.

AD=A088 938 DAVID W TAYLOR NAVAL SHIP RESEARCH AND DEVELOPMENT CE==ETC F/6 2 /4%
AFTERBODY DRAG, VOLUME 3. LITERATURE SURVEY,.(U)
JUN 80 6 S PICKe R M HARTLEY
UNCLASSIFIED DTNSRDC/ASED=80/13 NL
[

an
08RG



http://www.abbottaerospace.com/technical-library

et - S — - PO . .

A A088938

AFTERBODY DRAG
VOLUME 3 — LITERATURE SURVEY

by

97 -

George S. Pick
Richard M. Hartley

APPROVED FOR PUBLIC RELEASE: DISTRIBUTION UNLIMITED

AVIATION AND SURFACE EFFECTS DEPARTMENT

DTNSRDC/ASED-80/13

June 1980

DA\VI‘]
TAYLOR
NAVAL
SHIP
RESEARCH
AND
DEVELOPMENT
GENTER

Bt THE SDA
MARY  AND
20084



http://www.abbottaerospace.com/technical-library

Y e -

UNCLASSIFIED @ W)Q@_’)E 8 1ﬁ¢3 {;

SECURITY CLASSIFICATION OF T E {When Date Entered)

REPORT DOCUMENTATION PAGE BEF%%‘EDC%‘SE,'SE%I,}S":W
r 2. GOVY ACCESSION NO.J 3. RECIPIENT’S CATALOG NUMBER
DTNSRDC/ASED-84/13 f AD-AO % 73 g'
T 1 T i Bl hatbhab edaies \ S. TYPE OF IAE’ORT & PERIOD COVERED
_AFTERBODY DRAG. ~— Final Jegext, 5 /
/YOLUME 39 ;JITERATURE §URVEY , T T T (LTI L]

/ e

= NUMBER(e)
’Geor"e s./pick / (o
j Richard M. /Harcley
. PERFORMING ORGANIZATION NAME AND ADORESS T. PROJECT, TASK
David W. Taylor Naval Ship R&D Centet(;’ AREA & WORK UNIT NUMBERS
Aviation and Surface Effects Department (See reverse side)

Bethesda, Maryland 20084

11. CONTROLLING OFFICE NAME AND ADDRESS 1 RO
David W. Taylor Naval Ship R&D Center ‘ , m
Aviation and Surface Effects Department OWBER OF FoEs

Bethesda, Maryland 20084 94
4. MONITORING AGENCY NAME & ADDRESS(If di rom_Contro, ftice) 18. SECURITY CL ASS. (of this report)
Naval Air Systems Command
Washington, D.C. 20361 /_2 | ? é UNCLASSIFIED
Naval Weapons Center 15a DECL ASSIFICATION DOWNGRADING

China Lake, California 9

16. DISTRIBUTION STATEMENT (of this Report)

APPROVED FOR PUBLIC RELEASE: DISTRIBUTION UNLIMITED

17. DISTRIBUTION STATEMENT (of the abatract entered in Block 20, if different from Report)

18. SUPPLEMENTARY NOTES

19. KEY WORDS (Continue on reverse aide if necessary and identily by block number)
Base Pressure Transonic Flow

Boattail Drag

Jet Interference

Subsonic Flow

20, ABSTRACT (Continue on reverse side !f neceseary and identity by block number)

The results of the afterbody drag study are presented in four volumes--
Volume 1: Drag of Conical and Circular Arc Afterbodies; Volume 2: Jet
Interference Effects on Subsonic Boattail Drag; Volume 3: Literature Survey;
and Volume 4: Data and Analysis.

Volume 3 includes summaries of 119 reports, a bibliography of 608 reports
and n discussion of theoretical approaches to afterbody drag.

DD , 0™, 1473  EoiTion OF 1 NOV 88 1S OBSOLETE
'oAN 7 S/N 0102-014- 6601 UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE (When D /]
- Lot} : o o /
287695 A



http://www.abbottaerospace.com/technical-library

1 UNCLASSIFIED
SLLURITY CLASSIFICATION OF THIS PAGE(When Data Entered)

(Block 10)

Program Elements:
61153N

] 63361N

62332N

Task Arga Numbers:
WR 02 003
W15X20000 B

; F32.322.203 )

Work Unit Numbers: V
1660-234
1660-235

.

UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE(When Date Entersd)

foa
A A s - et



http://www.abbottaerospace.com/technical-library

-——

-——— .

TABLE OF CONTENTS

ADMINISTRATIVE INFORMATION . . . .
INTRODUCTION « & ¢ ¢ o ¢ o« o o o &
DISCUSSION & o ¢ o o o o o o o o &
REFERENCES ¢ ¢ o & ¢ & & o s o o &

LIST OF EXPERIMENTAL INVESTIGATION

REPORTS SURVEYED .

SYMBOL CODE AND DEFINITIONS FOR TABLE 1 .+ « ¢ ¢ o o &

BIBLIOGRAPHY -~ AFTERBODY DRAG . .

Table 1 - Summary Sheets Of Experimental Investigation

Reports Surveyed . « « &

Accession For

NiL. (el
L) Tae
Wit e wadeid

A, b ieabllON e

17

45

21



http://www.abbottaerospace.com/technical-library

] -t

ABSTRACT
The results of the afterbody drag study are presented
in four volumes -—Volume 1: Drag of Conical and Circular
Arc Afterbodies; Volume 2: Jet Interface Effects on Sub-
sonic Boattail Drag; Volume 3: Literature Survey and
Volume 4: Data and Analysis.
Volume 3 includes summaries of 119 reports, a
bibliography of 608 reports, and a discussion of theoretical
approaches to afterbody drag.
ADMINISTRATIVE INFORMATION
The survey was conducted by the Aviation and Surface Effects
Department of the David W. Taylor Naval Ship Research and Development
Center with clerical assistance by Payne, Incorporated under ONR Contract
NO014-75-C0926., The afterbody drag project was supported by the Naval
Air Systems Command and the Naval Weapons Center under Program
Elements 61153N, 63361N, and 62332N; Task Areas WR 023 02 003,
W15X20000, and F32.322.203; and Work Uaits 1660-234 and 1660-235.

The references and bibliography are in the format of Payne,

Incorporated.

T~ INTRODUCTION

Y]
A literature survey was conducted as part of the afterbody drag

evaluation project. The results of the survey are presented in four
sections: (1) discussion of studies by various authors; (2) 1list of
119 reports considered applicable to the evaluation; (3) summary

of the 119 reports in tabular form (TabteT); and (4) bibliography

of open literature (608 reports and papers).
k.
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DISCUSSION

The literature survey disclosed that the vast majority of the open
literature reports are very specialized or address a narrow subject

matter. These reports are not suitable for establishing a basis from

i
|
which the effects of the various geometrical, physical, and environmental l
parameters of afterbody drag can be systematically investigated. Only 1
a small number of the reports are suitable for this purpose. These

reports address conical afterbodies in the subsonic and transonic ]
speed ranges.

Studies, evaluations, or research generally can be classified as -
experimental, empirical, or theoretical. N
EXPERIMENTAL -

In the subsonic and transonic speed ranges, only a small number of

reports of the experimental type are suitable for establishing the

foundation of an afterbody drag evaluation. References 1 through 5* are

in this category and are hased on the systematic testing of basic con-
figurations over a wide range of geometrical parameters and Mach numbers.
EMPIRICAL

References 6 through 11 present various approaches to the problem of
predicting boattail drag.

McDonald and Hughes6 propose a method for the prediction of boattail i
drag and base drag of curved, conical, and cylindrical afterbodies and the
effect of jet flow on the drag characteristics of the three types of P

afterbodies. The method, however, does not consider variation of the

*A complete listing of references is given on page 5.
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drag characteristics with Mach number, and its applicability is therefore
limited. The method does introduce a direction of approach which can
be applied to further investigations.

Bel:'gman7_8 proposes several approaches for the prediction of after-

body drag. One approach (Reference 7) presents qualitative and

quantitative analysis of the effect of nozzle geometry and some physical
parameters on the boattail drag. However, the effect of Mach number

and base drag is not considered. A subsequent method (Reference 8)

also does not consider base drag and is suggested only for Mach numbers

D mnnd

? less than 0.9.

