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WIND—TUNM3L MEASUREMENTS ON TiitEHEN13CEEL~ISSIILE

%ITTERROCHEN;’Z.INSUBSONIC ANi

SUPERSONIC VdLOCIT13S*
t

By Weber and Xehl

Abstract: At the reauest of tho Rknschel AirOraft Works.
A. G. Beriln. thres rmdels of the miss~ls “ ;
“ittterrochefilfwere investigated at subsonic
velocities.(open jet 21s-ra+.lllmetordiameter)
and at supersonic velGcittes (open jet 110
by 1~0 millimeters) in order to dets.mtne the
effect of various wi~ form on the air forces
and moments. Thr6e-ca;gonont meaauraments
were vaken, and one ~flcdelvas also investi-
gated with deflected control plates.

Outline:

A

w

1. Rolattons and DeflnltLons

lift, component of the air forces perpendicular
to the direction of flow, kilograms

urag, component of’the air forces In the
direction of flow, kilograms

++’’~~indkanalmesmngenam JSenschel-Gar& ‘Zitterroohen[
,bet Unter- und Uberschcllgeschwhdig’keiten.” “Zentrale
ffirwlssenschaftlfohes Borlchtswesen der Luftfahrtforschung
des Generallu~tzeugmel.sters(ZW3) - Berlln-Adlerehof’
Untersuchungan und W.ttellungon Nr, 5122.~~j 19!:$.

W-7
%terally ‘tr~mbling ray. ” (This type of’O& is

that which lives in the ocean. Presumably the name
qrigtnated because of the triangular shapo of the ray.)
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moment, referred to the projectile body, .
kilogram-meters

distance of the pressure pofnt from the rear
edge of the projectile, meters

callber of’the projectile body, meters

crosq-aeottonal area of the projectile,
D2

‘e~~fi”2 ~

density of air (kg sec2 ill-4)

stream velocity (m sec-1)”

velocity of sound (m G9c-1)

angle of attac!c,degro~s,

Wch number (v/a)

olift coefficient _
~F

()

drag coefficient ~
$+

f 110

()

moment ocleft’lcient—
&2FD

11. DESCRIPTION gF NOIIELAKO MEAS71KiEDF2KNJLTS

The models tested are Illustrated In figures 1 to 5.
They dlffsr only in wing form; the projectile bodies are
all the same. The wings have about tho sanm area, but
the aspect ratios are different (2.0, 1.0, O.~) und the
thickness ratios are dtfferent. The profiles of the
wing are the same all along the span. For the measurements
at M < 1 a model length of 200 mllltieters and for
M > 3 a model length of 8CI mlll~meters was chosen

— .—. — . —— .—. . ..- . ..-- .- . . — ____ ..__ ___. ..
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( oorrespondlng to projectile
millimeters, respectively).
on the length of the body of

diameters of
The fieynolds

3“

20.4 di 8.2
nuzibersbased

the pr~jedtile are

The models were supported at the stern by an”incllned
strut. At subsonic velocities (o-en jet 21b-nitlllmeter
diameter.)measurements %re ao~u~tiad at M = 0.5, 0.8,
0.85, a~d 0.9. Tunnel coraecttort~were not used. At
supersonic velocities measurements ware taken at M = 1●45
and 1.99. . ~ha angle of attack WHE varied from 00 to 1000

In figures 4 to 10 the lift Joefficlent Ca, drag
coefficient Cw# moment coefflclont ho, and the

f Cm.
position of the pressure potat ~ = ~

(Cn= ~Ca cOS a + C,qsln u) are g-lvenfor the thrae
different models at constant lkch numbers, so that the
effect OS various v~lngforms is visibls. ilithincreasing
aspect ratio the values doa/da md d~o/da increased

for all Each numbers investi~ated; furthermore, the
drag coci’ficlentalso increased, particularl~ at large
a~les of attack In the subsonic roglon and on the other
hand, even at a = O for the sup~]rsonicra@.on on account
of’the larger thickness ratios?

