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MEASUREMENT OF THE TRUE DYNAMIC AND
STATIC PRESSURES IN FLIGHT*

By CGeorg Kiel

The apparatus for measuring the dynamic pressure in
flight is almost without exception located in the disturbed
velocity region of the wing. A considerable number of er-
rors thus arise ia the indications of the dynamic-pressure
head and in the altimeter connected to the static-pressure
head of the instrument. In the casc of the biplane, there
exists a region between the upper and lower wings in which
the velocity is that of the undisturbed streams, In the
casc of the monoplane, howecver, within the region where the
instrunent may be practically installed, no position can
be found at which the velocity is undisturbed and independ-~
ent of the flight condition, In this rcport, two reliabdle
methods are presented, with the aid of which the undis-
turbed flight dynamic pressure and the true static pres-
sure may be determined without error. The second method,
developed by the author, is readily applicable and in any
case represents a satisfactory solution,**

IHTROZUCTIONW

As a result of the disturbance flow about the wing,
the speed instruments mounted on the airplane in gercral
indicate a value that deviates from the true dynamic pres-
sure. corresponding to the flight weloclty.  The error in
the indication depends on thz point of installation and on
the flight condition. It is of interest to know the actual

*M3Becitrag zur wirklichkeitsgetreucn Messung des Flugstau-
drucks und statischen Drucks." Iuftfahrtforschung, vol.
s niel.. L2 s bach. L0 1988 inn. B8E-9%

**¥Mhe flight measurements were carricd out by the author
at the Decutsche Versucasanstalt fdr Luftfahrit, Berlin-
Adlershof, Iastitut fidr Flugnechanik, and ‘the author here-
with acknowlcdges the assistaonce of the DVL.
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flight dynamic pressure not only in measurements of a
scientific character but in practical flight operation,
particularly for air transport.

It is possible of course, by calibration flights at
a definite wing loading, to obtain the correct board in-
strument reading by a corresponding change in the scale,
but in that case the correct reading will be obtained
for only this one loading condition of the airplane.
Since the local effect depends on the circulation, that
is, on the 1lift coefficient, the effeet changes with
change in flight attitude. As soon as the wing loading
deviates from thatcorresponding to the calibration, the
readings will again be in error due to the changed 1ift
goefficient although the dynamic pressure remains the
same. It is particularly under modern flight conditions
wherce large distances must be covered above the clouds
or in blind flight that a knowledge of the true flight
dynamic pressure, that is, actual flight velocity, is of
considerable importance.

It is for the above rcason that for some years past
many airplanc manufacturing firms ard particularly the
German Lufthansa have felt the desirability of practical
investigations on the most favorable method of measuring
the dynamic pressure in flight. In countries outside
Germany it was also recognized that the present methods
of “determination of ‘the flight velocity are still wery
imperfecte Thus M. Gould Bcard at a session of the
Anerican Society of Automotive Enginecers in Los Angeles,
October 1936, in a paper on problems in the testing of
transport airplanes (refercence 1) also discussed velocity
measurcnent. He expressly cmphasized that the develop-
ment of transport airplanes has considerably raised the
accuracy requirements of the navigating apparatus and the
increase in airplane size has made the pilot to a greater
extent dependent on the velocity measuring apparatus. In
his paper he laid particular emphasis on the fact that in
the future comprehensive and practical tests will have to
be conducted toward the solution of this problem on ac-
count of the importance of blind take-off and bdlind land-
ing. The methods prescnted below for the accurate meas-
urement of the flight dynamic pressure arc designed to
meet this practical requirenment.

In the course of ny investigations I have found that
all attenpts at the solution of this problen by theoreti-
cal conputations failed. It is not possible with the
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present airfoil theory to predict the field of flow in the
innediate neighborhood of the wing with the accuracy re-
quired for practical flight opcration and with a reasonable
anount of computations It 1s therefore attempted in this
paper to solve the problem chiefly through practical flight

test
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Notation
velocity of flow in neighborhood of wing, (m/s).

true flizht velocity, velocity of undisturbed
flow, (n/s)s

dynanic pressure in neighborhood of wing, (kg/m2).

dynanic pressure corresponding to undisturbed
velocity, (kg/m2).

S e S = 0

setting of Yeccnpensating wing" with respect to
wing chord, positive with inereasing angle of
attack, (Jags sl "(Bee iz, B.)

total pressure, (kg/m2).

static pressure, (kg/m2).
o denotes upper side of wing.

u denotes lower side of wing.

x denotes loceation of connecting tube at dis-
x | fromn dinled 'seetions.

stati

’ ¢ pressure difference bebtween up=
per and lower sid

es of wing, (kg/m2).

ngth of coanceting tube measured from eantrance
(iarrowing in section) “to exit, (m).

inner radius of connccting tube, (n).

nean velocity in the connecting tube, (m/s).
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w, viscosity, (kg/m?).
pst hale densdty, (kg%/a*).
v = B, kinematic viscosity, (n®/s).

o
R = '%r , Reynolds Nunber.

THE FPIELD OF FLOW ABOUT THE WING

In order to bring out the difficulties to which the
neasurenent of the dynamic pressure corresponding to the
undisturbed velocity in flight is subjected, the field of
flow about the wing will be briefly considered. PFigure 1
shows the veclocity distribution in the neighborhood of a
Joukowski profile according to the computations of F. Weinig
(reference 2). The curves show the lines of equal speed of
flow. Pigure 2 shows as a further cxample the results of
English wind tunnel mcecasurenents (reference 4). It is of
interest first to consider those positions at which the un-
disturbed flight speed v OcCCUrS. In figure 3 these
curves, corresponding to various 1lift coefficients, are col-
lected in a single diagram.™ At ¢, = O there are four
curves along which the truc flight spced is malntained
(v/veo = 1). Comparing the flow patterns for the differcnt
values of c5, it is seen that there is a sharp change
with the 1ift coefficient in all lines with constant Vv/Vee
At large lift coefficicnts, of the four lines of undisturbed
flow speed only two renain. As a singlec exception, there
is a relatively small change in the curve of v/voo = L
starting in the neighborhood of the wing trailing edgc.
Also its origin renains almost unchanged. Various investi-
gators propose instrument liocations that are approxi-
nately in the neighborhood of these lincs. These posi-
tions are indicated in figure 3. According to A. Lapresle
(reference 6) the most favorable location lies at a dis-
tance of 25 percent of the wing chord behind the trailing
edge and 35 percent above it. K. Hilding Bei] (reference
8) rcports on flight tests of the Plorecr Instrument Con-
pany, who used profile G 387 for which the pressure noz-
zle was located at 0.2 of the wing chord behind and 0.4
of the wing chord above the trailing edge. The value 2.4
km/h is given as the largest crror. More recently, Von

*Sec also the work by Wieselsberger under refercnce 5.
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Baunhaucr (reference 11) has conducted sgimilar flight
tests and also wiad-tuaznel tests, He found the most fa-
vierabillect Mocation o ‘be 8.8 pereent fof thelwing ichord "ahead
of the wing triling edge a2nd 8.3 percent of the wing chord
above the upper side of the wing.
i q
The ratio — or — at any position of the dis-
Vis Qoo
turbed flow about the airfoil is not only a function of
tie positian, buf: alisio depends on the ‘angle of attack or
Glieitisit © e n sthilfofilicd mieul atilonnifiiicicle s, lontthetitil i shith gttt itad e,
I Sthe Jcase 'of thelnonoplane dtiilsh noittpossible tol abtain,
fron o pitot-static head instrument located at a definite
position on the wing, the true dynamic pressure reading
orcwen ‘e constant multiple of 1t owvier thel entire £light
range.

