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NOMENCLATURE

Reference area, 0.18896 ft2

Base area, 0.18896 ft2

Flow correction angie in pitch, deg

Angle of attack, deg

Semimajor (horizontal) span at X, in.

Semimajor span at model base, in. (See Tabie 1)
Sideslip angle, deg

Semiminor (vertical) height at X, in.

Semiminor height at model base, in. (See Table 1)
Forebody axial-force coefficient, body axes, CAT-CAB
Base axial-force coefficient, body axes, -(PBA-P)AB/Q-A

Total axial-force coefficient, body axes, total axial
force/Q-A

Forebody drag coefficient, stability axes

Rolling-moment coefficient, body axes, rolling moment/Q-A-L
Pitching-moment coefficient, body axes, pitching moment/Q-A-L
Slope of CLM versus ALPHA curve at ALPHA = O, deg'l
Yawing-moment coefficient, body axes, yawing moment/Q-A-L
Forebody 1ift coefficient, stability axes

Normal-force coefficient, body axes, normal force/Q-A

Slope of CN versus ALPHA curve at ALPHA = 0, deg‘1

Model configuration designation

Side-force coefficient, body axes, side force/Q-A

Reference length, in. (See Table 1)

Lift-to-drag ratio, stability axes
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Model length, 36.000 in.

Free-stream Mach number

Normal-force center-of-pressure location, body axes, inches
:rgm nose; XMRP-(CLM-L/CN) or XMRP-(CLM-AO-L/CN-AQ) for ALPHA
Free-stream static pressure, psfa

Average base pressure, (PBT + PBB + PBL + PBR)/4, psfa

Base pressure, i =T, B, L, and R, where T, B, L, and R are
top, bottom, left, and right looking upstream, respectively,
psfa

Roll angle, deg

Data point number

Tunnel-stilling chamber pressure, psfa

Free-stream dynamic pressure, psf

Free-stream unit Reynolids number, fe-1

Data set identification number

Free-stream static temperature, °R

Tunnel-stilling chamber temperature, °R

Axial location from nose of model, in.

Axial distance from model nose to model moment-reference
location, 24.000 in.

Side-force center-of-pressure location, body axes, inches from
nose, XMRP-(CLN-L/CY)
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1.0 INTRODUCTION

The work reported herein was conducted by the Arnold Engineering
Development Center (AEDC), Air Force Systems Command (AFSC), under
Program Element 62201F, Control Number 2404, at the request of Air Force
Wright Aeronautical Laboratories (AFWAL/FIMG), Wright-Patterson AFB,
Ohio. The AFWAL/FIMG project manager was Mr. Don Shereda. The results
were obtained by Calspan Corporation, AEDC Division, operating
contractor for the aerospace flight dynamics testing facilities at
the AEDC, AFSC, Arnold Air Force Station, Tennessee. The test was
conducted in the Aerodynamic Wind Tunnel (4T) of the Propulsion
Wind Tunnel (PWT) Facility on April 18, 1985, under AEDC Project
Number CD48PB, PWT Test No. TC-793. B

The purpose of the test was to obtain data on the aerodynamic
characteristics of elliptic missile body configurations with ellipticity
ratios of. 2.0, 2.5, and 3.0 to 1.0. The test was performed at nominal
Mach numbers from 0.4 to 1.3 at a constant nominal free-stream unit
Reynolds number of 2.4 million per ft. The angle-of-attack range was -4
to 20 deg at sidesiip angles of 0 and 4 deg.

The purpose of this report is to document the test and to describe
the test parameters. The report provides information to permit use of
the data but does not include any data analysis, which is beyond the
scope of this report.

The final data package from the test has been transmitted to
AFWAL/FIMG. Request for these data should be addressed to AFWAL/FIMG,
Wright-Patterson AFB, OH 45433. A copy of the final tabulated data
package is on file on microfiim at the AEDC.

2.0 APPARATUS
2.1 Test Facility

The AEDC Aerodynamic Wind Tunnel (4T) is a closed-loop continuous
flow, variable-density tunnel in which the Mach number can be varied
from 0.1 to 1.3 and can be set at discrete Mach numbers of 1.6 and 2.0
by placing nozzle inserts over the permanent sonic nozzle. At ail Mach
numbers, the stagnation pressure can be varied from 300 to 3,400 psfa.
The test section is 4-ft square and 12.5 ft long with perforated,
variable porosity (0.5- to 10- percent open) walls. [t is completely
enciosed in a plenum chamber from which air can be evacuated, allowing
part of the tunnel airflow to be removed through the perforated walls of
the test section. The model support system consists of a sector and
sting attachment which has a pitch angle capability of -8 to 27 deg with
respect to the tunnel centeriine and a roll capability of =180 deg about
the sting centerline. A more complete description of the tunnel may be
found in Ref. 1.

