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pnecbework.'['hsembuedonaf dard gravitational;-. ai ing i are called upon to measure
acceleration of 32.1740 ft per (sec) (sec) and are as follows:  flow of air more often than that of other gases, and usu:]’;
1 Standard Atmosphere = 14.696 Ib per eq. in. = 20021 in,  the air is m 1 at or near atmospheri Under
mercury at 32 F = 33.96 ft water columnat 68 F | '(.hxs "‘ond“f’glne' ﬂ'.hui; m’h “;l'“ beh?:: m‘:ﬁ'ﬁl!;l;iﬁaﬂy as an
) i . incompressi which impli ¢ simplified formulag
Foxf];nost ordw purposes,” the following figures are of oy he ysed with sufficient precision for the solution of
ample accuracy: many problems.t§ -
1 Atmosphere e 14.7 Ib per sq in. = 29.9 in. mercury = 34.0 it Instruments for measurement of fluid velocity are shown in
(408 in.) water column o Table 4, together with their range of application and precision,
Manometer tubes should be chemically clean. The bore *

5 0 k . ! Thermal Anemometers
is not important, except insofar as it affects the meniscus
through wetting or surface tension. Bores of at least ¥/ ;
in. for rough, and 14 in. for more precise, measurements
are recommended. Liquids other than water are sometimes B
used for low-pressure measurement and, when this is dons, 9 the velocity. However, useful data can be obtained with
the readings must be corrected for the density of the fluid, , a0y of several instruments now available, if they are main-
For measuring : pressure differences of a few inches of. ; taited in'calibration and the user understands their operation
water, or -less, U-gages are often set at an angle for scale  a0d limitations.s Several types of thermal anemometers, both
amplification. In many gages of this type, commonly termed  directional and non-directional, are applicabl to this range,
draft gages or inclined manameters, only one tube of small' : but have questionable aceuracy at the lower end. Virtually
bore is used and the other leg is replaced by a reservoir,  all of the ndn-directional instruments suffer the additional
The scale is calibrated to read in inches of water, and it is  handicap of being unable to distinguish between large scale
Decessary: to use & fluid having the same gravity as that turbulence and the mass velocity of the air.
for, which the gage was originally calibrated, or to apply a If a suitable sensing element.m heated electrically at a
correction if another fluid-is-used. Such ‘gages may 'be fixed: rate and exposed to an air stream, the temperature
checked one against another. For more accurate calibration ~ difference’ between the elemerit and the stream becomes 8
the gage may be checked against a mi or.a of velocity by calibration. In the hot-wire gne-
calibrating device known as a hook gage® The aceuracy mome‘tfr, a very fine heated wire is- employed-as a resist-
of a draft gage is dependent on the slope of a tube, and I ¢ ‘may be de-
consequently the base of the gage must be leveled care- thermometer
fully. It is not desirable to use a slope of less than 1 in
10. Where pressures are read under extreme conditions ‘of
temperature, and calibration is possible only at normal. tém-
perature, it is necessary to correct for the change in density
of the liquid in the manometer." For measuring low-pres-
sure differences to within 0.001 in. of water, very iti
i are ilable, such as the Illinois of
Wahlen,® and the Emswiler® Varicus’ instrument manu-
facturers are also prepared to furnish accurate micromanom-
eters. - i R
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M f low air vel (0~100fpm) is particularly
difficult. Frequently, the flow pattern is very unstable, causing
the mass turbulence level to be of the same order of magnitude

wi p
termined accurately.710a%" In- the heated-bulb
type, a-heating wire is wound around the bulb of a mercury-
in-glass thermometer, and the temperature difference be:
tween this thermometer and a similar unheated one serves
8s an index of air.speed.® The ple ane
mometer is calibrated to give velocity in terms of the dif-
ferential b “heated and unheated thérmo-junc-
tions exposed to an air stream.”# Combined measurements
of air temperature and velocity are particularly useful for
air distribution studies, and automatic recording poten;
ti or resist: th, ter devices facilitate spa-
tial traverses. A correct calibration of thermal anemometers

requires consideration of the effects ‘of temperature, hu-
midity, and pressure upon the: air properties- which in-
fluence convective heat transfert! With sensing elements
of simple shapes for which convection.data. are known,
thermal anemometers may be designed, both thermally
and electrically, for desired characteristics. Directional sen-
: llable. Thermal " are i