For the case of the biplane, the conditions are nore
favorable (rcferences 1% and 14). ZFigurc 4 shows the ve-
locity distribution for a biplane accecrding to conputa-
tillon'si o UPet Rudiens! ‘The icirculation ‘about the upper wing
induces a decrease in velocity tetweea the surfaces of the
biplane while the circulation about the lower wing induces
an increase inm velocity. Considering now.the flow pattern
between the two biplone wings, positions are found at
which the decreased velocity due to the upper wing is
cqual to the increased vclocity due to the lower winge At
these positions the resultant velocity thus corresponds to
the undisturbed flow velocity. It will be further shown
by flizht ncasurements that these positions of undisturbed
flow velocity are in the normal flight range practically
unaffected by the flight attitude,

FLIGHT-TEST RESULTS ON THE DYNAMIC PRESSURE DISTRIBUTION

FOR THE MOJOPLANE

Theoretical conputations on the veloecity distribution
in the neighborhood of an airfoil always involve sone dc-
gree of uncertainty arising from the assunptions made for
the computation. Wind-tunnel neasurenents give better re-
sults. 3But here, too, there are several factors involved
as a result of which the velocity, or dynamic pressure
distribution, in actual flizht deviates from that neasured
in the wind tunnel. There is for one thing the effect of
the different Reynolds nunbers, but in many cases, too,
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in wind-tunnel neasurements, there is a jet overloading
that affects the velocity ficld about the wing. In ac-
curate measurcnent of the velocity distridbution, the Jjet
boundary may play a non-negligible part.

In order to learnthe actual relations involved, dy-
nanic-pressure-distribution measurements were therefore
conducted on a nonoplane (Junkers W 34) in flight. The
dynanic-pressure distribution was determined in the neigh-
borhood of the wing section as little affected as possi-
ble by the ailerons and propeller slipstrean. There was
also measurcd the dynanic-pressure distribution outboard
of the wing tips. We shall, however, dispense with a pre-
sentation of the tests results here.

The above dynanic pressure distribution measurements
in flight like the flow patterns comnputed by F. Weinig
(refercnce 2) and by the results of the English wind-tun-
nel neasurcnents (reference 4) show that the flow is
everywhere strongly disturbed up to consideratle distances
fron the wing. There is no position in the neighborhood
of the wing of a nonoplane at which, independent of the
1ift range, even approxinately undisturted dynanic pres-
sure Qqe occurs. The measurements conducted outboard of
the wing tips show indeed only slight deviations from the
actual dynanic pressure. The mounting of the pitot-static
tubes outhoard of the wing tips is inconvenient, however,
in practical operation and on account of the increase in
drag of thc necessary outriggers is also inpractical. It
is frequently stated that the relations are nost favorable
ahead of the wing leading edge (reference 12). The ar-
rangenent of the apparatus far ahead of the wing leading
edge always requires, however, inconvenient weight- and
drag-increcasing structures that should as far as possible
be avoided. The assunption that a rod extending from the
wing in the profile-chord direction leads to no appreciabdle
increcase in drag is in error since the direction of the
wing is not along the rod axis. Due to the wing angle of
attack and on account of the circulation about the wing,
cuch an outrigger is attacked at an angle by the wind and
results in a non-negligible increase in the drag and in
addition unfavorably affects the flow about the wing on
account of the vortex region generated behind the rod.

The arrangenent of the apparatus proposed by many in-
vestigators in the neighborhood of the wing trailing edge
(fige. 3) likewise gives no satisfactory solution. As an
advantage of this arrangement, it is sometimes stated that
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the pressure rcadings fail at the instant at whilch sepa-
ration pheromena appear over the wing trailing edge and
the pilot is thereby warned in advarnce of exceeding the
nazimun i £:500 0 Gal ithe. other harnd, b i s known thatWthe
start of vortex shedcing of the kind that disturd the
instruneat readinzg nay lie within a large range of 1lift
below tlhe maxinume. Siancc, furthernmore, almost all nodern
airplances are provided with landing flaps and similar
toke-off and landing aids, this proposed pitot-static
tube oircusgencat should 1z many cases encounter insuper-
ablcl ¢diffienltviess Therc is furthernore to be taken into
account the fact thet tho altineter in prcesent-day prac-
tice is norimally conncctcd to the static-pressure tube

of the apparatus. In a dod-weather landing the pilot
would obtain an altincter reading congiderably .in error
even at the slightest though not dangerous stalling., Ac-
cording to the results thus far obtained no practical un-
disturbed locatiocn: for the pitot—-static tube can as yet
be specified for the nonoplane. In a later scction below
it will be shown what ncthods are available for nmeasuring
the true static presgsure and dynanic pressure of undis-
turbed flight,

FLIGHT MZASUREM"ETS FOR DETERMITATION OF THE MOST

3
=
td

FAVORABLE LOCATION OF THE PITOT-STATIC IWSTRUMENT

g

IN THE CASE OF TEE BIPLAKE

In the case of the nonoplane we came to the conclu-
sion that no position can bte found in the imnediate neigh-
borhood& of the wing at which the undisturbed-flight d4y-
naniec pressure occurs over the entire flisht range. 1In
the case of the binlane, the flow pattern shown in figure
4 incdicated a large region of undisturbed flow velocity in
which the instrument may conveniently be located. To
check the practical utility of such an arrangenent of the
instrunment, the flow pattern ahead of the forward strut of
the ¥ bracing of a Focke-Wulf "Stieglitz" was surveyed and
the position determined at which the flisght dynanic pres-
sure occurred over the cntire flizht range. !

To detcernine the undisturbed flight dynanic pressure,
the readings of a Prandtl tube attached to the airplane
were calibrated. In the calibration, the total pressure
in the neighborhood of the wing was determined by an
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apparatus developed by the author and the static pressurec
by means of 2 tube towed in the undisturbed flow under

the airplane (references 15, 16, and 17). At the forward
strut of the left N bracing o displaceable Prandtl tube

was nounted as shown in figure 5 and the dynamic pressure
neasured at various points along the strut. An optical

DVL double rccorder was used for the dynanic pressure neas-
urcnents (reference 18).