............................
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2.2 Test Articles

The installation of the test articles in Tunnel 4T is shown in
Figure 1. The test articles were elliptic missile body configurations
with ellipticity ratios of 2.0, 2.5, and 3.0 to 1.0. The models were
power-law bodies with an exponent of 0.5 and had the same longitudinal
distribution of cross-sectional area. The semi-major and semiminor axis
ordinates were derived from the following equations:

For horizontal projection (semimajor axis)

qmax . 05

a = =
LO.:

and for vertical projection (semiminor axis)

Details of the models are given in Figure 2 and the model configuration
designation is presented in Table l.

2.3 Test Instrumentation

The aerodynamic forces and moments were measured using an
internally-mounted, six-component strain-gage balance. Pressures were
measured at the base of the model. The radial location of the pressure
orifices are shown in Figure 3. The pressures were measured using 15
PSID pressure transducers which are part of the 4T standard pressure
system.

3.0 TEST DESCRIPTION
3.1 Test Conditions and Procedures

Measurements of the model steady-state forces and moments were
obtained at Mach numbers from 0.4 to 1.3. The nominal test conditions
established during the test are given in Table 2. Tunnel conditions
were held constant while varying model attitude. Data were recorded at
selected angles using the pitch/roll-pause technique. Data were
obtained at angles-of-attack from -4 to 20 deg at sideslip angles of 0
and 4 deg. A test run number summary is presented in Table 3.
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I~ 3.2 Data Acquisition and Reduction

A11 steady-state measurements were sequentially recorded by the

results. A typical data plot generated on the PWT Interactive Graphics
System is shown in Fiqure 4.

" facility on-line computer system and reduced to the desired final form. ..
- The data were then tabulated in the Tunnel 4T control room, recorded on oy
magnetic tape, and transmitted to the AEDC central computer file. The e

data stored in the central computer file were generally available for e

plotting and analysis on the PWT Interactive Graphics System within 30 e

seconds after data acquisition. The immediate availability of the ]

-~ tabulated data permitted continual on-1ine monitoring of the test ~.4
PR

¢

. The model force and moment data were reduced to coefficient form in
= the body- and stability-axes systems. The model reference area is given

in the Nomenclature and the reference lengths are given in Table 1. The
o moment reference point is shown in Figure 2. The stability-axis system
v coefficients (CLS and CDS) were calculated using the forebody axial-

force coefficient (CA) and the normal force coefficient (CN). The base
s pressure and its area (given in Nomenclature) were used to calculate the
E base axial-forca.

3.3 Corrections

The aircraft angles of attack and sideslip were corrected for sting
g deflections caused by aerodynamic lcads. The flow angularity (AFA) in
. the tunnel pitch plane was determined by testing the aircraft model
- upright and inverted, and the flow angularity corrections were then
applied to the data. Corrections for the components of mcdel weigat,
: normally termed static tares, were also accounted for before the
Y measured loads were reduced to coefficient form.

" 3.4 Uncertainty of Measurements

Uncertainties (combinations of system and random errors) of the
. basic tunnel parameters, shcwn in Figure 5, were estimated from repeat
- calibrations of the instrumentation and from the repeatability and
uniformity of the test section flow during tunnel calibration.
Uncertainties in the instrumentation systems were estimated from repeat
calibration of the systems against seccndary standards whosa
uncertainties are traceable to the National Bureau of Standards
calibration equipment. The tunnel parametar and instrument
uncertainties, for a 95-percent confidence ievel, were combined using
the Taylor series method of error propagation described in Ref. 2 to
determine the uncertainties of the parameters in Table 4.
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4.0 DATA PACKAGE PRESENTATION

The final data package contained, 1) tabulated data summaries
listing specific parameters, 2) digital magnetic computer tapes
containing summary data, 3) test article installation photographs, 4)
test run number summary, 5) model configuration identification, and 6)
model sketches. Sample tabulated data are presented in Appendix III.

2
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Table 1. Model Configuration Designation

CONFIG Description
820 2:1 elliptic body,amax = 4.162 in.

i

el
v e %y

———
T

2

bmax = 2.081 in.

L = 8.323 in.

8 |
s '

:

£ B25 2.5:1 elliptic body,amax = 4.654 in.
= bmax = 1.862 in.

