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The Lifting Bodies (circa 1963 – 1975)

HL-10M2F3X-24A



HL-10 at AFRC (circa 2025)



Indian Ocean, circa 1983









NASA  BOR-4  VEHICLE  ASSESSMENT  --  1983

• Weight estimation 
 — POST Trajectories 
 — Water displacement analysis 
 — Booster capabilities 
 
• Center of gravity estimate 
 — Sling hanging analysis 
 
• Shape analysis 
 — Photos used to produce 
            wind tunnel models

Soviet spaceplane exhibited very good shape for entry.













Spiral and BOR-4 History

• Russian Spiral OS – (mid 1960’s – early 1970’s)
• 3 main components
• Reusable hypersonic air-breathing launch 
aircraft 
• Expendable 2 stage rocket
• Orbital spaceplane

• BOR subscale flight tests series (1982-84)
• Unmanned orbital rocket plane
• Hypersonic aero and heat shield materials 
testing for Soviet Buran Space Shuttle design

• 4 successful flight tests
• Intelligence photos taken by Australians during 
recovery operations

BOR-4

Spiral OS



HL-20  LIFTING  BODY  BACKGROUND

 • 1983-86 -- Investigation of Soviet spaceplane; In-house design 
 
 • 1986-88 -- Looked at shape as Crew Emergency Rescue Vehicle   
        (CERV & ACRV) & two-way transport  (STAR) 
 
 • 1988-89 -- Personnel Launch System (PLS) work begun 
        • In-house vehicle maturation continuing 
 
 • 1989-90 -- Contract with Rockwell for 10-person HL-20/PLS 
 
 • 1990-91 -- Further In-house HL-20 studies --  Full scale mockup 
     
 • 1991-92 -- HL-20 Skunk Works Study 
 
 • 1992 --  Goldin HL-20/PLS cost exercise 
 
 • 1993 -- Access to Space - Option 2 -- HL-42 
  
 • 1992-2000 -- Utilization of Rockwell & Skunk Works results in    
    numerous studies/reviews   



HL-20  LIFTING  BODY  STUDIES

 
 
 •  HL-20 versions studied 
   • 4 to 10 people 
   • Station rotation, CERV/ACRV, servicer, OMV,  
    lunar crew rotation, cargo, technology testbed 
   • Boosters from Atlas IIAS to Titan III and NLS 
    
 • Over 15-year  in-house effort; two major contractor studies 
 
 •  Extensive full-range wind tunnel, CFD data bases 
 
 •  Autoland/abort studies, flight simulators, full scale mockup 
 
 •  Costed numerous times; HQ reviewed 
 
 •  Briefed to two NASA administrators (Truly, Goldin)



HL-20 at NASA LaRC

Aerodynamics

• Database Development – (M = 0.1 - 20)

• Longitudinally and laterallly stable across entire 

range – (M = 0.3 - 20)

• Neutral directionally stability – (M = 2.5-3.5)

• L/D Max – (Hypersonic = 1.4 to Subsonic = 4.3)

• Control surface deflections at L/D max

• 10 deg. – subsonic

• 0 deg. – (M = 0.6-0.9)

• 3 deg – transonic

• 0 deg. – (M = 2-20)

• Work to improve low subsonic – (M < 0.3)

• HL-20 A-D testing – (OML shape changes)



HL-20 at NASA LaRC

Trajectory Analysis

• Ascent, abort, entry assessment studies for PLS – (using POST)

• Titan III launch to ISS – (28 deg. incl, 220 nmi.)

• Abort scenarios examined – (On-the-pad, return-to-launch, ocean 

landing with parachute, transatlantic abort, abort-to-orbit)

• Entry analysis using 5 landing sites (KSC, Edwards, Hawaii, Guam, 

Dakar) assuming daylight landing

• Results provided

• Time intervals for mission and abort success

• Daily landing opportunities – (Entry to primary/sec. sites from ISS)

Abort ModesAscent Profiles

Entry Profiles into KSC

Explosion Overpressures



HL-20 at NASA LaRC

Thermal  Protection System

• TPS selection based on the following

• Protect vehicle structure and crew

• Reusable with minimal maintenance

• Durable within space and ground environments

• Utilize near-term technology

• Design driven by peak heating rates & total heat 

load – (entry trajectory)