Pressure Gages o

*The Bourdon is the most mon type of pré: gage,
and its appeafancé probably is familiar to anyone baving
an acquaintance with power plants or laboratories.’ The
essential element of such a gage is the Bourdon tube, a
metal tube of oval cross-section curved along its length to ,
form an almost complete circle. One end is closed and the
other is connected to the vessel in which the pressure is B
to be d. With an. i of the tube - The Kata Thermometer
tends to ‘straighten,” and vice versa. The resulting motion - % N
of the elosed end is icated by suitable link to
a needle moving over a graduated dial.. If the range is,
above about 20 psi, such gages are usually calibrated by
means of & dead weight tester, whereby known pressures
are prod;m;d; in & fluid by imposing known weights on,a

n o own area. Suetion gag ges '

m_m below about 20 mig:fomrdidmprd?l c:ihmwd .. usually in a water bath, until the alcohol has risen suf-
against mercury Gages are ly set 40 ficiently above t.haA upper calibration on tbe' stem. lt. is
read accurately at or near the pressure of probable use. then t.hotoughly }ined, and placed at the point at which
Gages of séveral different types or qualities are.available the glr‘velot_:xty is to be measured. The time in seconds
on the market it - S q1 for the to drop from the upper to

. the lower scale division is observed. From this cooling time
MEASUREMENT and the calibration factor inscribed on each Kata -ther-

FLUID VE'OC'TY UR N s - mometer, the air velocity can be calculated or determined .
’_I'he‘the_ory of various means: for messuring the.ﬂow of  from a chart. The Kata thermometer is also used in de- '
fluida is discussed in Chapter 8, Fluid Flow. Hautmg‘ and  termining the cooling power of the atmosphere, since it.

Another instrurhent useful for studying air currents in
free spaces is the Kata ther . This is essentially
an alcohol thermometer with a very large bulb, and with
only two scale divisions etched on its stem. On the Low
Kata these divisions are 95 and 100 F; on the High Kata

they are 125 and 130 F. In use, the instrument is heated, -
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gsurenient and.instriments

. Table 4 .....Mecsurement of Velocity
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" “ing pitot tube

Mod

gages’

100-2,000

Applicotion Ronge fpo Pracision Limitctions
’ ir velocities;'di- 1-20%' | Accuracy of some types not good
S:t):tgl:nzlu;nd mﬁl’ngcl: 51,000 %1 at lower end of raoge
tional avai v )
(b) High air velocities,.. , up to 60,000 1-0.01% ) ,
- Hw Al jtiesi 5-300 5-15% | Awkward to use; affected by ra-
3 R et | L oo | Antm
Lowair velocitissintooms . .. ' 10-209% | Awlward 'to use but valusble in
3 hmj&hwlywdve‘wjmﬁnmnﬂl? Basnt NENE 50 % tracing air movement
A ocits i rodm 24,000" 5% .| Not well suited for duct readings;
4 mster . oAlxlrﬂéﬂ. ete, dm‘p mﬁonnlm “ . 30- . ° needs periodic check calibration
Rdet ) : ) 7
- PR I NN . . . end of
s {ype’ multipl i ! 100-2,000 with micromanom- | . 1-5% | Accuracy falla off at low en
8 eturtyme iRl | B e onal ‘ef;:";z_'lso—z,ooo with draft | . | range; requires calibration

Extremely subject to error with

6 evolvi ducts. and _rooms; some- |’
¥ ol | e g o
R n 1 R
Lot | Std instrument for meas-
7. Pitot tube of duct velocit

180-10,000:-with micioma

and pressures
) mARo.

