A2 APR 1348

NATIONAL ADVISORY COMMITTEE
FOR AERONAUTICS

TECHNICAL MEMORANDUM

No. 1159

WIND-TUNNEL MEASUREMENTS ON THE HENSCHEL MISSILE
“«ZITTERROCHEN” IN SUBSONIC AND :
SUPERSONIC VELOCITIES

By Weber and Kehl

Translation
“Windkanalmessungen am Henschel-Gerat ¢Zitterrochen’
bei Unter- und Uberschallgeschwindigkeiten” '

Deutsché Luftfahrtforschung, Untersuchungen und Mitteilungen Nr. 3122
and

WIND-TUNNEL MEASUREMENTS ON THE WING OF THE
HENSCHEL MISSILE “ZITTERROCHEN?” IN
SUBSONIC AND SUPERSONIC VELOCITIES

By Kehl

Translation
“Windkanalmessungen am Flugel des Henschelgerates.
“¢Zitterrochen’ bei Unter- und Uberschallgeschwindigkeiten”

Deutsche Luftfahrtforschung, Untersuchungen und Mitteilungen Nr. 3161

~WFE

‘_Washington -

April 1948

NACA LIBRARY

GLEY MEMORIAL
LAN LABORAT ORY

Langley Field, Vo

AERONAUTICAL



IllIIIIIIIIIIIIIIIIII_[IIIIIIHI

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

TECHWICAL MEMORANDUM NO, 1159

WIND-TUNWEL MEASUREMENTS ON THE HEWSCEEL MISSILE
"ZITTERROCHEN"'IN SUBSONIC AND
' SUPERSONIC VELOCITIRS#
By Vieber and Xehl |

Abstract: At the request of tho Henachel Alrecraft Works,
A, G, Berlin, threo nodels of the missils
"Zitterrochen" were investigated at sutsonic
velocities (open jet 215-mfllimeter diameter)
and at sunersonlc velccities (owen jet 110
by 130 millimeters) in order to detarmine the
effect of varlous wing forms on the alr forces
and moments. Thres-cotiponent measurenients
were vaken, and one mcdsl vas also Investi-
gated with deflected controcl plates.

Outline: I. Relations and Definitions

IT. Descrinticn of ilodel and ileasuresd Results
1. RELATICONS »FD DEFINITIONS

A 11ft, conponent of the air forces perpendicular
to the dlrection of flow, kilograms

W dreg, component of the alr forces in the
direction of flow, kilograms

#"¥indkanalmessungen am Henschel-Gardt 'Zitterrochen!'
,bel Unter- und Uberschallgeschwindigkeiten." Zontrale
fir wissenschaftliches Berichtswesen der Luftfahrtforschung
des Gensrallurtzeugmelsters (ZWB) - Berlin-adlershof
Untersuchungen und Mittellungon Nr, 3122, -ec'l:—f- 19--)4-

Literally "trembling ray." (This type of ray is
that which 1lives in the ocean, Presunably the name
originated because of the triangular shapo of the ray.)
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moment, referred to the projectile body,
kilogrem-meters

hig distance of the pressure polnt from the rear
edge of the projectile, meters

caliber of the projectile body, meters

crosg-seotéonal area of the projectile,
D

me tois? L-I-_T;

density of air (kg sec2 m =)

stream velccity (m sec‘l)

<

veloclty of sound (m sec-1)

»

angle of attack, degroas

Mach number (v/a)

A
11f% coefficlent (m——
a v CE ’72 F)

= A

Q

W
c dr coefficlent
v o8 <2v21~")
2
. My
Cm moment ccefflclent
; (&)

IT. DESCRIPTION OF MODEL ALD MEASURED fESULTS

The models tested are 1llustrated 1n figurss 1 to 3.
They differ only in wing form; the projectlle bodles are
all the same. The wlngs have about the same aresa, but
the aspect ratios are different (2.0, 1.0, 0.5) und the
thicikmess ratlos are different. The vroflles of the
wing are the same all along the span. For the measurements
at M <1 a model length of 200 millimeters and for
M > 1 a model length of 80 millimeters was chosen
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(corresponding to projectile diameters of 20.4 and 8.2
millimeters, respectively). The Reynolds numbers based
on the length of the body of the projectlle are

