
AJ/q,s/9_k--- /5-_,S £/

3 1176 00161 6755

NASACR-152391

NASA-CR-152391-VOL-4

tq_l oolq _oo

ANALYSISOF WIND TUNNELTEST RESULTSFOR A
9.39-PERCENT SCALEMODEL OF A VSTOL

FIGHTER/ATTACKAIRCRAFT

VOLUMEIV - RALSRI04AERODYNAMIC
CHARACTERISTICSAND COMPARISONSWITH

E205CONFIGURATIONAERODYNAMICCHARACTERISTICS

DR. J. R. LUMMUS
G. T. JOYCE
C. D. O'MALLEY

Prepared under Contract NAS2-I0344

by

General Dynamics , i i i_;_:':_ _
Fort Worth Division ! ;;_.'_::;_, i_i_;_"_

for
Ames Research Center [:i/_i 0 )_8i

L:£:.L_;_;', ;;;,3A
2_.:,_,q_ N!.2}_IbNllaI".

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

.

_li]s iJocumentcontainsTecSnicalData consideredto be a,f
_'esourceunder ASPR1-329.1(b)and DoDDirective5400.7
and is not a "record" required to be releasedunder the
Freedomof InformationAct.





981

1. Re!lort No. I2. CO-t "-ion No. 3. RlCioient" e:-log No.
NASA CR-lS2391

4. Tit.. end Subtitle 5. RIODtt Dew

Analysis of Wind Tunnel Test Results for a October, 1980
9.39-percent Scale Model of a VSTOL Fighter/Attack 8. l'Irfarming OrgIniution QlOI
Aircraft .

7. Authorl'l .. l'Irformifti Or~iution Report No.

Dr. J. R. Lummus, G•. T. Joyce, C. D. O'Malley
to. Wen Unit No.

II. l'Irforlfli", OrgIniution Name end Addr-.

General Dynamics/Fort Worth Division 11. ContrICt or GtMt No.
P. O. Box 748 NAS2-l0344
Fort Worth, Texas 76101 13. TYDe 01 RIODtt end Pwr ee-rld

12. $oonIori", ~y~ 8ftd AdcINu Contractor Fina Repo~t

Sent. 10 1979-Feb. 10. 1
NASA, AMES Research Center, 14. Sllon_ing -'o-ncv QlOI

Moffett Field, Ca 94035
IS. SUIlOl.mmwy Notn

AMES Research Center Technical Monitor W. P. Nelms
(415) 965-5880

16. Atlmaet

The results of a series of NASA AMES wind tunnel tests of a General
Dynamics vectored-engine-over wing, Navy VSTOL fighter/attack configuration
have ceen analyzed to (1) assess prediction method capabilities,
(2) evaluate geometry variations such as multiple canard longitudinal
locations and strake shapes, and (3) evaluate the effects of configuration
changes associated with varying the propulsive lift system from a jet-
diffuser ejector to a Remote Augmentation Lift System (RALS). Configura-
tion modification and additional testing and analysis are recommended to
adequately evaluate the configuration potential.

This document is presented in four volumes - Volume I - Study Overview,
Volume II - Evaluation of Prediction Methodologies, Volume III - Effects of
Configuration Variations from Baseline E20S Configuration on Aerodynamic
Characteristics, and Volume IV - RALS Rl04 Aerodynamic Characteristics
and Comparisons with E20S Configuration Aerodynamic Characteristics.

17. Key Words lSuggntld by Autftart,lI 18. Dinriboltion Su_

CANARD, STRAKE, AERODYNAUIC

PREDICTION METHODS

'111. Secur,ty Oesif. lot tt1i1~l 120. =;::;~~o~;. pavel
121. No. of Paves /22. ,:"c.,

UNCLASSIFIED

For salc b) thc N'lIonal Tcchnialln(onnallon SCf\·ICC. Spflncficld. V,rClnJa 22161

i



ii



F VOLUME IV - RALS RI04 AERODYANMIC
CHARACTERISTICS AND COMPARISONS WITH

E205 CONFIGURATION AERODYNAMIC CHARACTERISTICS

TABLE OF CONTENTS

SUMMARY i

1.0 RALS RI04 Aerodynamic Characteristics I

i.i Component Buildup: Lift, Drag, and
Pitching Moment i

1.2 Aerodynamic Center 2
1.3 Canard Effectiveness 2

1.4 Wing Trailing-Edge Flap Effectiveness 3
1.5 Canard Leading-Edge Flap Effects 4
1.6 Trimmed Aerodynamics 4
1.7 Lateral-Directional Characteristics 5

2.0 Comparisons of E205 and RI04 Aerodynamics 7

2.1 Component Buildup 7
2.2 Aerodynamic Center 8
2.3 Trailing-Edge Flap Effectiveness 8
2.4 Trimmed Aerodynamics 9
2.5 Lateral-Directional Characteristics i0

°

iii



LIST OF FIGURES _.

FIGURE PAGE

I-I RI04 Component Buildup Comparison of COMINvs. Mach Number II

I-2 a Effect of Component Buildup on Lift and
Moment, Mach= .2 12

b Effect of Component Buildup on Drag,
(Expanded Drag Scale), Mach= .2 13

c Effect of Component Buildup on Drag, Mach =
.2 II

1-3 a Effect of Component Buildup on Lift and
Moment, Mach= .4 15

b Effect of Component Buildup on Drag,
(Expanded Drag Scale), Mach= .4 16

c Effect of Component Buildup on Drag, Mach=
.4 17

1-4 a Effect of Component Buildup on Lift and
Moment, Mach = .4 18

b Effect of Component Buildup on Drag, Mach= 19
.4

1-5 a Effect of Component Buildup on Lift and
Moment, Mach= .6 20

b Effect of Component Buildup on Drag, Mach =
.6 21

1-6 a Effect of Component Buildup on Lift and
Moment, Mach= .8 22

b Effect of Component Buildup on Drag, Mach = 23
.8

1-7 a Effect of Component Buildup on Lift and 24
Moment, Mach= .9

b Effect of Component Buildup on Drag, Mach=
.9 25 _.

iv



LIST OF FIGURES (CONT'D.)

FIGURE PAGE-
1-8 a Effect of Component Buildup on Lift and 26

Moment, Mach = .95

b Effe.ct of Component Buildup on Drag, Mach =
.95 27

1-9 a Effect of Component Buildup on Lift and 28Moment, Mach = 1.10

b Effect of Component Buildup on Drag, Mach =
1.10 29

1-10 a Effect of Component Buildup on Lift and 30Moment, Mach = 1.20

b Effect of Component Buildup on Drag, Mach = 311.20

1-11 a Effect of Component Buildup on Lift and
32Moment, Mach = 1.4

b Effect of Component Buildup on Drag, Mach = 331.4

1-12 a Effect of Component Buildup on Lift and 34Moment, Mach = 1.6

b Effect of Component Buildup on Drag
35(Expanded Drag Scale), Mach = 1.6

c Effect of Component Buildup on Drag, Mach =
1.6 36

1-13 a Effect of Component Buildup on Lift and 37Moment, Mach = 1.8

b Effect of Component Buildup on Drag,
38(Expanded Drag Scale), Mach = 1.8

c Effect of Component Buildup on Drag, Mach = 39
1.8

1-14 a Effect of Component Buildup on Lift and 40Moment, Mach = 2.0

b Effect of Component Buildup on Drag, 41(Expanded Drag Scale) , Mach = 2.0

v



LIST OF FIGURES (CONTID.)

FIGURE

1-14 c Effect of Component Buildup on Drag, Mach =
2.0

1-15 RI04 Aerodynamic Center Variation with Mach
Number

1-16 a Effect of Canard Deflection on Lift and
Moment with Wing Trailing-Edge Flap
Undeflected, Mach = .2

b Effect of Canard Deflection on Drag with
Wing Trailing-Edge Flap Undeflected,
(Expanded Drag Scale), Mach = .2

c Effect of Canard Deflection on Drag with
Wing Trailing-Edge Flap Undeflected, Mach =
.2

1-17 a Effect of Canard Deflection on Lift and
Moment with Wing Trailing-Edge Flap
Deflected +25°, Mach = .2

b Effect of Canard Deflection on Drag with
Wing Trailing-Edge Flap Deflected +25°
(Expanded Drag Scale), Mach = .2

c Effect of Canard Deflection on Drag with
Wing Trailing-Edge Flap Deflected +25°, Mach
= .2

1-18 a Effect of Canard Deflection on Lift and
Moment with Wing Trailing-Edge Flap
Undeflected, Mach = .4

b Effect of Canard Deflection on Drag with
Wing Trailing-Edge Flap Undeflected,
(Expanded Drag Scale), Mach = .4

c Effect of Canard Deflection on Drag with
Wing Trailing-Edge Flap Undeflected, Ma~h =
.4

1-19 a Effect of Canard Deflection on Lift and
Moment with Wing Trailing-Edge Flap
Undeflected, Mach = .6

vi

PAGE

42

43

44

45

46

47

48

49

50

51

52

53



FIGURE

LIST OF FIGURES (CONT'D.)

PAGE

1-19 b Effect of Canard Deflection on Drag with
Wing Trailing-Edge Flap Undeflected, Mach = ~4
.6

1-20 a Effect of Canard Deflection on Lift and
Moment with Wing Trailing-Edge Flap 55
Deflected +10°, Mach = .6

b Effect of Canard Deflection on Drag with
Wing Trailing-Edge Flap Deflected +10°, Mach 56
= .6

1-21 a Effect of Canard Deflection on Lift and
Moment with Wing Trailing-Edge Flap
Deflected +25°, Mach = .6

57

b Effect of Canard Deflection on Drag with
Wing Trailing-Edge Flap Deflected ,+25°, Mach 58
= .6

1-22 a Effect of Canard Deflection on Lift and
Moment with Wing Trailing-Edge Flap
Undeflected, Mach = .9

59

b Effect of Canard Deflection on Drag with
Wing Trailing-Edge Flap Undeflected, Mach = GO
.9

1-23 a Effect of Canard Deflection on Lift and
Moment with Wing Trailing-Edge Flap
Deflected +10°, Mach = .9

:il

b Effect of Canard Deflection on Drag with
Wing Trailing-Edge Flap Deflected +10°, Mach 62
= .9

1-24 a Effect of Canard Deflection on Lift and
Moment with Wing Trailing-Edge Flap
Deflected +25°, Mach = .9

. "
0 ....

b Effect of Canard Deflection on Drag with
Wing Trailing-Edge Flap Deflected +25°, Mach 64
= .9

1-25 a Effect of Canard Deflection on Lift and
Moment with Wing Trailing-Edge Flap
Undeflected, Mach = 1.2

vii

65



LIST OF FIGURES (CONT'D.)