On the left of figure 5 is shown the flow offect be-
tween the biplane wings along the strut for various 1lift
coefficients of the airplanc. In order to obtain the

‘ curves of figure 5, the dynamic pressure at each measuring
point was first plotted against the undisturbed-flight dy-
nanic pressure and from the values of g and g, Tread
| off from the various dynanmic pressures and lifts, the ratio
a/q o was formed. Figure 5 clearly shows the common point
of intersection of the q/qe curves corresponding to the
various! Lift coefficdents. This common ppint of intersecs
tion lies at 0.47 wing chord above the lower wing. Fur-
thernore, for this common point q/qe = 1 for all curves,
which shows that at this point the undisturbed flight dy-
namic pressure qe occurs over the entire normal angle-of-
attack range. A pitot head located at this position nust
therefore indicate the true dynanic pressure over the en-
tire normal-flight range. Figure 6 shows a control cali-
bration carvied out with this arrangenment and it is seen
that the correct dynamic-pressure readings over the entire
nornal-flizht range is confirmed. ™ For the case of the bi=
plane, it is in all cases possible to locate rapidly an
undisturbed position between the two Piplane wings.

MEASUREMENT OF THE TRUE DYNAMIC PRESSURE IN FLIGHT
BY MEANS OF A PITOT HEAD AND COMPENSATING WIKNG

1. Object of the Investigation

In the foregoing section, it was explained that in
the case of the biplane there is a region betwcen the up-
per and lower wings where the flow velocity is practically
independent of the lift coefficicnt and in the entire
flight range equal to the undisturbed velocity. ItSweas
therefore attenpted with the aid of a small vane set above
the nain airfoil (in the following denotecd "compensating
wing" as proposed by Dr. E. Everling) to affect the air-
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foilliflow In such a ranaecr’ that' 'the undisturbed-=flight
dynanlic pressure nzy be directly neasured in its true
value.

2. Tcst Set-Up and Mcasuring Apparatus

On the upper side of the right wing of a Junkers air-
plane (W 34) o small conpensating wing was nounted (fig. 7).
The dynanic pressurc distribution between the compensating
wing and main wing was messured with the zid of a pitot
tube "rake." The compensating wing was supported by N
bracings and was rotatable at points A and B. The length
of the rear strut of the ¥ bracing was variable. In this
way, 1t was possible to vary the setting of the compensat-

ing wing with respect to the main wing chord.

The compensating wing had an T.A.C.A. M=12 section and
was of coastant 0.3 m chord and 2 m span. The edges were
rounded. he distarce between the measuring plane and the
upper side of the main wing was 35 percent of the main wing
chord at the measuring scction., The distance of the meas-
uring points from the airplanc plane of symnetry was 3.12
m, The mcasuring plenec was at a distance of 31,8 porcent
of the wing chord of the nmeasuring section from the main
wing leading cdge, and was 40 nn from the leading edge of
the compensating wing, that is, 13.34 percent of the conmn-
pensatory wing chord and 1.41 percent of the main wing
chord at the measuring position. For recording the dynanic

_pressures at cach of the neasuring positions, U tube re-

corders developed by the DVL were cemployed,

3. Mcasuring Procedure

The cynanic pressure distribution between the compen=-
sating and main wings was measured at various settings
of the compcnsating wing with respect to the main wiang
chorde The linc of reference for the setting corresponds
to the line passing through the profile nose and trailing
edge. The snallest setting was =6° and the largest was
+12°, where the positive sign is in the sense of increas-
ing angle. of attack. . The dynamic pressure distribution
measurencnts cxtended over the entire normal flight range
for each constart angle of setting €. In carrying out
the measurements the setting was adjusted on the ground
and the dynamic pressure variation between the compensat-
ing and nain wing neasured in flight for various dynanic
pressures q . and.various 1ift coefficients. iCqe
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4, Results of the Dynamic-Pressure Distribution Measurencnts
between Compensating and Main Wings

FPipure 8 shows the variation of Q/q°a as a function
of the 1ift coefficient ¢, at a few neasuriang points be-
tween the compensating and nain wings and for the various
settings (€= -6°, -3°, +3°, +6,4°, +8.6°, #12°9), The ra-
tio q/q, veries with different intensity with ¢, ac-
cording to the setting of the compensating winge At neas-
urinzpodntinen figs dwhiie hFisSEtiar di sihaneieiiof 259 perceud
wing chord from the lower side of the compensating wiag,
there appears at the settings ¢ = -6°, =3 and +3° so
snall o change in the dynamic pressure ratio q/qw that
the latter nay with sufficient accuracy be considered as
constant. The grcatest deviations from the mean values
lic on the averago below 1 percent of qee In the case of
neasuring point noe.;d, which is at a distance of l.735 per-
cent of the nmain wing chord, there sinilarly appear at the
seottings € = 6.4°% .and e = B8%6°% 'only slicht changea in
the tothlt nornal: flight raagel’ At € = 6,47, it may b
assuncd over the entire flight range that aq/qw = 1.09.

Of grcatest significance, however, is the result at neas-
wring point po.!l for a mebdting of "€ = 8,8« In this
case, forithe entire normal Tlight range, there may be set
a/q, = 1.0. The greatest error deviation within the lin-
its of ¢5 = 0.2 to 1.0 then amounts to *1 percent of qg.
This ecrror, however, already lies within the measuring
accurcey of the dynanic pressurc determination itself.

The flight velocity for this case would Dbe determined
within 0.5 percent of the actual flight velocity.

A clear picture of the dynanic pressure relations be-
tween the conpensating and nain wings is given by figure
9 showing the dynanic pressure distridution curves between
the compensating and nmain wings for the same setting
for various lift coefficients (c, = 0.2; 0.5; and 1.0).
The values of qf/qew corresponding to the various 1lift
coefficients were obtained by interpolation from the plot
of  afas iBgeinst “e,. (Se¢ fig.:8.) Bpace limitation
prevents the presentation here of the results of the indi-
vidual measurcnents. At the small settings of the comnpen-
sating wing (€ = =69 and € = =3°) the dynanic pressure
ratio qfqe at first becomes smaller with increasing dis~
tance from the compensating wing and then increases again,
approaching asynptotically the value of the dynaric pres-
surc that would exist in the absence of the conpensating
wing. At the settings € = -6° and =3°, the compensat-
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ing wing produces negative lift, The resgult: dis an dn=
crease in the dynamic wmressure on its under side between
the compeunsating and main wings. At the larger settings
of the compensating wing which lie in the range of posi=
tive 1lift, there occurs a decrease in dyanamic pressure be-
twecn the compensating and main win:ss. This decrease at
large settinzs is grcatest in the immediate necighborhood
of the compensating wing and with increasing distanee
a3sain approaches asymptotically the dynamic pressure which
would cxist ian the absence of the compensating winge The
point of intersection of these curves gives the position
at which q/qm is indcpoendent of the flight condition and
also the valune of q/qm, which 1s constant owver the en-
tire angle-of-attack range. This value of Q/Qm will be
denoted by (q/aowoonst. with the arrangement investi-

gated, the dynamic pressure curves at € = 8.6° intersect
at (Q/q&)conzt = 1,03 at a distance from the under side

of the compensatinz wing of about l.6 percent of the main
wing chord at the mcasuring section.