! The method of Swavely and Soileau9 uses a parameter referred to as
) Integral Mean Slope, which is obtained by integrating an area ratio
equation. The area ratios are obtained from the boattail and nozzle
geometry. Due to the involved computations, the merits of the method

were not investigated. The method has been modified by Brazier and

t 7 Ball.lo

The Presz-Pitkin method!! predicts the flow separation point and

é

pressure distribution on a boattail with a given solid surface sting in

-

subsonic flow. After a determination of the separation point, an inter-

active method is used to match a calculated inviscid flow field, an

attached boundary-layer, a control volume separation point, and the

- o~

separated flow field model. This complex method is not included in

this assessment.
THEORETICAL
The literature is a means for obtaining the theoretical relation-

ships for correlative formulations. No significant, applicable theoretical

onp N TN ewm o=
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method with respect to subsonic and transonic flow was discovered which
could be useful for the specific purpose of this investigation.

For supersonic flow, theory is of greater applicability because it is
easier to treat mathematically. Consequently, a number of mathematical
treatments of afterbody drag in supersonic flow are available. Although
the supersonic case was not given extensive consideration, the work of
ChaPman,lz with respect to base pressure, is fundamental. A correlation

13

by Love is based on the Chapman method for a variety of configurations

and local Mach numbers. The base pressure is also useful in determining
the boattail drag coefficient in the supersonic case. There is much
material available to allow a systematic treatment of the supersonic

case with respect to boattail and base drag (Brazzel and Henderson14

).

<t .
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SYMBOL CODE AND DEFINITIONS FOR TABLE 1

Forebody Geometry

N Ogive nose

N2 Blunt nose

N3 Conical nose

N Elliptical nose
B Cylindrical body

Afterbody Geometry (Contour)

A Conical
A2 Circular arc
A Elliptical

A Cylindrical

Fineness ratio

L

d

m

R Maximum boattail angle
Pt
f—l Jet pressure ratio

1 Jet diameter ratio

Jet Nozzle Geometry

N Conical
N Contoured
N Converging

N4 Converging-diverging

Fin Thickness

Mean Length of Chord

= Fin thickness ratio

17

0dd~-shaped fuselage
Body of revolutien
Wing

Inlet

Other body of revolution
Ogival
Other

Flared

Plug
Blast tube
Cylindrical

Some
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Trailing Edge Position

Flush Flush with base
Aft Aft of base

Forward Forward of base

re Base diameter ratio
m
2 2
-d
fhl——jfﬂi— Base area ratio
d
m

Boundary Layer Character (Afterbody)

L Laminar

T Turbulent

T Transitional

L/T Laminar/turbulent

Rd Reynolds number based on dmax

R

Mounting Technique

M Sting M

1 5
M2 Strut M6
M, Free flight M,

MA Magnetic suspension

Boattail Pressure Distribution

SPT Static pressure taps

18

2 Reynolds number based on total body length

Nose tube
Wing support

Splitter plate
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Output Format

TE Theoretical equations

EC Empirical correlations

G Graphs
T Tables
C Combination of above

Results, Limits

TC Test conditions
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' TABLE 1 - SUMMARY SHEETS OF EXPERIMENTAL
INVESTIGATION REPORTS SURVEYED
REPORTS SURVEYED
1 2 3 a 5
MACH NUMBER RANGE 2.01, 3.27|.6 - 30 4.02 0.5 - 0.85 1.98
tT:S:;mous REYNOLDS NO/FT x 10° |1 53 3.9 - 0.03 1.9 - 3.43| s.0
@ RANGE 0° 0 - 45° oo o 0
A | FOREBODY Ny B) N) B) By Ny By N3 By
E CONTOUR Ay A4 Ay A, A4' Aj
g FINENESS RATIO 1.0, 2.0 3.0 - - 0.25 - 2.0 i
3 MAXIMUM DIAMETER 5 cm 3.75 in .167 in - -
MAX. BOATTAIL ANGLE 100 - 0e - 250
NUMBER 1 0.1 NONE NONE NONE
TEMPERATURE - - - _ -
é PRESSURE RATIO 0-15, 40 - - - -
CONFIGURATION | T
DIAMETER RATIO .60 - - - -
NOZZLE GEOMETRY N, N - - - N,. Ng
NUMBER NONE 0, 4 NONE NONE NONE
F | Tmickness Ratio - - . - -
¥ | sweepack ancLe - - - - _
TRAILING EDGE POS. - - - - -
: DIAMETER RATIO 647 - 1.0 0.32 1.0
g AREA RATIO .64 - 0.1 -
BOUNDARY CWACTE.R . _ L I z
LAYER Rqg % 10 .3 - .65 - - - -
PARAMETERS R, x i0°* 2.7-5.85 - - 5 - 900 -
TYPE OF THEORETICAL NO NO YES NO YES
INVESTIGATION € XPERIMENTAL YES YES YES YES YES
MOUNTING TECHNIQUE M M, My CANTILEVER M) M,
MEASUREMENT 8 BOATTAIL PRESS. DISTR.| spr - - - SPT
FORCE - - - YES -
OUTPUT FORMAT G,T c T, G, G TE, G, EC
L 2.01-3.27| T¢ 4.02 0.8 1.98
RESULTS 'E‘ M kil Ie I Ll _
rla g° 0° - 45° 0° 0° 0
8 [Totren - - - - -
AIRCRAFT v v v
PRINCIPAL MISSILES / / y y
APPLICATION PROJECTILES v v J /
———
NACELLES . ¥ /

21
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REPORTS SURVEYED
6 7 8 9 10 I
MACH NUMBER RANGE 0 - 6.0 ) 158 - 2230 hoez-zm
ngzmous REYNOLDS NO/FT x 10° - 5 3 1.9 - 4.41]1.5 - 15
Q@ RANGE 0 - 12° o° 0 0 0° '
A | ForReBODY - B, Ny B, B N, B,
E CONTOUR Ay Ay Ay Ay Aye Ay Ag
5 FINENESS RATIO 0.2 - 2.0 5, 1 2 0.82 ~ 1.24 8
9 MAXIMUM OIAMETER - 2 in 1.0 ~ 1.0 in
MAX. BOATTAIL ANGLE 160 0,3°,6°,90 0° 1% to . -
NUMBER 1 1 1 1 NONE
TEMPERATURE - OLD(70°F) { COLD(70°F) -
£ [enessure_matio 0 - 3.2 LOW LOW 0 - 2.3 -
CONFIGURATION | T
DIAMETER RATIO 0.4 - 1.0 0.4 0.4 0.2 - 0.8 - k
NOZZLE GEOMETRY Ny, Ng. N3 Ny N2* porous - -
NUMBER 4 NONE NONE NONE NONE
¥ | twickness matio - - - - -
§ | sweepsack anoLe 0e . . - -
TRAILING EDGE POS. ALL - - - -
8 | oumeTeEr RaTiO 0 - 1.0 © 7 as 1.0 - 0.336 -
: AREA RATIO 0.16 - 1.0{0-84 - . ]  0.84 - 0.17- 1.0
CHARACTER - T T T T
:23:::‘" Rg x 10" - 0.83 0.25 -~ 0-125 -
PARAMETERS o+ 00 i . e — o - 100
TYPE OF THEORETICAL YES NO NO YES NO
INVESTIGATION € XPERIMENTAL vES vES s vES YES
MOUNTING TECMMIQUE - Mg M, - ¥y
MEASUREMENTS BOATTAIL PRESS. DISTR. R sp T - SPT se T
FORCE - YES YES - YES
OUTPUT FORMAT G 6. EC G, BC G
Ll TC T e TC > 1.0 TC
RESULTS .:. Rq TC 0.83 x 10%]0.25 x 10° TC
{9 0 - 12° 0° 0° 0
8 [Tornen - 2.5% BLEED | 3.5% BLEED -
AIRCRAFT / - - y
PRINCIPAL MISSILES / - / / /
APPLICATION PROJECTILES / v v
NACELLES , - _ v
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REPORTS SURVEYED

