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By Helmut Danielzig
SUMMARY

The present report describes the development of a
static pressure head for high speeds. The tests proved
its practicability at speeds up to 400 km/h (248.5 m.p.h.).
It weighs 6.5 kg or 2.5 times as much as the old head.

The position of the pressure head below the airplane
was determined by bearing method at different speeds and
for different lengths of suspension, It was established
that for the measured speed range a 20 to 24 m suspension
length was sufficient to assure a minimum distance of 6 m
from the airplane without introducing any appreciable er-
rors in the results due to wrong static pressure, A tub-
ing for a spced of 600 km/h (372.8 m.p.h.) has been con-
structed as experimental project which, with a pressure
head weighing 9 kg, should equally assure a sufficiently
great vertical distance at this speed.

The supporting and pressure-tapping element is an
all-metal tubing of 7 mm diameter and 4 mm inside width,

Parallel with the tests, a nomographic method was
evolved for the rapid and accurate determination of the
tubing curve. The practicability of the method is reflect-
ed by the comparative measurements and recommends itself
also for the determination of airplane antenna curves,

I, INTRODUCTION

By virtue of its economical advantages and its re-
markable precision, the pressure-head method is finding

¥ "Terhalten von statischen Sonden bel hohen Geschwindig-
ked ten.," Luftfahrtforschung, vol., 14, no, 6, June 20,
1937, pp. 304-309,
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widespread favor over the previously customary quadrangular
flights for relative speed determinations and exact dynamic
pressure calibrations, The pressure-head method is, as is
known, based upon Bernoullit's fundamental equation:

Ptotal = Pstatic T Pdynamic

wasre the total pressure Dy i1 is obtained with a DVL

total-head meter and the static pressure Pastnit itas by

means of a static pressure head trailed several meters be-
low the airplane, The two pressurcs yleld as differonce
‘the true flight dynamic pressure, The conventional static
pressure head heretofore used by the DVL weighs 2.4 kg
while the tubing connecting with the airplane is a 20 m
length of rubber hose of & mm outside and 3 mm inside di-
ameter housed in wire netting., This instrument is not
practical at speeds above 250 km/h, as the dynamic stabil-
ity of the suspension cable becomes inferior at such
speeds, The vibrations set up by gusts or irregularities
in propeller slipstream no longer die out, but are propa-
‘gated in direction of the hose end where the static pres-
sure head itself is thrown into erratic oscillations of
such amplitude that not only reading is falsified, Ddut

the airplane itself is endangered.

Another reason for not exceeding the cited speed of
250 km/h is that at higher speeds the head itself may be
raised so high that it eventually finds itself in the wake
of ‘the ‘aitrplane.

II., TEST PROCEDURE

In order to arrive at a satisfactory solution of the
problem, the DVL made systematic flight tests with a
Heinkel He 70, The floor plates were removed during these
tests to provide an uninterrupted view c¢f the pressure
head and of the tubing. Above the two openings we mounted
two bearing loops which, after sighting the pressure head
on a sector scale, permitted the reading of the angle of
the pressure head below the airplane with respect to a
body-fixed reference axis (fig. 1). The distance of the
bearing-loop axes amounted to 1,57 m, The measuring ac-
curacy of the bearing device was closc enough to remain
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below a limit of error of =0.5 m in the computation of the
pressure-head position relative te the airplane, The
static pressure tubing consisted of an all-metal hose of

7 mm outside diametor made by the.Berlin-Karlsruher Indus-
trie-Werke, Tac all-metal hose was preferred after previ-
ous tests had discloscd that the customary metal-wound
rubber hose is occasionally sgueezed off at the point of
cmergence from the airplane*, The total length of avail-
ablc hose was 24 m, The hose lead from a spool of 200 mm
diameter over a roller to the pressure head., A dynamomc-
ter of 20 kg test range was provided to be installed in
the hoss portion between roller and spool and indicated
the tension in the hose. Flight perfecrmance losses due to
the drag componcnt in flight direction were accounted for
in measurements of the slope of the upper end of the hose

relative to the longitudinal axis of the airplane., Agree-

ment of the measurcments with respect to time for the read-
inz of thec bearing-loop settings by two observers was in-
sured: by & dight signal.

The flight tests were made at speeds of from 200 to
350 km/h, No readings were possible above this speed, be-
cause the pressurc head was no longer within range of the
forward bearing loop.