9.307 in.

[ L

5.098 in.
1.699 in.

Fo B30 3:1 elliptic body,amax

bmax

[+ L = 10.195 in.

YT Y

RSN



Table 2. Naminal Test Conditions

M PT P Q RE x 10-6

m -
0.4 2090 1872 210 2.37 ;&:;

0.55 1625 1324 281 2.40 R

0.8 1265 829 372 2.41

0.95 1174 659 414 2.39 2 3

1.05 1120 584 451 2.46 oy

l.1 1120 524 444 2.36

1.2 1120 462 466 2.38

1.3 1120 405 479 2.37

1.3* 1170 424 500 2.47

* For CONFIG B30 only.

19 o



PR

PN
wx
W
3
W
v. ...
L’ b
g
8 .v.\
'. ..;~
: i
< x
y .Mw
m bap 02°91°21°01°8°9 b € 2 1 0" 1-"2-"€-"p- -[V :31NPAUDS YHJTY :SAION .\.m.“.
m_ . X
w vet 121 611 911 b1t FAQ 601 L01 b A
4 - -4
€2t e
m N
’ 221 021 811 ST1 £11 188 801 901 0 v 0£8
(6 56 £6 16 68 8 58 £8 v
96 v6 26 06 88 98 v8 28 0 v 629
11 (9 v9 19 85 56 15 8b v
. 21
“ oL 99 £9 09 (s vs 05 It 0 v 028
€1 21 11 60°1 560 80 56°0 b0 o
V139 | wHdIV | 914NOD
W

Aaewung Jaquny uny 153] °f 3iqeq




: ~_0g00°0 30@3 Z£000 280070 GEO0 0 1v00°0 0800°0 ARON°0 av)

1 9900°0 _ 1900°0 0£000 £400°0 S %/00°0 | 98000 ALY - 91070 V)

[ 65000 | 09000 | €9000 | 9000 | 80000 | 9000 | zwo | wioo | v
‘. 98000 | 88000 | €6000 | 96000 | 66000 | 100 | 100 | o0z00 m
‘ |_vwoo | wioo | sio0 | swo | 900 | sioo_| swo | eo0 | w0
.& 00 | soo | sw0 | 600 | o0 | zzoo | weoo | eso0 | x
: oo | w00 | zwoo | zoo | w00 | swo | f00 | 8200 W
| 600 | o000 | 200 | es00 | seoo | es00 | 900 | €00 | ND |

€1 "1 °1 S0°1 66°0 8°0 G5°0 b 0
. o T T m mm e e e ) #71 TWYvd

G268 J14N0D "9
L)
o~
0£00°0 0£00°0 Ce000 ct00°0 S€00°0 1v00°0 0800°0 880070 )
9900°0 {900°0 | 0L000 | €££00°0 9/00°0 | 9800°0 _vio‘o ~910'0 |0V )

S 2n0%o vioto | 1vd
JA10T0 o 0e0t0 11

6500°0 0900°0 €9000 6900°0 8900°0 90070

T — - (R SN O R .

9800°0 6800°0 £600°0 9600°0 6600°0 _110°0

| _v00 | w00 | swoo | swo | o100 | mioo | om0 | a0 N

w00 | smwoo | ewo | 6o | oo | zaoco | w0 | es00 | M)
200 | a0 | w00 | w00 | eroto | osw00 | 6200 | 6000 | WD
6200 | o0 | 100 | a0 | weoo | seoto | oos0c0 | o0 | N

£°1 ¢l 1 GO 1 5670 8°0

5670 A
- ) T

028 914N0D 7P

SALEPYAaUN pagermEysy Tt a1 qre)




ww

PO S e i i

e

B 0£00°0

0€00°0 [ ce00n

9900°0

L .

6500°0

£900°0

9800°0

r10°0

{10°0

0100

0900° Q-
8800°0

IO R DR

0£00°0

£900°0
mmco 0

31070

810°0

2€00°0

mmoo 0 1v00°0

omo: o

= j R SEN SR
(££00°0 | 9400°0 | 980070 .‘-%,m--_
G900° o 4-‘mMoc 0 9/00°0 210°0 -
B 9600°0 6600°0 110°0 Nﬁo.O

_S10°0

910°0 _810°0

610°0

020°0 220°0

110°0

210’0

21070

v10°0

820°0
v€0°0

0€0°0

£E0°0

£°1 2’1 1

v£0°0

Go°1

9¢0°0

oo

G670 B0
W

0fH D74N0D °D

PANN| U0

boRav|

macc c

910°0

v10°0

‘cai-tilz;J
02070

2t0°0
amo.o
\No,@

[L0°0

Vo

_<q

JAQ

z_u

A

W)