11 12 13 14 15
MACH NUMBER RANGE 4.3 0.5 ~ 15 0.9 - 1.2 lo.6 - 0.9 lo.6 -~ 0.979
o TIONS REYNOLDS NO/FT x 100 [p.90 - 2.5 - - 1.35 - 4.12 -
@ RANGE =0° 0° 0 13° 2.4°-9.4°
A | FOREBODY Ny Ny (BLUNT)| N, B, B, W1l B, W
E’ CONTOUR FLAT - A, Ag Ag
g FINENESS RATIO 0.245 - - - 0.950
e MAXIMUM DIAMETER 0.737 in| - 2.5 in - 25 in
MAX. BOATTAIL ANGLE -7° - 0° 24° ~
NUMBER NONE NONE 1 2 L
TEMPERATURE - - coLD HOT -
£ [Pressune matio - - .8 1.0 3.2-3.9
CONFIGURATION | T
DIAMETER RATIO - - Ny 0.50 0.535
NOZZLE GEOMETRY - - NONE N, N,
NUMBER NONE NONE - 1 NONE
F | tickness mratio - - - - -
§ | sweepsack ANGLE - - - - -
TRAILING EDGE POS. - - - FLUSH -
: DIAMETER RATIO 1.0 1.0 1.0 0.50 0.535
3 | mea ramio 1.0 1.0 .335 =0 0
CHARACTER T, L T T T, SEPARA- -
BOUNDARY T - TEDR
LAYER Rg = 10 - 055 - - - - -
PARAMETERS R PR P Y " = Tee70
TYPE OF THEORETICAL w0 NO NO NO NO
INVESTIGATION EXPERIMENTAL YES vES YES YES YES
MOUNTING TECHNIQUE My M, 4, "3 My
MEASUREMENTS BOATTAIL PRESS. DISTR. Tﬁﬁéﬁgxi STRAIN GAGE[ 5 P T SPT sPT
FORCE NO NO NO NO NO
OUTPUT FORMAT G G G G G
L ™ TC 0.5 - 15 TC TC TC
RESULTS + Ry TC TC TC TC TC
r| @ =0 oe -2 - 42 T C TC
* [Torwen - - - - -
AIRCRAFT . . .
PRINCIPAL MISSILES v . v , .
APPLICATION PROJECTILES g -
NACELLES v .
23
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: REPORTS SURVEYFD
16 17 18 19 20
h MACH NUMBER RANGE 0.6, 0.9 0.6 - 0.9 |1.25 - 4.0J0.3 - 1.3 Jo.6 - 1.2 i
: {5:;,,,0,5 REYNOLDS NO/FT x 10° |7.01 - 21 54 - - 1.3 - 3.6 [3.1 - 4.1 ‘i
@ RANGE 4.6°-9.1°] o - 15° 0° 0° 0° -
! A | FoReBoDY By B, W1 Ny Ny By | Ny B, N, By o : |
E CONTOUR A A, Ag A, Ny A AytA)
E FINENESS RATIO 1.3 - - 1.0 - 1.5 hoo- 1.5 )
e MAXIMUM DIAMETER 63.5 cm - - 15.24 cm 6 in
MAX. BOATTAIL ANGLE 240 24° 12.4° 10° 10° - 20°
NUMBER 2 2 NONE NONE 1
, TEMPERATURE - HOT - - 300-1013K
CONFIGURATION £ | PRESSURE RATIO 2.7 - 4.2 1.0 - - 1.0 - 16.0
DIAMETER RATIO 0. 494 0.50 ~ _ 0.5
‘ NOZZLE GEOMETRY N, Ny - - N,
N NUMBER NONE 1 NONE NONE NONE
5 F | vwickness ratio - - - _ _
; ¥ [ sweepsack anGLE - - R
TRAILING EDGE POS. B FrLUSH -
: DIAMETER RATIO n.494 0.50 0 - 1.0
! [ area ramio 0.24 0 0 - 1.0
: CHARACTER T T L/T
BOUNDARY -
LAYER Rg 2z 10 14.6 - 45.08 - 0.22- 4 0.
. PARAMETERS R, « 10° 91.1-281.1 3.5-65.0 [0.2- 20.0
. TYPE OF THEORETICAL NO NO NO
INVESTIGATION E XPERIMENTAL e re e
i MOUNTING TECHNIQUE w, v, ", M,
;f MEASUREMENTS BOATTAIL PRESS DISTR. - spT o
: : FORCE NO NO
{ ' OUTPUT FORMAT N “ a
' : gL 1.0 T TC
N RESULTS .:‘ Rq T TC TC
) r] @ 3.6°-9,17 T C 0o
S [Totnen - -
AIRCRAFT , v
| PRINCIPAL MISSILES ' .
: APPLICATION PROJECTILES .
NACELLES . .

24
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2 >0 23 24 25
0.6 - 0.0%, -
MACH NUMBER RANGE - 0.3 - 1.3 ) 1w, 2.2 0.0 - 3115 - 2087
TEST RE F T30 - a3 [o.08-0.16] 3.7 - 4.5 2.00
CONDITIONS YNOLDS NOJFT x 10 0= 0.08-0.16 .7 - 4.5 - .
@ RANGE N ne ne ne 0°
A | FOREBOOY Ny By Ny N, By - Ny By
F
T T A Ay A AL A
s CONTOUR o 1N 1 2 A AL Ay
8 FINENESS RATIO 1.0, 1.5 0.2 - 0Jo.e - 1.0 - 1.366
3 MAXIMUM DIAMETER toin 15.24 cm 6 in - 2.5 1n
MAX. BOATTAIL ANGLE 1o°, 20° 20° to.ne i7.2¢ 5.47°
NUMBER 1 1 1 1 1
TEMPERATURE oo - 1is0er)2700-100°K | 270°-300°K ) 70°-2500°F COLD
J
E | PRESSURE RATIO 1. - 11 I - 2.94-32.6 1 - 35 I8 - Li00
CONFIGURATION | T
DIAMETER RATIO [ 0.1 - 1.0 - 0.4 - 0.9 |n.45-n.80
NOZZLE GEOMETRY Ny Ny N, N, Ny Ny Ny NNy
NUMBER NONE NONE e NONE NONE
T | trickness ramio - - - - -
g SWEEPBACK ANGLE - - - - -
TRAILING EDGE POS. - - - - -
8 | DIAMETER RATIO 0.51 n.3 - 1.0 |n.482 - 1.0 - a8
A
g AREA RATIO n.0099 n.ri- 1.0 n.ntl - n.Ti9
CHARACTER N T T T -
BOUNDARY T
LAYER Rq x 10 1.5 - 2.2 1.2 2.7 ]1.55-2.07 0. 4166
PARAMETERS -
R,_ x 00. s - 24 R - 16 - 5.5 - 19 4.81
TYPE OF THEORETICAL N NQ NO NOY NO
INVESTIGATION E XPERIMENTAL YES vES YES YES YES
MOUNTING  TECHNIQUE ", M, M, M, oM Mg “,
MEASUREMENTS BOATTAIL PRESS. DISTR. NO sp SPT SPT S P T
FORCE YRS Vel NONE NONE NONF
OUTPUT FORMAT G, EC a o G I
. M 0.6 - 1.2 T C TC N T C
& Ry 1.5 - 2.2 T TC T C TC
RESULTS |
rla 0° 0e 0° 0° 0°
S
OTHER - - - - -
AIRCRAFT f .
PRINCIPAL MISSILES . . . . .
APPLICATION PROJECTILES ] i
NACELLES
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REPORTS SURVEYED