R M

2 % 106 | 0.5 x 106
3.1 9

1.3 1.5

1.1 2.0

The models were supported at the stern by an inclined
strut, At subsonlc velocities (o~en jet 215-millimeter
dlemeter) measurements were comdu:isd at M = 0.5, 0.8,
0.85, and 0.9. Tunnel correctiort were not used. A4t
supersonic velocltles memsurements were taken at M = 1.45
and 1,99. " The angle of attack war varied from O0° to 109,

In figures L to 10 the 1lift znefficlent cg, drag
coefficient cy, moment coefflciont Cmgs and tho

by Gmo
position of the pressure point 5 = o

(cn = cg cos a + ¢y 8ln u) are given for ths throe
different models at constant Kech nvmbers, so that the
efrect of various wing forms 1ls visible. #ith lncreasing
aspect ratio the values de,/da wnd dep /da  increased

for all kach mumbers investiZated; furithermore, the

drag cociflclent also increased, partlcularly at large
angles of attack in the subsonlec rsgilon and on the other
hand, even at a@ = 0 <for the supirsonlc reglon on account
of the largsr thlclmess ratlos,

The pressure pecint shifted forward at all velocltles
as the aspect ratlo was Increased.

In flgures 11 to 13 the same megsured results are
presented agalnst Mach number. In the subsonic reglon
the 11ft coefficlents show an increasing trend with
increasing Mach number in the sensc of Prandtl's equation.
No slgnificant decrease in the 1lifi coefflclent was
observed whon approaching the veloclty of sound over the
range of velocitles Investligated; however, 1t 1s to be
noted that on account of not observing the Jet corrections
the results at M = 0.9 are uncertaln, Over the range

~
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of supersonic velocitles investigated the 1ift coefflclents
for the same angle of attack are of the same magnitude
as In the subsonic region.

The drag coefficlent at small angles of attack
slightly decreases with lnereasing Mach number, whioch 1s
explalned by the Reynolds number effect on the flow about
the wing. At M > 1 the drag coofflclents gre naturally
higher, aince even in a frictlonlsss fluld a drag would
result on account of the finlte thlckness,

The pressure point of forms ZR 2.0 and ZR 1,0
are Independent of the angle of sitack and in the subsonlc
regicn it lles about 0.2 D closer to the projectile
polint than at supersonic velocltias. For the form
ZR 0,5 a shift of the pressure pcint forward was
obszrved as the angle of attaci was decreased.

In order to obtaln a genzrsl ldea of the effectlivencss
of control plates, the model Zi 2.0 was tested wlth
deflccted control plates at A = C.7, 0.85, 1.45, and 1.99.
The measurements of the deflected control plates are
given in figure 1. In figures 1L to 17 the measured
results are presented agalnst angle of attack. As was
to be expected, ths effectlveness of the control plates
was less in the supersonlec reglons than at velocltles
bslow taat of sound.

In figures Y to 17, sgain 1t 1s pointed out that
the curves of the force and monen’ cosfflclents use _as a
_reference area the nrojectile croas section (w/)D2
and &s a reforence length the callber D, as 1s generally
done for projectiless.

Translated by Chance-Vought
Alircraft Corporation
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Figure 1.- Model ZR-2.0 according to drawing No. FA-SK 280.
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Figure 2.- Model ZR-1.0 according to drawing No. FA-SK 279.
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Figure 3.~ Model ZR-0.5 according to drawing No. FA-SK 278.
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Lift coefficients.
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Figure 14.- With deflected rudder ZR 2.0 M = 0.7.
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Figure 15.- With deflected rudder ZR 2.0 M = 0.85.
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Figure 16.- With deflected rudder ZR 2.0 M = 1.45,
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Figure 17.-

With deflected rudder ZR 2.0 M = 1.99.
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NATIONAL ADVISORY COLMITTEZ FOR AERONAUTICS

" TECHNICAL LEMORANDUM NO.-1159

WIND-TUNNEL MEASUREMENTS O THE TING OF THE

Abstrect:

Outline:

HENSCHEL MISSILE "ZITTEEROCHEN"'IN
SUBSONIC AND SUPERSONIC VEBLOGCITIES™
. - .By Kehl .

