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DRAE @ Tasks And Objectives Or ly’?al

* Orbital's SOW Tasks Include:
— Task #1: Description Of Required Vehicle Modifications
— Task #2: Estimated Vehicle Performance With RBCC Engine

— Task #3: Performance Required Of The Engine To Achieve Aforementioned
Vehicle Performance

— Task #4: Cost And Schedule To Achieve The Vehicle Modifications

«  SOW Was Funded By MSFC At $100,000. Orbital Provided Internal Funds To
Increase The Depth Of The Study.

« Period Of Performance Was 45 Days +

"/ This Objective Of This Final Review Is To Present Results From All Tasks And
Make Recommendations On Potential Follow-on Work
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DRAEE @ Review of RBCC Testbed Requirements Orb "a’

Not a New Vehicle Development. Use Minimal Modifications in a “Design to Cost” to
Achieve As Much Testing As Possible.

 NASA Has Interest in Regime From Mach 0 Through Mach 6 As a Demonstration of a
RBCC based Advanced Space Transportation System.

— Transition From Air Augmented Rocket (AAR) to Ramjet at Approximately M=2.5-M3
of Primary Interest

— Low-speed Acceleration From Takeoff (or Airdrop) to Mach 2.5 of Secondary Interest

— Transition From Ramjet Back to Rocket at Some Mach Number Between M=3 and
M=6 of Tertiary Interest

* Low Cost, Minimal Mods and Recovery / Quick Turnaround of Primary Importance
= Secondary And Tertiary Performance Goals Less Important Than Cost

» Study to Be Conducted at a “Feasibility Level.” Maximum Attention Provided to “Show
Stoppers™ and Minimum Attention Provided to Elements Known to Be Low Cost or Easily
Within State-of-the-art.

» ““Cost And Schedule For The RBCC Test-bed Calculated To ROM Level Of Fidelity



D-21 Operational Configurations Orbiral

SR-71 With D-21

Launched At
M=3+

Gt

B-52H With 2 D-21Bs
Lauched At M=0.8 And 43,000 Ft With Large Solid Rocket Booster




D-21B Operational Configuration Orb "al

D-21B Drone On B-52H
Length =43 Ft Span =19 Ft
M=3.5 Cruise @ 95,000 ft
D-21B = 11,000 Lb Wet

RJ-43 Ramjet ~ 4,000 Lb Thrust

SRB = 14,000 Lb GW
27,000 Lb Thrust




D-21B Description Drb
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D-21B Operational Flight Profile Drly%l

LAUNCH LIMIT OF B-52H COMMAND RANGE——J L—umr OF JC-1308 COMMAND

RANGE
F 32 MILES

Lc IFCO JTESTS

B-524 POSITION WHEN

D-218 PASSES THROUGH — MANUAL —

oK 50K FT DESTRUCT (19) sox mr
BY COMMAND
(LCO MONITOR)

nes (' QK FT e—— MANUAL DESTRUCT —aL-——-Aummnc DESTRUCT.———#
! BY COMMAND BY LOSS OF ALTITUDE
gl p— NO DESTRUCT —of  TELEMETRY
z POSSIBLE
SZES
owm
= =S8y r—o——noosmz IGNITION INHIBIT
« 8 AVAILABLE BY TELEMETRY
D-21B Sequence of Events
BOOSTER 1GNITION- 5 DESTRUCT ALTITUDE 9 AUTOMATIC DESTRUCT M4 FUEL "OFF"
SWITCH OPEN CIRCUITRY ARM
5° PITCH-UP, FOLLOWED , 15 EJECT HATCH
BY 1°/SEC PULL-UP 6  ENGINE IGNITION: 10 COMMAND AND T/M "OFF"
AUTO DESTRUCT 16 AUTOMATIC DESTRUCT
TRANSITION TO FINAL CIRCUIT COMPLETE 11 COMMAND "ON"
GLIMB TRAJECTORY I HATCH RECOVERY
7 APU LOAD TAKE-OVER 12 BEACONS "ON" AND T/M "ON"

MANUAL DESTRUCT
CIRCUIT COMPLETE 8  BOOSTER JETTISON, 13 DESTRUCT DISABLE
AFCS TO MACH HOLD
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;ﬂ& @/ Background: .
DRAE Previous Northrop Grumman Work arly?al

* Over The Past Four Years Northrop Grumman Had Investigated Several
Hypersonic Test-bed Concepts That Could Utilize The D-21B Airframe Including:
X-34, Future-X, And RBCC Test-beds

« The D-21B Airframe Was A Logical Candidate Because It Was Designed To
Cruise At Relatively High Mach With High Skin Temperatures And Could Save
Time And Development Cost By Utilizing An Existing Airframe