ND

471 TWVAYA




(4 y 0
N Kl PR

I g .
-\.“\#\ s . ) ' " ‘.\h..su.u-.)-.‘- l-\. \nln-.- ..-N- s T "
-, NEIRY ! PP PSS of PLPAFRIRTRTRT S O

SN RN

e
. $\“, »

e e e o
.
.-\ *

APPENDIX III
Sampie Tabulated Data

L gtk - il ottt 5




P S L) Lo 2ot 2 auary (B ) o N
AN AT e .
RO N T P T PR 1
e P SIS T )

LI Y pin syt ) Ty e T
s e %5 2y . .
17 LI B fe-te tah N Y N

-

eleQq Soxy-A3TI1TqelS pue -Apog ‘| ordues

..

¥050°0 Z890°0

ov-W12 Ov-ND
8.5 € 909°0 L9V°C 6GVEE'O TGS’ O  GEL)O- IPPE’O  LOLI O GEOO'O LEOCO'O_ E€00°0- 68LLL  ¥Z°T | O- €0°0- €0°0Z 8

¥i8'» BOE'O 2054 €5.8 0 6665 0 L6iL O- V6ZE O L60Z O LIOO'O LEOO'O 00 O- OBEB O 6264 1 O- €0°0- o9 L+
L60°L _¥EL'O _2S6°0  69IE°L  61ZS°0  6990°0- 160E°0 ZZyZ'O 4100°0 9100°0 100°0- €009°0 6560 | O- TO'0- _ Z0°ZI _ 9%
v6v°'8 L1800 ZPVL 'O E6ZE O OIIS 0O ZEPO O- 9662 O ©€252°0 DHODD'O 1100°0 100°0 €000 9vL O 1-O- Z0°0- €001 G
669°8  G90°0 996°0 12960 1GOS'O  ZPI0°0- ZS9Z°'O OI16Z°0 #0000 SI00°'0 E£00°0 6L6E°0 6950  |1°O- 10°0-  66°L vy
162°6 Sv0O O 8Hiv'O ¥6¥a 0 CZ0OG'O LOOO'O OOVZ O LOPZ O GOOO'O EO0O°0 ¥O0O'O 16620 OZr O 1 O- 10°0- 609 €t
€99°6 BZO'O 6LZ°0 TGO9'0O SEOS'O  E€600°0 ZIZZ'0 GOEZ O ZOOO'O OlOO°'O $OO'O 1861°0  4IBZ'O _ 1°O- 10°0- 00 ¥ zh
66Z°L 6Z0°0 ZIZ' O LBSD'O GpOS O 18I0°0 6LOZ'O 192z 0 Z0OO'O 10000 €00°0 PE¥L O ELZ°O 4 O- 10°0- 86°¢C ¥}
OEL'9  1ZO0 Z¥L'O  ¥Z89°0  9Sv0OS'O  1910°0 9L0Z°0 BEZZT O 1000°0 ZO0O'0- €00°0 6660°0 _Z¥h'O__ 4 °O- 00°0- 66"} oL
861°%  810°0 ¥L0°O (9190 OpIG O +910°0 190Z°0 6GZZz 'O 1000°0 TOOO O- ¥O0O'O Z&¥0'O G&LO'O 1 O- 00°0- 20} 6
8EZ°0  810°0 ¥00°0 ZBZL'O ES6P°0  6LIO'O 0SOZ°0 8ZZZ O 1000 0-_6000°0- €00°0 ZZOQ'O- #0000  I°0- 00°0 100 @
GEE #- GI0°0 E90 O- ¥658°0 ZPLY O PELO'O OBOZ O pZZz O €000 O- 8100 O- 2000 9280 °0- €80 0- |+ O- 00°0 o - L
668°8- S10°0 EEI 0O- 0108°0  098y°0  ZOIO'O LIIT'O 64ZZ°0 E000°O- L100 O- £00°0 6EOL O- €EL'O-_ | O- 00°0 ¥0'Z- 9
126°6- 120°0 102 0- L6EL'O 606¥ 0 GO0 O IG1Z2'0 662z 'O E00D O- €4100°0- ¥00 O LEGH O- ZOZ O- 1+ O- 10°0  €0°'€- &
LOL°6- 8ZO'0 OLZ'O- 1G9L°0 6E6¥°'0O  6800°0 6642°0 68ZZ°0 €000°0- 9100°0- ¥00°0 8ZOZ O- 1LZ°0- ) °O- 1000 _00°p-__ ¥
$(a/7) Sa@d S0 W1/ddA  Wi/doN ') avo 1vD RRE) N2 A2 w1 ND THd vi38 VHd1¥Y  Nd
ese VIVO SIXV ALITIAVLIS ONV AQOE s++