The speedometer employed in these flights was flight-
tested over a sguare course, All measurements were made
in horizontal flight as much as possible in order to pre-
serve the condition of flow direction perpendicular to the
direction of gravity., Compliance with this condition makes
direct comparison of thc free-flight data with the subse-
quently described caleulation method for defining the tub-
ing curve, possible. Horizontal flight was possible up
to speeds of 330 km/h; increased to 350 km/h with full
throttle, the airplane already exhibited a sinking speed
of 2 m/s, BE®von so, the resulting errors reomain within the
bounds of mocasuring accuracy. In the first flight tests
an cxperimental model consisting of a streamlined brass
pipe of 40 mm diameter rfilled with hard lead and four

plain fins was employcd, Thae total weight of the model
amounted to 5.4 kg, The same plain stabilizing fins were
used on the final design (fig. 2) rather than the stabiliz-
ing cone with 30 angle of incidence (fig. 2a) used on the
low-speed pressure head, which had proved impracticable

for high speeds.

-

*Owing to the relatively short life of metal hose, various
synthetic products are being investigated by the Institute
for Aeronautics,
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The pressure head was suspended, as already stated,
from an all-metal tubing which at tne same time served as
supporting and pressure-tapping element. The point of
suspension was provided directly above the center of grav-
1ty of the pressure head, A link connection between pres-
sure head and tubing kept the lever arm and therewith the
turaing moment about the transverse axis of the pressure

head to a minimum,

In the final wversien (fig. 2) the 1ink conslste of o
sphere carried in the head and terminating at the top in
ameek | H ‘4 oo thick andyl00 momdomgy The wapper vend lof
Bl g thollows swiitin ‘aisma ppilie. ' 8 abp i asiifder] Thielsmecls s
soldcred to the metal tubing. Ashort piece of rubber hose
serving as pressure tap, connects nipple N with the
pressure-~head nipple N, which in turn leads within the
pressure head to the annular slot, A safety against turan-
ing of the spherical pivot about the.normal axis of the
pressure head preveats the rubber hose from becoming de-
tached, Both the head and the staviliiziang ring are of
nickel-plated steel, The “tiotal Yength 'is 626 mm) for 3
diameter of D = 45 mm, The annular slot for btapping the
static pressure lies ¥ D aft of the foremost point of the
pressure head. Wind-tunnel tests disclosed a 2.4 percent
static-pressure difference as compared with the static
reading of a calibrated Pitot tube of normal size.
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Qualitatively, the flight tests revealed that both
the pressure head and tubing remain so much more steady
as the exteasibility is less and the stadbility of the tub-
ing greater, that is, the greater the restoring forces are
which occur as soon as the tubing curve is changed by some
outside influence, such as gusts, for instance. The sta-
bility of the tubing (apart from the cable stiffness which
however, is not attempted in the interest of windability),
is chiefly influenced by the weight of the instrument., It
was noticed that all oscillatory motions set up during the
measurements originated in the upper part of the tubing
exposed to propeller slipstream and wing wake, while the
head itself was only indirectly set in wibration. These
vibrations are at right angles to the dizection ef filizht,
By increasing the weight from 2.4 kg (weight of the old
pressure head) to 5.4 xg (weight of experimental model)
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and employing the cited metal tubing, it was possible to
lower these transverse oscillations to a minimum, This
arrangement damps out even oscillations set up in gusty
weather remarkabdly quickly without causing any appreciable
disturbance of the head itself.

Having succeeded in the matter of weight of pressure
head and type of tubing to insure in principle perfect
performance up to speeds of almost 400 km/h the position
of the pressure head with respect to the airplane was de-
termined at speeds of from 210 km/h to 350 km/h with tub-
Ins“of 13, 16, 20, and 84 ' m length,

With the notation of figure 1, the depth and trail
of the pressure head follow from the relations:

gin e o sin o
=% L = [ ] (1)
sin (k, - k;)

cos k,; sin k
xT=a ¢ - [m] (2)
sin (k, - k,)

Figure 3 shows the depth z from the measuring base a
parallel to the longitudinal airplane axis plotted against
the speed, with tubing length as parameter, With tubing
of 20 m length, the normal depth 9.7 m drops to 6.5 m when
the speed changes from 210 to 350 km/h, which, extrapolated
to 400 km/h, still leaves a depth of 6.0 m. This length
should undoubtedly suffice to reduce the error in reading
resulting from the falsification of the static pressure to
a practically insignificant magnitude (reference 1).

The effect of the suspension length on the normal dis-
tance from the reference base is comparatively small within
the explored limits according to figure 3. Doubling the
length from 12 to 24 m increases, at 300 km/h, the distance
from 5,5 to 7 m, i.e., a 100-percent-length change produces
only a 27 percent change in depth, With greater hose
lengths the change becomes even less, because the angle of
exit of the hose from the airplane becomes consistently
less on account of the greater total drag.