« Orbital Sciences And NGC Have Cooperated Over The Past Two Years On
Several Projects Including CRV And “Space Transportation Architecture Study”

« NGC And Orbital Have Proprietary Information Exchange Agreements And
Contracts In Place That Allow The Two Companies To Share NGC Data From
Previous D-21B Studies




DRA& @ Configuration Trades Performed Orb pral

RBCC Engine Compatibility Examined
— Physical Fit
— Inlet Compatibility
« NASA Baselined Translating Cone Type Variable Inlet
* Flow And Aerothermal Compatibility
— Duct Compatibility
* Flow And Aerothermal Compatibility

Aerothermal Analysis Of Airframe

Structural Loads Analysis

Landing Gear And External Tank Configuration

Analysis Of Compatibility Of Propane With D-21 Internal Tanks

Avionics / Flight Controls / Instrumentation Using Pegasus / X-34 Baseline

Low Speed Stability And Control And Runway Landing Analysis



DRACO D-21B With RBCC Modifications Drly'gal

B-52 (008) Air Launch From 43,000 Ft And M=0.8.
B-52 Will Have LOX Top-off Capability For D-21B.




DRACO D-21B With RBCC Modifications a,-g,%[

B-52 (008) Air Launch From 43,000 Ft And M=0.8.
B-52 Will Have LOX Top-off Capability For D-21B.
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DRACO D-21B With RBCC Modifications D"‘}l%’
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Runway Landing On Wheeled Gear Is The Preferred Recovery Technique
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Length =44+ Ft

Span =19.5 Ft
GLOW =11,850 Lbs
Landing W t= 6,480 Lbs

With LOX/JP Config:
Max Mach = 3.5+

Max Altitude= 85,200 Ft
Max Q = 1300 PSF

DRACO Engine Max Thrust:
Ejector Mode: ~ 12,000 Lb
Ramjet Mode: ~ 2,500 Lb




DRACO D-21B CAD Model

LOX Tanks, Landing Gear, And “Canoe” Fairing Modifications




B
%S

140

DRACO D-21B Operational Envelope .
With Unmodified Airframe and Duct Orby”
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DRAE @ Summary Of Performance Trajectory Tools arlry%’

* A Comprehensive Database Of Aerodynamic Parameters Was Developed

 Engine And Inlet Performance Data Estimates Were Provided By The NASA
DRACO Team And Iterated With Vehicle Performance

« Mass Properties Were Updated Including All Additional Avionics, Systems,
Landing Gear, Propellant Tanks, And TPS

» Drag Estimates For The Unmodified D-21B Were Updated To Include External
Tanks And The “Canoe” Structural Modification

» Three Degree Of Freedom (3DOF) Trajectories Were Run At Two Different
Dynamic Pressure (Q) Conditions With Each Flight Beginning From A B-52 Air
lkaunch At 40,000 Ft And M=0.8

* Once The Desired Maximum Dynamic Pressure Was Reached, It Was
Maintained Until All Fuel Was Exhausted

» Three Different Propellant Combinations Were Evaluated:
— LOX/JP, LOX/Propane, And Peroxide/JP
— At Two Dynamic Pressure Levels: 650 PSF, And 1300 PSF
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L. S .
ﬁ Verification Of Trajectory Tools ar[}?a’
» 3 DOF Trajectories Were Run For The Propellant Combinations And Dynamic
Pressures Shown Below Using USAF AFFTC-TIH-95-01, “Computer Program For
Aerospace Vehicle Trajectory Simulation For Operation On A PC(PCSIM6D)
* This Program Does Not Explicitly Optimize End Conditions, But Flies To A Table Of
Attitude And Thrust Commands. These Commands Are Manually Entered Based On
User Experience.
« Approximately 100 Engineering Manhours Were Spent To Verify This Program
Against The NASA 6DOF POST Code That Is The Industry Standard For Trajectory
Analysis.
« The ‘Manual” Optimization Was Found To Be As Effective As The POST Optimization
Techniques For This Study And Substantially Increased The Number Of Trades That
Could Be Evaluated Within The Study Time And Cost Restrictions
* The Following Parameters Are Plotted Vs Time For Each Of The Three Propellant
Combinations (LOX/JP, LOX/Propane, Peroxide/JP):
Altitude, Mach, Thrust, Drag, Excess Thrust, Dynamic Pressure, Pitch Angle,
Angle Of Attack, Q*AOA, and Nose Stagnation Temperature




DRAEE @/ D-21 Aerodynamic Data Drb 0‘ a’