Figure 10 shows the values (q/aqo)gsongt ©oR4 the cor-

responding distance from the compensating wing as a funec-
Tion of the compensating wing setting. With increasing

=}

value of ¢ the value of (q/qm)Const decreases and the

point of intersection approaches the compcnsating wing.
According to figure 10, .the desired value (q/q.) =1
wourld be obtained at € = 8,79 L at s ddstancetof: ' per~
cent main wing chord from the under side of the compensat-
ing wiap, o result which is in good agreemeant with the
corresponding values of figure 9.

5. Conclusions from the Dynamic Pressure Measurcmeants be-
tween Compensatinsg and Main Wings

he results of the dynamic pressure measurements be-
tween the compensating and manin wings shows that 1t is
possible with the ajd of the compensating wing to affect
the flow in thae neighborhood of the main wing in such a
maaner that the undisturdbed flight dynamic pressure may be
measured with the required accuracy indcpendent of the
M ntt egefificient over the entire normal -flight ranzce.
With the compensating wing arrangement investigated, the
undisturbed flight dynamic pressure will be obtained at
the point lying 1.7 percent of the main wing chord t Dbe-
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low the conpensating wing and 1.414 percent chord from the

compeansating wing leading edge and at the setting € = Bl ",

The ratio of conpensating to main wing was 1:76.7. This
result is true, however, only for the partieular case of
the test set—-up here chosen ard for the prescnt cannot be
generalized. The rclations change with the shape and size
of the conpeansating wing and particuvlarly with the change
in nonatidag positions Any praetical applicabllity re-
quircs first of all a mininum expenditure in size and

weight, as well as a snallest possible distance fron the
wiinge In order to get by with a small conmpensating wing,
it is necessary on the one hand that the nounting posi-
tion:be located at a'position with respect to the main
wing at vhich the velocity difference heétween the undis-
turbed and disturbed flow is the least possible and, on
the other hand, it is to be taken care that the compensat=
ing wiag arrangenent at larger 11ft coefficients does not
lie in the region of scparation at which the reading would
De-in ‘erraer. dlliescheice of ‘scetion ofHbae 00ﬂwensating
wing should also be of considerable importance. With a
nore highly cambercd section greater veloc1ty differences
nay be attained so that to obtain the sanec effect with a
nore highly canbereld conpcnsating wing section smaller di-
nensions would probably be required than for a section
with smaller camber. A disadvantage of the mcethod of neas-
uring the uadisturbed flight dynamnic pressure by compen=
sqtlﬂh wing and pitot head is the increase in drag that is
associated with such an arrangenent.

A NEW MZTHOD OF MDASURING THE TRUE DYNAMIC AND
STATIC PRESSURE, PARTICULARLY O THE MOKNOPLANE

s FPhvs feals Bosisoffthe [ Procedure

A very useful method by which also in the case of the
nonoplane the free-strean dynnnic and static pressures in
their true values nay be directly determinced, is obtained
when the regions above and below the wing are sinultane-
ottslveutilized " for mcnsu_i“f the static pressures. For
this purpose, the pressure heads, one above aad the other
below the wing, are connected with one another, Along
this“connecting: tube fror  thiledpressure to the suction side
of the wing, there is then 'a pressure drop or flow fron
below the'wing to above its It~is as'sumed that the proes-
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sure drop albons the connecting tube “is linear. Its length
Wi libhel idienetveds byt T V.t AL Sthic’ positifont ¥ izl fof ¥thie stuube’,
the pressurc, as may be seen from figure 11, is

X
e = By = '{ (Pu L Po) (l)

The total pressure Pgo acecording tiol thieniBerniowl 1
law is constant on the upper anrd lower sides of the wing,
orovided the flow is coasidercd as purcly potential, that
ffchSswnerever ohe ‘flow 1S ‘practicalliyfrece S fron Fliosslesor
vortices.

In the undisturbed flow the static pressure, from the

Bernoulli equation is

rs R U e (2a)
At any position at the upper side of the wing, the static
pressure is

3 W iy (2b)

po e ik

gnd at ‘the lower side

W

A

Pu_ = g 1 qu (ZC)
We now denote the differcnce vetween the total pressure
Pg at any position of the potential flow and the pressure
Py at the position =x of the coanccting tube as the dy-
namic pressure q.., and write
<

ng for p. the expression (1) and teking account of
g P ¥
\
0 /i

end (2c¢c), there is obtained
x
Qe = Gy + 7 (ag = ay) (3)

Now it may be shown that under the assumption of lincar
pressure 4rop in the equalizing tube in all practical
cases over the entire fiisght range, o value of the dynamic




14 W.A.C.A. Technical Memorandum No., 913

pressurc g, can be obtained which is either equal to
the free-stream dynamic pressure qo oOr is a constant
multiple of it, independent of ithe £light condition. 'The
proof is given from the dependence of the values qg or
qq on the frece-stream dynamic pressure qo and the 1lift
coefficient cg .
Since it is obviously uanpromising to computs the
field of fleow with sufficient aecuracy with the aid of
the potential theory, we must rely on the experimental
determination of the local dynamic pressure variation.
In our further discussion below, we shall for this reason
make usc of the empirical approximation formulas obtaincd
from flight measurements. The dynamic pressure at any
position of the disturbed velocity field about the wing
depends on the free-strcam dynamic pressure geo and the
circulation or 1ift coefficient ¢, of the wing.

