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.PRESSURE AND TEMPERATURE. MEASUREMENT
1IN SUPERCEARGER INVESTIGATIONS*
By A. Franx -

With the further development of the supercharger, re—
quirements with regard to measurlng accuracy lncrease while
at the same time the conditions under whlech the measure-
ments must be carried out becomd moroc dlfficult, Tho pres-
ent paper 1s a contributlon toward the improvoment and re-
finomont of the measuring methods. TFor prossurc ineasure-
ments somo sugsgertions are made with regard to design and
locatlion of tho measuring stations. Tho questlon of tom=-
poraturo measurcmont in rapld air flow is dlscussed, now
instrumonts for thv direct measuremont of the temperature
in the rapld alr stream are doscribed and the results ob=
tainod with thoe various instrumcnts prcsonted.

The more nearly the cttalnable limits are reeched in
the dovelopment of tho supercharger the higher beconme the
requliromonts that must bbb satisfied by the measurcmont
procedurcs Since tho inprovements which caan be obtainod
by any nethod ond which must bo determincd accuratoly
naturally beconme smallor. At tho samo time tho condlitlons
undor whlch the neasurcononts must bo carried out becono:
nuch less favorabloc, as, for exomple, in pressure and ten-
porature measurenonts for which the risd 1an tho flow ve-
locities havo considoradly incrceasod these difficulties.

In-the lnvestlgatlion of superchargere 1t 1ls necessary
to measure pressurocos, tomperatures, alr quantitles, -moments,
and rotatlonal apeeds: In a serles of publications on
measuring procedure, rules for acceptancs tosts, otc., 1in
particular the dircctlons.for performance tosts on super=
chargere published by tho.DVL, .tho lmportant viewpolnts
for carrying out these measuromonts and the measuring in-
strumonte used ars glvon -in detall, -

*TMosstochniasche Fragen' bei Laderuntersuchungon.® Jahrduch
1938 der doutschen -Luftfanrtforschung, pp. II 215-218.



2 " " " NACA ToclnTcal Momorandunm' Nos 953 . .

- A

I PRESSURE UBASUREMENT

By following the apecificnatlions mohitloned above with
regard to power and alr quantliy measurements, reliable
rosults can be obtained. ~‘With regnrd- to prossurc moasurc-
monts I should like to emphasize in additlon, particularly
for tho case of largo flow .volocltlos, the lmportancoe of
very accurate boring and arrangemont of the mensuring ori-
ficos., It 1s bost to use sevoral smooth orifices of 1 to
3 mm diaomoter uniformly distributed. "The orifices are con-
nected with each other so that the mean pressure of the
cross section 1s measured, Care should be taken to see
that the pipe at the position connecting to any orifice is
smooth insido and has no roughnoss. In plpos of thin
shect such roughnoss.ocaslly arises through the welding of
the short pipe connbctioans., It 1s thereforec better to
soldor thom on slince even small roughnossos can lead to
consldorablc moasuring errors. At vory largo flow velocl-
tios 1t is reocommendod.that tho measuring orificos of a
-eross scctlon boforo belng connccted together should be
individually connected to a manometer and the pressure
readlngs comparocd at fixed opereting conditions so that
bad oriflces may bcec excluded. .

Groat importance also 1ls naturally to be attached to
tho location of the moasuring cross soctlon., Curvatures
of thoe plpes in the neighborhood of the mocsuring stations
which may give riso to rotational motion should absolutely
be avoldod.