FIGURE
- PAGE

1-25 b Effect of Canard Deflection on Drag with
Wing Trailing-Edge Flap Undeflected, Mach = 66
1.2

1-26 a Effect of Canard Deflection on Lift and
Moment with Wing Trailing-Edge Flap 67
Deflected +i0 °, Mach = 1.2

b Effect of Canard Deflection on Drag with
Wing Trailing-Edge Flap Deflected +i0 °, Mach 68
=1.2

1-27 a Effect of Canard Deflection on Lift and
Moment with Wing Trailing-Edge Flap 69
Deflected +25 °,Mach = 1.2

b Effect of Canard Deflection on Drag with
Wing Trailing-Edge Flap Deflected +25 °, Mach 70
= 1.2

1-28 a Effect of Canard Deflection on Lift and
Moment with Wing Trailing-Edge Flap 71
Undeflected, Mach= 1.6

b Effect of Canard Deflection on Drag with
Wing Trailing-Edge Flap Undeflected, 72
(Expanded Drag Scale), Mach= 1.6

c Effect of Canard Deflection on Drag with 73
Wing Trailing-Edge Flap Undeflected,
Mach= 1.6

1-29 a Effect of Canard Deflection on Lift and
Moment with Wing Trailing-Edge Flap 74
Undeflected, Mach= 1.8

b Effect of Canard Deflection on Drag with
Wing Trailing-Edge Flap Undeflected, 75
(Expanded Drag Scale), Mach= 1.8

c Effect of Canard Deflection on Drag with
Wing Trailing-Edge Flap Undeflected, Mach = 76
1.8

1-30 a Effect of Canard Deflection on Lift and

Moment with Wing Trailing-Edge Flap 77
Undeflected, Mach= 2.0

viii



FIGURE

·LIST OF FIGURES (CONT'D.)

PAGE-
1-30 b Effect of Canard Deflection on Drag with 78

Wing Trailing-Edge Flap Undeflected,
(Expanded Drag Scale), Mach = 2.0

c Effect of Canard Deflection on Drag with
Wing Trailing-Edge Flap Undeflected, Mach = 79
2.0

1-31 a Effect of Canard Longitudinal Location on
Lift and Moment, Mach = .2 80

b Effect of Canard Longitudinal Location on
Drag, (Expanded Drag Scale), Mach = .2 81

c Effect of Canard Longitudinal Location on
Drag, Mach = .2 82

1-32 a Effect of Canard Longitudinal Location on
Lift and Moment, Mach = .4 83

b Effect of Canard Longitudinal Location on
Drag, (Expanded Drag Scale), Mach = .4 84

c Effect of Canard Longitudinal Location on
Drag, Mach = .4 85

1-33 a Effect of Canard Longitudinal Location on
Lift and Moment, Mach = .6 86

b Effect of Canard Longitudinal Location on
87Drag, Mach = .6

1-34 a Effect of Canard Longitudinal Location on
Lift and Moment, Mach = .9 88

·b Effect of Canard Longitudinal Location on
Drag, Mach = .9 89

1-35 a Effect of Canard Longitudinal Location on 90Lift and Moment, Mach = 1.2

b Effect of Canard Longitudinal Location on
91Drag, Mach = 1.2

1-36 a Effect of Canard Longitudinal Location on
92Lift and Moment, Mach = 1.6

ix



FIGURE

LIST OF FIGURES (CONT'D.)

PAGE

1-36 b Effect of Canard Longitudinal Location on
Drag, (Expanded Drag Scale), Mach = 1.6 93

c Effect of Canard Longitudinal Location on
Drag, Mach = 1.6 94

1-37 a Effect of Canard Longitudinal Location on
Lift and Moment, Mach = 2.0

b Effect of Canard Longitudinal Location on
Drag (Expanded Drag Scale), Mach = 2.0

1-37 c Effect of Canard Longitudinal Location on
Drag, Mach = 2.0

1-38 Incremental Effects of Canard Deflection
with Wing Trailing-Edge Flap Undeflected,
Mach = .6

1-39 Incremental Effects of Canard Deflection
with Wing Trailing-Edge Flap Undeflected,
Mach = .9

1-40 Incremental Effects of Canard Deflection
with Wing Trailing-Edge Flap Undeflected,
Mach = 1.2

95

96

97

98

99

100

'1-41 Incremental Effects of Various Canard
Deflections, Mach = 1.60 101

1-42 Incremental Effects of Various Canard
Deflections, Mach = 1.80 102

1-43 Incremental Effects of Various Canard
103Deflections, Mach = 2.0

1-44 a Effect of Canard Deflection on Lift and
Moment with Wing Trailing-Edge Flap 104
Undeflected, Mach = .6

b Effect of Canard Deflection on Drag with
Wing Trailing-Edge Flap Undeflected, Mach = 105
.6

1-45 a Effect of Canard Deflection on Lift and
Moment with Wing Trailing-Edge Flap
Deflected +10·, Mach = .6

x

106



r LISTOF FIGURES

FIGURE PAGE

1-45 b Effect of Canard Deflection on Drag with
Wing Trailing-Edge Flap Deflected +10 @, Mach 107
= .6

1-46 a Effect of Canard Deflection on Lift and
Moment with Wing Trailing-Edge Flap 108
Deflected +25 °, Mach = .6

b Effect of Canard Deflection on Drag with
i Wing Trailing-Edge Flap Deflected +25 °, Mach 109

= .6

1-47 a Effect of Canard Deflection on Lift and
Moment with Wing Trailing-Edge Flap 110
Undeflected, Mach= .9

b Effect of Canard Deflection on Drag with
i Wing Trailing-Edge Flap Undeflected, Mach= iii

.-- .g

1-48 a Effect of Canard Deflection on Lift and
Moment with Wing Trailing-Edge Flap 112
Deflected +I0 @, Mach = .9

b Effect of Canard Deflection on Drag with
Wing Trailing-Edge Flap Deflected +i0 @, Mach 113
= .9

1-49 a Effect of Canard Deflection on Lift and
Moment with Wing Trailing-Edge Flap 114
Deflected +25 @, Mach = .9

b Effect of Canard Deflection on Drag with
Wing Trailing-Edge Flap Deflected +25 @, Mach 115
= .9

1-50 a Effect of Canard Deflection on Lift and
Moment with Wing Trailing-Edge Flap I16
Undeflected, Mach = 1.2

b Effect of Canard Deflection on Drag with
Wing Trailing-Edge Flap Undeflected, Mach = 117
1.2

1-51 a Effect of Canard Deflection on Lift and
Moment with Wing Trailing-Edge Flap 118
Deflected +i0 °, Mach= 1.2

xi



LISTOF FIGURES(CONT'D.)

FIGURE PAGE

1-51 b Effect of Canard Deflection on Drag with
Wing Trailing-Edge Flap Deflected +i0 °,Mach 119
= 1.2

1-52 a Effect of Canard Deflection on Lift and
Moment with Wing Trailing-Edge Flap 120
Deflected +25", Mach = 1.2

1-52 b Effect of Canard Deflection on Drag with
Wing Trailing-Edge Flap Deflected +25", Mach 121
=1.2

1-53 a Effect of Canard Deflection on Lift and
Moment with Wing Trailing-Edge Flap 122
Deflected +I00 Mach= 1.6

b Effect of Canard Deflection on Drag with 123
Wing Trailing-Edge Flap Deflected +i0 °,
(Expanded Drag Scale), Mach= 1.6 -

c Effect of Canard Deflection on Drag with
: Wing Trailing-Edge Flap Deflected +i0 °, Mach 124

=1.6

1-54 a Effect o£ Canard Deflection on Lift and
Moment with Wing Trailing-Edge Flap 125
Deflected +i0 °, Mach= 1.8

b Effect of Canard Deflection on Drag with
Wing Trailing-Edge Flap Deflected +i0", 126
(Expanded Drag Scale), Mach= 1.8

c Effect of Canard Deflection on Drag with

Wing Trailing-Edge Flap Deflected +i0 °, Mach 127
= 1.8

1-55 a Effect of Canard Deflection on Lift and
Moment with Wing Trailing-Edge Flap 128
Deflected +i0 °, Mach = 2.0

b Effect of Canard Deflection on Drag with 129
Wing Trailing-Edge Flap Deflected +i0",
(Expanded Drag Scale), Mach= 2.0

c Effect of Canard Deflection on Drag with
Wing Trailing-Edge Flap Deflected +lO °,Mach 130
= 2.0

xii



FIGURE

LIST OF FIGURES (CONT'D.)