Figurc 12 shows the dynamic pressure ratio q/aqe
obtained from measurements as a function of the 1lift coef-
ficient ¢, at various distances from the upper and lower
sides of the wing. In the normal flight range the curves
a/q, = f(c,) are always straight lines. Denoting by
(q?qm)o the value of gqfq, correspoanding to ¢, = 0,

the function q'= (g, ca) may be represented in the
form
qQ d
e e - 1 <_&_>ca (4)
(o} Qg 70 d Ca VA

Employing, as before, the subscripts o and u for the
upper and lower sides of the wing equation (3) after di-
vision by gq, becomes

Sxpl R k) i ”
Qoo < o T {Q ) <

+ c f g (&E) +.i" 2 /Lo _ a (qu\lq (5)
aL d qQ 1 ~d e \q ) I W /fJ
Loo a o ©

Ca

Lt qx/qCo is now to assume a constant valuc independent
of the  flifght eondition, the eogffieient of +cg « in brack-
ets must be equal to zero. We must thus have the condi-
tion tahat
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o i e el rersd (7

fhis condiftion ig satisfled 1f

/’ _Qg_ QO>
%o

X
— =} s 1 - (6)
1 a qu>
d Ca\
that is, a constant dynanic pressure ratie gy /o inde-

pendent of theo 1Lift coefficient over the entlre fllhh
range will bec obtained if the static pressurc in the con-
necting tube is taken at a position at which the ratio
x/1 assumes the value given by equation (6). It ieg
naturally assuned that 0 < x/1 < 1. The value of the

ratio qx/qOD = (Q/qm)const itsclf is obtained from the

renaining part of equation (5) by substituting the value
of x/1 determined from equation (6). Wc thus have

3R el i G - R G

Te value of (gq/qy)eongt and of the position x/1%

nay also be graphically obtained in a sinple manner. For
this purpose, as: schenatically shown in fizure 13, the
valuecs of q/qm, at the uvpper and lower sides of the wing,
determined from flight tests for various flight conditions
(various 1ift coefficients or frece-strecan dynanic pressurcs)
are plotted on a conmon abscissa for various values of

x/1 and joined. The Joining lines then in all cases in-
terscct in o common point. By taking the static pressure
at the position of the connecting tube indicated by the
point of intersection of the straight lines there will be
obtained a dynamic pressurc ratio q/qCc independeant of
the flight condition., At the same tine the constant value
(q/qoo)const can be rcad off from the diagranme. The nagni-

tudc of this value varies with the mounting location of
the static pressure tubes. For thick wing sections, the
aluc of (Q/qm)const > 1 whore the effect of the axial

conpression flow 1s large.s In the region near the wing,
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in which only the pure circulation is observable and the
inecrcasce in velocity due to the compressed air mass van-
ishes, it will be possible to obtain the wvalue

C = L ] i 6L (& i <
(l/qm)const 1 This should be the case particularly

in the rcgion of the wing leading edge.

2. Flow Relations in the Connecting Tubec

a) Condition for linear pressure drop.- The adbove de-
scribed method is based on two assunptions. It is first
assumed that no error results in the static pressure read-
ings fronm the fact that the air flows in at the lower side
of the wing and out at the upper at the pressure orifices.
This reguircment may in all cases be casily satisfied. It
is sufficient, in gzeneral, if the cross section areas of
the pressure orifices (slots in the normal Prandtl tube)
are a nultiple of the cross section of the connecting tube.
The nass o0f wir then flowing per time unit through the nar-
row scction of the connecting tube is then distributed at
the ialet and outlet over the larger cross section of the
static pressure orifice, so that only a slight disturbance
of the flow occurs which practical-y has now no effect on
the rcadingse. Also, all sections ahcad of the inlet to
the connecting tube must similarly be larger than the
cross scction of the connecting tube, which is always nore
narrow. The second ond most inportant assunption is that
of linear pressure drop in the connccting tube.

It still remains to be investigated what conditions
are to be satisfied in order that a lincar pressure drop
should be assured. It is convenient first to require a
laninar flow in the connecting tube for the simple reason
that this is the only typc of flow that can be treated by
simple methods. For the pressure drop for laninar flow
in pipes, the Hagen-Poiseuille law applies according to
which the pressure drop in the connecting tube is

u
AP:pu—PO=8u;—2-+pu2 (8)

where p 1s the viscosity; 1, the length of the tube
neasured fron the entrance (narrowiag in cross section)
to outlet: i the inner radius; P the .density; and
u, the nmecan velocity in tho tube,
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At snall velocitics u the term pu® of equation
(8) becomes negligibly snall. The pressure drop may then
with sufficient accuracy be denoted as linear. If the
condition is imposecd that the error at the outlet cross
gsection of the tube nay anouat” at most to 1" percent of
Ap,y  “we have

100 'o-u® £ A'p

By solving the sinplified equation (8) for u and sub-
stituting in this expression, there is obtained

4
T

82 uz 12

A
}__l

100 p A p

Solving this inequality for | there is obtained

Ve A p
V)

B 2R RO TR Y (92a)

In order to obtain a linear pressurc drop with sufficient
accuracy, the dimensions of the connecting tube nust be

so chosen that the incquality (9a) is satisfied. Setting
020,188 (kee?/n®) and p = Ti712 X 107° (kga/nR) (cor-
responding to b = 760 mm Hg and t = 0° C.), "we have

)
i

265,000 r2 JA p (n) (9b)

b) Critical Reynolds KNunber as liniting condition for
laninar flow.- As already mentioned, equation (8) and the

incqualtities (92) and (9b) developed from it are valid
onily: s fior the laninar tyoe of flow. It will therefore bo
further indicated under what conditions the flow 1s lani-
nar.

Expericnce shows that, for given conditions starting
from small velocities, laminar flow is first set up in the
pipes As the speed is slowly raised, there occurs at a
certain speed nore or less clearly defined, a sudden trans-
sition from the laminar to the turdbulent condition. Fron
the law of similarity, however, the velocity alone cannot
be the deternining factor for the transition from laminar
to turbulent flow and the flow relations are more gecneral-
ly described when referred to the Reynolds Number., The
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transition nust thus oceur at a quite definite, so-called
"eritical Reynolds Nunber,.

The transition from laninar to turbulent flow shows
up with particular clecarness on consideration of the re-
sistance since the two types of flow have each their own
resistance lawse For tubes of circular cross section,
the Hagon-Poiseuille law is valid for laninar flow (equa-
tion (8)). | In the transition from the laninar to the tur-
bulent condition, there is a discontinuous increase in the
resistance. These relations arc very clearly brought out
in the textbook by Prandtl-Tietjens.* TFigure 14 shows
these relations, the rcsistance coefficient

A i
}\: P2 =
p u” 1
2
: : ur
being plotted as a functicn of the Reynolds Number R = =

Bclow R = 1100 to 1400, the rcsistance coefficients follow
the Hagen-Poiseuille law of laminar flow.** There is then
a sudden dicontinuous rise in the resistance coefficient

up to a certain maximum after which it again decreases with
incrcasing Reynolds Number. In the region of the discon=-
tinuvouvs increase, the actual transition from the laminar

to the turbulent flow occurs. That value of R at which
the resistance begins to depart from the Hagen-Poiseuiile
straight line A = 16/R 1is denoted as the critical
Reynolds Number and the corresponding velocity as the
critical velocity.

The tests conducted by various investigators show that
the critical Reynolds Humber is a function of the initial
disturbance, increasing with decreasc in initial disturb-
ance. As the various tests have shown there is a lower
limiting value of the critical Reynolds Number which lies

at about R = 1000. 3Below this value even the strongest
disturbances decrease with time, which means that no turbu-
lent flow can continuously be naintained below R = 1000.