• MINIVER Analysis validated and used with 

experimental and CFD results

• Time history results used in POST

• Materials selected

• Advanced Carbon-Carbon – (ACC)

• High-temperature Reusable Surface Insulation –

(HRSI)

• Advanced Flexible Reusable Surface Insulation 

– (AFRSI)

3-D CFDExperimental

Analysis comparisons to Experiment And CFD

TPS Layout →



Operations and Support

• Studies of landing, launch, mission operations 

• Support defined by manpower, staffing, facilities, 

GSE, maintenance, turnaround processing time

• DRM – (to and from KSC, 3 day crew rotation)

PLS Operations Scenario

PLS Processing (31 work days) Hands-on Manpower Requirements

Operations Staffing



HL-20 at NASA LaRC

Subsystems

• Subsystems developed to maximize efficiency and minimize costs

• Both concepts using current technology with flight heritage – (Shuttle)

• No subsystem technology breakthroughs required for PLS concept

• Both designs focused on ease of maintenance

• Similar selections by both designs and subsequent results gives creditability to 

PLS concept

Baseline Selections

Subsystem Layout

Mass Properties



HL-20 at NASA LaRC

HL-20 Mockup Construction

• Construction by NC State through NASA Grant - (1990)

• Built for Systems and Human Factors evaluation

• 48 cross sections created from 90000 data points

• Generic structure created using layup technique of epoxy with dacron 

cloth within polystyrene molds – (up to 5 plies)

• Plywood used in bulkheads, longerons and flooring

• Landing gear from Piper Navajo using aluminum shafts

• Interior – (23 ft. length, varying 4 to 6 ft. height, 560 ft^3 volume)



Human Factors

• Study goals

• Anthropometry – human size related to job function ability

• Internal / Equipment layout / Crew seating

• Crew ingress and egress with Shuttle suits

• Acceptability – (2 hr. time intervals)

• Full scale mockup constructed by NC State

• 35 person study – (10 person crew teams)

• Horizontal, vertical, and pilot view testing

• 5%-95% size for Japanese females / American males

• 4’ 9” to 6’ 3” height and 116 to 235 lbs.

• Results

• Safe design for ingress/egress regardless of vehicle pos.

• Reasonable acceptability for full crew – (volume, proximity)

• Pilots field of view deficient – (possible nose reshaping)

• Redesign cockpit – (5’ 7” max, more usable volume)
Vertical Position









15 April 2006 SpaceDev Dreamchaser / NASA LaRC

SpaceDev Partnership (2005)

• Edwards AFRL meeting – (George Harting, 7/26/05)

• Hybrid rocket propulsion – (history, technology issues)

• Potential for C&I Proposal

• Centennial Challenge

• SpaceDev Dreamchaser project – (X-34, NASA ARC)

• NASA Ames recommends HL-20 concept

• G. Harding makes contact with SpaceDev

• First SpaceDev Telecon - (8/10/05)

• Several telecons on HL-20 – (9/05)

• Original Commercial Orbital Transportation Services  
solicitation released – (10/28/05)

• Official visit, flight simulator/Hangar Mockup tours, and 
presentation to Directorate – (11/15/05)

• SACD Letter of Commitment signed – (12/6/05)



Why was SpaceDev Interested in HL-20
Microsatellites

CHIPSat (Cosmic Hot Interstellar 

Plasma Spectrometer Satellite)

Hybrid Propulsion

Hybrid Rocket Propulsion System: 

SpaceShipOne 2004

SpaceDev SS1 Flight Tests Sept + Oct 2004
SpaceDev /Starsys Merge 

10/26/2005

SNC Acquires MicroSat System 
1/10/2008

SpaceDev/Starsys Acquired by SNC 
12/16/2008

SpaceDev CHIPSat 2003

SpaceDev Team 6/2004

SpaceDev SS1 Motor Firing 7/2003



How did SpaceDev Start the Dream Chaser Journey: 
$90k California Space Grant Part 1: 12/2004 to 2/2005

X-34 Assets stored at North Base Edwards

• A1: airframe is air drop vehicle only, no TPS, no propulsion

• A2: 95% assembled, fuel system, no motor, 67% TPS covering airframe, Circa parts are in boxes

A2 (2/05)

X-34 Study Team

1 2

Key Personnel

1. Dan Rasky NASA Ames

2. Phil Smith - California Space Grant Foundation

3. David Kinney - NASA AMES (Not Shown)

SpaceDev Jan to March 2005 A1 (2/05)

First Dream Chaser was based on X-34
Initially for Suborbital Flights 12/2004
Then 2/2005 We Changed to Orbital…Why??



