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Affordable Reqwrements for Commercrallzatlon
" L of Low Earth Orblts .
v "~ (http: //spacenews com/revwmg the- aerospace plane program/)

« The affordability determines the degree to which near-Earth space
can be commercialized.

— A fully reusable Earth-to-LEO transportation system, using a revolutionary
propulsion system and operated with commercial airline industry practices,
could greatly reduce transportation costs to LEO for medium-weight (5—15
MT) payloads (humans and cargo).

* To fully develop human presence in near-Earth space—commute
stations, tourist destinations, laboratories, and manufacturing and
construction facilities—we need safe, responsive, and resilient
vehicles for routine transport and emergency rescue with wide-
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'« Historically, transportation progress has been coon.tingerit..dnf o
revolutionary changes in propulsion modes. - '

* Aviation transformed when jet-powered aircraft replaced

propeller-driven aircraft.

* ProgressinT ransportation B
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. TSTO system

e Current launcher propulsion
— Turbo/ramjet engines
— TBCC engines
— RBCC engines
— Turbo/ramjet + rocket engines

e Orbiter propulsion choice
— Rocket engines

Fully real:)le — 200 missions

choices

Safe

CA Revolutlonary Space Launch !ystem
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| Horizontal’Launch Versus Vertical Launch

Rapid Rescue and rendezvous

Launch Windows

North Pole

+ Airbreathing reference SSTO Delivers 10K
payload with 23° launch delta (92 minute
launch window)

* Rocket powered reference SSTO delivers zero
payload with 8° launch delta

100 -

Kib ATS Alrbrather

—— ATS airbreather
-=== WB-003 rocket
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Offset angle of target plane at time of launch, deg
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Total launch window, min.  AIAA-2002-5175

NTRS-1999-01--5515

Airbréathing propulsion offers expanded operational flexibility.
Rocket-powered launch vehicles use substantially more propellant

ot

nraelta-v than systems with some airbreathing propulsion.
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Advantages of Air-Breathing Propulsion’

Mass Allocations
Same TOGW, SSTO Vehicles
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Propulsive Performance:
Air-breathing Engine versus Rocket Engine
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Optimum Staging IVIach Number

(DOI 10. 2514/2 5886)

Sensitivity of TOGW to staging Mach number Sensitivity of LCC to stagi%g Mach number
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Resiliency — Example
*. (DO} 10.2514/2.5886)

Mission: 220 nm at 51.6°

Begin

Power-on Cruise: Mach/Alt = 2.0/75K 1 __

|
- Mach/Alt = 5.0/101K

T Cruise Back at Best Spec Range Mach
— (Mach/All = 2/75K - Time = 31.9 minutes)

| i
Max Down Range

Mach/Alt = 6.4/111K

— Max Entry Dynamic Press:

Mach/Alt = 7.5,[1. 08K

L

w

Begin Roll to 66.4°

| 1
MaxlAItitude: Mach/Alt = 8.76/206K

+Begin Descent

Abort: Mach/Alt = 9.54/138K (¥ = 25°)

/1A

1
// MECO: Mach/All = 10.4/106K
Powered Pull-up: Mach/Alt = 10./85K

150 200 250 300
Range (East), nm

350 400 450 500
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F & A Way Forward

* Revive the development effort for a revqutlonary Earthto-
low Earth orbit transportation capability.

 Demonstrate reusability of a rocket engine for 200 missions
 Demonstrate a Mach 5.5 turbo/ramjet engine =
Flight test an X-plane (the first stage) =>
Develop an operational first stage
* Demonstrate a Mach 8 engine =
Demonstrate a Mach 11 engine
 Develop an operational TSTO system
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