« Lift and Drag Data Developed by Northrop-Grumman For Another Program
+ Lockheed “Aerodynamic Characteristics” Report SP-507 Used As Basis
« Data Extended Into Unknown Areas Using Standard Advanced Design Methods."
* Program VORLAX Used to Predict Aerodynamic Center Data
— Found Unstable Static Longitudinal Stability Below M=1.0
* Inlet Drag Not Included in Drag Predictions
— Charged to Engine
». Clean D-21 Drag from Northrop Used in this Analysis
« _Clean D-21 Frontal Area Estimated to be 10.9 ft2
« Addition of External LOX Tanks Increased Estimated Frontal Area to 15.4 ft2



@ Summary of Results Orbi>al

» Performance Analysis Conducted at Two Dynamic Pressures, 650 psf and 1300
psf

» Higher Dynamic Pressures Generally Achieved Better Performance, (ie Higher
Mach Number)

« JP-5/LOX Fuel Achieved Slightly Better Performance Than Other Fuels
« JP-5/Hydrogen Peroxide Had Nearly Equal Performance

» Propane/LOX Was The Worst Because Internal Fuel Tanks Were Very Heavy
(1400 Ib) and Because Small Volume Was Available When Tanks Installed
Internally

o “Most Trajectories Flown With Only Partial Internal JP Fuel Volume Used
— 50% to 61%

* Ramjet Excess Thrust Was Low For All Three Fuels



DRAdiE @ Summary of Results (Continued) Drly"?a'

* Increasing Gross Weight and/or High Drag Multiplier Greatly Reduced Excess
Thrust Available

— Fo As Low As 148 Ib (N,,, = 0.024 “g") For Some Configurations With Full
Fuel Load (see following graphs)

— Multiplier Increase From 1.38 to 1.5 Cut Ramjet Excess Thrust By Half Just
Prior to Fuel Burn-Out

» Because of Low Ramjet Excess Thrust In All Three Fuel Configuration,
Managing Gross Weight and Drag Will Be A Major Design Challenge



B
%S

Summary of Results arb
JPLOX | JPIR,G, [ CH/LOX| JPLOX | JPH,G, | CHLOX]
650 psf | 650psf | 650psf | 1300 psf | 1300 psf | 1300 psf
Drag Vultiplier 14 15 v 121 : _‘l'ﬁ
Start GW (Ib) 11,840 13117 13035 11,425 12647 13,
End GW (D) 6,480 6,453 7,37 6,945 6,701 7,379
Relight Fuel (Ib) 506 416 none 975 664
Zero Fuel W (Ib) 5,974 6,037 7,378 5,070 6,037 7";%
Ejector Fuel (Ib) 1,043 560 823 1,043 560
Oxidizer (Ib) 2,712 3,920 2,798 2,712 3,920 2,79%|
Ramjet Fudl (Ib) 2,120 2,600 2,036 1,700 2,130 2,036|
Tank Vol Used’ 61% 61% 100% 53% 52% 100%]
>Mach 449 433 42 452 4.49 4.68
~Alfitude | 85200 83700 82380 70670] 70420 72‘276'
Possible Medh 4.86 455 4.2 5.26 5.02 4.68]
Note: 1. Maximum capacity of 5700 1b.
2. Assumes full intemal tank volume used.

al



ég Drag Influence on Ramjet Performance Drlly'?al

D-21 DRONE with DRACO PROPOSED RBCC ENGINE

Drag Multiplier Influence on Ramjet Acceleration

JP-5/LOX @ 650 psf

4.5 Drag Multiplier -~ -~ 1——————GW 8,384 to 6,4801b

Mach Number

made for comparison purposes only

PR BN\ S — S — - S .

Internal JP Tank Capacity Filled to|61% For Both Runs

2.0

0 200 400 600 800 1000
Time (sec)



Drag Influence on Ramjet Performance arly'?al

D-21 DRONE with DRACO PROPOSED RBCC ENGINE

Drag Multiplier Influence on Ramjet Excess Thrust

800

JP-5/LOX @ 650 psf

700

Drag Multiplier

600 ¢ — .- -

500 S

GW 8,384 to 6,480 Ib

400 | — . . S

0 {. . - L.

GW 8,056 to 6,480\Yb\
200 1 o 4*/ [ - — o

This run made for comparison purposes only

Ramjet Excess Thrust (Ib)

100 W ————— - . - - e —

Internal JP Tank CTpacity Filled to 61% For Both Runs

25 3 3.5 4 4.5 5 55 6
Mach Number



Ramjet Acceleration Orby?