*See Prandtl-Tietjens, Hydro- und Acromechanik, vol. 2,
Dlel B350 Tilgel L2
**0On neglecting the last term (p u®) in equation (8},

T S DT et 2, 5 g AR ICER e
p u® , pur rau R

2 v
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In fordet “that’ the Taninar 'flow ‘may exist 'in gkl cascs
in the conncecting tube, the Reynolds Number should not ex-
ceed the value 1000, We thus obtain as a second condition

R = = 1000 (10)

Substituting the velocity w obtained from the simplified
equation (8) (neglect of the term p u®) in formula (10),
there '1s obbtained the coadiitiion

Siiile'c \wel are .interecsted in the*values of U  and 2, we
write this further condition iIn the clearcr forn

3
2t JURE (11a)

8000 pityp

Substituting the values p = 1.712 x 10~° (kg/n2?) and
= 3 10"6(m2/s), corresponding to a pressure of 760
s nm Hg and a2 temperature of 0° C. in inequality (1la),
there is obtained finally

2 S
PR B IR N (11D)
178

c) Dinensionins the connecting tube.~ In order to as-
sure the required linear pressure drop in the connecting
tube, the conditions set up in incqualities (9a) and (1la)
nust be satisfied Dy the proper choice of length and inner

pladiiniser ¢ iInd Lilcure 15 the ninimun: lengths lmin of the

tube for wvarious radii r are logarithmically plotted

against the pressure difference A p according to fornulas
(9b) and (11b). For a given radius r, the required nini-
nun length of tube for the maxinum pressure difference A p

(dw . ) can be read off inmediately. At small values of
nin

) A p, the condition of laminar flow (inequality (1lla)) is
2 always satisficd whenever the condition for linear pressure
drop (inequality (9a)) is satisfied. For large values of
ANp, dithe ireliatiions larey reverseda In this case, the condi-
T ionisfions Laninariflow ireguiires tthe anceridienzt hish lof fhatbe,
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Tho, Limdt, ap tio- which formula (9a) or above which fornula
(11a) is valid is odtaincd by equating the right sides of
(9a) and (1lla). Mhene dsi then obtainecdi (vt tho spoint rof
intersection of tho limiting curves for 1,3, from (9a)
and (1la) tho value of A4 p}

o3

AR = 10% TS TR

Delow this valuc of A p, 4inequality (9a) is to be satis=
fied and above it inequality (1la). The required condi-
tions nay be more clearly wrltten

For

2 1.25 ra __.___.L'OA

o
8
&y B } N0 b BRIy ! g (12a)
A P Y

8000 BV

1AV]

or, naking use of expressions (9b) and (11db)

Hor
S 265,000 r2 /A p
s p < Vo.00223 r® 1 (12b)
= A p rd [}
2 St N0
178

In the raage of A p wvalues that practically arise in
our case the required condition for linear pressurec drop
(incquality (92)) is normally the determining condition,

3. Results of Practical Flight Investigations

a) Gencral considerations on the applicability eof the

aew nethod.- The new nethod prescnted above of neasuring
the dynanic pressure has been applied to various cases.
The results obtained were very satisfactory and showed the
practical utility of the procedure proposed. A prescenta-
tion of the results obtairned on various airplanes would
carry us beyond the scope of this work. There will be
given only as an exanple the results obtained in an in-
vestigation on a Junkers Ju 52 airplane. In a series-pro=-
duction airplane, the undisturbed dynanic pressurc and

the static pressure for detcrnining the altitude are neas-
urcd with the aid of a pressure heoad nounted on a 1.7 n
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Logrréd alioad of- tio wiag (fis. 16)¢ In'spite of this
nassive and inconvenient structure, the readings of the
dynanic and static pressure arc always in orror. Aside
fron the increcasce in the weight and drag, the pressure
apparatus in installatlions of this kind is easily sub-
Jected to injuries. In what follows, it will be shown by
an cxanple in what a sinple manner the actual static pres-
sure and the undisturbed dynanic pressure nay directly be
neasurcd over the entire normal flight range by the new
nmetiod proposed.

b) Conduct of the test and neasurement procedure.-
In order to exclude as far as possible the effect of the
axial compression flow and obtain the dynanlc and static
pressures directly in their true wvalues the pressure heads
werc nountcd in the neighborhood of the wing leading edge.
Furthernore, they were only at a small distance fron the
wing in order to reduce the drag.

To deternine the nost favorable distance .of the ap-
paratus, Prandtl tubes were nounted whose distance fron
the wing could be varied. The dynanic pressurc variation
(q = £(qy)) for various distances from the upper and
lower sides of the wings was thus determined. Since, in
the final neasuring installction, the total pressurcec was
to be determined with the instrument &t the under side of
the wing the total pressure was in these neasurenents
teken only with the pressure tube of the under side of the
wings In our neasurements the dynamic pressurc at the
lower side of the wing is therefore

Oy = pgu = Py

and that on the upper side

90 = Pgu .~ Po
Possible errors as o result of the yawed setting of the
tubes with respect to the wind direction are contained in
the values of gq,; and gq4,. A check flight test showed
that the yawing of the instruments to the wind direction
with the arrangement cnployed was in all cases within o
pernissiblc rangec.* The undisturbed dynamic precssure was

*Further data on the cerrors in the pitot hcad recadings
duc to yowed setting with respect to the wind direction
is found in the work of KXumbruch under reference 19.
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neasured with the aid of a total-pressure tube and a static
tube was towed below the airplanc (refercncesl5, 16, and
17). The tests were conducte? for straight unacceleratecd
flight. The mean wing loading was 67.5 kg/me.

c) Analysis of the data.- For various undisturbed dy-
nanic pressures Qe there was first determined the ratio
q/q_oo as a function of the distance from the wing (fig.
17), the values of q and qe being interpolated fron
the plot of q against q,. From figure 17 the distances
of the double~head installation from the under and upper
sides of the wing at which q/qe over the centire flight
range has the valuc 1, nay be very quickly determined by
trial. To determine the factor (q/qw),ongt ond the cor=-

responding position at which the stotic pressure is taken
fron the connecting tube, it is best to make use of the
graphic nethod indicated above., Figure 18 shows a graphi-
cal deternination by this method of the dynamic pressure
r7¥io (Q/qm)const = 1 and the corresponding position

X .