Sh Ry 28 29 30
MACH NUMBER RANGE 0.6 - 1.2v o6 - 1.4 0.8 0.4 -~ 1.25% 3.0
TEST Y ) p - . -
CONDITIONS REYNOLDS NO/FT x i0 [N R U O P RIS 1 - 3
@ RANGE a 0 0° -4° - 12° [thd
: FOREBODY A "1 Ny u] Nl n} N}
I | contour N Ay A Ay g
R
g FINENESS RATIO Voo - 1L an 0 ORI - -
2 MAXIMUM DIAMETER in Coan i 5 an -
MAX BOATTAIL ANGLE 4 " g e -1
NUMBER | NE NONE 1
YEMPERATURE COLD, Y Can - - COLD
J
E | PRESSURE RATIO Lo T - - LOW
CONFIGURATION | T
DIAMETER RATIO 1.4 Vokd \ Vo - - -
NOZZLE GEOMETRY 3, Y, - - BLEED
NUMBER N B Novel 4 NONE
® | rrickness Ratio - - R - -
N
S SWEEPBACK ANGLE - An - ne -
TRAILING EDGE POS. - PLUsSH - PLUSH -
2 DIAMETER RATIO .- oL 1.0 v.415 1.0 1.0
g AREA RATIO LRETY SR A TR 0,172 1.0 1.0
CHARACTER T . - - T
BOUNCARY ~
LAYER Rg » i0 57 - n.gojo.a2g - 0.ndo0.75 - 6,28 - 0.11
PARAMETER =
RAM s R, x 0% 7.4 - 10.4 - 15 - 125 - 0.517
TYPE OF THEORETICAL - NO NO NO NO
INVESTIGATION E XPERIMENTAL Yo YES YES YES YES
MOUNTING TECHNIQUE M. M. M, M) M
BITOT STA-
MEASUREMENT S BOATTAIL PRESS DISTR. ST - SPT spT TIC TUBE
FORCE YES NO NO NO NO
OUTPUT FORMAT I§ G G,T T G
. "] 1.6 - 1.28 TC 0.8 0.4 - 1.25 TC
wl Ra R T TC TC TC
RESULTS )
vl @ a° 0° 0° -4° - 12° 0°
[
OTHER - - - - -
AIRCRAFT . v
PRINCIPAL MISSILES . , . .
APPLICATION PROJECTILES . . . .
NACELLES - P
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REPORTS SURVEYED

32

13

34

35

TESY
CONDITIONS

MACH NUMBER RANGE

.86 - 1.46

0.6 - 1.2

0.9 - 2.5

0.6 - 1.4

REYNOLDS NO/FT & 10°

G RANGE

0°

-5° . 450

<OOBIM~4NP

FOREBODY

CONTOUR

FINENESS RATIO

MAXIMUM DIAMETER

4 in-24.5

MAX. BOATTAIL ANGLE

0°

0°

10°

CONFIGURATION

~“~mec

NUMBER

NONE

1

NONE

NONE

TEMPERATURE

FOLD - 600°C

950°F

PRESSURE RATIO

1.68 - 2.0

1.0-10.0

DIAMETER RATIO

NOZZLE GEOMETRY

nE-—-mM

NUMBER

4

THICKNESS RATIO

10w

SWEEPBACK ANGLE

ne

TRAILING EDGE POS.

FORWARD

FLUSH

mnp e

DIAMETER RATIO

AREA RATIO

BOUNDARY
LAYER
PARAMETERS

CHARACTER

Rq » |(>-'

=~
Ry x 10

TYPE OF
INVESTIGATION

THECORETICAL

NO

NGO

NO

EXPERIMENTAL

YES

YES

YES

MEASUREMENTS

MOUNTING TECHNIQUE

WALLS

"1

.\11 ‘12 M]

BOATTAIL PRESS DISTR.

ITOT TUBE

SURVEY RAK

BASE pw.,

FORCE

NO

el

OUTPUT FORMAT

RESULTS

CEEE £.2

Ry

0.2';)(1?6

0

OTHER

STING INT,

PRINCIPAL
APPLICATION

AIRCRAFT

MISSILES

PROJECTILES

NACELLES

e o T e A S
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REPORTS SURVEYED

38

39

TEST
CONDITIONS

MACH NUMBER RANGE

Low
SURSONIC

0.

9 - 2.0

REYNOLDS NO/FT x 10°%

1.4

4.

6 - 3.8

@ RANGE

«OO®IM NP

FOREBODY

CONTOUR

g T
AL A I\-I TRI

i [ ST

WIR

FINENESS RATIO

MAXIMUM DIAMETER

MAX BOATTAIL ANGLE

CONFIGURATION

-“Mme

NUMBER

TEMPERATURE

190¢

PRESSURE RATIO

DIAMETER RATIO

A1 -0033

NOZZLE GEOMETRY

wzZz-"

NUMBER

THICKNESS RATIO

SWEEPBACK ANGLE

TRAILING EDGE POS

mu>Pe®

DIAMETER RATIO

AREA RATIO

.99 - 0,89

BOUNDARY
LAYER
PARAMETERS

CHARACTER

Ry x 0®

Rl. x 10°

TYPE OF
INVESTIGATION

THECRETICAL

EXPERIMENTAL

MEASUREMENTS

MOUNTING TECHNIQUE

BOATTAIL PRESS DISTR

PRORT.

FORCE

NOY NOY

OUTPUT FORMAT

RESULTS

PETE i

T 1LOW

Rg

T LW

a

n 0

OTHER

PRINCIPAL
APPLICATION

AIRCRAFT

MISSILES

PROJECTILES

NACELLES

28



http://www.abbottaerospace.com/technical-library

PRSI

REPORTS SURVEYED

44

TESY
CORDITIONS

MACH NUMBER RANGE

0.5 - 8,0

REYNOLDS NO/FT x 10°

.01 - 14

@ RANGE

CONFIGURATION

<XoCO®IM~T D>

FOREBODY

CONTOUR

FINENESS RATIO

MAXIMUM DIAMETER

MAX. BOAYTAIL ANGLE

ne

G°

-“Mmc

NUMBER

SONT

NONE

TEMPERATURE

HOT

PRESSURE RATIOQ

DIAMETER RATIO

NOZZLE GEOMETRY

wZ—m

NUMBER

THICKNESS RATI0

SWEEPBACK ANGLE

TRAILING EDGE POS.

moe»®

DIAMETER RATIO

ey

AREA RATIO

D, 0959

BOUNDARY
LAYER
PARAMETERS

CHARACTER

Rq » IO"

0
Rlnlo

TYPE OF
INVESTIGATION

THEORETICAL

E XPERIMENTAL

MEASUREMENTS

MOUNTING TECHNIQUE

[CRERV]

BOATTAIL PRESS. DISTR

PRESSURT
TRANSDUCER

FORCE

OUTPUT FORMAT

RESULTS

wA-2—r

a

~l® - 1o0°

- loe

OTHER

PRINCIPAL
APPLICATION

AIRCRAFT

MISSILES

PROJECTILES

NACELLES

X v

H
4
4
€
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REPORTYS SURVEYED

an

0

TEST
CONDITIONS

MACH NUMBER RANGE

9.4 - 1,19

0.

¥ -

REYNOLDS NO/FT 2 10

2.h9

@ RANGE

ne

<O O0O®IM~AND

FOREBODY

CONTOUR

FINENESS RATIO

MAXIMUM DIAMETER

0.7% 1n

MAX. BOATTAIL ANGLE

ne

1

7.1°

CONFIGURATION

“mc

NUMBER

4

NONE

NONE

TEMPERATURE

1800°F

PRESSURE RATIO

HIGH

DIAMETER RATIO

NOZZLE GEOMETRY

0wZ-—-"

NUMBER

THICKNESS RATIO

SWEEPBACK ANGLE

TRAILING EDGE POS.

FORWARD

FLUSH

mO>»o

DIAMETER RATIO

0.708

0.437

n -~ 0.94

AREA RATIO

0.501

0

0 - 0.88

BOUNDARY
LAYER
PARAMETERS

CHARACTER

T

Ry l';r

3.31-5.11

o
Rl. x 10

5.36

20 - 130

33.7-67.1

TYPE OF
INVESTIGATION

THEORETICAL

YES

NO

NO

EXPERIMENTAL

YES

Yrs

YRS

MEASUREMENTS

MOUNTING TECHNIQUE

M,

BOATTAIL PRESS. DISTR.

