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- SPACE

From sub-orbital to orbital commercial transportation

Examples of small reusable airplane-like vehicles (Scaled Composite SS1,
SS2, BSP Ascender, EADS spaceplane, XCOR Lynx) are being developed to
perform sub-orbital missions, which could represent a first step towards a safer,
more comfortable and less expensive access to Space in the near future

A Altitude

Orbital — = Main prospective market

Flights i L - Human Space Flight (Point A
(i.e. LEO, // =D '} to Point A, view of Earth from
e.g. ISS) 4 ey | stratosphere, microgravity)

commercial | Secondarylpotential markets |
2 p Secondary/potential markets
Sub-orbital 3 e

. « Microgravity research
_Fllghts 3 + Aerospace testing and
(i.e.up to Ay development

100 km) A + Astronaut training
+ Remote sensing

Parabolic
Flights

(i.e. within 7 Longer term evolution
airspace) E _ + Point-to-point transportation
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e Hypersonic speed
* High altitude

» Impressive gains in airline productivity
 Order of magnitude reductions in cost of access
to space
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Long-term vision for future access-to-space and
hypersonic transportation

Hypersoniclong-range
airliners

Orbital or Iong -range
Spaceplanes

Second-generation
Spaceplanes

|

Two-Stage-To-Orbit
with reusable orbiter | &

== '\- Supersonic business jets

\

Expendable | \ .
- = ! Re-entry vehicles

S |
Iaunchersi & 11 paceplanes

for Space Tourism

Space Transportation Aviation

Superonic fighters
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Trajectory selection
Periodic cruise
Multi-staging
Off-design optimization
Transonic drag

Landing/takeoff
Guidance and Control

s

Engine/airframe integration
High efficiency inlet
Starting/unstarting
Unsteady flows

Leading edge physics Coupled Optimization
Shock location Operability
Off-design aerodynamics Health monitoring
Aeroelasticity Testing and Evaluation

Finite-rate chemistry _ _ Sharp leading eo!ge heating/cooling -

. Engines, combined cycles Advanced materials/TPS

Fuel selection and 08

handling Interr_la_l flo_ws N Plasma and telemetry_ _

Piloting and enhancers Fuel_lnjectlon and_ mixing Sengmg_ and communlcatlon g 4

. Multimode operation Navigation and guidance 0z
Nozzle reactions Plasmadynamics/MHD B d I transition, etc
Engine/attitude asmadyna oundary layers — transition, : Bs—ss

couplin Surface interactions (roughness) — =
eoupling  ______ surfaceinteractions (roughness) "
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The University of Naples “Federico 11", under the eagis of the Space
Renaissance (SR) Italia Space Tourism Program and with the support of other
Universities and small and medium enterprises, is investigating a new vehicle
concept for long-duration space tourism missions and hypersonic point-to-point
transportation /
Bristol Spaceplanes Limited D, 77
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HyPlane Programme

* Previous supersonic or hypersonic
commercial designs tended toward
large aircrafts, characterized by
hundreds of tons of mass and
hundreds of passengers

6000 Km range in less than 2 hours, horizontal takeoff
and landing on small airports) may offer access to
stratospheric and space flights as safe, convenient and
commonplace as today's commercial air transportation,
by integrating state-of-art aeronautic and space
technologies and represent a first step towards the
development of larger and more complex systems, but at
the same time may open new markets and applications
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A personal HYpersonic airPLANE

YV V VY

6-seats small Mach 4-4.5 spaceplane
HTHL within the present rules
governing common airports

Urgent Travel market segment
Space tourism

Future reusable first stages of air-
breathing space-access vehicles

Space Tourism 2.0

can fly a series of Space Tourism
parabolas at max altitude above 70 km

6000 km distances in less than 2 hours
with cruise altitude at about 30 km

Integrates state-of-art aeronautic and
space technologies

huyplane =
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System configuration

Conceptual design defined by complex interplay of aerodynamics, atmospheric
heating, materials and structures, propulsion, fuel selection, cabin configuration, tank
and subsystems sizing

Powered by combined cycle engines, turbo-ramjet plus rocket

Horizontal Takeoff and Horizontal Landing (HTHL) from some 80% of worldwide
available runways (L>1000 m)

25 t Gross Take Off Weight

Miscellaneous
Langing gear 2%

Subsystems and crew 14%

Body

Structure TPS

Payload
\\\\ 5% ——

Vertical tail [
9%

Propulsion_

Structural mass breakdown
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System configuration

o \Variable-delta planform of wing + fuselage shape to provide aerodynamic
stability and manoeuvrability over a broad speed range