PAGE

1-56 a Effect of Wing Trailing-Edge Flap Deflection
on Lift and Moment with Canard Off, Mach = 131
1.6

b Effect of Wing Trailing-Edge Flap Deflection
on Drag with Canard Off, 132
(Expanded Drag Scale), Mach = 1.6

c Effect of Wing Trailing-Edge Flap Deflection
on Drag with Canard Off, Mach = 1.6 133

1-57 a Effect of Wing Trailing-Edge Flap Deflection
on Lift and Moment with Canard Off, Mach = 134
1.8

b Effect of Wing Trailing-Edge Flap Deflection
on Drag with Canard Off, (Expanded Drag 135
Scale), Mach = 1.8

c Effect of Wing Trailing-Edge Flap Deflection
on Drag with Canard Off, Mach = 1.8 136

1-58 a Effect of Wing Trailing-Edge Flap Deflection
on Lift and Moment with Canard Off, Mach = 137
2.0

b Effect of Wing Trailing-Edge Flap Deflection 138
on Lift and Moment with Canard Off,
(Expanded Drag Scale), Mach = 2.0

c Effect of Wing Trailing-Edge Flap Deflection
on Drag with Canard Off, Mach = 2.0 139

1-59

1-60

1-61

1-62

Incremental Effects of Canard Deflection
with Wing Trailing-Edge Flap Deflected +10°,
Mach = .6

Incremental Effects of Canard Deflection
with Wing Trailing-Edge Flap Deflected +10°,
Mach = .9

Incremental Effects of Canard Deflection"
with Wing Trailing-Edge Flap Deflected +10°,
Mach = 1.2 -

Incremental Effects of Canard Deflection
with Wing Trailing-Edge Flap Deflected +25°,
Mach = .6

\ ...
X~~~

140

141

142

143



FIGURE PAGE

1-63 Incremental Effects of Canard Deflec_icn with 144
Wing Trailing-Edge Flap Deflected +25", Mach
= .9

1-64 Incremental Effects of Canard Deflection
with Wing Trailing-Edge Flap Deflected +25 °, 145
Mach= 1.2

1-65 Incremental Effects of Canard On at Various
Deflections and Off, with Wing Trailing-Edge 146
Flap Deflected +i0 °, Mach= 1.6

1-66 Incremental Effects of Canard On at Various
Deflections and Off, with Wing Trailing-Edge 147
Flap Deflected +i0 °, Mach= 1.8

1-67 Incremental Effects of Canard On at Various
Deflections and Off, with Wing Trailing-Edge 148
Flap Deflected +i0 °, Mach = 2.0

1-68 a Effect of Canard Leading-Edge Flap Deflec-
tion on Lift and Moment with Wing Trailing- 149
Edge Flap Deflected +i00, Mach= .6

b Effect of Canard Leading-Edge Flap Deflec-
tion on Drag with Wing Trailing-Edge Flap 150
Deflected +i0 °, Mach= .6

1-69 a Effect of Canard Leading-Edge Flap
Deflection on Lift and Moment With Wing 151
Trailing-Edge Flap Deflected +i00, Mach = .9

b Effect of Canard Leading-Edge Flap
Deflection on Drag With Wing Trailing-Edge 152
Flap Deflected +i00, Mach= .9

1-70 a Effect of Canard Leading-Edge Flap
Deflection on Lift and Moment With Wing 153
Trailing-Edge Flap Deflected +i0 °, Mach=
1.2

b Effect of Canard Leading-Edge Flap
Deflection on Drag With Wing Trailing-Edge 154
Flap Deflected +I0 °, Mach= 1.2

xiv



LISTOF FIGURES(CONT'D._

FIGURE PAGE

1-71 Trimmed Lift and Drag for Baseline RI04
Configuration Using Canard and Trailing- 155
Edge Flap Deflections, Mach = .6

1-72 Trimmed Lift and Drag for Baseline R104
Configuration Using Canard and Trailing- 156
Edge Flap Deflections, Mach = .9

1-73 Trimmed Lift and Drag for Baseline RI04
Configuration Using Canard and Trailing- 157
Edge Flap Deflections, Mach = 1.2

1-74 Trimmed Lift and Drag with Wing Trailing-
Edge Flap Deflections and Canard 158
Undeflected

1-75 Trimmed Lift and Drag for Baseline R104
Configuration Using Canard and Trailing-Edge 159
Flap Deflections, Mach = 1.6

1-76 Trimmed Lift and Drag for Baseline R104
Configuration Using Canard and Trailing-Edge 160
Flap Deflections, Mach = 1.8

1-77 Trimmed Lift and Drag for Baseline R104
Configuration Using Canard and Trailing-Edge 161
Flap Deflections, Mach = 2.0

1-78 Trimmed Lift and Drag for Baseline R104
Configuration with Wing Trailing-Edge Flap 162
Undeflected, Various Mach Numbers.

1-79 Trimmed Lift and Drag with Canard Leading-
Edge Flap Deflected and Wing Trailing- Edge 163
Flap Deflected +i0°, Mach = .6

1-80 Trimmed Lift and Drag With Canard Leading-
Edge Flap Deflected and Wing Trailing-Edge 164
Flap Deflected +i0°, Mach= .9

1-81 Trimmed Lift and Drag With Canard Leading-
Edge Flap Deflected and Wing Trailing-Edge 165
Deflected +i0°, Mach= 1.2

1-82 Lateral-Directional Characteristics of
Baseline RI04 Configuration with Vertical 166
Tail On and Off, Mach = .2.

XV



LIST OF FIGURES (CONT'D.>

FIGURE PAGE

1-83 Sidewash Gradient Variation with Angle of
Attack for Baseline R104 Model Configura- 167
tion, M = .2

1-84 Effect of Canard Location on Vertical Tail
Effectiveness, Mach = .2. 168

1-85 Lateral-Directional Characteristics of
Baseline R104 Model Configuration, M = .6 169

1-86 Comparison of Lateral-Directional Character-
istics of Baseline RI04 Model Configuration, 170
with Canard Removed, and with Vertical Tail
Removed, M = .9

1-87 Comparison of Lateral-Directional Character-
istics of Baseline RIO4 Model Configuration, 171
with Canard Removed, and with Vertical Tail
Removed, M = i.2

I-B8 Lateral-Directional Characteristics of
Baseline RI04 Configuration, Mach= 1.6. 172

1-89 Lateral-Directional Characteristics of
Baseline RI04 Configurations, Mach= 2.0. 173

1-90 Comparison of RI04 Model Configuration with
Canard in Forward Location C2, with Canard 174
Removed, and with Vertical Tail Removed, M =
.9

1-91 Comparison of RI04 Model Configuration with
Canard in Forward Location C2, with Canard 175
Removed, and with Vertical Tail Removed, M =
1.2

1-92 Effect of Canard Location on RI04 Lateral-
Directional Characteristics, M = .9 176

1-93 Effect of Canard Location on Vertical Tail
Effectiveness, Mach = 1.6. 177

1-94 Effect of Canard Location on Vertical Tail
Effectiveness, Mach = 2.0. 178

1-95 Directional Control Effectiveness for
Baseline RI04 Configuration With 8v7 at +5" 179
and +15", Mach = .2.

xvi



LISTOF FIGURESiCONT'D.)

FIGURE PAGE

1-96 Variation in Vertical Tail Effectiveness
with Tail Deflection and Angle of Attack, M 180
= .9

1-97 Variation in Vertical Tail Effectiveness
with Tail Deflection and Angle of Attack, M 181
=1.2

xvii



LST OF F GUEES(CONT'D.)

FIGURE PAGE

2-1 Comparlson of E205 and RI04 Lift, Drag, and
Pitching Moment Increments for Vertical 182
Tail, Wing, and Canard, M = .2

2-2 Comparlson of E205 and RI04 Lift, Drag, and
Pitching Moment Increments for Vertical 183
Tail, Wing, and Canard, M = .6

2-3 Comparzson of E205 and RI04 Lift, Drag, and
Pitching Moment Increments for Vertical 184
Tail, Wing, and Canard, M = .9

2--4 Comparzson of E205 and RI04 Lift, Drag, and
Pitching Moment Increments for Vertical 185
Tail, Wing, and Canard, M = 1.2

2-5 Comparlson of E205 and RI04 Lift, Drag, and
Pitching Moment Increments for Vertical 186
Tail, Wing, and Canard, M = 1.6

2-6 Comparzson of E205 and RI04 Lift, Drag, and
Pitching Moment Increments for Vertical 187
Tail, Wing, and Canard (continued), M = 1.6

2-7 Comparlson of E205 and RI04 Lift, Drag, and
Pitching Moment Increments for Vertical 188
Tail, Wing, and Canard, M = 1.8

2-8 Comparlson of E205 and RI04 Lift, Drag, and
Pitching Moment Increments for Vertical 189
Tail, Wing, and Canard (continued), M = 1.8

2-9 Comparlson of E205 and RI04 Lift, Drag, and
Pitching Moment Increments for Vertical 190
Tail, Wing, and Canard, M = 2.0

2-10 Comparlson of E205 and RI04 Lift, Drag, and
Pitching Moment Increments for Vertical 191
Tail, Wing, and Canard (continued),M = 2.0

2-11 Comparison of Minimum Drag Vs. Mach Number
for E205 and RI04 Wind Tunnel Models 192

2-12 Comparison of Aerodynamic Center for _205
and RI04 193

xviii



LISTOF FIGURESiCONT'D.)

FIGURE PAGE

2-13 Comparison of Trimmed Envelope Polars

(Unpowered) for the RIO4 and E205 194
Configurations, Mach = .6

2-14 Comparison of Trimmed Envelope Polars
(Unpowered) for the RI04 and E205
Configurations, Mach= .9 195

2-15 Comparison of Trimmed Envelope Polars
(Unpowered) for the RIO4 and E205
Configurations, Mach= i.2 196

2-16 Trimmed Lift and Drag Comparison for E205
and RIO4 Baseline Configurations with
Varying Canard Deflections and Wing
Trailing-Edge Flap Undeflected, Mach= 1.6 197

2-17 Trimmed Lift and Drag Comparison for E205
and RI04 Baseline Configurations with
Varying Canard Deflections and Wing
Trailing-Edge Flap Undeflected, Mach= 2.0 198

2-18 Trimmed Lift and Drag Comparison for E205
and RIO4 Baseline Configurations with
Varying Canard Deflections and Wing
Trailing-Edge Flap Deflected +I0 °, Mach = 1991.6

•2-19 Trimmed Lift and Drag Comparison for E205
and RIO4 Baseline Configurations with
Varying Canard Deflections and Wing
Trailing-Edge Flap Deflected +I0 =, Mach= 200
2.0

2-20 Comparison of Canard-Trimmed Lift Curves and
Drag Polars for E205 and RIO4, _F = 0°,
(SREF = 384 ft2), M = 1.6 201

. 2-21 Comparison of Canard-Trimmed Lift Curves and
Drag Polars for E205 and RI04, 6F = 0°,
(SNEF = 384 ft2), M = 2.0 202

2-22 Comparison of Canard-Trimmed Lift Curves and
Drag Polars for E205 and RIO4, 6F = i_",
(SNEF = 384 ft2), M = 1.6 203

2-23 Comparison of Canard-Trimmed Lift Curves and
Drag Polars for E205 and RIO4, 6F = i0",
(SREF = 384 ft2), M = 2.0 204

xix



LIST OF FIGURES (CONT'D.)