D-21 DRONE with DRACO PROPOSED RBCC ENGINE
Comparison of Ramjet Acceleration
5.5
JP-5/LOX @ 650 psf Internal| Tank Volume Used
61% 100%
5.0 - o T 25.4 min
\ /
) . 9,807 to 6,155 Ib
45 | e / 3.0 min / o B}
GW 8,384 to 6,480 Ib /

40 P . . - :
E | /
=
4
L
5 . /

3.0 - S . . — S

Clean D-21 Drag Increased 41%
25 - S ——
2.0
0 200 400 600 800 1000 1200 1400 1600 1800

Time (sec)



Ramjet Excess Thrust Or ly’?al

D-21 DRONE with DRACO PROPOSED RBCC ENGINE
Comparison of Ramjet Excess Thrust

800

JP-5/LOX @ 650 psf

6,480 Ib Internal Tank Volumé Used
61%

600 } — S 7*100% T - -
\\/ Clean D-21 Drag|Increased 41%
500 { — 1. . - :

400 | .l -

300 f—

Ramjet Excess Thrust (Ib)

7 to 6,155 |

208 |-l . N

GW 9,80

100

|

"JAcceleration Time Doubles to Achieve|delta 0.3 Mach

2.5 3 35 4 4.5 5 5.5 6
Mach Number



JP-5/LOX, 650 psf Drly?al

D-21 DRONE with DRACO PROPOSED RBCC ENGINE
Fuel - JP-5/LOX, Engine data 16 Sep 99

90,000 5
Q = 650 psf
-
80,000 | . L .. B ] L 145
—
Anitfi_// I /v
,/"/'4/ 4
70,000 L — S S
/ /./"” 506 Ib Propellant Remaining for Rocket Relight
e 3.5
60,000 PR N
///,///Mach 3
£ 50,000 — _ 1 _ S R . 8
: :
3 253
§ 40,000 — - - §
2 =
30,000 I - B -
| 1.5
Clean D-21 Drag Increased 41%
20,000 S« P Y Y I S
GW 11,849 to 6,480 Ib 1+ 1
10,000 | . e 05
0 : 0
0 100 200 300 400 500 600 700 800 900 1000

Time (sec) Data117a



JP-5/LOX, 650 psf Drl}i?al

D-21 DRONE with DRACO PROPOSED RBCC ENGINE
Fuel - JP-5/LOX, Engine data 16 Sep 99

700 14,000
"QN
600 . . ~\‘ 12,000
500 | S : 10,000
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5 ! o
S 400 N - . 8,000 &
o . [
2 a
: E
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E 2
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JP-5/LOX, 650 psf Drly'?al

D-21 DRONE with DRACO PROPOSED RBCC ENGINE
Fuel - JP-5/LOX, Engine data 16 Sep 99

16 1.4
Pitch Attitude
— 11.2
14| l‘; o I I
Clean D-21 Drag Increased 41%
1
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g 08 X
e N %
g 10l 3
< 06 2
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JP-5/LOX, 650 psf Orbi?” l

D-21 DRONE with DRACO PROPOSED RBCC ENGINE
Fuel - JP-5/LOX, Engine data 16 Sep 99

1

i

| | 1 500
! !

|

400 | | /

600

1,200 2500
} 2000
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o Temp " 1500
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I \"\‘ o 1000
i M

Clean D-21 Dragﬁlﬁn-t;:reased 41% 1o

Nose Stagnation Temperature (deg F)

GW 11,849 t0 6,480 1b

Dynamic Pressure times Angle-of-Attack (psf-deg)
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JPILOX, 650 psf, Gross Weight Drl;i?al

ORBITAL SCTENTES - DRACO -28 September 1995 - Datal17 sheet12
Fuel JP-5/LOX, engine data 16 Sep, LOX top=offfrom B-52 oy
D-21B Drone with DRACO Ejector Ramjet Installed Weight (Tb) W eight (Ib) [W eight {Ib)
Drone as weighed @ Mojave 4145
[tems Deleted

Ramjet -510

Hydraulic System s/Actuators/Pumps -100

APU/Generator/etc. -250

Vertical Tail -326
~ Miscellaneous (Avionics) S B0 T-1236 2909
Baseline Structure Added

Forward fuselage {(incl avionics bay) 82

Mid fuselage (incl conformal tanks) 4560

Aft fuselage (incl engine bay) 125

Vertical tail 374

Landing gear 350

Movable Air InTet Spike 100 1491 4400

Propulsion
" DRACO Ejector Ramjet-includes pumps, fuellines,

fuel system, etc. 900 900 5300
Systems & Equipment
Avionics Mass Properties, APU Power Option, 9/18799 471
Equipment Cooling, including nitrogen fank 39
Nitrogen 45
Drouge Chute 50
" Engine"Residual Fluid B o h 10
' Unusable Propellant, 1% of 5875 Ib - i 59
Payload - none 674
Zero Propellant W eight 5974
Fuel
JP-5 for ejector 1043
LOX -OJF 2.6 for JP-5/LOX 2712
JP-5 forramijet- (5200 Ib available) 2120 5875
Gross Weight at Engine Start 1184