30 km altitude flight, due to the low wing loading, offers also a better Earth
view and may open to new applications

 Max speed as high as Mach 4-4.5

huyplane S=
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Atmosphere

Aerodynamics

Sensors

Actuators 5

Propulsion

\

Structures

Necessary Inputs : Mass & Inertia, Aerodynamic Model, Propulsion Model
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Aerodynamic analysis

CFD analysis M=4 - Re=1.7E+/

« 8M cells computational grid -
« RANS Equations
o K-Q Turbulence Model — e i

M=0.7 - |
Re =19 E+8

>

Velocity: Magnitude (m/s)
200.0 224 a 248.0 272.0 296.0 320.0
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Turbine-Based Combined Cycle (TBCC) Model
/zgplane;;

Diffuser Byposs flops Fuel injectors \A-Flameholder

ALY
> T — T\ ),
Turb0|et ]j < >
— o =
+ T Ee— %y <

a) Bypass flaps allow flow into turbojet

Diffuser Bypos& flops Fuel |n|eclors (\Flomeholder

e \f/ I — A P
Turb0|el ]] <
_) “Wr___ e el <

b) Bypass flaps block flow into turbojet
during ramjet mode

7

N
University of E3 2 6= () el i
NS/ 3

Strathclyde

Engineering
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Engine Performance Model:
(RBCC Ejector- Ramjet)

P ASTRO DIVISION
%}' uardr

CORPORATION
THRUST {SLS) 215,000 LBS CORPORATE OFFICES, VAN NUYS, CALIFORNIA
THRUSTIWEIGHT 18.0:1

DESIGH WyiWy 3.0:1
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i | i
CFD Inlet PinchPaint Mixer End End Difuser
X



L
.
L]

Spazio Senza Erontiere: :

 RENAISSANCE Un Mondo Pilu Grande E Possibile!

Ny : - . b 4 Polite@nico di Milano, Campus Bovisa
’TAE IA. . S : , ) 8-9 maggic 2014
Turbine-Based Combined Cycle (TBCC) Model
700
e Altitude = 0 km
600
+ e Altitude = 5 km
E z >00 ——Altitude = 10 km
: : 22 40 —— Altitude = 15 km
Maximum Available £2 HHEr
Thrust (per Engine) 8 20 —— Altitude =25 km
= Altitude = 30 km
100 —
0
0 1 2 3 4 5 6
Mach Number
2300
2100 e Altitude = 0 km
&, ——Altitude =5 km
2 1900 ——Altitude = 10 km
g ——Altitude = 15 km
Y o q_% 1700 Altitude = 20 km
SpECIfIC Impulse 8 \\\ ——Altitude = 25 km
@ 1500 Altitude = 30 km
1300

Mach Number
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Air Intake of TBCC Design

o Axysimmetric mixed internal/external compression supersonic inlet

 Design conditions (M=4, H=30km) : the spike produces a cone-shaped
shock merging at the cow lip of the engine followed by an internal
compression which terms with a normal shock in the throat, ensuring
subsonic conditions at the entrance of the combustion chamber

Lockheed SR-71 Blackbird

Design Conditions

J
External
cone-shaped shock internal A Normal Shock
Compression

Throat
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Air Intake of TBCC Design

» Translating spike to ensure the chocked condition in the throat and
subsonic conditions at the entrance of the combustion chamber, for an
extended range of conditions of the HyPlane flight envelope

— M = 3.2, Spike Position =0
Lip M = 1.6, Spike Position = 26 Inches Fwd

Inlet “Mice"”
Centerbody
Support Engine

Area (sq inches)

Spike Station (inches)

160 180 200 1:1’- I
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4 .00e+00
3.80e+00
3.60e+00
3.41e+00
3.21e+00
3.01e+00
2.81e+00
2.62e+00
2.42e+00
2.22e+00
2.02e+00
1.83e+00
1.63e+00
1.43e+00
1.23e+00
1.04e+00
8.3%e-01

6.41e-01

4.43e-01

2.46e-01

4.82e-02

Mach number
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Air Intake of TBCC Design

1.08e+05
8.58e+04
6.82e+04
5.42e+04
4.31e+04
3.43e+04
2.73e+04
2. 17e+04
1.72e+04
1.37e+04
1.09e+04
8.66e+03
6.88e+03
5.47e+03
4.35e+03
3.46e+03
2.75e+03
2.19e+03
1.74e+03
1.38e+03
1.10e+03

Pressure
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Air Intake of TBCC Design