8 Imy . ¢t tube and side- velocities,
'ﬂf other static tap “tion raay be Hla

draft gages; 10,000 up with |

High amall. | 120-10,000 - with -sniéroma--| ~1-5% |

where air direc- | pometer; _ (RPN
tubes sad whers ol " draft ‘gages; 10,000 up with
manometer

variations in velocities with space
or time; easily needs
periodic cadibration,:: - .

Accuracy falls:off: at low eod of
‘| range B I .

600-10,000 with

A depénd upén' i
cy of static pressure across stream
section . -

ma-
600-10,000 - with,

c e

heat by radiation and convection when dry, and-by
mﬁ::, cvaect.iun, and evapgmt?un: w'i;en tpeml;\zﬂbil:
uvipped with a wetted cloth covefing.® To minirize" t!
;:t of-radiation, the Eata tk t wa]somadewﬂ-h.
a silvered bulb. I
Aitbome Solid Tracer Techniques - - ' y
Another usaful devioe for very low velocities is 5 time the
rate of movement of a smoke puff, feather or piece of lint:
This technique, like the Kata thermometer, is well suited to

Smoke is a qualitative tool which is very useful in study;,
ing air movements. Satisfactory 'smokée can;be obtained
from titanium tetrachloride (which, however, i8 very ir-
ritating to nasal membranes) or by mixing potassium chlo-
rate and powdered sugar (s nonirritating smoke) and firing
the mixture witha match. This latter process evolves con-
siderable heat, and it should be confined in.a pan away
from flammable materials. The titanium tetrachloride smoke
lends itself to spot determinations, particularly for leakage

casings and ducts, as it can, be easily handled in
a emall pistol-like- ejector. The fiimes of aqua ammionia
and of sulfuric acid, if permitted to mix, form a white
Pprecipitate which is useful for some purposes. 'I‘wo bott.les,
one containing ammonia water and the -other acid, are
connected to a common nozzle by. means of rubber tubing.
Air is foreed over the surfaces of the liquids in the bottles
by means of a dyringe; and the two streams, upon mixing
84 the nozsle, form a white cloudi * . - ol

A satisfactory test smoke sy’ also be made by bubbling
an air stream through ammoniim hydroxide and then
through muriatic acid:® Smoke. tubes, smoke. candles;- and:
smoke bombs are available for studying airflow patterns.

Deflecting:Vane Anemometer L
""The' deflésting vaneé 2 t sists of a pivoted
vane enclosed in a ecase. Air exerts s preisuré on the vane
as it’ passés through the instrument from an upstream ]
a ‘downstréam opening. The mov t7of the vane is re-
sismdbyahairspringandadamping@agn_et. '}‘he‘mstm-
ment gives i 2 dings of d I velocitie:

on an indicating scale. With fluctuating velocities, it is
necessary to average visually the swings of the needle to
obtain age velocities. This ins t is very, useful for
studying motion of the air in a room,* and in lomtmg ob]Aec-
tionable ‘drafts. Various attachments m’uymlsble,_s'u'ch as
the double tube arrangement for determining velocities in
ducts, and a device for measuring static pressures. Each
instrument, and the attachments for it, must receive in-
dividual calibration. ' For’ détermining average velocity ‘in
a duct, it is negessary to'traverse the duct bs’is'done when
using the Pitot fube~ ¢

Propeller or Revolving Vane Anemometer :
“The- propeller or revolving vane anemometer consists'of
ar’xﬁ:;tpre\?:l“ving wmd-d::‘;n wheel connected’ through”’a
gear train to o set of recording dials that read’ the:linear
- feet of air'passing-in a'measured length ‘of-time. It is-made
in: variots sizes,; 3 in., 4 in., and 6-in. being most common!
Each instrument - requires individual calibration: At low
velocities the: friction ‘drag of ‘the mecharism .iS consider”
able. In drdef- to compensate for this, a gear‘hunﬂ!a?
overspeeds* is commonly used: For this reason the correct
tion is- often‘additive at theleloa:ter mng:o nn:zl:tmchvemme
2 e, wi - correction
at the upper range, with the o e

st 5wl

range.of velocities. ‘Most of thesé afe not
for use below 200 fpm: ;' » ¢~ PR