FIGURE PAGE

2-24 Comparison of Lateral-Directional Charac-
teristics for E205 and R104 Configurations, 205
Mach = .2.

2-25 Comparison of Lateral-Directional
Characteristics for E 205 and R 104
Configurations, Mach = .6 206

2-26 Comparison of Lateral-Directional
Characteristics for E 205 and R 104

Configurations, Mach = .9 207

2-27 Comparison of Lateral-Directional
Characteristics for E 205 and R 104
Configurations, Mach = 1.2 208

2-28 Comparison of Lateral-Directional Charac-
teristics for E205 and RI04 Configurations,
Mach = 1.6. 209

2-29 Comparison of Lateral-Directional Character-
istics for E205 and R104 Configurations,
Mach = 2.0. 210

xx



f-

LIST OF SYMBOLS

a. English Symbols

A axial force, Ib (N)

"a.c. aerodynamic center, %_

AR aspect ratio

b span, in. (m)

_, MAC mean aerodynamic chord, in. (m)

CA axial force coefficient

CA axial force coefficient due to ejector
ejector

CD drag coefficient

aero-only drag coefficient (no thrust increments
CDAERO included)

CDmin minimum drag coefficient

CDE equivalent drag coefficient

CDRAM ram-drag coefficient (engine inlet)

CDt total drag coefficient

CL lift coefficient

CL_uffet_ buffet-onset lift coefficient

CLE equivalent lift coefficient

_Lmax maximum lift coefficient

aero-only lift coefficient (no thrust increments
CLaero included)

CLt total lift coefficient

CI rolling moment coefficient

xxi



LIST OF SYMBOLS (Continued)

CI_ rolling moment derivative due to sideslip, I/deg

CmE equivalent pitching moment coefficient

Cmx- pitching moment coefficient about x percent
c

Cm zero lift pitching moment coefficient
o

Cm total pitching moment coefficient
t

CN normal force coefficient

Cn yawing moment coefficient

Cn_ yawing moment derivative due to sideslip, i/deg
T

CT thrust coefficient,
qSREF

side force coefficient

_ side force derivative due to sideslip, i/deg

CMU, C ideal thrust coefficient, w Vj/gqSRE F

D drag, Ib(N)

e span efficiency factor

T
ESF engine scale factor,

TESF = 1.0

IGE in ground effect

L lift, ib(N)

LF lift due to supercirculation, ib(N)

i rolling moment, ft lb (Nm)

M Mach number

m pitching moment, ft Ib(Nm) °

Total Pressure
NPR nozzle pressure ratio, p __

xxii



P LEST OF SYMBOLS (Continued)

N normal force, ib(kg)

n yawing moment, ft Ib (Nm)

OGE out of ground effect

"P freestream static pressure, ib/ft 2 (--N2)
m

Po freestream total pressure, Ib/ft 2, (--N2)
m

q freestream dynamic pressure, Ib/ft 2 (--N2)
m

SC canard exposed area, ft2 (m2)

Sref reference area, ft2(m 2) (usually equal to SW)

STOL short takeoff or landing

SW area of trapezoidal wing extended to centerline,

ft2(m2)

SVT exposed area of vertical tail, ft2(m 2)

T thrust, ib(N)

Vo_ freestream velocity, ft/sec, knots (m/sec)

V. jet velocity based on isentropic expansion from
3 nozzle camber total pressure to freestream static

pressure, ft/sec (m/sec)

VSTOL vertical or short takeoff or landing

VTOL vertical takeoff or landing

VEO-Wing vectored engine over wing

weight flow, Ib/sec (kg/sec)

X action point of circulation lift relative to
cp leading edge of MAC

xxiii



LIST OF SYMBOLS (Continued)

b. Greek Symbols

a alpha angle of attack, deg

._, beta angle of sideslip, deg

F supercirculation

7 flight path angle, deg

6C , _i canard deflection (positive, leading-edge up), deg

_TF' _F VEO-Wing nozzle and outboard flaperon deflection,
deg; except for aileron action the flaperons and
VEO-Wing nozzle flaps always deflect together.

pitch attitude angle, deg

83 jet thrust deflection out of VEO-Wing nozzles A
when deflected, TE' deg

ALE leading-edge sweep angle, deg

A taper ratio, tip chordroot chord

ejector measured thrust/isentropic supply thrust
(where isentropic supply thrust is the thrust
which would be obtained from supplied air at the
nozzle exit of pressures and flow rates expanded
at isentropically to ambient pressure)

xxiv



LIST OF SYMBOLS (Continued)

c. Model Symbols

B1 VSTOL ejector configurationE-205 basic fuselage
with fuselagestrake that blends the fuselageto
the inboard section to the wing.

B2 VSTOL RALS configurationR-104 basic fuselage

C1 All moveablenacelle-mountedhorizontalcanardof
VSTOL ejectorconfigurationE-205 in the mid-
location

C2 Horizontalcanard in VSTOL E-205 or RALS RI04
_wd-location

C3 Horizontal canard in VSTOL E-205 or RALS RI04
aft-location

N VSTOL ejector configuration E-205 or RALS RI04
._ VEO-wing nacelle

SI Baseline strake on E205 configuration

S2 High sweep strake on E205 configuration

S3 Low sweep strake on E205 configuration

V All moveable vertical tail of VSTOL ejector
configuration E-205 or RALS RI04

WI VSTOL ejector configuration E-205 wing with linear
elements between SS 96.496 and SS 223.695

W2 VSTOL PALS configuration R-104 wing with linear
elements between SS 87.231 and SS 214.430

°

xxv



°

r_

xxvi



I- SUPR4ARY

The longitudinal and lateral-directional aerodynamic charac-
teristics of the PALS RI04 wind tunnel model are summarized in

this volume along with comparisons for the E205 configuration.

The RALS RI04 wind tunnel model is really a "representation"
of the RALS RI04 airplane configuration. The RALS RI04 wind
tunnel model affords the opportunity to examine the effects of
changing the nacelle spacing (by reducing the strake area be-
tween nacelles as well as the fuselage cross sectional area
distribution aft of the nose and canopy), i.e., both planform
and cross sectional area changes, while maintaining the same
exposed lifting surfaces as the E205 configuration. In fact,
as noted in Volume I_ the E205 wings, canard, vertical tail,
nose, canopy and nacelles are used in conjunction with the new
fuselage section aft of the E205 nose-and-canopy section to
simulate the RALS airplane configuration.

The trends observed in the aerodynamic characteristics from
the component buildup of the RI04 configuration model were found
to be very similar to those indicated for the E205 configuration.
However, in general, the E205 configuration performed somewhat

.- better than the RI04 model. The wider, flat strake arrange-
ment of the E205 configuration acts as a more effective lifting
surface inducing a substantially higher upwash on the E205
canard and wing which in turn results in the E205 wing and
canard each performing better alone (and in the presence of
each other) than with the narrow strake arrangement on the RI04.
This improved canard/wing performance coupled with the lower
transonic and supersonic minimum drag of the E205 configuration
(resulting from a lower maximum fuselage cross-sectional area)
results better trimmed drag polars for the E205 configuration
at most flight conditions.

The lateral-directional characteristics of the two configu-
rations were also found to be very similar at most flight con-
ditions.

Both configurations were found to suffer from the same
primary deficiency - the inability to trim to _'s > 8° at low
Npeeds, power-off. Part of the problem stems from early wing
stall because no leading edge protection was afforded during
the current testing which should be alleviated with future
testing.



1.0 RALS R104 AERODYNAMIC CHARA~TERISTICS

1.1 Component Buildup

Figures 1-1 through 1-14 provide the lift, drag, and
pitching moment characteristics for the component buildup
of the RI04 configuration for Mach· numbers from .2 to
2.0. This is a very valuable data base because (l) it is very
complete and should become an excellent test-case-package for
future computational prediction methods, and (2) it provides
some insight into the mutual interference of the components,
especially the wing and canard.

Figure 1-1 compares the component-buildup variation of
minimum drag with Mach number for the RI04 configuration. Its
The biggest increment.in minimum drag is produced by the
~ing followed by the canard.

Lift, drag, and pitching moment increments for various
components have been plotted as a function of angle of attack
for Mach numbers from .6 to 1.2 and are compared in Section 2.1
with those of the E205 configuration in Figures 2-1 through
2-11.

The mutual interference effects of the canard and the wing
are of primary interest for this type of configuration. The
interference effects of the canard on the wing and vice-versa
can be observed from the incremental (l) wing-alone data, (2)
wing in the presence of the canard, and (3) the canard-alone
data. Subsonically, .the canard is theoretically supposed to be
in an upwash field produced by the wing which has the effect of
increasing the local angle of attack of the canard (relative to
canard-alone) and increasing the magnitude of the local velocity
vector, thereby increasing the canard lift and drag. Super
sonically the canard is unaffected by the wing since distur
bances are propogated only downstream and not upstream as in
subsonic flow. At all speeds, the canard induces a downwash
field on the wing inboard of the canard span resulting in a
reduced local wing angle of attack on this inboard section and a
reduction in the magnitude of the local velocity vector thereby
reducing the lift and drag over this portion of the wing.
Outboard of the canard span, the tip vortex from the canard
produces an upwash on the wing resulting in a h~gher alpha and
local velocity.

Enough experimental data is available to confirm the
expected effects of the canard on the wing; unfortunately this
is not the case for the influence of the wing on the canard.