1.05e+03
9.76e+02
9.04e+02
8.37e+02
7.75e+02
7.18e+02
6.65e+02
6.16e+02
5.70e+02
5.28e+02
4.89%e+02
4.53e+02
4.19e+02
3.88e+02
3.5%9e+02
3.33e+02
3.08e+02
2.85e+02
2.64e+02
2 45e+02
2.27e+02

Temperature
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1.20e+01
1.16e+01
1.12e+01
1.08e+01
1.04e+01
1.00e+01
9.60e+00
9.20e+00
8.80e+00
8.40e+00
8.00e+00
7.60e+00
7.20e+00
6.80e+00
6.40e+00
6.00e+00
5.60e+00
5.20e+00
4.80e+00
4.40e+00
4.00e+00
3.60e+00
3.20e+00
2.80e+00
2.40e+00
2.00e+00
1.60e+00
1.20e+00
8.00e-01

4.00e-01

0.00e+00
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CFD Results

Efficiency - Pressure
Recovery n = pg./Pog
as a function of M,

0.9 -
0.8 B Expt .
—&—CFD, adiabatic wall
a 0.7} —==LFD, Twall = 300K |
®
T 06} 1
F:
505 EJ /
B | T
Vst ™
|
0.3 m‘q“ﬂ | 1
D2
P 4 4] B 10

Mach Mumber
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20 km , Mach=2.5

Switch to Ramjet mode ~g—
Cruise phase,
_ 30 km, Mach=4-5 Descent and approach
Accele_ratlon along a constant (Range~5000-6000 km) to terminal area
dynamic pressure trajectory
4 — 1 40 —
Mach=0.7 i 1
: % Horizontal landing

Horizontal take off

w
|
B

N
a
|

-
-

-

T .. -
-~
-
-
-

Altitude [km]
a O
| |

1

Mach number [-]
[+
]
|

1
o
- -
-
“etcsnea,
-
- .

----- Ascent (TBCC)
Hypersonic Cruise (TBCC) 5 —

= « = Descent (Gliding)

1
o

L L L .
1000 2000 3000 4000 5000 6000 7000

T T T T T 0
Downrange [km]

n T l L) l L] I
0 1000 2000 3000 4000 S000

t[s]
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Range Map
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Range Map
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HyPlane— Sonic boom

15243.77

12305 .50 100 ]
1 134 dB
s !
5 : 1 ". 1 3
| : _KWI (ME—1)3

Ap 3

I
13456 68

o
2]
|
Bl N BN B B

Sonic Boom [Pa]
S
| L

/

23590 00

)
o
|

|
iIIIIIIIII.I I I|

1000 2000 3000 4000 5000 6000 7000 |
t[s]

15350.00

)
H
4000.00
o
o 1

|

G

C— :_;E ;; |-
o \.‘) 3\-‘)
K = 28 1bf/ft? (ft/1bf2)

260 N/m? [m‘*f",'N%)
| )

693.34

5939.13

1 2878.00

and W is the instantaneous weight of the vehicle. The constant K n -
was deduced from data from the Concorde and the Space Shuttle®!! MAXIMUM Take off weight: 25 Tons
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CHARACTERIZATION dBA EXAMPLE NMOISE CONIMTION OR EVENT

145 -

140 —

135 -

Threshold of pain 130 Surface detonation, 30 pounds of TNT at 1,000 fieet
125 F/A-18 aircraft takeoft with afterburner at 470 feet
Possible building damage 120 Mach 1.1 sonic boom under aireraft at 12,000 feet
Threshold for immediate NIPTS 115 F/A-18 aireraft takeoff with afterbumer at 1,600 feet

110 Peak crowd noise, pro football game, open stadium

105 Emergency vehicle siren at 50 feet

100 F/A-18 aircraft departure climbout at 2. 400 feet

Extremely noisy o5 Locomotive hom at 100 feet; 2-mile range fog horn at 100 ft Densité specirale de pression acoustiqua
Bignal & Lannion (10 février 1981)
Chiet 45 Twpical rural area daytime background conditions 110

=rim g j __ = Sig nasl

40 Cuiet suburban area at night E _:.:'“ ] ,."‘.'_.“"ﬁ*_““‘ ; Omda M

s - 38 Wi N

i - . - » L = II |"-"II e _"\\
Very quiet Al Quiet rural area, winter night, no wind ! W e,

-] | i "'"""'.,-"r

2 Zm 70 TS | 7

o ] o & 3
> O
c B E

20 Empty recording studi i :

¥
Py o “ 0 F4 4 il B L] 12
15 -
fréquence [HE)
Barely audible 10 Andiometric testing booth
5 —
Thueelichd of Hesring 0 - Figure 8 : Real and theoretical spectra of sonic boom
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e Descent and approach