If the points of attachment of the pressurc hecads are
located on the wing, i.e¢., on the wing chord, the same dy=-
nanic pressure ratio (Q/qm)const nay be obtained for vari-

ous distances c¢f the installation from the wing. In order
to obtain a clear view on this relation, there werec plot-
ted in figure 19 the lines (a/qy)eonst o4 x/1 = const

as functions of the distance of the installation from the
upper and lower sides of the wing.* Fronm figure 19
there can thus be obtained for the exanple here considered
the mounting position of the apparatus at which for the
total flight range aqfq, = 1. Therc arc also drawn the

curves (q/qm)const =hi0%9 9 Yand (q/qo,)const =ilis QU AT

the same time the fizure indicates the positions x/1 at
which the static pressure is taken from the connecting
tube, this position being given by the point of intersec-
tion of the lines (q/qw),onegty With the lines of constant

*Tn order to obtain the family of curves of fig. 19, the
values of (q/qm)const for constant distance of the

pPitot head from the under side of the wing and the corrc-
sponding values of x/l were plotted as functions of the
distance from the wing upper side. 3By naking use of the
resulting fanily of curves the linecs (Q/qm)const and

x/1 = const were drawn in on fig. 19,
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x/i. Internediate values nay be interpolated. A consid-
eration of figure 19 shows that small deviations from the
correct location of the static pressure tubes and snall
displacements in the static pressure orifice at the con-
necting tube lead only to vanishingly small errors which
ares insiecnifilcant for practical’ fIight operation. ‘This
circunstance is of grecat advantage for the sceries pro-
ducition of dynanilec-pressure iastaldationshof this kind,
According to figure 19, the true dynamic and static pres-
sures are nost advantageously obtained in the following
Nanincre

l. The static and dynomic tubes (in our case the
Prandtl tube or dynamic tube with the same characteristics
and coefficicnts in oblique flow) are to be located at the
wing leading edge at a distance of 330 nn (that is, 8.6
percent of the wing chord at the nounting position) above
the upper side of the wing and under the lower sidc of the
wing, respectively. The directions of the tubes are to be
so- chosen that their axes of synmetry lie, as far as pos-
sible, in the flow direction. The actual installation di-
mensions are shown in figure 20.

2. The static pressure orifices, those of the upper
side of the wing and those of the lower side, are then to
be joimed by a pressure equalizing tube. A pressure ori-
fice at a distance of 0.39 of the total  length of the con-
necting tube conputed fron the inlet at the under side of
the wing then gives the true static pressure over the
total normal flight range. Since wec tacitly assunme a
linear pressure drop in the tube, the latter is to have
such dimensions that under all flight conditions arising
the inequalities (12a) or (12b) are satisfied.

d) Results.~ On the basis of the results of figure
17, the double-head arrangement and the connecting tube
werc nounted as shown on figure 20, from which the dinmen-
sions of the connecting tube can also be taken. To avoid
disturbances of the pressure readings due to the inflowing
and’ outflowing at the slits of the static tube, the pitot
head at the under sice of the wing and the static tube at
the upper side of the wing were so dimensioned that their
internal cross sections were everywhere greater than those
of the conrecting tube. The latter was nade of aluninum
and was of 3 nmn inside radius. In order to avoid initial
disturbances, the inlet to the narrower connecting tube
was well rounded. The total length of the tube was 6.405 nm,
The maxinun pressurce difference normally occurring between
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the lower and upper sides of the wing is about 110 kg/ma.
Conputation by neans of formula (9a) or (12a) or a check
by mecans of figure 15 shows that the conditions for lincar
pressure drpp and laninar flow are satisfied. The nanner
of talking the true static pressure and the location of the
orifice nay: be; . secn; from figuro 20. | Great care was: taken
to see that tiere was no narrowing or widening of section
of the connecting. tubes

At the position of the static-pressure orifice, a
brass tube was connccted, the latter being provided with
several snall pressure orifices. 3y means of a hollow
ring welded along this tudbe as shown in figure 20, the
orifices are all united. This method of taking the pres-
surd was choscn on account of the considerable error due
to the inperfcet removal of the sharp edges of the ori-
ficesy which edges were thus avoided by urniting several
orifices in the maanner described. In order to have a con-
venicent nounting of the connecting tube, it was rolled up
into a. spiral. of about: 0.5 n diameter. - Although- this ar-
rangenent is not an ideal solution, it was choscn because
it was most convenient for the investigation at hand.

hus, for exanple b suitable arrangemnent of the connect-
ing tube with respect to the dynanic-pressure meter, the

effect of the centrifugal forces in curved flight can be

considerably 2lininated. The connecting tube diameter

was purposely chosen relatively large in order to eliminate

stopping up or sources of error due to moisture deposit
or dust particles, etc., in the tube. With a smaller in-
side diameter of the connecting tube, the length may be
correspoadingly smaller. (See fig. 15.) The final ar-
rangenent of the double-head installation at the wing is
shown in figure 21.

The check calibration carried out with the arrange-
nent given in figures 20 and 21 is shown in figure 22,
The agrecenent between the indicated and true dynanic pres=
sure is very satisfactorye. ince the total pressure, ex-
cept for small errors due to yaw, is correctly given and
only the static pressure at the nounting position of the
instrument is in error, the ncasuring arrangencnt gives
the true dynanic and static pressures over the entire nor-
nal flight range. The altineter connected to the static-
pressure head thus shows over the entire normal flight
range the true undisturbed-air pressure or altitude. ZEr-
rors in the altitude readings which, particularly in blind
flight at low altitude, nay become very dangerous are thus
avoided. This great advantage is pointed out with par-
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ticular.enphasis since, in practieal f£light;, operation
cases occur where the altimeter readings deviated by 50
to 100 neters from the true wvaluc.

Figure 22 also shows the effect of the landing flap
deflcction on the dynanmic pressure rcadings. With full
flap deflection of 41°, the'readings, partiecularly. for
large dynaric pressures, are somnewhat too small, For
snall dynanic pressures, the reading with flap deflection
practically coincides with the zero setting of the flap.
The dynamic pressure range in coning to a landing with the
test airplanc here enployed lies between about 70 and 100
xg/n2®., For a true dynanic pressure of 100 kzg/m?® and with
flap fully deflected the indicnted dynamic pressurc devi-
ates by 2.5 percent from the true value. For a dynanic
pressure of 70 kg/n? also at full flap deflection, the
indicated dynanmic pressure again agrees with the true value.

e) Advantages and further possibilities of applica-

tion.~- The method given above for measuriang the static

pressure and the undisturbed dAynamic pressure has the ad-
vantages over those heretofore employed and often involv-
ing largze errors, that the true values of the static pres-
sure or altitude and the true dynanic pressure are direct-
ly given independent of the flight cordition without in-
volving inconvenient structures that increase the weight
and drace The most convenient and safest location of the
instruneant appears in all cases to be in the neighborhood
of the wing leading edge wherce the ratio (q/qw)songt = 1

is most easily obtainable independent of the flight atti-
tude. For this reasorn in the example here given the instru—
nent was mounted in the neighborhood of the wing leading
edgze. This arrangenent is not essential however. It is
also possible, for exanple, to obtain the true value of the
undisturbved dynamic pressure when the pressure head of the
wing upper sile is mounted in the neighhborhood of the wing
leading edge while that of the lower side lies consider-
ably aft. An excnple is skhown in figure 23 where the neas-
ured dynanic pressure at the upper and lower sides of the
wing, q, and qyu, respectively, are plotted against the
true dynanic pressure ¢ and the location of the static
pressuvre orifice at the connecting tube determined where
(a/aJ)const = 1 over the entire flight range. The nmeas-
uring statiouns of the dynamic pressure are also indicated.