Supplementing the measured results previously
renorted, this investigation of three-comporient
measurements on a wing model of the missile

"ZR 2.0" was conducted in the subsonic wind
tunnel (open-jet 215-millimeter dlameter) and
in the supersonic wind tunnel (open jet

110 by 130 millimeters) et the request of the
Henschel Airoraft Works, Berlin. .

I. Relations ard Defin'tions
II. Descrintion of Model and lieasured Results

I. RELATTIONS AND DEFIITTIOMNS

I1ft, component of the alr force perpendlcular

to the direction of flow, kilograms

drag, component of the alr forces in the

direction of flow, kilograms

1y ndkanalme ssungen am Fligel des Henschelgerdétes
1Zitterrochen' bel Unter~ und Uberschallgeschwlindigkelten,"
Zentrale fir wlssenschaftliches Borlchtswesen der Luftfahrt-
forschung des Generalluftzeugmelisters (Z¥B) - Berlin-

Adlershof

Oct. 2,

$ Ltlrlr:tereuchungen und Mitteilungen Nr., 3161,

11 terally "trembling ray."
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My moment, referred to the center of the wing
“leading edge (taill loaded moment positive),
meter~kilograms

F wing arec, meters?®
b - wing span, meters .’
[4 wing chord, meters
12 mean wing cho*d, meters(
p air density (kg sec® LL)
v. : - sbtream velocity (m sec"l)
al. sonic velocity (w sec‘;)
a angle of attaCn, degrees
. 1 b2
A Wing -aspect ratio = '
M Mach number (!)
. A
Cq 1ift coefficient
L 2z
2
W
Cvy drag coeffwcwent
L v2
, o \E
I
cmo . moment coefl (.9.
2

©IT. DESGRIPTION OF 'ODEL [HD MUATURED REULT

In figure 1 :the wing under investipation with A= 2
is sketched. The.contours are the biconvez profile formed
by two circular arcs. The thickness ratio amounts to
6.5 percent, The wing was tested in two directions; these
directions A and B are illustrated in figure 1.

The measurements in the subsonic wind tunnel (open-
jet 215-millimeter diameter) at & = 0.5, 0.7, and 0.85
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were taken, as were measuremenus in the supersonic

wind tunnel (open jet 110 by 130 millimeters) at M = 1.20,
1.45, and 1.99. Ancle of attaclk ranged from 0° to 10°.

The polars snd the moment-coefficient curves are given

in figures 2 to 5.

For case A, a decrease in the drag was observed with
increasing Mach number, just ag was formerly noticed on
the whole model (see UM 3122), which is traceable to
laminar separation at the low lach nuwmbers. The

Reynolds number based udon the mean chord Zm anmounts

to 3.2 X 10° at M = 0.5 and to 4.1 x 105 at 1} = 0.85.

In contrast, the case B shows no Reynolds number or’

Mach number effect on Ciyyy OVET the same velocity range.

In both cases, the 1lift coefficient increases with
Mach number approximately as reyvired by the Prandtl egquation.

As was expected, at suvupersonic velocities the drag
coefficient decreazed with increasing ilach number at the
low values of 1ift coefficient. Tikewise, the 1ift
coefficient decreased with iacreacing Mach ntwmber for a
constant angle of attack.

The pressure point in supersonic as well as subsonic
flow is independent of Mach nwiber over the range of
velocities investigated. TIn suneysonic flow, however,
the pressure point lies Tarther to the rear than in
subsonic flow.

Translated by Chance Voughf
Aircraft Corporation
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Flow direstion A.

Flow direction B.

Figure 1.- Wing ZR 2.0; A.= 2.0.
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