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NACA MACH NUMBEZR INDICATOR FOR USE

I EIGE-SPEED TUIHELS
By Norman 7. Smith

SUMMARY

A device for indicating stream Hach numbder in a highe
spead tunnel hoe been developad at langley Memorisl Aero-
nautical Ladoratory. ~Baesed on the faect that ¥och numter
is a function of the ratio of indicated dynamic preassure
to statio preesure, the JACA Mach numder indicator con~
siste of 2 mschaniam for deteruining thi.: pressure ratie,
The ratio 1p indicated on & dial calidrated in terms of
Nach nuader, Thig !astrument ig in aervice in the NACA
B=foot high-speed tunnel, and its accuraoy has been found
satigfactory for wind-tuanel reqguirsuents.

INTRODUCTION

At high airspeods tae 1ift, drag, and pitching~moxent
coefficliants of asrodynamic bdoiies have beon fouwnd to ta
dependent mainly on the Hach number rathar than on the
Reynolds numbder, whioh 13 the governing paramstor at low
speedg, The laeh numher ie definedl as the ratio of the
airepesd V¥V to the spyeed of sound a 4in alr at tho same
temporeturo aud cazx be somputed from the anme pressure
measuremonts uscd in the dstermination of wirspuesd.

It 13 desiradla, in tho opsrntion of high-apeed tunnels,
to run tests at spocific vuluos of the Maeh number rather
than at specific valuue of tho Reynolds numtar, veloclity,
or dyramic preesursd, 4n instrument thet would remad Mach
aumber dirsctly would bz valuadble for adjusting the tunnel
speod and eliminating the computation of Mach numder. 4
direct~reading Kach numbdsr indicator irae heen developed and
calibrated for uco in the WACA 8-foot high-spead tunnal,

PRINCIPLE OF OPZRATION

By simple ecompressidle~flow relations it can de shown
that stream Wach numdbsr X 18 a function of only the prea-




sure ratio H - p/p. louéraing to the following expressiont

SN

where

Y ratio of speoifio heats (for air, 1,40)
" . stream total pressure

P stream ltnticlprosuure

. The Xanh numbor indloator ap developed for the NACA
‘8=foot high~spoed tunnal (fig. 1) consiats of two mutal X
bellows for oonverting the preesures X -~ p and p into
foroes and a meohanism ior determining the ratlo of these
forges., The ratln is indicated on a dial, whieh ig calie
brated in terms of Kaclh numbder (f£ig. 2).

The instrument casa (fig. 1) is airtight and is kept
at stream static nressure, The large bellows is oonneoted
to the tube or orifice that .easures stream total pressure
and therefore measures the prassura difrferense K -~ p.

The small bellows 1s evacuated and thus measures direotly
the strean static vnressure. The two bellows nre cornected
"to opposite sends of the vertical dalance beam, which 1s
pivoted about a movable fulcrum., The fulcrum is drivan
along the lLeam dy a lead scraw and o reversiole motor,
Coatrets ore loceted et the ands of the brlance bean,
These contacts close wvhen the beam 12 out of balance snd
aotuate a soenszitive relay, which causes the balancing
motor to move the fulorum in the direction of balance.
Yhen the fulerum reaches the balance position, the Yellows
spring forces pivot the bear to open the contacta.

A simple force dlugran is shown in figure 3. For
the balarnced conditilon tie moxent anuation is

(& - p) AL, = Dphgly

H=~p o 43 L,
r Ay Iy




vhere

Ay effective area of total-presgure bdellows
As effective area of static~pressurs bellows
L, woment arm of total-pressure bellowa

Lg noment arm of stetic-pregsure besllowe

Thus, for a given ballows area ratlio, the ratio of tha
two pressures 1s indiceted by the position of the fulerum .,
at balence. :

Figure 4 shows the variation of Nach number snd ful=
. orum travel with pressure ratio, These ralatione are
nonlinear but have similar shapes, ZFigure 5§ 1s a cross
plot of figsure ¢ and shows the vrriation of fulcum travel
with Mech number to be approximately linear wvithin the
operating range of the instrument.

SERVICE USE

. It 13 standard practice in wind tunnela to determine
Mach numbor from the pressure roadings of calidrated statice
pressure orifices located ahead of the teat section. The
oalibration factor is dependent mpon the ratio of the alre
strean crogs-sectional areas and the Mach number, Thus,
for a siven location of calidratcd statio-pressure orifioces
the calibration factor depandes s0lcly on tiae Mach numbor,
The dial on the HACA Mach nunbaer indicator, shown in figsure
3, has bdcen constructed to irneludo the static-pros=zuro-
orifice e¢alidration factor for thoe ¥ACA 8-foot high-spoed
tunnel, and the instrunsnt case as now ueed in eervico 1ip
oonnected to these orifices.

In nddition to use for tunnel-speed adjustmeat and
determinution of tunnal iach numbur, the NACA Mach number
indicator in its present form has other uses, With a dial
that does not includo o wind-tunnel calibration factor,
the indicstor can bo used to determine local Mach numbers
on aerodynamic bdodios by connecting the static-preasure
lead to the desired static-preggure orifice on the model,
Local Mach numbers up to about 1,2 can bde indloatad with
the progent instrument.




GEFERAL DESION CONSIDERATIONS

The instrument 1s essentially a rtatic systemi The
bellows move only far enough to close the contacts and are
returned to the neutral position at balance, Tiis small
deflaction insurcs better aocuracy than can ordirarily bde
realized with deflectional systems because errors dus to
hysteresis, epring forces, a2nd frictlon are emall when the
bellows deflection 15 very emall. .