While the canard and wing alone each exhibit the e~pected

lift slopes and aerodynamic centers, the wing in the presence of
the canard exhibits less lift and a forward aerodynamic center
shift produced by the net detrimental effect of the canard on
the wing. The forward a.c. shift is a result of this reduced
lift on the wing (and probably increased lift on the canard).
This effect is noted in both the lift, drag, and moment curves
as well as the increment plots at all Mach numbers and for
alphas up to 15° {at larger alphas (> 15°) the interference
pattern is less clear).
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Figures 2-1 through 2-10 allow a comparison of the RI04
increments due to the canard alone (no wing) with what appears

f to be the increment due to the canard in the presence of the
wing. However, the latter increment is somewhat deceiving
because it is really the increment due to the canard in the
presence of the wing plus the incremental effect of the canard
on the wing, i.e., the increment is the net sum of the increased
lift on the canard due to the wing plus the loss on the wing
caused by the canard. Thus a canard balance is required
to isolate the canard increments in the presence of the
wing as this piece of the mutual interference is not available
from the present data. (Note that these increments for R104
are presented in Section 2.0 to _void duplication in data
presentation.)

1.2 Aerodynamic Center

The aerodynamic center variation with Mach number for the
baseline RI04 configuration model is presented in Figure 1-15 .
This variation is similar to that observed with the E205
configuration as shown in Section 2.0. The addition of the
canard to the baseline RI04 wing body shafts the a.c. forward
approximately 20 percent subsonically and approximately 5
percent at supersonic speeds.

1.3 Canard Effectiveness

Figures 1-16 through 1-30 illustrate the effects of RI04
canard deflection on lift, drag, and pitching moment for various
canard longitudinal locations, wing trailing edge flap deflec-
tions and Mach number ranging from .2 to 2.0.

The canard effectiveness observed for the RI04 configura-
tion is basically the same as that discussed for the E205 con-
figuration in Volume III. The moment produced by the canard
deflection deteriorates rapidly at the subsonic and transonic
Mach numbers for negative canard deflections for alpha > 20"
with and without the flaps deflected; however with higher flap
deflections (25") and Mach= .9, the alpha for flap-moment
deterioration is reduced to from 12° to 16". Supersonically the
canard moment does not deteriorate with alpha. Subsonically, a
large part of whatever moment is being produced at high alphas
by the canard is probably from the drag vectors from the
canard.

Figures 1-31 through 1-37 illustrate the effects of varying
the longitudinal canard location relative to the baseline loca-
tiDn at Mach numbers from .2 to 1.2. The effects of canard
longitudinal movement are about the same as observed for the
E205 configuration. The primary effects of canard location are
the change in the moment increment produced by the canard and
the change in a.c. The forward canard movement causes a more
positive canard moment increment and a more forward a.c. as

expected. However the --,,_4a'_$'_.|for forward or aft canard move-
ment from the baseline mid p_siLion is approximately constant.
In general, the mid location produces larger lift increments and
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less drag than either the fore or aft positions but the real
test of which canard position is best for a given Mach number
and c.g. can best be determined by examining the trimmed polars
for each canard position as shown in Section 1.6.

Figures 1-38 through 1-43 illustrate the variation in lift,
drag, and pitching moment increments between the canard on and
the canard off (in the presence of the wing) for Mach numbers
from .6 to 2.0. These increments include the loads and moments
on the canard plus the influence of the canard on the wing (as
noted in the previous section, a separate canard balance is
required to isolate the canard loads and moments in the presence
of the wing). As the canard deflection is varied from positive
to a negative deflection, the detrimental downwash on the wing
is apparently reduced at M = .6 and .9 because the lift and

moment increments continue to increase at high alphas as 6C
becomes more negative. Supersonically, the incremental lift and
moment variations are much more linear because the wing does not
influence the canard supersonically.

1.4 Wing Trailing Edge Flap Effectiveness

The wing trailing edge flap effectiveness for the RI04
J configuration was determined by examining the lift, drag, and

pitching moment curves of Figures 1-44 through 1-55 for Mach
numbers from .6 to 2.0; these curves represent variations in
canard and flap deflections. The lift, drag, and pitching
moment curves are also presented in Figures 1-56 through 1-58
comparing the flap performance with the canard removed.
The lift, drag, and pitching moment increments due to deflecting A
the wing trailing-edge flaps(relative to zero wing trailing-edge
flap deflection) in and out of the presence Of the canard (at various
canard deflections) were obtained from the curves above and are shown
in Figures 1-59 through 1-67. The canard presence or incidence has a
negligible effect on the trailing-edge flap increments at all Mach numbers.

1.5 Canard Leading Edge Flap Effect

The canard leading-edge flaps were tested at a deflection
of 15 degrees for a limited range of canard deflections and at
Mach numbers from .6 to 1.2 in Figure 1-68 through 1-70. At the
low alphas, deflecting the canard leading-edge produces an
adverse effect (Figure 1-68); however, as the local angle of
attack is increased, the untrimmed drag polar becomes more
favorable. The real value of canard leading-edge flap must be
determined on the basis of what it does for the trimmed drag
polars as discussed in Section 1.6.

1.6 Trimmed Aerodynamics

Trimmed lift and drag polars for the RI04 configuration
were plotted in Figures 1-71 through 1-81 for Mach numbers from
.6 to 2.0. Three methods were used for trimming (i) trimming
with varying canard deflections at a constant trailing-edge flap
deflection, (2) trimming with the optimum canard and wing
trailing-edge flap combination (which yields the envelope lift
curves shown in these figures), and (3) trimming with the wing
trailing-edge flap alone and the canard undeflected.
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Figure 1-74 compares the M = .6, .9, and 1.2 trimmed lift
curves and drag polars obtained by trimming with the wing

r trailing-edge flaps only (with canard undeflected) and with the
optimum envelope obtained from trimming with both canard and
wing trailing-edge flap. There is virtually no difference in
the drag polars obtained with the two trim methods. However,
the trimmed lift curves do differ somewhat; the difference
probably lies partly with a lack of flap-deflection data to
determine a very accurate trimmed envelope. The data is
so limited at M = 1.2 that only a small portion of the
envelope trimmed lift curve can be d@termined with
any confidence. It does appear that the complexity
of using both the canard and_ the flap is not justi-
fied at these Mach numbers and that trimming with the wing
trailing-edge flap alone is acceptable. At M = 1.6, 1.8, and

2.0 (compare Figures 1-75, 1-76, and 1-77) for CL,s greater
than approximately .I to .15 (depending on Mach number), trimming
with the optimum canard/wing trailing edge flap combination does
yield a substantially better trimmed polar. However, since the
airplane is not designed for supersonic combat maneuvering, the
complexity of moving both surfaces at these speeds would not be
required. Figure 1-78 therefore, summarizes the M = 1.6, 1.8,
and 2.0 trimmed lift and drag obtained by trimming with the
canard alone.

Figures 1-79, 1-80, and 1-81 demonstrate the effects of
deflecting the canard leading-edge flap on the M = .6, .9, and
1.2 trimmed lift curves and drag polars obtained by varying

°-_ canard deflection with a fixed wing trailing-edge flap deflec-
tion. Although the data is quite limited, transonically the
canard leading-edge flap saves about 55 counts of trimmed drag
while it costs about 55 counts supersonically.

1.7 Lateral-Directional Characteristics

The lateral-directional characteristics of the RI04
baseline wind tunnel model configuration are presented in
Figures 1-82 through 1-97.

At M = .2 (Figure 1-82), the vehicle exhibits positive,
directional stability. As angle of attack is increased this
stability level increases slightly, then decreases to become
unstable near an angle of attack of 21 degrees. With the ver-
tical tail removed, the wing-body-canard characteristics are
unstable but become slightly more stable with increasing angle
of attack. The difference between these two curves is the tail
contribution to directional stability. The sidewash gradient as
a function of angle of attack was derived from the low speed
t_st data as shown in Figure 1-83. The sidewash gradient is
small until the wing loses effectiveness; then, the average
gradient increases rapidly until it approaches 1.0 at large
angles of attack. This is evident from this figure as well as
from Figure 1-82. The gradient is nonlinear with sideslip angle
as well. At small sideslip angles (I_I < 2°) and large angles

I of attack, the gradient is on the order of that at small angles
of attack. However, past I_I = 2° the gradient is very steep
indicating that at these angles of attack and sideslip, the flow
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at the vertical tail is very destabilizing. Although-sidewash
data is not available with the canards off, the shape of diree-
tional stability as a function of angle of attack at high angles
of attack indicates that the canard is the disturbing element.

The effects of canard location on dihedral effect and
directional stability are shown in Figure 1-84 for Mach number
= .2. The location of the canard has a profound and detrimental
effect on the vertical tail effectiveness. The directional
stability with the canard off is also indicated in Figure 1-84.
The canard introduces an effect that destroys much of the
effectiveness of the vertical tail. Apparently any location of
the canard other than the mid location is detrimental to the
vertical effectiveness. The dihedral effect in the same figure
shows that the forward canard location is the worst location;
this is also true for the directional stability.

As the speed is increased to the transonic ranges, the
directional stability characteristics for the baseline canard
location remain approximately the same but the angle of attack
for instability decreases. Figures 1-85, 1-86, and 1-87 indi-
cate the variations of the directional stability at Mach= 0.6,
0.9, and 1.2. The angle of attack for instability decreases
from 17 degrees at Mach= 0.6 to 15 degrees at Mach = 0.9. At M
= 1.2, the angle of attack for instability (Cn_ = 0) is beyond
the alphas tested. The directional stability characteristics at
supersonic speed are shown in Figure 1-88 and 1-89. The angle
of attack for zero staiblity decreases from the trasonic value
to near 6" - 8e at M = 1.6 and 2.0.

The configuration buildup for the forward canard location
is shown in Figures 1-90 and 1-91 for Mach= .9 and 1.2.
Shifting the canard forward from C1 to C2 reduces the
angle of attack for instability at all Mach numbers. The
effects of shifting canard location forward or aft of the
baseline midlocation are compared in Figures 1-92 through 1-94
for Mach numbers of .9, 1.6, and 2.0. At Mach 2.0, the direc-
tional stability does not deteriorate for the aft canard loca-
tion as occurred at the lower Mach numbers. Sufficient data was
not obtained to explain this trend.

The directional control effectiveness is presented in
Figures 1-95 through 1-97 for M = .2, .9, 1.2. The level of
control remains approximately constant with deflection up to
6VT = 15° indicating the control characteristics are linear in
that region. This is true for all the Mach numbers tested. The
vertical control effectiveness remains constant up to near 30
degrees where only a slight reduction occurs.