On tho suctlon side.the measuring stetlons should bo
located closo to tho ontranco to tho lantake plpos. Caro
should be taken particularly to maintain a sufficient dis-
tarcc from tho suctlon side throttle to the moosuring sec—
tion sinco with too small a distance not only the admissioxn
to the impeller becomes unfavorable but tho measuroment is
also in orror since thore is a-prossurc riso bohind such o
throttlo if it is not closed. Figuro 1 chows tho pressure
variation behind o dlaphragm. For normal diaphragms & dis-
* tanco from tho moasuring point of at leoast oight -timos the
ripe dlamoter should bo choson. In this rédespect the dross
typc dlaphragms of tho DVL aro particularly. cdvontagoous,

With rcgard to the loccotion of ‘tho meodguring station
in the pressure pipe the following may bBe saide It is
usual to locate this station directly behind the exit from
the pressure pipe. It 1s questionable, however, vhether
this gives correct resultes for the supercharger.
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Figure 2 shows schemhtically a test set-up. 4s in-
-dicated, the pressmre vdrlatlon.was measured in the pres-
sure pipe. Such measurements were carriod out with vari-
ous superchargers and spirals and 1t was found that 1ia
all thoso cases aftor oxlt from the spiral into the un-
wldonod plpo o further risc-in the prossure took place.
Piguro 3 shows, for oxample, the results of such a meas-
uromant carried out with-varlous dlschargo rates. This
proesure riso 1lgs evidontly due to the fact that at the
oxlt from the spiral thoers 1s 'still a vory nonuniform- vo-
.locity distridbution so that the kinotic eneorgy of tho alr
ot this posiltlion 1B groater than that correspondlng to
tho moan voloclty. On oqualizing thoe volocitlies the kin-
otlc onorgy of motlon is thoen convertod into pressure.
In dotorminlng tho dolivery head thoro is always substi-
tutod thoe kinotlc onorgy corresponding to tho mean voloc=—
ity. Actually, howovor, tho large kinetle onorgy contri-
butions at the exlt of the blower exist and should be
tnken 1lnto account,

It appears that 1t would be more correct to locate
the pressure measurement statlon in thec pressure plpe
avay from the spiral exit at the point at which the con=-
verslon into pressuro is comploted so that ot loast the
portion of the kilnotlc enorgy ot tho blowaer exit which ls
actually converted into prossure onorgy in a straight plpo
i1s takon 1lnto account.

I1, TEMPERATURE MEASUREMENT

Through the simple measurement of the alr tomperctures
at the inlet and outlet of a supercharger tho lnternal do-
livery hend, that 1is, tho power takon up by the supercharg-
er 1lmpellor, and the intornal officlency aro dotormincd.
Accurate mcasuroment of the temperature is thorefore of
groat lmportance. 4 disadvantogeous circumstance 1is that
theso temperanture mcasuroments must be carriod out in a
relatively rapid air strcam,

As 1ls known, tho tomperature T' moasurod with any
apparatus in o rapld gas flow is higher than tho truo
teomperature T 1n the undisturbed strcam on account of
the flow rotardation and surfaco frictlon offocts. It
lies botwoon the total tompoerature Tgo4 oOFf tho air

brought to rest and tho true temperature P.- To obtain
Titot ond T a correction -must be appliocd to the rosults

obtalned with the measuring instruments thus far employod.
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The difference between_ the.total and the atatic tem-
peratures, assuming adiahatic qompression g . - -

wit.r ot - -t -
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where the tomperature difference is 1n -°C and the velocity
C of tho ailr stream is in m/s.-. Por the temporaturo indi=~
cated by a moasuring instrumont, wo can, as 1s known, sot

ea
Tt = T 4 @ ~———
T %2000

whoro o 18 a corrcction coofficicnt which is less than 1,

For its mercury thermomotcrs.the DVL has found for o
tho oxporimontal valuo 0.85. Wo have similorly determinecd
the corroctlon coofflcicnt for our thermomoter,

The tost set-up 1s shown on figure 4. Tho moasuremonts
were carrioeod out in the suction pipe and pressure plpe of
tho suporcharger, Soet-up 1 in tho suction pipe has the od-
vantage that Tg¢,¢ can be directly measured 1in tho ailr at

rost boforo tho lalet to the suctlon pipce Thoro 1s ob-
tained:

a=1=230 (p5y - 0)

The volocity C at tho measuring point was dotormined with
tho ald of the continulty oquation for which purpose thoro
was moasurod tho dischargo and tho pressure st the moasuring
station,

With test sot-up 2 for ecarrying out the nmecasurcomoats
in thoe prossure pipe o narrow pipe was used that passod
ovor Into & wider pipc through a diffuser. Tho tompera=-
tures and pressures worc moasured in tho narrow and tho
wldo portions, .