THEORY

N
9 |
-

FORCE

NO

NO

NO

OUTPUT FORMAT

G, TE, EC

G, TE

RESULTS

CEES L4

T C

Rg

T C

OTHER

PRINCIPAL
APPLICATION

AIRCRAFT

MISSILES

PROJECTILES

NACELLES

30
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REPORIS SURVEYED

51 52 53 54 55
MACH NUMBER RANGE 1.50 - 5.00 0.6 - 1.4 1.92 1.0 - 6.9 |1.62-2.41
;5:;,,,0,,5 REYNOLDS NO/FT x 10° [ 2.13 - 9.7 4.8 1 3-15 [1.2 - 12
@ RANGE 0° 0° -5e 0° - 9° 0°
: FOREBODY N3 B1 N1 Bl Nl 83 Nl Bl Nl N2 N;
' T | CoNTOUR Ay A, A, Ay Ay A, AL A,
: :a: FINENESS RATIO 0 - 1.0 - - 2.0 - 5.0 0
' e MAXIMUM DIAMETER 5 cm 2.5 in 0.9 in - 0.9 in
1 MAX. BOATTAIL ANGLE 15° - - 15° 400
NUMBER NONE NONE 1 NONE ".ONE
TEMPERATURE - - coLp - -
& [Pressore matio - - 1 - 3.6 - -
. CONFIGURATION | T
DIAMETER RATIO - - 0.677 - -
NOZZLE GEOMETRY - - Ny - -
1 NUMBER NONE NONE N0 E 0 and 4 4
| | THickNEss RaTiO - - - 0.1 n.08
! S | sweepsack AncLE - - - 0° 450
A TRAILING EDGE POS. - - FLUSH FORWARD
' : DIAMETER RATIO in - 1.0 Jo.s75, 1.0 0.677 0 - 1.0 0~ 1.0
3 [ amea matio 212 - t.ofo.1y, 1.0 | 0.459 0 - 1.0 0 - 1.0
CHARACTER LT LT - T L/T
BCUNDARY -
' LAYER Rq =z 10 70 - 1.6 0.46 2.5 - 0.09 - 2,
PARAMETERS R« 10° 1.5 - 1s 8.0 21 3-12 1-10
i TYPE OF THEOREYICAL YES NO YES YES NO
INVESTIGATION EXPERIMENTAL YES YES YES YES YES
‘ ’ MOUNTING TECHNIQUE v My My My FINS
4 ) MEASUREMENTS BOATTAIL PRESS. DISTR. 2 S PT sPT YES SPT
FORCE NO YUs YES NO NO
: OUTPUT FORMAT G, TE G G, TE G, EC G
’ - L TC 0.6 - 1.4 TC TC TC
; . .“ L TC TC TC TC T C
RESULTS \
T Qa 0° 0° T C T C 0°
$ [Torwen - - - - -
AIRCRAFT . .
PRINCIPAL MISSILES ' . ] v :
APPLICATION PROJECTILES : ) -
NACELLES . v
31
-

s

oy



http://www.abbottaerospace.com/technical-library

- w-f

P T

REPORTS SURVEYED

58

TEST
CONDITIONS

MACH NUMBER RANGE

¢ - 2

0.14-0.30

REYNOLDS NO/FT x 10°

.57 -3.12

@ RANGE

€D OTIM (N>

FOREBODY

CONTOUR

YLINDERS

Ag

FINENESS RATIO

VAR,

0.30 - 0.39

MAXIMUM DIAMETER

2.45 in

76.2 mm

5 in

MAX. BOATTAIL ANGLE

24°

0°

CONFIGURATION

-“me

NUMBER

1

NONE

NONE

TEMPERATURE

COLD - 1200°
F

PRESSURE RATIO

DIAMETER RATIO

0.32~-0.

49

NOZZLE GEOMETRY

N3

[7F X

NUMBER

ONE

THICKNESS RATIO

SWEEPBACK ANGLE

TRAILING EDGE POS.

mo»e

DIAMETER RATIO

1.558

0.25 - 0.85

0.816

0.32-0.

49

AREA RATIO

0.667

0 - 0.176

BOUNDARY
LAYER
PARAMETERS

CHARACTER

Ry x oy

.06 ~0.32

n.389

Rl. x |0.'

.27 - 1.8

TYPE OF
INVESTIGATION

THEORETICAL

NO

NO

NO

NO

EXPERIMENTAL

YES

YES

YES

YES

MEASUREMENT S

MOUNTING TECHNIQUE

BOATTAIL PRESS. DISTR.

al

sSPT

SPT

FORCE

YES

NO

YES

OUTPUT FORMAT

G, EC

RESULTS

w-4-K-r

0.6 - 0.9

ANY

a

OTHER

PRINCIPAL
APPLICATION

AIRCRAFT

MISSILES

PROJECTILES

NACELLES

s
o - "‘—‘“lll

32
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REPORTS SURVEYED

61 62 63 64 65
MACH NUMBER RANGE - 1 0 -5 suBs/sups. [1.5 - 3.25
TEST 3
CONDITIONS REYNOLDS NOJFT x 10 - - - - -
Q@ RANGE 0 0 0 - 0
: FOREBODY LNy By - B, - N, B
E CONTOUR Ay Ag - > _ Iy
R
8 FINENESS RATIO - - _ - 0
3 MAXIMUM DIAME TER - - - - -
MAX. BOATTAIL ANGLE - .20 9.5° 0°
NUMBER NONE 1 1 - NONE
TEMPERATURE - - - - _
J
€ | PRESSURE RATIO - 1 - 140 1 - 144 - -
CONFIGURATION | T
DIAMETER RATIO - 0~ 1.0 - - -
NOZZLE GEOMETRY - - - - -
NUMBER NONE NONE NONE - NONE
® | rthickness Ratio - - - - -
Y | sweepBack aweLE - - - - -
TRAILING EDGE POS. - - - - -
: DIAMETER RATIO - 0~ 1.0 - - 1.0
3 | area a0 - - R - -
CHARACTER - T p L/T T
BUUNCARY -
LAYER Rg x 10 - - - - 1.5
PARAMETER =
s R, « 10* - - - - -
TYPE OF THEORETICAL YES YES YES YES YES
INVESTIGATION € XPERIMENTAL NO) YES NO YES YES
MOUNTING TECHNIQUE - - - My My M3 My
MEASUREMENTS BOATTAIL PRESS. DISTR. - - - vES TOTAL PRES
FORCE - - - vES NO
OUTPUT FORMAT 5. TE G EC, G C G, TE
L L] 1.0 ! T C T C T C
w| Re - - TC TC TC
RESULTS |
T a ne ne 0° 0° - B8° 0°
s
OTHER - - - -
AIRCRAFT . . v .
PRINCIPAL MISSILES . . . .
APPLICATION PROJECTILES ‘ - X :
NACELLES . ,
33
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REPORTS SURVLYED