6



2.0 COMPARISONS OF E205 AND RI04 AERODYNAMICS

The longitudinal and lateral-directional aerodynamic char-
acteristics of the E205 and RI04 wind tunnel models are compared
in this section. To obtain meaningful comparisons, the aero-
dynamic coefficients of the RI04 model are re-referenced to the
E205 wing area and mean geometric chord (mgc)exceptas noted.

2.1 Component Build-Up

Lift, drag, and pitching moment increments for several
components of the E205 and RI04 configuration models are com-
pared in Figures 2-1 through 2-10 for Mach= .2, .6, .9, and
1.2, 1.6, 1.8 and 2.0. Although not all of the components are
available at each Mach number, those discussed include the
following: the vertical tail, the wing alone (canard removed),
the wing in the presence of the canard, the canard alone (no
wing), and the canard in the presence of the wing.

At all Mach numbers, the increments due to the vertical
tail are virtually identical for the E205 and RI04 configura-
tions.

For the "wing alone", the E205 configuration exhibits
higher lift and drag increments, and a more nose down moment at

°-- all Mach numbers indicating that the wing is performing more
effectively and is therefore experiencing a more favorable body
interference with the E205 configuration, i.e. the wide, flat
strake area of the E205 is effectively acting as a lifting
surface.

When the wing is placed in the presence of the canard, the
wing suffers a substantial lift loss resulting in more nose-up
moment and reduced drag for both the E205 and RI04 configura-
tions. The data is limited to showing the magnitude of this
change only for the RI04 at M = .2 but comparisons with the E205
and RI04 "wing in presence of the canard" are available at M =
1.6, 1.8, and 2.0 (Figures 2-6 through 2-10) and indicate that
the E205 wing continues to preform better than the RI04 wing
with about the same differences noted for the wing-alone case.

The "canard-alone" increments are available only for the
RI04 at low speed but comparisons of E205 and RI04 increments
are available at M = 1.6, 1.8, and 2.0. These comparisons
indicate that the canard on the E205 configuration performs more
eTfectively than on the RI04. The wide, flat body of the E205
configuration probably induces a higher upwash field on the
canard and hence a higher effective canard alpha than the more
narrow RI04 strake/fuselage arrangement. The fact that the
canard moment increment is more positive than that of-the RI04
is explained by the fact that the moment arm from the c.g. to
the mgc of the canard on the RI04 is enough larger than that of
the E205 to produce a more nose-up moment with a smaller canard
lift increment. The supersonic drag increment of the "canard-
alone" is higher for the E205 as expected with the higher lift
increment.
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The increments due to the canard in the presence of the
wing plus the influence of the canard on the wing are available
for the E205 at M = .2 (Figure 2-1) while comparisons between
the E205 and RI04 increments are shown in Figures 2-2 through
2-10 for Mach numbers from .6 to 2.0. As noted above, a sepa-
rate balance would be required to isolate the canard loads in
the presence of the wing.

Subsonically, the increments due to the canard-plus wing-
interference indicate a higher net loading for the E205 con-
figuration, probably a combination of higher canard loads (in-
fluenced by a better performing wing even with wing alone) and
less negative interference on the wing. The same trends are
indicated supersonically, although the differences are not
nearly so pronounced as noted in the subsonic cases.

Figure 2-11 compares the untrimmed (power off) minimum drag
variation with Mach number for the E205 and RI04 configurations.
The RI04 has about the same minimum drag at subsonic Mach num-
bers but the transonic drag rise is more severe; the probable
unfavorable fuselage shape resulting from using the E205 nose,
the much narrower channel between the nacelles and fuselage
causing higher interference drag, and the larger maximum cross
sectional area of the RI04 model results in substantially higher
supersonic minimum drag than obtained with the E205 model.

2.2 Aerodynamic Center

A comparison of the aerodynamic center location for the
E205 and RI04 configurations is presented in Figure
2-12. Subsonically, the two vehicles are very similar,
differing in a.c. by approximately 1 percent. An extra data
point was obtained at Mach= 0.95 and I.i for the RI04 vehicle
with canard off giving more definition to this curve
transonically. The a.c. appears to be farther aft
transonically (wing body) for the R104 than the E205. However,
at supersonic speeds, the a.c. is 2-5 percent farther forward.
The addition of the canard tempers the transonic a.c. shift for
the R104 making it very similar to the E205. The addition of
the canard makes approximately the same a.c. shift for both
vehicle.

2.3 Wing Trailing-Edge Flap Effectiveness

The lift, drag, and pitching moment increments due to theo
deflected wing trailing-edge flaps (STE = 10 and 25") in the
presence of the undeflected canard were compared across the Mach
number ranges tested for the RI04 and E205 models. These com-
parisons showed that there was virtually no difference in flap
effectiveness on the two configurations.
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2.4 Trimmed Characteristics

Comparisons between the E205 and R104 wind tunnel model
(unpowered) trimmed drag polars are shown in Figures 2-13
through 2-23 for Mach numbers from .6 to 2.0 . The M = .6, .9,
and 1.2 trimmed drag polars representthe envelopepolars
obtained by trimming with optimum canard and wing trailing-edge
flap deflections. At M = 1.6 and 2.0 the trimmed comparisons
were obtained by varying the canard deflections with zero and
ten degrees of wing trailing-edge flap deflection. Comparisons
are made at each Mach number on a common-reference-area basis
(E205) and on the individual-reference-area basis. Comparison
on a common reference area basis affords the ability to measure
which confi@uration may perform better with a @iven thrust while
the comparisons on the individual-reference area basis affords
the abilit[ to measure which confi@uration is aerodynamically
more efficient. (In this case, the reference areas are very
close, E205 = 384 ft2, RI04 = 357 ft2, so that there are
only small changesin the polars.) At the transonicMach
numbers, the E205 has a better trimmed drag polar than the RI04
for C_, s > .35 so for combat maneuvering the E205 looks
superlor; the RI04 appears slightly superior for transonic

cruise at the lower CL,S. At M = 1.2 the E205 is superior
at all CL, s primarily because of the large differences in
CDmin; however, the E205 would still yield a superior polar
even if the CDmin, s were the same because it has a better

• polar shape.

The supersonic, untrimmed minimum drag of the RI04 model is
higher than that of the E205. The trimmed minimum drag however
is less for the RI04 at some supersonic Mach numbers primarily
because of the differences in Cmo and a.c. of the two con-
figurations (even though the canard, wing, and trailing-edge
flap effectiveness are about the same on the two configura-
tions).

At M = 1.6, the E205 has a lower minimum trimmed drag and a
better polar shape than the RI04 configuration when trimming
with the canard and zero wing trailing-edge flap deflection.
When trimming with the canard and i0° of wing trailing-edge flap
deflection, the RI04 has a lower minimum trimmed drag but a
worse polar shape than the E205; using a combination of canard
and flap yields a better envelope polar shape for C'LS < .5
for the RI04 but the requirement to maneuver at much higher
CL'S would be required to show a benefit for using trailing-
edge flap deflections with the E205.

For M = 2.0, the RI04 has a lower minimum trimmed drag but
a worse polar shape than E205. Using the wing trailing-edge
flap indicates that a better envelope polar can be obtained at M
= 2.0 for both the E205 and RI04 models.
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2.5 Lateral-Directional Characteristics

The lateral-directional derivatives for the E205 and R104
configurations are compared in Figures 2-24 through 2-29. The
coefficients for the RI04 have been adjusted to account for the
difference in reference area and span. There is only a slight
difference between the directional stability for the two con-
figurations at any Mach number except at Mach= 1.2. Apparently
there is a more favorable flow at the vertical tail at M = 1.2

for the RI04 than for the E205. This is not as evident at any
other Mach number. There is a slight improvement at M = 2.0 but
it is not of the same order of magnitude as at Mach = 1.2. The
dihedral effects are similar at all subsonic speeds. At the
supersonic speeds, the E205 seems to have some less dihedral
effect than the RI04 although the trends with angle of attack
are similar.

I0



I-'
I-'

\
.t· ....

i
I, ,

--Figure 1-1 RI04

1

I' l' I II ,4.' t 1
j! . 1"",--1"'" - - -tIl" ---,

Component Buildup Comparison

I ,;
I I

of COM1N VS.

I J
I .... - ..-.t
. . .., . .
Mach Number

\
!



II
........--'--''-'-L..._L~ t._ L .. _

·. ::!:....

;
1·-
I
j ,-

j i,
... .J;

~ ...

j-
. ...

i--·
-r

L"r

I

l
I
I

-L---U-IJI+ff+
I -
i·--

Figurel-2aEffect of Component Buildup on Lift and Moment. Mach:=.2



,--
j I

.J~L
_.,;

~.. j-
Figure 1-2b Effect

l.
1

I

of Component Buildup on Drag, (Expanded Drag Scale),
_L

Mach = .2



, ,

i-- '!-i','+,+,-+-Hn

:f

", ~

Figurel-2c Effect of Component Buildup on



,
}

j..
,

-j-- -

n_!.~

1

~:"":._.

=·i

.4Mach

J-iT
I I

.. j .. '"T -+ I
_L_j i

and Moment.

---;

!
__ n_1,

Lift

." ~,

; I:

--- .~-1

I
I _-.-1.-_

Component Buildup on

n' ._i; HI ;-.
+4-4",,",f--"'''ij,.;+,I/..,--I-'-+++

I J..

~1~..l.fIooo·l--J,4, ;::;:I=~":ll:;;'LjI.--,~-i-:Lll.--I-....i-.-~l_l-i.-.1·-..11'--14-1--1-+-+--.1-
::.:::": ~~ ~:j ;~t ~~:~

:-:: f-";'~

Figure 1-3a Effect of



·1

.m ... _.. - ·I-l,....-f,-,+

:L:.. .... ;~ . r:~

J-"-''-''_W'J'-''''-'- L-.1'---.1.=-"---"':L:;'''''......·.:-.l:L. ,il",··L·L",--,-"·",JL:''''--'L...-''''-'--'-J_.LjL=~
Figurel-3b Effect of Component Buildup on Drag,

-t--rlc-I-t- .-

"L,..+,.--j·4-. +-'+++"'+4c-4~~I-I-**,+;++'+-t-t~l+IhriI

t .~.. .I~ ;.:~- _..:.... ...
"L.-'--.1·"'··"-'....-'-.... .1.·....· .1.''"'-.L'".I.-'-"~'-'-;L'',,-"c.'