506 1b Propellant Reserved at Ramjet Burn-out for Rocket Relight 1 o
Derag multiplier 1.41 [




JP-5/LOX, 1300 psf Drl}i?al

D-21 DRONE with DRACO PROPOSED RBCC ENGINE

Fuel - JP-5/LOX, Engine data 16 Sep 99

80,000 5
Q = 1300 psf 975 Ib Propellant Remaining for Rocket Relight \

45
70,000 : e

Altitude // 7 \ 1

60,000
- 3.5
50,000 |-
3 -
3 3
Y £
T 40,000 253
= L
< g
> =
30,000 .
Clean D-21 Drag Increased 41% 1.5
20,000 D
GW 11,425 t0 6,945 |b 11
10,000 o S .
105
0 0
0 100 200 300 400 500 600

Time (sec) Data118



JP-5/LOX, 1300 psf Drly?al

D-21 DRONE with DRACO PROPOSED RBCC ENGINE
Fuel - JP-5/LOX, Engine data 16 Sep 99

1,400 16,000
NQ" ppe—
1,200 . ) I . < _ . . \ _ 1 14.000
12,000
1,000 , , . ,
_ Clean D-21 Drag|Increased 41% \
% GW 11,425 t0 6,945 Ib { 10,000
Te’ 800 | _ ) ) >
2 5
4 8,000 o
-4 [ =4
o. [
L2 600 - : : - - [
E Thrust ] E
3 | 6,000 £
o ' /\.\"\_
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: ,,<” ; \ 4,000
/ Drag i
I
208 e . - 1 2,000
!
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0 L ‘ —L 0
0 100 200 300 400 500 600
Time (sec)
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JP-5/LOX, 1300 psf Orbi? I

D-21 DRONE with DRACO PROPOSED RBCC ENGINE
Fuel - JP-5/LOX, Engine data 16 Sep 99
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JP-5/LOX, 1300 psf Drlﬂ'?al

D-21 DRONE with DRACO PROPOSED RBCC ENGINE
Fuel - JP-5/LOX, Engine data 16 Sep 99
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JPILOX, 1300 psf, Gross Weight Drly'?al

ORBITAL SCIENCES - DRACO - 30 September 1989 - Data118 sheeil3
Fuel JP-5/LOX, engine data 16 Sep, LOX {op=off from B-52
D-21B Drone with DRACO Ejector Ramjet Installed Weight (Ib)[W eight (Ib) [W eight (Ib)
Drone as weighed @ Mojave 4145
Items Deleted

Ram jet -510

Hydraulic Systems/Actuators/Pumps -100

APU/Generaior/etc. -250

Vertical Tail -326

Miscellaneous (Avionics) -50 -1236 2909
Baseline Structure Added
~ Forward fuselage (incl avionics bay) 1T 82 -

Mid fuselage (incl conformal tanks} 460

Aft fuselage (incl engine bay) 125

Vertical tail 374

Landing gear 350

Movable Air Inlet Spike 100 1491 4400

Propulsion
DRACO Ejector Ramjet-inciudes pumps, fuellines,

fuel system, etc. 800 800 5300

Systems & Equipment

Avionics Mass Properties, APU Power Option, 97/18/99 471

Equipment Cooling, including nitrogen tank 39

Nitrogen 45

Drouge Chute 50

Engine Residual Fluid 10

"Unusable Propellant, 1% of 54551b ‘ 55 S
Payload - none 670
Zero Propellant W eight 597
Fuel

JP-5 for ejector 1043

LOX -OJ/F 2.6 for JP-5/LOX 2712

JP-5 forramjet- (5200 Ib available) 1700 5455
Gross Weight at Engine Start 11425

9751b Propellant Reserved at Ramjet Burn-out for Rocket Relight
Drag multiplier 1.41 |




JP-5/H,0,, 650 psf Drlj?al

D-21 DRONE with DRACO PROPOSED RBCC ENGINE
Fuel - JP-5/H,0,, Engine data 16 Sep 99

90,000 5
Q = 650 psf
goooo | L . — _ : ~ 45
/\ | 4
70,000 R - / / 4
416 Ib Propellant Remaining for Rocket Relight 35
60,000 . -
3
[ 53
& 50,000 - S 'E
@
-g 2532
£ 40000 M ] S
2 =
30,000 — ~
1.5
20,000 | . --{-Clean-D-21 Drag Increased 50%, 1
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10,000 | B | - - 1 0.5
0 ﬁL } 0
0 200 400 600 800 1000 1200