000°9¢E tze e 96881 ‘0 oZ8
1534 32304 S3I100Y DI1Ld1113 IvAdY o 1 v 914N0D

61 v /ev TO0'0- 87626 L°iGs ©6C'C ¥ OBZ @ ZZEI O &Z91 088 0 0%

LISNOD 430/QNIA viv__ 1 11 9-01X3¥ O d 1d W NNy

t AdYWNNS €64-J1 1S3y

e e e 33SSINNIL "NOILVIS 3IDN04 U1V QIONAY
TINNNL ONIA NOISTINdO¥d

— JRE—— S [ - L . NOIS™° Y@ _Da3v
TONT 'S3DIA¥3S Q314 NvdS /NIAYY
TT-8i¥d "ON 103rodd S8-Z -» ‘31v0

i
100348 wWuD¢ YOUNN 00 J0RV




v o . o
(i L L4

e " .E-
“« £ 4 5 & &« L4

eleq aanssaad 9seg °g ordweg -
. []
[¥el
' TLZ6°0 65160 B8YE6 O 28160 B6E6 O 1 O- €0°0- €0°'0Z s N
JOE6°0 S616°0 9LE6°0 ELTE'O TZY6'O | °O- €0°0- 20°94__ L1
9PE6°0 81C6°0 zS¥6'O ¥9C6°0 6FP6°O I O- T0°0- ¢Zo'Z+ of
YLEE O 9SZ6°0 y.L¥6°0 OOE6'O S996°0 I "O- 20 0- €0°0} St
9EpP6°0 $SE6'O BOSE'0O OBEE 'O 10S6°0 | O- 10°0- 66°L vl
Z6v6°0_ EEV6'O 9vS6°0 1SK6°0_ BES6°0 | O- t0°0- 609 (13
TES6'0 99¥6°0 656 0 98v6°O 9856°0 | O- 10°0- 00 T
6S56°0_ 16¥6°0 1Z96°0 6056°0 €196°0 | °O- 10°0- 86°Z b
0956°0 16v6°0 €2r5°0 60S6°0 91960 +°0- 00°0- 66°# [
G9G6°0 ¥6¥€°0 1296°0 11S6°0 8Z96°0O 1°O- “0- To° L 6

00°0

y L9S6°0 00S6°0 »Z96°0 60S6°0 ¥ES6°0 | O- 00°0 10°0 8
LSS6°0 68¥6°0 €196°0 96v6°0 8Z96°0 | 'O~ 00°0 20" 1 - L
Z6S6°0 L8Y6°0 S096°0 TEY6'O €296°0 1 O- 00°0 v0°Z- 9
N E¥S6°0 0O8BY6°0 8656°0 SBY6'O 0196°0 | O- 10°0 £0°€E- S
3 PES6°0 9LY6°'0 88S6°'0 9LYE'Q LES6° 0 + O- 10°0 00" v- 1 4
b d/v8d d/18d d/98d d/y8d d/18d IHd viig VHdY Nd
. 000" 9¢€ ETE’'8 96884 "0 oza

4 4531 30304 S31008 21441113 vmiy al 1 \ ] DI34NGD
' [-1) b /ey TO0°0- 8°SZS L LSS 66€°T $°0BC 8°CZEl 0°ST9I OSSO OS
13SNOD 440/ONIN viy 1 11 9-0I X3y 0 d id w N

T AUVANNS €6L4-01 1S3L

33SS3NNIL "NOILVIS 32204 NIV QIONAY

TJIANNNL GNIM NOISINJO¥d

g NOIST+1Q D03V
*ONI 'S301A43S Q1314 NvdS /NIAYY

TZ-8ivd "ON 123M0¥d 68-T -. ‘"3uva

19FBAS WEDY XOUIFX 00 JUBY

]
Why
A |

ey

2o
\
N

L. . . N . . . . EIC N s, 8 0 » . y "z S vy
S IS [ SR L. N3 DI B Rt N - TR & S ey I LS A PR ~
I p ) PR 2 . g A Sl

P S - . = e . . 200 " - [PTS
- o o 8 e s -y~ oy — .« - . K .




A I PR W, B B M WO M KL e e

10-85