(Expanded Drag Scale), Mach ~ .4



_.I.L-_, __

i-~~-
J .tl.

Lr --L, ! .
m ._L __ ~!

= .4
i

MachDrag.

-,--
-1--
--,

I

i ....

I
I
I .

iT'm;-Ll!,

I

+- aM
L JJpJ

Figure 1-3c Effect of Component



Figure 1-4a Ef feet of Component

, "
"~;, ;,~,~ '..~ ~h'1',:.

nuildup on Lift and Moment. Mach



Effect of Component Buildup on Drag. Mach ~ .4

_......
. ,..
• u .....



Figurel-Sa Effect of Component Buildup on Lift and Moment, Mach ~ .6



~o,

:mLJ~I;fH1 If,~ :~!!:' ij~:; ;~~~ffil~ ;IT:i,~tF~~ :i·· ~ ;f:~,i.~~::: :::i; I;::: *~m if-; (. ::~..j; :~dm ®~i~ .::.#~~;~ hil~~': ;~I:+ :,j;:H':E~~~~ :::;:m ill: :1[::11' !!W::.; m~:[~ j~~~: ::: m;l!~ m: i:1

_J~, 2: .P: m: .:li ··il :i;i ,,;; :' ::m ,,;: :l~:m: m; -1: :;;ih .::: :.: :1; ,i;:!;!:. fft 'i': :m 1;1:: m; Ii :::.,:: Ii::: >~~ :illF !!~~'ITi:i: >j: :';: ii:: :'i: m: :: . :;:: :t "j,2 ... ;; ::; ;::: .~. m: :m m: ::;: :::: :li! ~m :m :::. ,i:l m; m: Ii. ::: :~; ii:: :;. m·

':f-~t,:m; I~~ ;:::m :m·~~w :ll~15E~I~ :;::'m :':I;,lr:;:'l;ii :;~ ~j ·t· im :::: :li.L~i~~t.: :·Atjl~~th~j:,g:!: ii'; :;::'m :i: ::,:;: :::. :,: :ci ···~ITI;:;: ;:;:;': ~:W::::::;:::i; :::: 1m ~;:; Wi m' :::: ::)::::; ;:::;: :~: m: ::.; :;

-~,~'Bftc ~nffi :;:Jffi~·:Jffi·m ::.::;:Im:t m:·j! jt·:j~~~:;:·~ j-: :::1 !::: :l~ ::i: ~fr:j E:::: -, :m~~~!:~r :ili"[~ltrt ~:: :::; I::: i!: ::tL ·:;;~I··~'im:0 :i!: i 'ii"'~~:i: il;. :::::m :::: i:' ;':; l;:; :;;! 1m 'i: m: 1m:.:· :h
:"~ht ;:; ~B '~lffi ::j ,.: ':11 :::; md~ii:m ;:~ ~~~ iW :.' ::~: .... J'::': :i::;:: :i: ::;; :::F\ :... :. {'1:: :;:;1':: ,:~~.~; "~:~f~~,m}: ,;: jj :~:: mi";; :::: ::'i ;;1;1;;:: m: m: m: Iii: ::::m l'::m ;::;:m :m::~l: :l;::;: :i:

u L ~ L:~ lrl :.:; ffi:~ ", ~ .j:; :1:: Ill:: ::: .~~~:~: :' i ::1; :i' :;:: .~..) +: mi::! 'l!l ::: ·h ::!:I~~ .~ ?1~:4.I: iffi .::~ ~J. ~ j~ ft ~ :'H+..'-: -.. :L.~ ff *irH ::W1::: :m :::: ::II m: i;:: :m m:::: ml ::;1 :::i:: lm :m w' ::':

:::::1::::::::;: :::::.::::::". ;::

:.: :1:: :.:: :::. ;~: ~;;; ~i;~ ~:~: ~~

:.::. _:. :.. :... :url· . • • ;: ii· ..:,,1 '~H2 Jt -:+j'Oth i::, u: ·rr' J8 ..;IT"
.--'- : :j;:: )i::"lu,_,,~ ~I :H~ ::: it:

~-& ~~...•..•. 1•. ·.' '•••••:... 1 I ., ~.~ '_-I~._ j_,.u jl""~._ ~.··~.~.:.~.l;.·~J.r -._ I". _ ,... i 'U':' -, ···1·.. ,.. p" .u!:·ti:-: '," :.
I I i I Ii·. .'-':~':'" ..::~.: .::: ~.

- I~:; : . ~1~:h . ":.' 1 ,; '''i .... .... . --1-. -.~. ~-._j ..._,1..- ~.~. ···1·· '" ·-1-'- ..... j .- ...~. U'.J' ... ····+I~·~ I" "1'- ::.L _."-. -f :·-·....,-""1 u •• : • •

.... ~: ~ (1 j .: HHUi: ' T . I 'l I 1 I I' ~ I' !: : ..

. ,.. . , ::: ,'" . . I: .:.. . 'I . . j" I :'" I !. i II I' '_I--",__J,:'!'_-.-.. -.-..~~'~H..·,·.·.·" _. L:'·_-.. ,~.·.·.·!Ii_ _.. ~f-··.···.·f.:" :..:·:.:~·::..:·::l~:!·.:::.·; ".:":; •..:":.~.:~:':: .':::.:..' .::'.;:'~.'·.--._:··_~L~~·~? "1 .'.! ... :::.:',' ......·t!. -i"~""l' .'1' i';(" r 11'._"'lr_·~·.·_ .... __ J~ ':i _ _ _~ ~-
----.. ; ,.L _ ._1_ . __L I. L .. L __ l ...J. JLu.. 1 ,.I

Figurel-5b Effect of Component Buildup on Drag, Mach = .6

. -- ... -~~,



:: :::,

Figurel-6a Effect of Component Buildup on Lift and Moment, Mach = .8



~I

t --~

.-,-.-f-.-

'-l~
I

: .... '~-1

- j
~. .1._-

Figure 1-6b Effect

in_--l
.L 1_

-r-
··T_~J_.

of Component Buildup on

I
,

i-
TI--,- ---j

I
-_.~ -- ~.

: i
-j .,

J:
.- !.

I , j .. _L J.,~ ~ --- --- j __ .J_

Drag, Mach "" .8

;;1"

-:1:-::-:-...

,',



,+__ u

,_.--'--

". ,·,·I·,..i- -.- ~".n;51 HU lU~r-~::-~'---·--:- ._~--\~-;--- flT-'--'--- .,' ;'" ":::::::i:~:u~,'--::- -",·.:.t;H,~.• ec:'

~~-+~;I~~;, :.: :j.. !;..; ff~ ,.-~~l~ - ~ ~1-;- ~* ~.:=: .- --.~ ..:..~~ 'T- -- rT:-n;~~c--:";""'. ~ -. -:- ~j:=": --' ..;..... __, ~, _} ++.:f \ ~-__l'-+++",,+--,.+-,+,,1';,,'-'.. ,';.,."'+•..,-,l;

I I" t' I I ,,: ,', /. 'I : . . ~ Ii I !: ,: ; :.;: ::i :::. ;" .::~ ".::" ::: .. ~. ;,; .,-~ ,. ;:, __~; ::J ~J '::'4;::' '- ,:1" . .. i ~: ~,jJL 'r:D : -f- .:. ::_ ;,,- _-_;:. J ~j: :- .. T',' +. -; .. "1 ._.. ~:. ,t --- ':' --r::£ :H;f::~--'-l-"-' H-"'-'+.';.,--,'-;:+-~;-'~''''C:-,-1··· -';:'!;J,!:",-;:'++~"_j-,:'...j.:

..... ::'; '-+':".. a :~_L - .:: ;;;H·.I/ .... ~j;t;: --.. ' I :;.. !.:-... ~. t·;, .. :·.. .Il~ ... ·r--:-·· -:-'~"--~~r-~--~++"f:Z-'~" . .L:,·:[j+:~i:!-'---
-r ..,.,,:J. q hoi'- -"':- "- _.. ... . a_ ..__l,.L· .; .~. '". • 0- ~ "" -- 'fr;--'i\- - - --'- - -- -'- '- .,,- .. ' ,- - -- ,.....-,i-- ..- ~1'.t-+-·t~+·1:

:1" .. ou, ~r••"." . . . . )~ .~ ~: ---, u._ ."_. _"'u _~~ ~ .~.:... u

;." '1. ". ;'.';..,.:- ';'. :_ ":""i--
of. :~: :~- ..::. -::. l~_: .:_- ... .--; "i:" ir :~~ -rtf ~ :~~; .~.- ,-~ ~ ~.- ;:: .:.::~ ;" --

c..·F'it'':U'"''''.... .~; 1;1.. ., :1,.... . :.I,~ ',' .~. ~~_ u _~ <..~ ~_ ..~ ~~..L
.;: ~.,p . . . ..

;; .. "'~+Hi:;;"-t-t--+-++--·t--o-'H'---t-i
.. -F~ ~. ....

~ii,"H- df-' -- ~ t£~.J- ~-j--,--+--t-;<+"+,"+.tlt+l~
. -~::! .A "':1_:

..;.. f',--+-'*,,+-l!~- ,.......,........,-...'_I:J_~_ '. . .
• ,- 'C. , •. 'c ,,- .. C .n .), lh ·h .;;

- -... -" ++,;; :-; "c >-:' .i. -JIIf+-.,r',-l,l--"tc,-"ht+ril-i-+-:-++';,fh-t-'-t--'C"'i=-f.:
--,- :::- :i ,+'- ~::"8: .. i ':: t y. +-

H¥+...4·,,-j---+-'-I---+e..-!_: .l: " .