COTS Initial Rumors 2/2005
Space Grant Part 2: 3/2005 to 7/2005 + Increase From $90K to $110 
K 

NASA COTS Key Personnel:
Laura Segarra

and 
Valin Thorn 

- 2/2004 NASA Awarded Kistler Aerospace $227 M for K-1 Launch Vehicle
- Elon Musk Protested and NASA withdrew contract after GAO ruling
- COTS Rumors of a pending proposal 2/2005

SpaceDev Final CA Space Grant Briefing to NASA AMES 7/2005 

SpaceDev Pivots from X-34 to HL-20 3/2005 
Based on Recommendation from David Kenney (NASA Ames):
“ You very heard about HL-20” + Thermal Analysis on Re-Entry of X-34 vs HL-20



LaRC HL-20 Mock-Up 4/2005: Jim Benson + Frank Taylor

John Martin Glenn Bobskill Bruce Jackson

LaRC Key Personnel: Dream Chaser’s True Believers
Dream Chaser – Based on HL-20: 

Developed on the Previous Efforts of 
NASA LaRC in 80’s and 90’s

Per Walt’s Earlier Presentation

Additional LaRC Personnel Who Supported HL-20 to Dream Chaser:
- David Glass, David Dress, Walt Engelund, Tom Horvath, Dale Reed, Jason Chenenko
- Kelly Murphy, Karen Berger, Bruce Owens, Chris Giersch, Ajay Kumar
- Clayton Turner, Lesa Roe, Long Yip, Judy Ward, George Ware, Kay Wurster
- Charles Cockrell, Mike Kirsch, Wally Vaughn, Andrew Carnell, Brian Barmore
- Stan Smeltzer, Max Blosser, Chuck Leonard, Ernie Mackley, Allen Wihite
- Julie Fowler, Melinda Cagle, David Piatak, Martin Sekula, Vince Zoby
- Matt Rhode, Tom Wolters, Bill Woods, Chris Cruz, Wallace Harrison



SpaceDev Dream Chaser Journey COTS I: 
1/2006 to 9/2006

2/2004 NASA Awarded Kistler Aerospace $227 
Elon Musk Protested and NASA withdrew contract after GAO ruling
COTS Rumors of a pending proposal 2/2005
NASA COTS Proposal Announced 1/18/2006
Proposal Submittal 3/2/2006
Finding (#1 to #5) 6/2006 to 7/2006
Final NASA HQ Briefing 8/2006
Award 9/2006 to SpaceX + Rocketplane Kistler 
“First Phoenix Moment”

SpaceDev COTS I Proposal Team Jan to Aug 2006

Down Select to (6) on 5/2006
Award 9/18/2006



2007 – 2009 
JSC/SPDV Un-Funded SAA Milestones

Milestones Completed:

1. Outer Mold Line Definition 6/2007

2. Suborbital Flight Test Plan 9/2007

3. Hybrid Rocket Motor Preliminary Design Review 12/2007

4. Hybrid Motor Firing 9/2009

Release

13,000 ft 
MSL

Acquire Glide 
path

7000 ft

250 KEAS

88,000 ft MSL

Mach 1.3

Horizontal 
Landing

<200 KEAS



MileStone #1: Develop OML: HL-20 Wing Tunnel 
Model to Dream Chaser Baseline OML – 6/2007

Modification #1 to Physical HL-20 Model
Included:
- Incorporated Wing Airfoil from LaRC

Aero [L/D from 3.5 ish to 4.1 at Landing]
- Windshield
- Tip Fin Changes

Airfoil cross section Tip Fins replace slab Tip Fins

Cateye windshield replaced with sloped, 
5 facet windshield similar to full scale mockup