X3 C s na )
MACH NUMBER RANGE - e P N R
TEST T
CONDITIONS REYNOLDS NO/FT x 10 - AR N AT - R
@ RANGE e ER ae -k .o 2e
A | FOREBODY N, B, a, NooR, - B,
F El N - i
T | conTour E Ay LSRN £ L A-
R
8 FINENESS RATIO ° o2, al > - o= - R
0
e MAXIMUM DIAMETER : 1,496 R - 2.5 -4.25
MAX BOATTAIL ANGLE : -2 AR - e
NUMBER N E : NE NONE
TEMPERATURE - - 12T - -
J
E | PRESSURE RATIO - - ~ oy - -
CONFIGURATION | T
DIAMETER RATIO R _ \ -an B "
NOZZLE GEOMETRY - - N - -
NUMBER h e N e NONE
| THICKNESS RATIO - - - - -
: SWEEPBACK ANGLE - - - - -
TRAILING EDGE POS. - - - - -
: DIAMETER RATIO - Lo NETE - -
-'E’ AREA RATIO . e . B }
CHARACTER . - N
BOUNDARY - :
LAYER Rg 1 10 REIR T .
PARAMETER =
METERS Rl x IO. N oo - 3 -
TYPE OF THEORETICAL ; -
INVESTIGATION EXPERIMENTAL £s
MOUNTING TECHNIQUE " v,
MEASUREMENTS BOATTAIL PRESS DISTR. B3 i ST
FORCE . v
OUTPUT FORMAT - . -
™ T Tz T
L
i [ ] - . 28 -
4 T C . A TC
RESULTS 'I‘ X
r| @ h A TC
s E———
OTHER - - ['_FAYN AFTER
BQoles
AIRCRAFT
PRINCIPAL MISSILES
APPLICATION PROJECTILES : )
NACELLES

e s
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REPORTS SURVEYED

71 72 73 74 75

MACH NUMBER RANGE 0-4 §0.2-0.8 |o.6 - 2.7 J0.7 - 1.3 |o.25 - 0.7

TEST -
CONDITIONS REYNOLDS NO/FT % 10° P .65-5.01 1.5 - 5.4 |0.6 - 10 - 3.3 - 15

@ RANGE -12° - 18°] -10° - 20°| 0° - 1lo0° ne Q°

FOREBODY Ny N,y By N, By N, Ny B,

CONTOUR AL A, A, A, AL A, A, AL A, A,

FINENESS RATIO 1.0 2.06 1 2.4 - 2.6

MAXIMUM DIAMETER 2.25, 4.25 7 in - 7" x 4.6" 2 in

<0Oo®IM4MP>

MAX. BOATTAIL ANGLE 7° 16.9° 24° 100,15 16°

[’ NUMBER NONFE 1 2 1 and 2 NONE
t

TEMPERATURE - COLD - COLD -

PRESSURE RATIO - 1~ 1.15 - 1.0 - 7.0 ~ E

-“mc

CONFIGURATION
DIAMETER RATIO - - - 0.26 -0.36 ~ 3

NOZZLE GEOMETRY - - Ny Ng N, ~

NUMBER NONE 34 2 NONE NONE

THICKNESS RATIO - - - - -~

SWEEPBACK ANGLE - 20.083° - - b

——— e
wZzZ—"

TRAILING EDGE POS. - - - - -~

__ S 0.3143 - R _ -
DIAMETER RATIO p.7s - 1.0 5. 629 0.5 ~ 1.0

- 5.099 - 0.041 -
AREA RATIO N 0361 - 0.096

CHARACTER - - T -

mo»®

BOUNDARY
LAYER Rg = 10 n.9g 9.9 - 3.1 - - 0.55 - 2.5
PARAMETERS

© o o e e

R, x 10° 1.7 - 6.6 a - 32 - - -

TYPE OF THECRETICAL NO NO NO NO NO

INVESTIGATION £ XPERIMENTAL YES YES YES YIS YES

MOUNTING TECHNIQUE My My M, M) M, M, My

MEASUREMENTS BOATTAIL PRESS. DISTR. fo SeT NO YIS s T

FORCE NO YIS N YES N

e n R em—

OUTPUT FORMAT G a G, T G TE, G

-——

M T C T C T C T C T C

Ry TC TC T C - T C
RESULTS

a 107 -~ 152 | -10° - 20°| o° - 10° 0° 0°

PR 4o o

' OTHER - - - -

AIRCRAFT ' » v .

. PRINCIPAL MISSILES R , X

; APPLICATION PROJECTILES . . )

. NACELLES

.
- R g o e R SO SN i N e s T

-
p——
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REPORTS SURVEYED

76 77 78 79 80
MACH NUMBER RANGE 0 -3 0.1 - 3.5 2.0 0.9 - 0.9 12.73-4.98 ] 1

TEST

)
CONDITIONS REYNOLDS NOJFT x 10 0 -3 -~ 1,78 2.28 -10. 56|

@ RANGE 8} 0 0 0 0

FOREBODY N

CONTOUR A Ay A Ay Dy Ag A A. A

FINENESS RATIO - - 0 - 4.t 4, 3 0

<OoO0O@IM~AMND

MAXIMUM DIAMETER 5.4 - 12 an - 3.9 in 2, 1.4 1.5 in

MAX. BOATTAIL ANGLE N 10.79° 14.5° 0 -

NUMBER ! 1 1 2, 1 NONE

TEMPERATURE HOT 1500°¢C 85°F -

PRESSURE RATIO - - >0 1 - 8 -

-“mc

CONFIGURATION

OIAMETER RATIO WEREIORE K - A AL n.38 -

NOZZLE GEOMETRY ~ - N N, N, N -

NUMBER Joode 4 Vs N 2 W, 0 NONE

THICKNESS RATIO 1,10 - - N.08 -

SWEEPBACK ANGLE

e —
nwZ—-"m

TRAILING EDGE POS

DIAMETER RATIO

AREA RATIO Lo 0.78, 0.86 1.0

CHARACTER o - T LT ]
BOUNDARY =3
LAYER Ry » 10 G- - 4. 0.2 - a.42|0.19-0.88

i
PARAMETERS R], R IO-. ) - - - Do o~ 1.6 0.6 - 8.8 i

mOe>»®
1

. TYPE OF THEGRETICAL N vis VI o NO |
INVESTIGATION

E XPERIMENTAL T s YES T YES

MOUNTING TECHNIQUE " hi w MM \

MEASUREMENTS BOATTAIL PRESS DISTR oo - Do N WAS PR

A, v S e———

FORCE o - W Y NO

i
| OUTPUT FORMAT : o Lo
i

™ S v T PR T

R‘ N R R I T TJ
;o RESULTS

a " 1 i Al Al

P

OTHER - - - BASE DRAC -

AIRCRAFT . . R

PRINCIPAL MISSILES ) . ] .
i APPLICATION

PROJVECTILES .

NACELLES

e

36
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REPORTS SURVEYED

81 82 83 84 85
MACH NUMBER RANGE .4 - 1.3 J0.4-1.3] 9.6 - 0.9! 0.6 - 0.9] 0.6 - 0.9
TEST -
CONDITIONS REYNOLDS NOJFT x 10° P.4 - 4.4 3-4.3] 4-99 - -
@ RANGE -4° - g° 0° 0° 0° 0°
: FOREBODY Ny Ny Ny Ny B, [N, B, W Ny B,
T
T | contour A, A, Ay Ay Ry Ryag AglA,Ayeag A
R 0.8, 0.96
8 | FINENESS RATIO 1.0 - 2.0} 0.8-1.77 0.8-1.77 |0.8-1.77
0 d.22
O | waximum Diamever 15.24 cm | 15.24 cm 1in 1 in 1 in
MAX. BOATTAIL ANGLE 22.07° 34.037° 250 - -
NUMBER 1 1 1 NONE 1
TEMPERATURE - _ _
J
E | PRESSURE RATI0 1 - 6 1- 16 SIMUL - SIMUL.
CONFIGURATION | T
DIAMETER RATIO 0.6 - 0.7 0.50 0.5, 0.544 - 0.5 - 0.55
NOZZLE GEOMETRY N, Ny N, - - -
NUMBER NONE NONE NONE NONE NONE
F | Twickness ramio - - - - -
's‘ SWEEPBACK ANGLE - - - _ -
TRAILING EDGE POS. - - - - -
: DIAMETER RATIO b.61-0.71| 0.51 0.5, 0.544|0.5-0.544[0.5-0.544
: AREA  RATIO .36 - 0.49) 0.25 0 0 )
CHARACTER T T T T T
BOUNDARY -
LAYER Rg x 10 h.2 - 218 ) 1.5 - 2.14]0.3 - 8.2 - -
PARAMETERS =
€ R, = ic* b.6 - 17.5 |12 - 17 2.5 - 132 |2.5 - 67 [2.5 - 130
TYPE OF THEORETICAL NO NO N0 NO YES
INVESTIGATION EXPERIMENTAL YES VES yrs YES YES
T
MOUNTING TECHMNIQUE Mo, Mo, M M M,
MEASUREMENT S BOATTAIL PRESS. DISTR. sSpPT SPT spPT SPT SPT
FORCE YES YES Y7s NO NO
OUTPUT FORMAT G G G G G
L L] TC T C 0.6 ~ 0.9 TC TC
L7 TC TC 0.3 - 8.2 TC TC
RESULTS |
y| @ T ¢ 0° 0° o° 0°
[
OTHER - - - - -
AIRCRAFT y v v
PRINCIPAL MISSILES , ‘ v v v
APPLICATION