Much more important is the influence of the suspension
length upon the position of the head behind the airplane,
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Lengthening the hose from 12 to 24 m results in more than
twice as great a change in trail, according to figure 4,
Within the measured interval, both the depth and trail of
the head change approximately linearly with the speed.

In order to assess the speed losses due to the head
and the suspension tube, the force and direction of the
suspension tube on the airplane body must be known, Fig-
ure 5 depicts these quantities for a 16 m suspension
length against the flying speed. The grecatest force re-
corded on the tubing amounts to ~ 10 kg, The two guanti-
ties give the force component in flight direction. It is
advised to use the static pressure head, especlially on
smaller airplanes, only for calibrating the recording in-
struments, but to make the tests themselves with reeled-in
head. With known airplane guantities the corresponding
proportionate A C, and thence with available airplane

polar the following relation is obtained:

A 8 g e e e

VP1 + air-speed head

= (3)

/ C ¢/

whereby :

Yoge + air-speed hoad flying speed with air-speced

nead,
VFl = flying speed without air-speed
head,
Cor =.drag coefficicnt of airplane,
Ac, = drag coefficient of air-speed

assembly.

PThis holds for horizontal.flizhé sl 6. bhvusi =gdoas:
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IV, DESCRIPTION CF NOMOGRAFHIC HRTHOD EMPLOYED

TO DEFINE THE SUSPENSION-HOSE CURVE

There are several known methods of defining the form
of the curve resulting from towing heavy bodies from a
flexible cable through air for the purpose of predicting
the position of the air-spced head in space. However,
thesc methods are in part time-consuming, or, as is the
case of Glauert's method (reference 2), they proceed from
assumptions regarding the 1ift and drag of the hose, which
are considerably at variance with corresponding wind-tunnel
tests, For this reason, it scemed expedient to evolve a
method which conformed to actual conditions over a wide
ficld,as well as being short. And the rosults as regards
desirable accuracy fulfilled our expectations,

The method is predicated or a chord curve rather than
the sag curve and postulates that the cable stiffness of
the suspension has only a minor influence on the form of
the curve itself owing to ths comparatively great curva-
ture radii of the curve,

The suspension hose is first divided into chord pieces
of equal finite length, Chord lengths of 50 cm proved
small enough to be serviceable as substitute for the relat-
ed arc piece as theoretical basis,

Wotation

Ca 1ift coofficient of a hose element
C» drag coefficient of a hose element
a, flight dynamic pressure (kg/n2)

A,,s vertical force componeni at hose element (kg)

B,,, Hhorizontal force compounent at hose element (kg)
A length of suspension hose element (m)

a diameter of suspension hose (m)

AP = Ald area of suspension hosec element (mg)

Gg s weight of suspension hose clement (kg)




8 N.A,0.A, Technical Memorandum No, 855

Qg » angle of incidence of a suspension-hose element
to the flow (deg.)

1lift of a suspension-hose element (kg)

S

Wy, drag of a suspension-hose element (kg)
G, weight of air-speed head (kg)
w, drag of air-speed head (kg)

Figures 6 and 7 depict the 1ift and drag for metal-
wound suspension hose of 7 and 8 mm diameter, respectively,
The angle of incidence of the suspension hose ranges be-
tween 15 and 75 nunder practical conditions, A good ap-
proximation is:

(¢

=. sina Cg (4)
cy = C sin® Qg COS Qg (5)

It involves empirically defined functions whose va-
lidity for different tube diameters was confirmed in wind-
tunnel tests of the DVL. On these premises, the average
error remains considerably below 10 percent in contrast
to the 30 percent by Glauert's method.,

With (4) and (5), the 1ift and drag of a chord ele-
ment are:

Bas=.0 & BiGgain® e 1

’n (6)
Ve = Qo mbn. o, j
Ag = g 4&F C; sin® Olg < COS @
S (
B = C3 sln” g COS Qg (7)

whence figure 8, in conjunction with the eguilibrium con-
ditions for a hose element, gives:

EV =0 i & + 0, 8in® gg 08 gg = Gg -~ 4y, = O (8)
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LM =0 : Ay A T ecos ag 4+ Gy é oos’ og ~ By Sl

-1
s Ak L
X sin qg - Wg E; sin gg - Ag %} cos ag = O (10)