The pressure point shifted forward at all velocities
as ths aspect ratio was increased~

In figures 11 to 13 the same measured results are
presented against ?Jachnumber. In the subsonic region
the lift coefficients show an incr~asing trend with
increasing Mach number in the senso of Prazndtl~sequation.
No slgni.flcantdeorease in the lift coefflctant was
observed whan approaohlng the velocity of sound over the
range of velocities invostlgated; however, it is to be
noted that on account of not observing the jet corrections
the results at h!= 0.9 are uncertain. Over the raage

.

1- — —-. -.
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of supersonto velocities investigated the lift coefficlenta
for the same angle of attaok are of the same rnagni.tude
as in the subsonic region. .

The drag coefficient at small angles of attack
slightly decreases with increasing l!achnumber, whloh 1s
explained by the Reynolds number effect on the flow about
the wing. At bI> 1 the drag coefficients are naturally
higher, since even In a frict!onloss fluid a drag would
result on account of the finite thickness.

The pressure point of forms ZR 2.0 and ZR 1.0
are independent of the angle of attack and in the subsonic
regicn It lies about 0.2 D closer to the projectile
point than at supersonic velocltiss. For tha form
ZR !),5 a shift of the pressura pcint forward was ‘
obssrved as the angle of’attack”was decreased.

In ordet.to obtain a gen=ral idaa of the effectiveness
of control plates, the model Zn 2.0 was tested with
deflected control plates at K = C.?, 0.85, 1.45, and 1.99.
The measurements of the deflected control plates are
given in figure 1. In figures 1.4to 17 the measured
results are presented agatnst ~lo of attack, As was
to be expected, the effectiveness of the control plates
was less in the supersonic regions than at velocities
below thatof sound.

In figures )+to 17, again it is pointed out that
the curves of the force and momcn’~coefficients use as a
reference area the ~rojectile cross section (m~)D2
and as a reference length the caliber D, as is ganerally
done for projectiles.

Translated by Chanoe-Vought
AirOraft Corporation
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Figure 14.- With deflectedrudder ZR 2.0 M = 0.7.
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Figure 15.- With deflectedrudder ZR 2.0 M = 0.85.
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Figure 16.- With deflectedrudder ZR 2.0 M = 1.45.
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Figure17.- With deflectedrudder ZR 2.0 M = 1.99.
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ADVISORY COMP31TTEZ FOR AEROIIAUTICS

TECHNICAL MEKORARDUM’ No: -1159

WIND-TUNNEL MEASUREMENTS“OH TEE ‘TIN(3OF

HENSCHEL MISSILE 11ZITT@IKXXIEl@ IN

SUBSOllICAND SUTER30NIC VELOCITIES*

Abstraot: Sunnlementin~ ~ ~asured results

,
I

~

I
I

refiorted, t~”s Investlgati. on of thz%e-oompon~nt
measurements on a wing model of’the missile
“ZR 2.0~~was oonduoted in the subsonic wind
tunnel (open-jet 215-millimeter diameter) and
in the supersonlo wind tunnel (open jet
110 by 130 millimeters) at tkw request of the
Hensohel Airoraft Works, Berlin.

Out 11ne: I. Relatlons ati Defln!tlons

II. Descri~tlon of Hodel and lIeasuredResults
s

1, REIMTTONS AND DEFINITIONS

A Lift, oomponent of the sir force perpendicular
to the direotion of’ flow, kilograms

w drag, component of the air forces in the
direotion of flow, kilograms

%indkanalmssungen ~ Fliigel des I?imsohelgerliltes
Jzitterroohen ‘ be$ Uhter_ und Ubersohallge sohwindigkeitenow
%ntrale f%r wisa~nsohaftliobs Boriohtswesen der Luftfahrt-
forsohung des Generalluftzeugmelsters (ZTB) - Berlln-
Mlershof Untereuehungen @ l~tteilungen I@. 3161.
Oot. 21+,!91&

%iterally “trembling ray.”