Flgure 5 shows the valuos obtained 1ying'at chout .
a = 0,5 and thus considorably bolow that fouhd, by-the DVL,
Since tho scattoring was very strong a vory lurgo numbor of
tosts in the suction and pressure plpes werc conductod,

Tho values-on thé averange, Howovor, -clustored always about
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0.6, ¥Wo also injected o1l and found that tho prosonce of
on oll mist In the alr doos not affoct the rosult.

Tho dinensions and shapo of tho thermometor may be
gscen from figuro 5. The shape of the thermometer 1s cer-
tainly of great importance although I believe the DVL em-
ployed simllar thermometers so that the difference botween
the results obtalned is not quite explalnable.

On account of the importance of obtaining a reliable
temperaturc moasuroment and on account of the large number
of erroneous moasurcements that frequontly orose and led to
qulto wrong conclusions systematic tests hnd long slnce
been undertoken in order to obtain better rosults poseidly
by some other way.

With the aim of moasuring directly tho tomperaturc in «
tho rotarded alr stroom there was first devolopod the ap~
paratus shown 1in figure 6, A thermocouple is dbullt into
a strocmline body so that tho soldered Juncturoc lioes ct the
flow stagnation point 1f the direction of the flow 1s from
tho lefts Tho forward portion of tho streamline body 1n
whlch tho thormocouple iz locatod is constructed of os good
heat=insulating matorial as poseiblo so that tho results
might not be lmpaired by heat conduction since at a esmall
distenco from the stognatlon point there ore alroady rela-
tivoly hlgh volocltles and honce low temporatures.

Tho results obtained with this apparatus are good. The
correctlon coefficlent o 1lles on the averagoec betwecen 0.8
and 0,9, The reliability of the measuromont 1s not yet sate-
isfactory, howover, particularly with vory turbulent flows.
In such flows with high cross volocities considerably smaller
values were somotimos measured aad this may be explaincd dy
tho dleplacement of the stagnation point,

In ordor to avold this difficulty tho froe stagnation
principle was discardeod and a through-~flow apparatus dovole
oped in which a portion of the flow 1is branched off and
flows through the body of ‘the moasuring apparatus. Figure
7 shows tho fundamontal features of tho instrumont. By
means of a diffuser tho flow through 1t is slowed down to
quite small volocities and tho tomperaturo mcasurod at the
positlion of minimun velocity. Tho flow 1s retarded to such
an oxtont that approximately tho total toemperature is ob-
talneds Tho apparatus is relativeoly insensitive to cross
flow the effeet belng only to roduce the discharge without
altering tho principle 1a any way,(fig. 7).
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Figure 8 shows tho constructlon of such apparatus.
Tho ono on tho left is providod with a thermomoeter and
the ono on the right with a thermocouple, Groat impor-
tanco nust naturally be attachod to good hoat insulation,
particularly in the roglon of the inlet opening end the
dlffusore Tho theirnocouple is locatod at the ond of the
diffusor at tho stagnation point of o small body projeccting
toward the diffuseor.

The rosults obtaincd with tho above apparatus are
shown in flgzgurcs 9 and 10. Filgure 9 gives tho valuos of
the correction coefficient a obtalned with the through=-
flow apparatus with thermometor. The values lie at cbout
a = 0.9, With thoe nowor apparatus provided with thormo-
couplo thoro was ovon measurod, as shown in figurc 10, the
accurato tomperature Ty, ©0f tho stegnation condition,
tho corroectlion coefficiont o for this apparatus being
equal to 1.

Translotlion by S. Relss,
Notlonal Advisory Conmittec
for Aeronautics,
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Figs, 6,7,8,9,10.
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