Transonic wind tunnel model was digitized and 
output as a point cloud

Scanned data was paramaterized and lofted 
into a useful ProE surface model by 
surfacing expert Roger Hayes and Modified 
by SpaceDev’s Jeff Hickerson

Roger Hayes Jeff Hickerson



COTS-2 Competition 10/2007 to 2/2008

COTS-1 

Rocketplane Terminated 10/2007

COTS-2 Competition

10/22/2007 RFP released

2/19/2008 Awarded to Orbital 

Second Phoenix Moment

• SpaceDev vs 9 Others: 

• Andrew Space

• Boeing Houston ???

• CSI/Loral

• Orbital Science

• PlanetSpace

• SpaceHab

• SpaceX

• T-Space

• TGV Rocket???

Andrew Space

SpaceX Dragon

PlanetSpaceCSI/Loral

SpaceDev’s

Dream ChaserTM

Orbital Taurus II 

T-Space

SpaceHab



SpaceDev/SNC Internal Funded Efforts 2007 to 2009 

SpaceShipOne
2004

(16 klbf SpaceDev hybrid)

SpaceShipTwo
2008

(70 klbf SNC hybrid)

Jim Benson
• Founder of SpaceDev
• Company CEO from 1997 to 9/2006
• Sold 2 successful software companies and became a retired 

millionaire (Compusearch and ImageFast of McLean Virgina)
• Famous line: “Onward and Upward”
• Founded the … Benson Space Company - 2007
• Died of brain tumor in Oct 9, 2008 at the age of 63

4/10/2007 ULA/SpaceDev MOU Signed

ULA Key Personnel: 
Bernard Kutter, Mike Holguin, Jeff Patton

Project  Description
•Program to initialize development of the Dream 
Chaser for a NASA Human Commercial 
Transportation System to the ISS

Technical Objectives
•Develop system requirements for human 
transportation system to International Space Station
•Define the baseline configuration of the vehicle
•Establish orbital launch vehicle launch vehicle 
configuration and interface 
• Initial trajectory analysis for orbital flights
•Business case definition for suborbital flights and 
other markets

SpaceDev at Space Symposium 
4/2008

Buzz Aldrin



CCDev1 Proposal/Award 2009 to 2010

SNC CCDev 1 Proposal  Team 2009



Crewed Dream Chaser  2010 to 2014
CCDev1 + CCDev2 + CCiCap/CPC

Dream Chaser Team
Termination of CCiCap 8/2014

Fourth Phoenix Moment

Dream Chaser Team
CCiCap  10/2013

Third Phoenix Moment

Dream Chaser Team 
ETA Captive Carry Testing - 8/2012
Aviation Week Cover - 10/1/2012

Integrated Wind Tunnel Model:
Crewed Dream Chaser on Atlas V

2014 

ETA – Engineering Test Article 
Airframe - 2011

Escape Motor Firing  
6/2013

ETA – Engineering Test 
Team Article 6/2012

Modification #2 to Dream Chaser OML 
Included:
- Wing Airfoil Change
- Elevon Size
- Lower Body Flap Size



Cargo Dream Chaser - Tenacity 2015 to Now
CRS2 Contract Award  1/14/2016

Modification #3 From Crew to Cargo 
Included (2015) SNC Funded:
- Added Cargo Module 
- Solar Arrays
- Remove Windshield 
- Folding Wings
- TPS Tile on Upper Surface
- No Escape Hybrid Propulsion
- RCS Changed from N20/Ethane to 

Peroxide/RP-1
- Launch Vehicle – ULA Vulcan

Dream Chaser Team Tenacity  10/2023
Tenacity  Testing 

at Armstrong 2024

Rebuild of ETA 2014 to 2017
Successful ETA Landing 11/11/2017

ETA Displayed at Space Symposium 
Eren & Fatih Ozmen + VP Mike Pence 

4/2018

Mach 10 Wind 
Tunnel/CFD 2019



Thank You: 
Frank Taylor

720-646-6023
frank.w.taylor1@gmail.com

https://www.linkedin.com/in/frank-taylor-84008ba8/

mailto:frank.w.taylor1@gmail.com