I
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moment, iaeferi-edto the centeiqof the wing
~leading edge (tail.locd.edinoment positive) ,
me ter-kilogr~ms ~..,..

‘wing area, meters 2 .,.

wing span, meters ‘

win-g chor”d,meters

mean vrin~ c.hoi~d,meters
‘)
b

\x
air density (’kg sec2 m -4)

...-

stmeam velocity (m secuA) .
. .. .

semi.c velocity (m”sec-1) .... ...
angle of attack, degrees

()

“b~””
wing aspect ratio ‘ ~ I

. .

vw.
dra~ coefficient _

.gv2F. , ‘

.~z .::
MO, . .

( )

moment coefficient ——————
~ v2Fzm”
2

. ,,

In figwe 1 :the win~ under in.vestiflationv~i.th~ .= 2
is s::etcfi.ed.Tb-e”.Contours are tb-e‘Dic”opn7ezpr,coftle .“f’ormed
by two ci.rculc.rarcs. The thickumss ratio amounts to .’
6.3 percent. The wing VW-Stested iiitwo directions; these
directioils A and B are illustrated in f’igure 1,

The me~suremen. tsin the subsonic wind tunnel (open-
jet 215Lm&llimeier diameter) at 1;= 0.5, 0.’7,and 0.85
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were taken, as were measurements
wind tunnel (open jet 110 by 130
1.45, and 1.S90 Awle of attack

25

in the wperso@c ‘
millimeters) at N = 1.20,
rarwed fl.’om 0° to 10°.

The <olars am.1the ~fioment-coef’ficfl-en;curves ai-eGiven
in flgu.iies2 to 5.

E’or case A, a decrease in the drag was observed with
increasiil.gNach number, just as was formerly noticed on
the whole model (see UIII3122), which is traceable to
la.mlnar separation at the low UUzcbnumbers. The
Reynolds number based upon the mean chord _Lrflamounts

to 3.2 x 105 at M = 0.5 and to 4.1 x 105 at M = 0.85.
In contrast, the case B shows no F.e:rnoldsnu_mberor
Nach number effect on c~Vrfijnow-erthe same velocity range.

In both cases, the lift coefficient increases with
l!achnumber a~>pro::inateI.yas requtred by the Prandt1.equation,

As was e>Z;ected, at supersonic velocities the drag
coefficient decrea,~eclwith increasing Nach number at the
lov values of lift coei’fjci.ent. H?nwise, the lift
coefficient ckcreased with increa.:in~ Xach zmmber for a
consta-nt m:le of attack.

The pressure point in supersonic as well as subsonic.
flow is i.ndepend.entof Nach nu~her over the ran,~eof’
velocities investi~ated. In SW;ersonic flow, however,
the pressure point lies farther to the ‘rearthm in
subsonic flow,

!Wanslat ed by Chance Vought
Aircraft Corporation

. . .. —-— -.———— ---
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Figure1.- Wing ZR 2.0;A = 2.0.



I I

ZR 2.0 __ _ _ . . . — — . . —

A
+ M=0,5

x pf=aes

ref. ronce

--t17

Figure 2.



r

ZR 2,0
/“/ % + M=0.5

% .

0 M=O.7
1

,a6
x PI -0.85

Moment

refcraneo

Figure 3.

z
o.

I



“8

I I

ZR 2.o
0 M =1J,20

\ ● M = L45

A h
o M = 1,99

/ ‘
A

Moment /

r* fer*nee
\

.,0.3.

,0,2.
7

,e

- cmo -0,5
w

0.05 o,/ + Cw
I 1

Figure4.

.



●

.

F@ure 5.



1llllll[ll[ll~mulllllllllll
31176014374624I—.—___

.