The new »rocedure described-here for mecasuring the dy-
nanic pressurc nay .be.applied in 'all cascs, . There are a
large nunber of variations possible which give the constant
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ratio of indicated to true dynamic pressure (a/aw)eonst = 1

over the cntire flight range and there are no difficulties
in fiandiang such arrangenents. In all cascs in which the
value (a/gw)ogngt = 1 1is not odtained, there always re-

maing the grecat advantage that q/qm is constont over the
entire flight range. With the accuracy required for prac-
ticsnl flight operation, the arrangement enployed for one
airplane may directly be applied to other airplanes of the
sane type and interchangeability of apparatus is thus
greatly facilitated.

A further possibility of application wherc the above
nethod shows promise is for high-speed airplanes where even
the slightest drag increases nust be avoided. There is
here offered the possibility of taking the static pressures
sinply by orifices in the upper and lower sides of the wing.
There will then be required in addition ornly a total pres-
sure hcad which can be linited to thc absolutely necessary
S1ZCo

In the case of airplane with landing flap with the
present day nounting of the pitot-static tube the reading
also changes with the flap deflecction so that depending
on the nounting position of the instrument there is obtained
either a too large or too small dynamic pressure with flap
deflection. The sane applies to the static pressure or al-
titucde., With the method here descrihed the true dynanic
pressure readings will be maintained-or only slightly
changed even with flap deflection.

SUMMARY

FHo uscful method has up to the present been known for
neasuring the true dynonic pressure and static pressure
with corresponding altitude. The theoretical computations
putlished in the litcrature on the subject and also ny own
flight tests have shown that in the case of the monoplane
in the region where the pitot-static tube nay practically
b2 mounted therec is no positioan wherec, for the entire
flizht range, the dynamic pressure is that of the undis-
turbed strean.

In the case of the biplane, the relations are consid-
erably morc favorable. The field of flow between the two
biplanc surfaces receivey o decreasc in velocity due to
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the circul¥ation about the upper wing and an inerease in
velocity due to that about the lower wing. Congidering
now the field of flow between the two biplane wings, a
reaion will be found din' which thefresultant veloclty for
all nornally occurring angles of attack agreces with the
undisturbed strean veclocity. Expcrience shows that in the
case of the bDiplane an undisturbed nounting location for
the pitot-static tube nay in every case be guickly and
easily found.

Starting from the flow relations prevailing between
the biplane wings, it is shown that also for the monoplanc
it is possible with the aid of a small wing (conpensating
wingz) nounted above the nain wing to nodify the circula-
tory 'and axial $low at the rounting location: inssuch a
manzer that the undisturbed dynanic pressure nay be neas-
ured directly in its true wvalue. A disadvantage of this
mmethod is the increase in drag involved.

Finally, as a satisfactory solution for the measure-
nent of the true dynanic and static pressures a new nethod
was developed which in particular is applicable in all
cases to the monoplane. 3y this mnethod, the astatic pres-
sure leads of two dynenic or static pressure heads, one

of which is nounted above and the other below the wing,
are connected to eacix other, Along the connecting tube
there then occurs a pressure drop from the lower to the
upper side of the winge. If by suitable dimensioning of
the pressure equaliziag tube (satisfying of the conditions
given by the inequality (12a) care is take: to see that

he pressurc drop in the conrnecting tube is linear a posi-
tion nay be found at the connecting tube at which the true
static pressure is obtained independent of the flight con-
dition. The %total pressure, according to the Bernoulli
law, is constant on the upper and lower sides of the wing
for the case of potential flow, i.e., wherecver the flow
ila8 Efrce from losses or cireulatiocn. "The *toftal Spressure
therefore carn be taken either at the upper or at the lower
side of the wing.

Practical ianvestigations in flight have proven the
usefulness of the new procedure for neasuring the dynanic
pressure. Bvecan with full flap deflection of 41° no errors
in the readings occurred for small dynanic pressures; for
larger dynanic pressures the maxinun error cnounted to
~-2.,5 necrcent. The new nethod above deseribed has the ad~
vantage as conpared with those employed heretofore, often
involving large errors, thet the true values of the static
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pressure or altitude and the true dynamic pressure nay di-
rectly be obtaired without inconvenient structures that
incrcase the welght and drag. False readings in the dy-
nanic pressurc and errors in the altimeter reading which
rnay becone dangerous particularly in low altitude blind
flying are thus avoided by this method. This advantage
ig of inecstinable: walue for proactical flight operatioa
sincec repeated cascs have occurrcd where in addition to
considerable crror in the dyananic pressure indications
the altineter readings deviated by 50 to 100 meters fron
the truc value.

The author expresses his tkanks to his teacher,
Prof. Dr. Ing. W. Hoff, for encouragement in this work;
also to the DVL for supplying the neans for condwting the
worke. Furthernore he would like to thank Prof. Dr. Ever-
ling and Profe Dr.-Ing. F. Weinig for their suggestions
for improvement and the interest taken.

Translation by S. Reiss,
Mational Advisory Connittee
for Acronautics.
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Figure 1.~ Lines of equal flow speed according to computations of

F. Weinig (ref. 2); angle of attacka = -50', 1ift
coefficient cyg~1.1.
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Pigure 2.- Lines of equal flow speed according to computations
from English wind tunnel measurements (ref. 4).
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Figure 7.~ Compensating wing with pitot heads. The

compensating wing is rotatable about the
points A and B, By displacement of the rear strut of the
N bracing the setting of the compensating wing may be
varied. Distance of the compensating wing from upper
side of the main wing is 35 percent of the main wing
chord at the measuring position. Profile section of
compensating wing is NACA M-12, span 2.0 m, chord 0.3 m,
Distance of dynamic pressure measuring plane from leading
edge of compensating wing is 13.24 percent of compensat-
ing wing chord or 1.414 percent main wing chord t.
Distance of dynamic pressure measuring plane from main
wing leading edge 31.8 percent of main wing chord at
measuring position. Compensating wing area/main wing
area= 1/76.7.

Figure 16.- Pressure head arrangement thus
far used on the Junkers Ju 52.

Figure 21,~ Final arrangement of double-
head installation.
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Figure 23.~ Example for the direct measurement of the
true dynamic pressure for various distances
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be attained if the static tube of the under side of the
wing lies further aft than that of the upper side,

kg/m,

G608 1 Mikgh’

- %‘ B

Vi

I A S :
220}~ Sy 5
® L
3

]

8

60

60 & o 7w X0 VY
True dynamic pressure q

180kgim? 20

£16 °ON UmpuwIowsN [BITUYI6T °‘V°I°V°N

gz'ez 8w