It is nscessary thet all constants be eliminated from
the moment eguation to iusure 1adizatlion 2% a pure ratio
of tue preesures, The bellowz snrring forces must bs zero
when the balance bteam ie in the neutral position, Prior
to svacuation of ths srcall bvellous, the positions of the
vellows were adjustad to give thie oondition, Ths balunce
beam 18 mounted vertically and supported directly under its
center of sravity, ao that tho welgh:t s5f tho dovan does not
enter into the moment equation.

The sonsitivity of the instrument is dependernt upon
the dlstance traveled by the fulerum for a given change in
pressure ratlo. For o fixed lensth of balarce veam, the
travel can e increasod by using s larger bollows for meas=
uring the sreller pregsure kK ~ p, VUeing a larger bellows
in effect increases tihe prozsure-ratio range through which
- the iustrument operates. In the preesent iastrument, the
ratio of effective areas of the tvo bellows is 3.46, uvhkiek
results in a fulecrum travel of about 4% inckes ont of a
boam length of 8 1nchoa, about twice the travel for an aroa
ratio of 1,0.

t In order to ninimize the beam movement rnecessary to
operate the instrument, a set of contacts 1s located at
each end of the balance beam, The two sets are connscted
in parallel, The set farther from the fulerum receives
the largzer deflection amnd operates tin instrument at that
point., All contacts are set with about 0,002~inch clear=
ance,

s The presesure H = p, which veries approximetely as
b (aae £ig. 4), beoomes very small at low Mach numbers,
with the result that low Mach numbers cannot be determined .
from the pressure ratio with good accuresy. Furthermore,
it 1s mechanically difficult to nllow the fulerum to apw
proach the point of application of the pressure force p,
Bowever, oompressibility effescts at thase low Xach numbers
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generally osnnot be measured and detarmination of the Mach
number is usunally not required. The instrument was there=
fore designed to operate only for M > 0,13. 4 limit switoh
is provided to otop the mecheaniem wh3n the fulcrum moves
below the M = 0,18 position., 4B a snfety devico a ecoond
limit ewitch ip looated near the fulcrum—travol limit ot

the opposite end of tho beam.

ACCURACY

During calibretion of the indicator, tho instrumant
-error vas Jdetormined, The orror found in service operaw=
tion is lees than 20,003 a$t ¥ = 0,35 &and lees than
40,001 a2t k = 0,60 or higlor,

The lower accuracy found at low Mach numberz is ine
herent in the insirumont. The momcnta ere smalli henoe
8 larger changc in Mach number 1s required to produce the
unbalancod morent noeded to pivot the balanco benm and to
operatz the bzlancing motor, This necoscary momant has
been kupt low by using "oxtra flexitle™ bollows of low
apring constant, by makxing friction in the pivotling bean
as low ©s practiccble, acd by maxing contact claarance as
snall as possgible,

The accuracy of the indicator ie adequate for ordinary
wind-tunnel requiremente, which ave of the order of 0,01
at low Mach numbers and #0,005 to *0,003 at Mach numbore
in the critical reglion, The aceuracy might be increased in
future designns by inoreasing the length of the balance beam,
increasing the bellows nrea ratio, fecreaging friction in the
pivoting beam, and decrcasing the bollowc spring congtante.

FLIGHT APPLICATIONS

It hee been found aeceseary to placard some high=gpoed
military zirplanes hecaunes 0f certain esevere oomproseibility
effeots, Theec effcets always occur at ths same Mach nunber
for the same alrplane, The placard limit ie usually expreesed
in terms of alrepeed, which har a differont vanlue ~ both ine
dioated and true - at every altitude. It 1s thcoreforo necess=
ary that tho pilot read two ingtrumente plus a table of plac~
ard speods and altitudees A flight Mach number indicator, with




the placard Mach nuamber plalnly markod on the dial, would
enableé the pllot to read directly hils proximity to the
limiting condition.

A simpler instrument might be uscd to operate a warnw
ing device wvhen the pressure ratio corresponding to the
limiting Mach numdber is reached., Tho prineipls involved
in tho wind=tunnel indicator can emasily be applied to a
warning instrumont walch can be designed to oeeupy no more
space than an ordinary airspeed indiecator. Sueh a dovice
might bs used to automatically eoxtend dive brakes or flaps
when the limiting condition 1s reschod and thus provont
further increase in speed.

Study and davalopment of flight Mach numder indloators .
and warning instrumonts are being continued at Lungloy
Memoripnl Aeronmutical Laboratory.

Langley Memorlal Aeronauticali Ladoratory,
Jational Advisory Committee for Aeronautics,
Longley Field, Va,
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Fhpure S-Schemaric diagram S/howing.forces at balance.
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has been satisfactory for wind-tunnel requirements.
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Based on the fact that Mach number is function of ratio of indicated dynamic pressure
to static pressure, NACA developed a Msch number indicator consisting of a mechanism for
determining this pressure ratio. Ratio 1s indicated on dial calthrated in terms of Mach
number, Instrument 18 In service in NACA 8 foot high-speed wind tunnel. Its accuracy
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ABSTRACT:

Principles of operation of the NACA Mach number indicator are explained, which

res ratio of indicated dynamic pressure to static pressure. The unit performs
with efficient accuracy in the NACA 8-foot high-speed tunnel. General design considera-
tions are discussed, and the indicator may also be used to determine local Mach numbers
on aerodynamic bodies, and be adapted as a flight Mach ber indicat bling the
pilot to read directly his proximity to limiting conditions. Photos show indicator and
details of its mechanism.
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