PROJECTILES

NACELLES
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REPORTS SURVEYED

86 87 88 89 90
MACH NUMBER RANGE 0.4 -1.3)o0.6 - 2.5 Jo.7 - 2.2 |Jo.6 - 1.5 | 0.6 - 1.5
TEST -
CONDITIONS REYNOLDS NO/FT x 10° | 2.28-4.25 2.1, 2.5 - 1 -4 1.0 - 3.0
Q@ RANGE 0° -5° - 25° ne 0° 0°
A | FOREBODY !
A N, R, N, By Ny By N, By
T
,E, CONTOUR 1\2 Ay Ay A A5
8 | FINENESS RATIO 0.8 - 2.0 1.3 0 2 1.83
0
9 | wAxiMum DIAMETER 6 in 9.86 in 11.3 in 9.86 in 9.69 in
MAX. BOATTAIL ANGLE 340 10° 1,60 - 250
NUMBER 1 1 1 1 1
TEMPERATURE - - coLp 70° - 2140°F{530 - 2500°H
J
E | PRESSURE RATIO 1 -6 - 3 - 20 2 - 12.7 6 ~ 12
CONFIGURATION | T
DIAMETER RATIO 0.5 - 0.7 1.0 - 0.44
NOZZLE GEOMETRY - N, N, N, N,
NUMBER NONE NONE NONE NONE HONE
" | THickness RaTio - - - - -
;‘ SWEEPBACK ANGLE - - - - _
TRAILING EDGE POS. - - - - -
: DIAMETER RATIO 51 - 0.7 0.7 - - 0.51
S AREA RATIO 01 -0.914 a.5 2.05-2.79] 0.049 0.016
CHARACTER T T T - T
BOUNDARY -y
LAYER Ry x 10 - 1.72 - 2.05 - 0.49-1.23}0.81-2.4
PARAMETERS e
R, x 10 .5 - 2.14{24.0 - 28.9 - 7.66-19.1{ 13 - 38
TYPE OF THEORETICAL NO NO NO YES <o
INVESTIGATION E XPERIMENTAL YES YES YES YES VES
MOUNTING TECHNIQUE M, M, Mg M, M,
MEASUREMENT S BOATTAIL PRESS. DISTR. SPT SPT SPT SPT SPT
FORCE NO Y NO YES YES
OUTPUT FORMAT G c G G, T G
1M TC TC TC 0.6 - 1.5 J]o.6 - 1.5
,', Ry TC TC TC TC 0.8 - 2.4
RESULTS '
r| @ 0° -5° . 25° 0° 0° 0°
s
OTHER - - - - -
AIRCRAFT . K K v /
PRINCIPAL MISSILES . b v v v
APPLICATION PROJECTILES P , y
NACE
LLES ; . y , ;
38
v‘r’\ n
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REPORTS SURVEYED

91

92 93

94

95

TEST
CONDITIONS

MACH NUMBER RANGE

0.7-0.86

0.4 - 2.5

2.09 -4.37

0.5 - 1.2

0.9 - 1.2

REYNOLDS NOJFT x 10V

2.6-13.5

12.9-17.2

2.07 -2.22

@ RANGE

0°

o° 0°

0°

<O0O0O@®DIM~TP

FOREBODY

By

By

CONTOUR

4 Ay A

FINENESS RATIO

0 0.22

MAXIMUM DIAMETER

3.36 in

2.75 in

2.5 in

MAX. BOATTAIL ANGLE

0° 15.7°

g°

9.467°

CONFIGURATION

--mec

NUMBER

NONE NONE

NONE

TEMPERATURE

- - COLD

PRESSURE RATIO

1.

0 - 3.5

DIAMETER RATIO

NOZZLE GEOMETRY

»wZ-—m

NUMBER

NONE NONE

NONE

NONE

THICKNESS RATIO

SWEEPBACK ANGLE

TRAILING EDGE POS.

mapm

DIAMETER RATIO

1.0 0.917

0.727~1.17

AREA RATIO

0.528 -
1.373

BOUNDARY
LAYER
PARAMETERS

CHARACTER

Rqg 1 10V

R, «x IO-.

t

TYPE OF
INVESTIGATION

THEORETICAL

E XPERIMENTAL

MEASUREMENT S

MOUNTING TECHNIQUE

BOATTAIL PRESS. DISTR.

s P T

FORCE

NO

OUTPUT FORMAYT

TE, G

RESULTS

CEES $1a

.1

a

OTHER

PRINCIPAL
APPLICATION

AIRCRAFT

MISSILES

PROJECTHLES

NACELLES

LI
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REPORTS SURVEYED

96 97

98

99

100

TEST
CONDITIONS

MACH NUMBER RANGE

2.0 - 3.5)2.5, 3.0

0.

.2

0.6 - 0.9

REYNOLDS NOJFT x 10°

3.66-4.62

1.24

@ RANGE

-10° - 10°

«COWIDM=~AND>

FOREBODY

CONTOUR

FINENESS RATIO

MAXIMUM  DIAMETER

6 in

MAX. BOATTAIL ANGLE

50

CONFIGURATION

-““me

NUMBER

r

NONE

TEMPERATURE

COLD CoLDbD

CcoLD

PRESSURE RATIO

1 - 20 5 - 165

1.0 - 7.5

DIAMETER RATIO

NOZZLE GEOMETRY

wz-m

NUMBER

NONE

THICKNESS RATIO

SWEEPBACK ANGLE

TRAILING EDGE POS.

moe>»o

DIAMETER RATIO

0,5 = 0,818 1.0

0.418-1.0

AREA RATIO

0,49 0.9

0o - 0.85

BOUNDARY
LAYER
PARAMETERS

CHARACTER

Rg v 10°

0.61-0.77

0.018

R, x 10°

>

TYPE OF
INVESTIGATION

THEORETICAL

NO

YES

EXPERIMENTAL

MEASUREMENTS

MOUNTING TECHNIQUE

BOATTAIL PRESS DISTR.