Time (sec) Data119



JP-5/H,0,, 650 psf Drly'?al

D-21 DRONE with DRACO PROPOSED RBCC ENGINE
Fuel - JP-5/H,0,, Engine data 16 Sep 99

700 14,000
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60 | ..~ L - - , ] § ¥ - 12,000
500 | i . - 10,000
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JP-5/H,0,, 650 psf ﬂr[y,?al

D-21 DRONE with DRACO PROPOSED RBCC ENGINE
Fuel - JP-5/H,0,, Engine data 16 Sep 99

Glean D-21 Drag Increased 50%

GW 13,117 t0 6,453 Ib
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Nose Stagnation Temperature (deg F)

JP-5/H,0,, 650 psf
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D-21 DRONE with DRACO PROPOSED RBCC ENGINE
Fuel - JP-5/H,0,, Engine data 16 Sep 99
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JP-5/H,0,, 650 psf, Gross Weight

Drlyfg_l

ORBITAL SCIENCES - DRACO - 30 September 1999 - DataT19 sheelld
Weights for JP-5/H2072, engine data 16 Sep
D-21B Drone with DRACTO Ejector Ramjet Installed Weight (Ib) [Weight (Tb}[Weight (Ib)
Drone as weighed @ Mojave 4145
Items Deleted

Ramjet -510

Hydraulic Systems/Actuators/Pumps -100

APU/Generator/etc. 2501b -250

Vertical Tail -326

Miscellaneous (Avionics) -50 -1236 2908
Baseline Structure Added

Forward fuselage (incl avionics bay) 82

Mid fuselage (incl conformal tanks) 511

Aft fuselage (incl engine bay) 125

Vertical tail 374

Landing gear 350

Movable Air Inlet Spike 100 1542 4451
Propulsion

DRACO Ejector Ramjet-includes pumps, fuellines, efc. 800
~ Fuel System -2001b ‘ 500 5351
Systems & Equipment

Avionics Mass Properties, APU Power Option, 9/18,99 471

Equipment Cooling, including nitrogen tank 39

“Nitrogen T 45

Drouge Chute 50

Engine Residual Fluid 10

Unusable Propellani, 1% of 7080 1b 71 686
Payload - none
Zero Propellant Weight 6037
Fuel
7 JP-5Tor ejector T 560 - -

H202 - O/F 7.0 for JP-5/HZ202 3920

JP-5 for ramjet 2600 7080
Gross Weight at Engine Start 13117

416 1b Propellant set aside for racket relight




JP-5/H,0,, 1300 psf Drly'?al

D-21 DRONE with DRACO PROPOSED RBCC ENGINE
Fuel - JP-5/H,0,, Engine data 16 Sep 99
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JP-5/H,0,, 1300 psf Orly'?al

D-21 DRONE with DRACO PROPOSED RBCC ENGINE
Fuel - JP-5/H,0,, Engine data 16 Sep 99
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JP-5/H,0,, 1300 psf Drl{y'?al

D-21 DRONE with DRACO PROPOSED RBCC ENGINE
Fuel - JP-5/H,0,, Engine data 16 Sep 99
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JP-5/H,0,, 1300 psf Drly'?al

D-21 DRONE with DRACO PROPOSED RBCC ENGINE
Fuel - JP-5/H,0,, Engine data 16 Sep 99
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JP-5/H202, 1300 psf, Gross Weight

Drly‘_yg!

ORBITACL SCIENTCES - DRACTO - 30 September 71999 - Datai20 sheet15
Weights for JP-5/H202, engine data 16 Sep
D-Z1B Drone with DRACDO Ejector Ramjet Installed Weight (Ib)[Weight {Tb) [Weight (Ib)
Drone as weighed @ Mojave 4145
[Ttem's Deleted

Ramjet -510

Hydraulic Systems/Actuators/Pumps -100

APU/Generator/elc. -250

Vertical Tail -326

Miscellaneous (Avionics) -50 -123%6 2909
Baseline Structure Added

Forward fuselage {incl avionics bay) 82

Mid fuselage (incl conformal tanks) 511

Aftfuselage (incl engine bay) 125

Vertical tail - 374

Landing gear 350

Movable Air inlet Spike 100 1542 4451
Propulsion

DRACO Ejector Ramjet- includes pumps, fuellines, efc. 800

Fuel System - 200 1b 900 5351
Sysfems & Equipment

Avionics Mass Properties, APU Power Option, 8/18,98 471

Equipment Cooling, including nitrogen tank 39

Nifrogen 45

Drouge Chute 50

Engine Residual Fluid 10
~ Unusable Propellant, 71 686
Payload - none
Zero Propellant Weight 6037
Fuel