The introduction of the functions for Ag and Wg
and division by

Cas & 1 8ln g

2
in equation (10) gives
2 ‘l&n—‘l G‘S 2 Bn_l
g80h By + == cob, o = wew———=
. o g - 8in gg co8” g .= 0 (11)
Cq !

or

C o 2 . 2 A. +G’r~
B op coe” g5 + -8 sin’gg + Sl = 271 =~ cot ag (12)

CS CS C3

For the tip of the head, it is An-l = G and

Bn_l = W; W must be ascertained in the wind tunnel,

Eguation (11) combined with (8) and (9) coumnld already
be used as recursion formmla, But the purely analytical
solution for a function of qg 1is so difficult that the
nomographic method of solution was preferred,

The nmomograph is essentially a system of two scales
(fig. 9). The left-hand scale is vertically graduated for
the cot function, that is, for different coefficients
< & + Gy . 5
g Ty which are of the anticipated order of magnitude
U
of the coefficient of <cot a5 in cquation (11) . Pigure
9a, containing the function,

G
A=f<§_5_i__§>
C'7

i ‘
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facilitates the finding of the coefficients relevant to the
different A,

The right-hand scale in figure 9, containing the other
three terms of (12), is in two parts, The part above the
traced abscissa comprises the sum of the two terms to the
left of the equals sign

While the cited upper part of the ordinate depends,

Co C
apart from Cg s only on the ratio — = — 1.9, 0w the
Cs ©a

ratio of the coefficients of 1ift and drag and conseguent-
ly assumes other values simply as form factor for different
tubings, the lower part carries the function

e - f(B). The different straights correspond to differ-

C3 x

ent C,, 3i.e., different impact pressures for chosen
thickness and length of the tubing elemsents,

Pigures 10 and 11 facilitate the determination of
forces A gnd B... in. (8) and (9)s They render the' trac=
n n
ing ofh s einf ag and Oy sin? g4 cos ag for different

ag and C values, possible,

First, the constants C and ¢, are ascertained from
the wind-tunnel curves (equations (4) and (5)), Then, the
choice of chord length, tubing diameter, and impact pres-
sure is followed by the calculation of:

By = did 4 o O (13)

C,=A1daqC, (14)

As the construction of the tubing curve starts from
the free end of the suspension tubing, the drag and weight
of the air-speed head must be established first,

Then the chord curve is built up with the above gquan-
tities as follows:
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2. iy e Bhn
1) Determine value —— from figure 9a (for
3
start A . = G) and ascertain in figure 9,
2 Bp-1
2) Determine ———== in figure 9 (for start
3
By, = W,

3) Connect both points and shift parallel upward,
until equal angles appear on the ordinates (plot
the 1st chord element).

4) Define the new A from the preceding A by sub-
tracting Gg and adding the amount of 1lift which
corresponds to the Jjust found ag 1in figure 11,

5) Determine the new B from the previous B, by
adding the amount of the drag which corresponds
to the just found a4 in figure 10,

6) Proceed with A and B as under 1, 2, 3,

Concerning point 3, it should be noted that the paral-

lel shift merely fulfills the condition (egunation 12),
which postulates that the sum of the terms on the left-
hand side of the equation is equal to the term on the
right-hand side,

The tubing curves I, II, III in figure 12 were ob-
tained by this method, Curves I and III are for the heavy
air-speed head at 210 and 350 km/h, while curve II indi-
cates the position of the small air-spced hcad at 210 km/h.

The dots designating the various speeds on which the
calculation was based, are actual positions of the air-
speed head in space as measured by bearing in flight., The
comparison of the measured and the computed values mani-
fests ample agreement,

Curve IV in figure 12,also established by nomographic
method, is for a flying speed of 600 km/h and 25 m suspen-
sion length for an air-speed head of 9 kg,

Translation by J., Vanier,
National Advisory Committee
for Aeronautics.
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Figure 1.~ Heinkel He 70 with static

pressure head for high speeds
(up to 400 km/h.). Experimental arrangement
for ascertsining the depth and trail.

Figure 2.- Static pressure head for

high speeds; totel length;
625 mm; weight 6.5 kg; range up to
400 km/h; tubing diameter: 7 mm; H:
thrust; N-nipple, Ns= pressure head
nipple.

Figure 2a.- Low-speed pressure head;
total length: 450 mm;
weight: 2.4 kg; range; to 250 km/h,

Figs. 1,2,2a
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Pigure 7.- 8 mm diameter,

Relation of 1ift and drac coefficients to angle of incidence for sus-

pension tube element of 400 mm length.
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