FORCE

OUTPUT FORMAT

RESULTS

PEEE 4

Rq

a

OTHER

PRINCIPAL
APPLICATION

AIRCRAFT

MISSILES

PROJECTILES

NACELLES

40
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REPORTS SURVEYED

e s e A 8

103
MACH NUMBER RANGE
TEST
CONDITIONS REYNOLDS NO/FT % 10° - - 3.6 - 4.6 |3.3 - 4.4 |1.65- 38,
@ RANGE ov 0° 0° - 8° e ne
A | ForReBoDY Ny B SQUARE Ny B - B
F cyl ;\:nrn 1
SQUARL
T | CoNTOuR Al Ag CYLINDER | P2 B4 Pg A Ay Ay
R
g FINENESS RATIO 1 0 0.2 - .25 - 3.56 0
e MAXIMUM DIAMETER 1.35 in 4 in 1 in 1.4 1n
MAX. BOATTAIL ANGLE 120 ne 15° 45° ne
NUMBER 1 1 1 NONE 1
TEMPERATURE - CoLd - - cNLD
J
E PRESSURE RATIO - 16.0 - - LOW
CONFIGURATION | T o
DIAMETER RATIO - ez 0.405 - ?
1.708
NOZZLE GEOMETRY - Ny - - POROUS
NUMBER NONT NE NONE NONE N
P [ rickness ratio - - - - -
2 SWEEPBACK ANGLE - - - - -
TRAILING EDGE POS. - - - - -
2 DIAMETER RATIO Bo- 1. poraz-1.0 |0 - 007 - 0.89 1.0
3 _ n,218 - _ . _ ’
¢ | AREA RATIO V- 1.0 oomar |0 - neas 0.72 1.9
CHARACTER - - T T L/T
BOUNUARY - -
[ 2 -
LAYER Rg x 10 - - - _ 0.194 0
PARAMETER =
ETERS R, = 10° U - - - -
TYPE OF THECRETICAL YES NO YES Nt YES
INVESTIGATION £ XPERIMENTAL Vi YES YEs YES YES
MOUNTING TECHNIQUE My ON WALL My Mg Mo
MEASUREMENT S BOATTAIL PRESS. DISTR. “n ST sSPT SPT N
FORCE N NO VIS NO NO
OUTPUT FORMAT G S G G G, TE
. "] roc T T C TC TC
ol Ra rC T C T C TC TC
RESULTS )
tla ne ae 0° - 8° 0e o0°
S
OTHER - - - -
AIRCRAFT . :
PRINCIPAL MISSILES : . . :
APPLICATION PROJECTILES ' ‘ ' ;
NACELLES . . ,
41
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REPORTS SURVEYED
106 107 108 109 110
MACH NUMBER RANGE 1.5, 2.0 1.5 - 2.41] 1.9 - 2.0] 0.8 - 1.1]0.77 - 1.2
o TIONS REYNOLDS NO/FT x 10° [ 4.8 - 51 - - ) 8 - 10
@ RANGE 1] 0 0 0 0
: FOREBODY Ny B1 - B, N, B -
I | contour A, h, A, PARAB L A A, L
E FINENESS RATIO 0 - 0 0.5-1.0 0.5 - 1.0
3 MAXIMUM DIAMETER 1.25 in - 0.810 in 2 in 2 in
MAX. BOATTAIL ANGLE 0° 24.5° PLUG 10° 9e 90
NUMBER NONE 1 1 1 1
TEMPERATURE - - HOT ROOM TEMP. |ROOM TEMP.
& [ Pressume matio - 2 - 20 1.2 - 10 - -
CONFIGURATION | T
DIAMETER RATIO - - 1.136 in | 0.40 0.40
NOZZLE GEOMETRY - Ny N, ég‘(;{:‘ggé N, Ny
NUMBER 4 NONE NONE NONE NONE
¥ | Tiickness Rrario p.05 - 0.1 - - - -
¢ [ sweeeack anoLe 0 - - - -
TRAILING EDGE POS. FLUSH - - - -
8 | oumETER RATIO 1.0 b.55 - 0.83| 0.274 0.685-0.94 0.69 - 0.95
: AREA RATIO 1.0 - 0.0754 0.31-0.7410.31-0.74
CHARACTER v .. _ T -
BOUNDARY b
LAYER Rg = 10° 0.5 - 4.5 0.67 1.3 - 1.7
PARAMETERS Ay x 10° T - - ” - _
TYPE OF THEORETICAL YES NO YES NO NO
INVESTIGATION EXPERIMENTAL YES YES YES YES YES -
MOUNTING TECHNIQUE My My - Mg - M, - .
MEASUREMENTS BOATTAIL PRESS. DISTR.| < p T s e spT SPT SPT ,
FORCE NO NO NO NOXNE NONE
OUTPUT FORMAT G, TE EC, G G, TE EC, G G
N L] T C TC T C T C T C
wlma TC TC TC TC
RESULTS | ‘
T a o} 0 0 0 0 *
° | orwen : - R O
AIRCRAFT , )
PRINCIPAL MISSILES 4 4 4 -
APPLICATION PROJECTILES v ;
NACELLES v v
42
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REPORTS SURVEYED
111 112 113 114 115 1
MACH NUMBER RANGE 0.6 - 1.3 3.88 2.01-13.27| 2.5 - 3.5]2.5 - 3.5 oo
TEST 3 $
CONDITIONS REYNOLDS NO/FT x 10 4.14 15.6 - 6.0 6.0 ;
@ RANGE 0 - 16.4° 0° - 0° 0° 5
a | Foresooy Ny By B B Ny Ny By i
T | conTour A A, AL A, AL A, Ay A,
E :
8 | FINENESS RATIO 2.3 - - - 1 :
o ;
2 MAXIMUM DIAMETER - - - 2.5 in 2.5 in
MAX. BOATTAIL ANGLE 8° 9° 20° 15¢ ne .
NUMBER NONE 1 1 1 1
TEMPERATURE - COLD (60°F) - COLD -
J
E PRESSURE RATIO - LOW - 1 -~ 420 -
CONFIGURATION | T
DIAMETER RATIO - 0.88 -0,17 - 0.2 0.2
NOZZLE GEOMETRY - N, & POROU Ny _\14 N4 1
NUMBER 2 (WINGS NONE NONE NOYVE NONE
F | THicknEss RaTIO - - - - -
N
s | SWEEPBACK ANGLE - - - - -
TRAILING EDGE POS. FORWARD - - - -
2 DIAMETER RATIO a,a 1.0 - 0.5 - 0.7 1.0 4
2 AREA RATIO N3 1.0 - N.26-0.49 0.96
CHARACTER : . - T T
BOUNDARY 3
g ]
LAYER Rq x 10 2035 1hh - - 1.25 ?
PAR AMETERS = 4
RL x 10 ¢ o - - - 7.5 ; .
TYPE OF THECRETICAL vy N YES NiY NO
INVESTIGATION £ XPERIMENTAL v v e YES Yis
MOUNTING TECHNIQUE Y, M, - M, My
MEASUREMENTS BOATTAIL PRESS. DISTR. N N o S PT [
FORCE Yis s NO N
QUTPUT FORMAT B V,oEC a o o
L] [ I | T ot - 3,07 T < 2.5 - 3.5
L
w | Ra T ENTT T T 1.25
RESULTS |
r| @ A W N - ne ne
S
OTHER - ToOBRLIED - - -
AIRCRAFT .
PRINCIPAL MISSILES . . . . .
APPLICATION PROJECTILES ) . , : \
NACELLES . .
43
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REPORTS SURVEYED
116 117 118 119
MACH NUMBER RANGE 3.0 - 4.0 0.6 - 0.9 $1.92 SUPERSONITC
TEST —F ;
CONDITIONS REYNOLDS NO/FT x 10 1.2 -12}0.2 - 1.06] 38.5 -
@ RANGE 0° ne - 16° ne 1k
a | FoResopy Ny By r, B, - -
E CONTOUR Ay Ay Ay Ay A, -
R 1.0 - ) - !
S FINENESS RATIO
e MAXIMUM DIAMETER 1.0 in 63.5 cm 1.4 10 -
MAX. BOATTAIL ANGLE TS 3le ne -
NUMBER NONE 1 1 NONT
TEMPERATURE - - CoLD - C
: !
E | PRESSURE RATIO - 1.5 - 4.5 LOW - !
CONFIGURATION | T .
DIAMETER RATIO - 0,86 - - :
|
_ ; HOLE AND N :
NOZZLE GEOMETRY N, OLe N .
NUMBER n, 4 LK SOy ;
!
. 1
F | tmickness RaTio .06 - - - o
N [ sweepsack  anoLE ae - . |
TRAILING EDGE POS. TLUSH FORWARD - -
: DIAMETER RATIO 0.65 AT - - ;
%
]
s R _ V.17 - R :
: | area raTio ‘ s :
CHARACTER LT r - — {
BOUNDARY -3 :
LAYER Ry x 10 (o0 U O B (SR R - :
PA =
) RAMETERS ", s 0 . T R N
,
! TYPE OF THEORETICAL <o NOY
. INVESTIGATION € XPERIMENTAL VA o yre vES
MOUNTING TECHNIQUE \, SRR ", - :
1
‘ MEASUREMENTS BOATTAIL PRESS DISTR. P s poT -
FORCE o N o N
. OUTPUT FORMAT : o : 5
b "] 3.0 - 4.0 T ¢ T C SUPERSONIC
L
l 1 R . N
d T T ¢ T T ..
‘ N RESULTS M . -
X v @ ne 0° - 16° e 0°
! ‘ ) s -
oo OTHER - - - -
; .
AIRCRAFT ; .
. PRINCIPAL MISSILES : ' ' ' -
APPLICATION PROJECTILES ! . .
NACELLES
4
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