JP-5 for ejector 560
" H202-0/F 7.0forJP-5/H202 3920

JP-5 for ramjet 2130 6610
Gross Weight at Engine Start 12647

664 b Propellant set aside for rocket relight




PROPANE/LOX, 650 psf Drly'?al

D-21 DRONE with DRACO PROPOSED RBCC ENGINE
Fuel - PROPANE/LOX, Engine data 16 Sep 99
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PROPANE/LOX, 650 psf Drlﬁl

D-21 DRONE with DRACO PROPOSED RBCC ENGINE
Fuel - PROPANE/LOX, Engine data 16 Sep 99
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PROPANE/LOX, 650 psf Drl}i?arl

D-21 DRONE with DRACO PROPOSED RBCC ENGINE
Fuel - PROPANE/LOX, Engine data 16 Sep 99
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PROPANE/LOX, 650 psf ﬂrly'?al

D-21 DRONE with DRACO PROPOSED RBCC ENGINE
Fuel - PROPANE/LOX, Engine data 16 Sep 99
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PROPANEILOX, 650 psf, Gross Weight 3D

ORBITAL SCIENCES -DRACO -30 September 1999 - Data121 sheetlo
Weights for PROPANE/LOX, engine data 16 Sep
D-21B Drone with DRACO Ejector Ramjet Installed Weight (Ib) [Weight (Ib) (W eight (Ib)
Drone as weighed @ Mojave 41435
Iltems Deleted

Ramjet -510

Hydraulic Systems/Actuators’/Pumps -100

APU/Generator/etc. 2501b -250

Vertical Talil -326

Miscellaneous (Avionics) -50 -1236 2909
Baseline Structure Added

Forward fuselage (incl avionics bay) 82

Mid fuselage (incl conformal tanks) 466

Aft fuselage (incl engine bay) 125

Vertical tail 374

Landing gear 350

Movable Air Inlet Spike 100

" Internal Propane tanks installed in JP tanks area 771400 2897 5806

Propulsion

DRACO Ejector Ramjet- includes pumps, fuellines, etc. 900

Fuel System - 200 1b 900 6706
Systems & Equipment

Avionics Mass Properties, APU Power Option, 9/18,99 471

Equipment Cooling, including nitrogen tank 39

Nitrogen 45

Drouge Chute 50

Engine Residual Fluid 10

Unusable Propellant, 1% of 5657 Ib 57 672
Payload - none
Zero Propellant Weight 7378
Fuel ’

PROPANE for ejector 823

LOX - O/F 3.4 for Propane/Lox 2798
7 PROPANE for ramjet™ 2036 5657 o
Gross Weightat Engine Start 13035

a




PROPANE/LOX, 1300 psf Orbizal

EE——
D-21 DRONE with DRACO PROPOSED RBCC ENGINE
Fuel - PROPANE/LOX, Engine data 16 Sep 99
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PROPANE/LOX, 1300 psf Drly?al

D-21 DRONE with DRACO PROPOSED RBCC ENGINE
Fuel - PROPANE/LOX, Engine data 16 Sep 99
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PROPANE/LOX, 1300 psf Drly'?al

D-21 DRONE with DRACO PROPOSED RBCC ENGINE
Fuel - PROPANE/LOX, Engine data 16 Sep 99
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PROPANE/LOX, 1300 psf Drl}i?al

D-21 DRONE with DRACO PROPOSED RBCC ENGINE
Fuel - PROPANE/LOX, Engine data 16 Sep 99
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ORBITALU SCIENCES - DRACO - 30 September 1999 - Data121 & 122 sheet1t
'Weights for PROPANE/LOX, engine data 16 Sep
D-21B Drone with DRACO Ejector Ramjet Installed Weight (Ib) {Weight (Ib) [Weight (Ib)
Drone as weighed @ Mojave 4145
ltems Deleted

Ramjet -510
~ Hydraulic Systems/Actuators/Pumps -100

APU/Generator/etc. 250 1b -250
" “Vertical Tail o T -326

Miscellaneous (Avionics) -50 -123%6 2909
Baseline Structure Added

Forward fuselage {incl avionics bay) 82

Mid fuselage (incl conformal tanks) 466

Aft fuselage (incl engine bay) 125

Vertical tail 374

Landing gear 350

Movable Air Inlet Spike 100

Internal Propane tanksinstalled in JP tanks area 1400 2897 5806
Propulsion

DRATO Ejector Ramjet- includes pumps, fuellines, etc. 900

Fuel System - 200 Ib 900 6706
Systems & Equipment

Avionics Mass Properties, APU Power Option, 9/18,99 471
~ . Equipment Cooling, including nitrogen tank 307