... ,

,. .. ,.-:-.)~ u; __;..: ~ .~_~ ~: u.~ _.;._ ,.:. _..

II 104 ( .....

- ......".,--f- ++-+--t--lri-f-+-,.-f~~~.J-+-+-H---+-+-+--+-t-t,-Jlf-',-+-fHH-+-+-+:-+-I--'-' ::. -'----
, . -I - ....cr .. ,t -:.. .-..----...,~ ... , - -- - '1 - --, - l ~ _ --.--- ---...'. .. .-- ...-·1.. --

-H~~~~~;;':~JFl~HT, ~. i~--~~' HH~~~> ~ ..g-~.';~fT
----.. I::~:::'H :i]!1<;': ---~ ~ .. 8' !~rf" !:-;'~!I .:91·; - '? -j,S·" -iJ "",'" 3 I B21- "11 J~' - ..;.... :i':~ J ... ---il 2l-- .:~ #:

n#Jj:~~~~ 1t~~;,~.~~.~L~.~ ~ ~I~ ~ ~ ';~~: -::T~==~=:-~===i~::=~ .• ===~ =y~~~'.~~==-.~ -~;; !: %~. t

Figurel-7aEffect of Component Buildup on Lift and Moment, Mach = .9



:: ;~I~ .~;: :;;; ::~, ";: ;.:. :.: :.:: .: ... ::. ·~i' :::" ~l .~.. .. ..... "j:". • .. '"'" .,.":' ~m ~l~: r~- u·· ~.---? ~~ 2- ~}IT ?": 7 TI~ *+ "I: .,~.. .... . ... ~:~~; ,;: -~
! L:: ,:; ;.

~:: ::: J

---1--1 -

__Lu:'

.. . ...
";- ":":- _..- ~_. ~~:

r
·.. .:-'l-1.:.h

I H -- ..-~ It,-' " --~ '~u --.::.... .:., ..::
--!&,- - --- .~- -j-- -, -u_ H' T
__ .0....- -- - '----I-- -T'--' -l·-+-+-++-+--HH-+-++--f-.-,.j

>+--F-f---1-+---+-.t-,

n 1- -- . l-+-f----.+--t-.-+..,-

-l __~:~_ I-~ ~ 7

,r r -->-1-

. j.. --1-·
I L_ j. __L__
Mach <= .9

;.'1 ,
.: .. -::-" ~ : I

h.~ I 104 r~~--'--"" :+.-- .~. 'I ..... ' ...

. c- ~ ." ~_. -', ~- - , ••::: .-,..o::i.>----. -::. :._-,---- . - - -- - -

++1-4-__+.:-I~:-~~~]:t~:~~~_=_=-------=- __:=:~=:------'~;:]-·':-:I':.I"..j.-:i~T.h.+:.i..c-.t.. hr.i.c.t..rHH-j-
1!ii-ic.,.1--+-f."+--+--.-c' . .. (_---.:_---..--------' ---".", - ~'"'- 1. .'-1---" .:' 00'- .- -,,- --'-- "'. ,..

- ~~ ~~~~ .~ __~~ -J -~ ~~~ .~~ ~-~- -~: l :7~- ~ __ J: ....
".:i.:

.... ..

. 4t'J'.-+-·+-H.JIiii+-;H;-~-+-,j;""!H;h\',d-c ~1i----I--+-I·~-t2-'f-c:'tn+

....

i>
•• __ • _ ... .... B •• • p_ ._ ••

"::::j"" ,•.

., ..
--- :....:.... ;~- .~-; .:...:.: : ....

f- . . ...... f---'- - ·-I-I'---f---'-l+, .•_.- f-.-,.,... ·-1----'- -t~~f- -f----- --- :,--!··''-!··fli.,f-l-·f-4

Eti .-; It~··

1trl -;- .. - -[-;-t- I--_. I 1_ -;. - -. 1---,.... ·~-!-t- -f-- T - - -r ..l---r- uoo --

nr
u -~=-~-~·!~-I·· :1\1- 1- L 1---- -i- -~-r' -----l .. +I l·--; _. .L_ .

.' ,! i 00 I\.\.' ., , r .

l-r-~I:::~- -t i-r- -I L __ ~ I-T 1-- j-~ 1 - 1-"; [ !:oo

-- : ;001 -~ :}':::,l ::: r -i III J_; _r ~I .. _! _1 j r-.1 ru i__;_L

Figure 1-7b Effect of Component Buildup on Drag.

N
lJl



Figure l-Sa Effect of Component Buildup on Lift and Moment, Mach = .95
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Figure 1-8b Effect of Component Buildup on Drag, Mach = .95
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Figurel-12aEffect of Component Buildup on Lift and Moment, Mach = 1.6



Figurel-12bEffect of Component Buildup on Drag (Expanded Drag Scale), Mach = 1.6
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Figurel-13bEffect Component Buildup on Drag, (Expanded Drag Mach = 1.8
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Figurel-loaEffect of Canard Deflection on Lift
Flap Undeflected. Mach = .2

and Moment with wing Trailing-Edge
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Figurel-2BcEffect of Canard Deflection on Drag with Wing Trailing-Edge Flap

Undeflected, Mach = 1.6
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Figurel-29aEffect of Canard Deflection on Lift and Moment

Flap Undeflected, Mach = 1.8
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Figurel-29bEffect of Canard Deflection on Drag with Wing Trailing-Edge Flap
Undeflected, (Expanded Drag Scale), Mach = 1.8
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Figurel-30bEffect of Canard Deflection on Drag with Wing Trailing-Edge Flap
Undeflected, (Expanded Drag Scale), Mach = 2.0
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Figurel-30~Effect of Canard Deflection on Drag with Wing Trailing-Edge Flap
Undeflected, Mach = 2.0
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Figurel-31aEffect of Canard Longitudinal Location on Lift and Moment, Mach = .2
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Figurel-33aEffect of Canard Longitudinal Location on Lift and Moment, Mach = .6



Figurel-33bEffect of Canard LongitllcHnal Location on Drag, Mach ~ .6
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Figurel-34bEffect of Canard Longitudinal Location on Drag, Mach = .9
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Figure 1-38 Incremental Effects of Canard Deflection with
Trailing-Edge Flap Undeflected. Mach = .6
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Incremental Effects of Canard Deflection with Wing
Trailing-Edge FlapUndeflected, Mach = 1.2
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Figurel-44aEffect of Canard Deflection on Lift and Moment with Wing Trailing-Edge

Flap Undeflected, Mach = .6
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Figurel-44bEffect of Canard Deflectioh on Drag with Wing Trailing-Edge Flap
Undeflected, Mach = .6
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Figurel-45aEffect of Canard Deflection on

Flap Deflected +10·, Mach = .6
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Figurel-45bEffect of Canard
Deflected +10°#

Deflection
Mach = .6

on Drag with Wing Trailing-Edge Flap
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Figurel-46aEffect of Canard Deflection on Lift and Moment with Wing Trailing-Edge

Flap Deflected +25°, Mach = .6



Figurel-46bEffect of Canard Deflection on Drag with Wing Trailing-Edge Flap
Deflected +25°, Mach = .6
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Undeflected, Mach = .9



I i

.. ,~. ---. .. 'J2 ' .' .:.j 'J'- .. ···1 2I! .-. .:~~. I· ·1··~81
-+-~""""""~~-"-I- ·_-t: ~-----j-- ·~··-~i-r--·I"-r--r-~-· ~- . - . -' j-

.·.! !. ;; rtLfflt ' '~fiff5) i .......::.. ! .., .., -C" .•'. "Pir '..~.1~~
--t!-m+-+"~~--i._ ~_~~! T--:-l~ _..~ ~r .J·~:r .'. .. r~~_._ ..lo,: .._.+' , _ ~:. L__.UiG.. : " , .. ' · ..n.....i:iITTI~i

~'-.-..&--..46 __ L.. __._ L.....;,~LL.:J..,;.

Figurel-48aEffect of Canard Deflection on Lift and Moment with Wing Trailing-Edge
Flap Deflected +10·, Mach = .9
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Figurel-50aEffect of Canard Deflection on
Flap Undeflected, Mach = 1.2

and Moment Wing
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Figurel-SObEffect of Canard Deflection on Drag with Wing Trailing-Edge Flap
Undeflected, Mach = 1.2
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Figurel-52aEffect of Canard Deflection on Lift and Moment with Wing Trailing-Edge
Flap Deflected +25-, Mach = 1.2



Figurel-52bEffect of Canard Deflection on
Deflected +25°, Mach; 1.2

Wing



....
IV
IV

Hi. I '181 I.. ~I- iii 51 " id 2 I' Ii , I Ii< 1r<\21[Jl+3,
,I' ~-i- '1-- - I--L _I- lui: - I! t + Til "!' Ii r. I t
I, 2b+l-+tcH-l 1"ITT T ± f ---r -rj-! r-! ~ n-
~, .~ T --WUiliJ:ti ~ tiTIJ- -1- - I ±lt~t tLLL [1 inj \ :1 '," ,-L

Figurel-53aEffect of Canard Deflection on Lift and Moment with Wing Trailing-Edge
Flap Deflected +10°, Mach = 1.6
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Figurel-53cEffect of Canard Deflection on Drag with Wing Trailing-Edge Flap
Deflected +10°, Mach = 1.6
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Figurel-S4aEffect of Canard Deflection on Lift and Moment with Wing Trailing-Edge
Flap Deflected +10·, Mach = 1.8
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Figurel-54bEffect of Canard Deflection on Drag with Wing Trailing-Edge Flap

Deflected +10°, (Expanded Drag Scale), Mach = 1.8
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Deflected +10·, Mach = 2.0
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Figurel-57aEffect of Wing Trailing-Edge Flap Deflection on Lift and Moment with
Canard Off, Mach = 1.8
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Figure 1-80 Trimmed Lift and Drag With Canard Leading-Edge Flap Deflected and Wing

Trailing-Edge Flap Deflected +10°, Mach = .9
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Figure 1-81 Trimmed Lift and Drag With Canard Leading-Edge Flap Deflected and Wing
Trailing-Edge Deflected +10°, Mach = 1.2
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