~
i B - : to low air velocities, a of some ! . . _
: , 8P . ) used for | Total Bow limited by] 0.5-1.0% -
type is essential. , 7 Gasoimeteror volume dis- Sholr,tmdum:;u:m  used for | Total b;)ewvolum bs) 0.51.0% | )
R . Many forms of Pitot tubes,” uﬂ:er than the one described, 4 placemen co_ntmnen 3 -
Aner - have heen used and caliby bed“Adoble-endedtu a h o0 : o w0y
Cup Anemometer have heen ux rated ® A dou N w*:,e_ i . ¢t of resistance to | Usedl for check whers u,m.: Imml; ll;mﬁ::ul;y 1-5% | Secon dars;fm depends o
The cup-type is almost. y.used for-" “times used for low velocities, but it should be carefully | fiow and manometer :“,};;‘,‘;‘;,;f’m,  eloment | readable p P
measuring wind epeeds. It consists of three or f°“ bemi-  calibrated for accurate results. A special form of this tube k . . . ity usually used
spherical cups mounted radially ‘from & vertical shaft” Wind * design consists of two straight, bgin. tubes soldered to. K "9 Thomas meter (tempera-| Where elaborate setip is justi: - Any 1% | Uniform velocity, ly
from any point of the compass will cause the cups and shaft’ gether, closed at the end, and with a 0.04 in. hole in each . -7 tare rise of stream due to | fied by need forgoodaccumy - with gases
to rotate, The mstrumentuumallysooonsﬁ'ucwd that wind ¢ pe ¢;pposibe the line of contact. This tube is useful in ° H eloctrical heating)
speeds -may be  or trically g@ S0me - gxploring velocities in exhsust inlets, such as hoods placed 10 Heat input and tempera~ Check value in beater or eooler Any 1-3% . -
remote point. ’ . ‘around grinding wheels. To meet special conditions, different ~ - ture change with steam . .
Pitot Tube oo - sized Pitot tubes which are geometrically similar to-the i or water col - ¢
The Pitot-tube, used in conjunction with a suitable standand tube can bo used. 1 n vgt ]fmorxmmurv hmmﬂmuaﬂml&hgls& z‘l’l:cl;ﬁtvebug“g % Qlyw‘;?c def:'&d’mmp"mim"ﬁ
nj 2 ma- . ) ing point veloaity swhere no spet .- el
nometer, pmvxdm a simple method-of determmmg the air lmpqd Tube 1 & po {:e nﬂ:;,d - have - | tave
velocity in a duct. The construction of a St&ndmd Pitot E -
“Tube, " and the method of connecting it.to’a;draft M i For :e!atwely high veloclheejmd use m smal] tubes, total

bellows commonly, and the we test meters, which use a water
displacement principle. The Thomas meter has been used in the
Iaboratory for measurement of high gas flow rates witha small
pressure dmp T’he gas is heited by electric hmfcm and the
ed by two resist ther

mdﬁ Knowmg the heat input and temperature rise, the flow
ig'calculated ds the quantity-of gas that will remove the equiv-
alent heat at the same temperature rise. -

For field measurement of air flow rates or calibration of large
noules, e frequently used method is to make a velocity traverse,
using for the purpose a Pilot tube or other veloclty -measuring
instrument. This method is ‘inapplicable in many cases be-
cause of its.lack of precision’on low velocities-or the un-
practicability of taking ¢ tmverses whexe many test rung aré in

et
pxsﬁsther relatively mugh ﬁeld teshng method is eo take the
p-mn drop across elements' lisving known presiute-diop
characteristics, such as heating. and noohng coils, or fans. If
the pressure dmp—ﬂow rate relationship is oahbrated previ-
ously, fair p can be obtained, but if is
placed on rating dats the method should be used for check
purposes only.

Venturi Meter, | Nozz le, Onﬁce .

.Consideration will. ﬁmt be given,to three flow messunng
‘devices: Ventuii m.etaer (Fig. 5), flow nas§le (Fig"6), ‘apd
orifice plsw(mg 7 on of pressure ans used with
flow nossles is shown i Fig! 8. ° .