Nitrogen 45
" Drouge Chute - 50

Engine Residual Fluid 10
~ Unusable Propellant, 1% of 5657 |b o 57 672
Payload - none
Zero Propellant Weight 7378]
Fuel

PROPANE for ejector 823

LOX - O/F 3.4 for Propane/Lox 2798

PROPANE for ramjet 2036 5657
Gross Weight at Engine Start 13035

PROPANE/LOX, 1300 psf, Gross Weight Urly?al
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DRA& @ D21B Approach And Landing Assessment  rba¥al

« Approach and Landing Velocities Are Reasonable for a Safe Landing.

» Baseline Pitch Stability Indicates Slightly Unstable (C.G. @307), but Adequate
Control Authority to Enable Safe Auto-pilot Control

» Baseline Lateral/directional Stability Indicates Statically Stable Between 1 and
10 Degrees Alpha, and Adequate Control Through 10 Degrees Alpha

« The Potential Vehicle Modifications Will Reduce Longitudinal Stability, But Will
Little Effect on Lateral/directional Stability (Some Longitudinal Stability Regained
With Gear Extended)

*  Wind Tunnel Testing Would Be Required to Insure Reliable Auto-pilot Design



Landing Parameters

Orh7al

D241B Landing Parameters
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Longitudinal Stability and Control Orbi?
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Longitudinal Control Ratio Orbi al
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Approach & Landing, Typical Or lﬂ%’

D-21 DRONE with DRACO PROPOSED RBCC ENGINE
Fuel - JP-5/LOX, Engine data 16 Sep 99
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Approach & Landing, Typical Or lﬂ%’

D-21 DRONE with DRACO PROPOSED RBCC ENGINE
Last 30 Seconds of Landing Approach & Touchdown
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Approach & Landing, Typical Or lﬂ%’

D-21 DRONE with DRACO PROPOSED RBCC ENGINE

Last 30 Seconds of Landing Approach & Touchdown
15 10

Fuel - JP-5/LOX, |Engine data 16 Sep 99
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pmg @ D-21 Duct Assessment ar[}i?al

Status
 Flow-path Geometry Obtained from NASA D-21 Compendium

» Representative Engine Entrance Conditions Obtained From NASA-MSFC
— Data is One lteration Behind Thrust / Fuel Flow Data

» Distribution of Duct Flow Properties Examined for Predicted Flight Trajectory
— Trajectory Consistent With 16-Sept-99 Engine Data

 Primary Attention Given to Duct Issues from F.S. 141 to F.S. 435
= F.S. 141 Corresponds to TechLand Inlet / Duct Interface
— F.S.435 Corresponds to Duct / Engine Interface

» TechLand Inlet Geometry Briefly Examined



Analysis Approach ODrbi a’
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Duct Area, in?
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Trajectory Assumed For Analysis Drl}'?a'
b ]

D-21 DRONE with DRACO PROPOSED RBCC ENGINE
Fuel - JP-5/LOX, Engine data 16 Sep 99
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DRA& @ Duct Temperature Variation During Flight Dr[}%l
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Local Duct Static Pressure, psia

Duct Pressure Distribution
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Dmﬁ @ Duct Pressure Variation During Flight Or ly%’
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Duct Mach Number Distribution

Drly’?_a_l
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Maximum Duct Airflow Capability Or. ly?al
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If Real, the Sensitivity of Ejector Mode Thrust
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ﬁ@ - Summary Drly"Za!

* Existing Duct Appears Adequate for Required Ramjet Mode Air Flows

- However, The Duct Appears to Be Slightly Undersized for Required Ejector
Mode Air Flows--The Performance Impact Is Minimal (<5%).

- Existing Titanium Inlet Duct Not Compatible with Flight Mach Numbers Greater
Than 3.5 Due to Thermal Issues

* Duct Replacement Although Possible, Would Substantially Increase The Cost
And Complexity Of The Vehicle Modification.

* Practical Solutions to Duct Temperature Issues for Flight Beyond Mach 3.5
Will Further Reduce Duct Airflow Capability (e.g.., TPS Coatings)
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’éé @/ Structural Loads Assessment:
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Background:
«  Original D-21 Loads Analysis Generally Involved a Free-flight Condition (5g Pull-up at M=3.3 and
450 keas), and Several Captive Carry Loads Cases
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