\\ ﬂ ’
to terminal area
Hypergravity| Horizontal
45¢g flight 1g

10 km, Mach=0.6

Horizontal take off

30 seconds I

Horizontal landing
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Flight Performances — Space Tourism

Downrange [km]

w
a
|

0 50 100 150 200 250

« HyPlane is able to execute some 2
parabolas during one single flight. Max 65 : N
downrange for each sub-orbital jump is g ‘4§
300 km o N
 Relatively low max acceleration ~4.5-5 ¢ gso— : §
immediately prior to two minutes of = i Atttude -2 §
weightlessness (=70 km altitude) . ™ ®
E g

30 I ; L S S L R

 Opportunity to execute microgravity . \ _-1
research under repeated, relatively long , ]
duration weightlessness, offering vt M
ideal conditions in preparation of long-duration missions onboard orbital space
laboratories

 Unique possibility to follow a more flexible research approach (using typical
laboratory-type instrumentation, participation of the research team on their
experiments during flight, reusability)




L
.
L]

Spazi(;'Senza Erontiere: :
Un Mondo Pilu Grande E Possibile!

y RE!\IAIS_SAN(.:E ; » Polite@nico di Milano, Campus Bovisa
’TAE|A~ : Safie ot - : . - 8-9 maggio 2(_)'14

Flight Performances — Space Tourism (cont’d)

Downrange [km] Downrange [min]
0 50 100 150 200 250 300 0 50 100 150 200 250 300
65 L | | | | | 1 | L | L 4 210 | | | | | | L | L | | 17
60 — - 180 — — 16.5
. il Thrust i
55 — — 3 50— Mass — 16
— = — T — 15.5 7
g€ 50 > my
p— — c
X, T X120 L 5
3 45 — —2 ‘g’ - —15
s 4 Altitude 2 E 90 s @
i 40 — TSA - - o L 14.5 E
- - N
35 — — 1 | — 14
30 — = 30 — — 13.5
25 T 7 T =1 1 1 1 1 T - 0 0 T 7 |= =1 1 1 1 T T 13
0 0.5 1 1.5 2 25 3 3.5 0 0.5 1 1.5 2 2.5 3 3.5

Time [min] Time [min]
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Flight Performances — Space Tourism (cont’d)

Downrange [km]

0 50 100 150 200 250 300 Downrange [km]

| | | | I 0 50 100 150 200 250 300
65 —— : : ' ' L—1—4.75 es— L 111 1 |,
60 — - I
| 60 — — 25
55 = I 4.5 55 — i
_ | — 20
£ 50 — i 'E 50 [
=, A s x — 15
3 45 — —425 8 845 I
2 i = = <
< 40 i < 40 — Altitude i
T ] AoA -
35 — — 4 35 —
P Altitude i B
30 — Mach | 30 — o
25 e e L L L L 3.75 25 — T T T T 1T 1T 7T -5
0 0.5 1 1.5 2 2.5 3 3.5 0 0.5 1 1.5 2 25 3 3.5

Time [min] Time [min]
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Flight Performances — Space Tourism (cont’d)

Downrange [km]
0 50 100 150 200 250 300 0 50 ﬁ,‘(’,""“r?&?e [ker(], 250 300
65 1 | ] | ] | ] | ] | 1 30 65 i | i | A | | | | | ] 1500
60 — R
) — 20
55 — N — 1400
. — 10
E 50 — — i
X, -9 0}
2 45— o % — 1300 £
£ . >
< 40 — I
< ] — 10
25 i Altitude — 1200
| V
_ — 20 s
30 — Altitude
- FPA i i
25 T T T T T — 1 1 1100
25 l . l . l - T -30 ! : | ! !
[ l [ | | I 0 05 1 15 2 25 3 35
0 0.5 1 1.5 2 2.5 3 3.5 Time [min]

Time [min]
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Comparison with vehicles for space tourism

Cabin Maximum Downrange Maximum
Volume Altitude km] 9 Acceleration [#]
[m3] [km] [d]

Passengers

HyPlane 17-20 65-70 >1000 4.5 6 (+2)

Space Ship 2 15 110 56 6 6 (+2)

- 70 - 4.5 1 (+1)

EADS
Spaceplane

3 100 - 4.5 4 (+1)
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Prospective Markets

- ' ®

. Extended duration space tourism

. Hypersonic intercontinental
transportation)

. Urgent business travel

. Fast cargo transportation

. Low gravity Research
. Aerospace testing and development

. Remote sensing
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