2XOAH OETIKQN ENIZTHMQN
&

3 TMHMA AEPOAIAZTHMIKHZ ENIZTHMHZ &
o TEXNOAOIAz

AERO 101
MYPAYAOI, AAO, Eldkni
Q0Onon — EmavaAnyn

5.12.23

Kab. B. Aannog

Email: vlappas@upatras.gr

#s5. EAAHNIKH AHMOKPATIA
{ 1-::“} & ¥
[ Edvikov kot Kanodictprakdév

L [Mavenmiethaplov AdAnvov
[APY®EN TO 1837



Aokuun Starship SN8

SpaceX Starship

SN8 “High-Altitude Flight Test”
9 December 2020
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[ Eovcty o Kamobuomouady Ekto&suon Pwaotkov Angara 5

Angara-A5 launch
14 December 2020



AAHNIKH AHMOKPATIA

EBvikv kot KamoBiorptons C D Ti |
Hovemoripioy ADmvoy rew vragon limeiapse







TAAHNIKH AHMOKPATIA
Edvikov kot KonodieTtplakoy

Mavenmietpiov Adnvev
IAPYQEN TO 1837

EuroSWARM
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#
€URODRONE

EuroDRONE: A European Unmanned Traffic
Management (UTM) Testbed for U-Space

A U-Space UTM Demonstration Project

A A
U-space SESAR

Funded by the Single European Sky ATM Research Joint Undertaking

%?}&"%%2’3% DRONSYSTEMS €  EATA ;3 aswacic B4

CIVIL AVIATION AUTHORITY
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LOTUS - to npwto Evpwmnaikd TakTiko/otpatiwtiko Mn Enavdépwpévo
Agpoxnpa (UAV) to omnoio kataokevadletat oo EAAada, Kumpo,
lonavia, OAAavdia
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Mn Emtavopwpuevo Aegpoxnua “Tpumtag” - UCAV
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UAS swarm for fire detection
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& B rovmirmtin Atm Kplowwa MeyeOn - MupowuAol

Eldikr) Q6 I, = e
LOLKIN non sp = mg — g
mfinal

L)

E¢lowon TsiolkovskY/Rocket Equation
Minitial Mapyuen» Mo = APXLKN LATa TTUPAUAOU TPV TNV TUPOSOTNON

MeinalMrepuen, My = TEAKNA LATO TUPAUAOU LETA TV TIUPOSOTNON
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Long Block1 ~ Glenn
March 9

Falcon
Heavy
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Heavy/Super Heavy Launchers

150m —
Heavy Super-Heavy
£2. Costflaynch £51. Costflagnch
- £31. Conflaunch
12.5m - 5 e 51,168 {ad) foe inflation)
& -
%x;mm - .
-
-
P
; nch L3t Contfiaunch —
£t Confiaunch —$3%0m ~$50m Rewsable
75m - 2w ~$150m Experdable
- i
~$165m - $220m (5 { ' :
i o
37.5m - =25 |
‘ - -
:
G U
e M E
Om J - = : ¥ -
Ariane 5 (E5A) Falcon 9 (SpaceX) Proton-M (1S} Doltaiv-Hoavy (ULA) New Glenn (Blue Origin]  Fakon Heavy (SpaceX] BFR (SpaceX) Satuen V (NASA)
Payioad 1o 15O 2 P Paicad to LEQ (2 P Payload to LEQ P
21,000k (46,297 18] 22,8004 (50,300 Ib) 23,000kg [$1,000 Ib) 28,790kg (63,470 Ib) +45,000kg (+99,000 1b) 63,800kg (140,700 i) 130,0004g {285,601 Ib) 250,000kg (550,000 1b)  140,000kg (310,000 B)
Helght Height Height Height Height Helght L
72m (2366 95m (31211} 70m (2301) 111.25m {365t} 106m (348f) 110.6n (363R)

deght ogh
54,7m (179ft) Tim (23380 $8.2m {191ft)
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Hylmpulse (start up) - ZtoxoL

* 210X06: Nax avantux0el évag KXVOTOHOG S1ACTHHIKOG POPEQG,
XOHNAOU KOO TOUG YL TNV EKTOEELON HIKPOSOpUPOpWV

— Using hybrid propulsion
— Low cost: 500kg at 500 km at 10M€

— Use highly innovative 3D printing, carbon fiber reinforced polymer
CFRP, hybrid propellant engine

— Focus technology development on:

« 75 kN hybrid engine

* Turbopump

 System design of Hylmpulse launch vehicle to cost (< T0M€)
— End result launch vehicle prototype in 2 years (end of project)
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Company Purpose

J) HyImpulse

To develop and commercialize suborbital and smallsat
launchers

Building Europe’s first Private Small Launcher

 Founded in 2018, Spin-off from DLR Lampoldshausen (DE)

« Award winning ‘green hybrid propulsion’ based on paraffin/oxygen
» Privately funded, Strategic Shareholder (Aerospace Industry)

*  Current Staff of 21

Access to Space with Hylmpulse
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Space Industry
will be worth
$ 3 trillion
In 30 years.

Bank of America Merrill Lynch, 31.10.2017
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Problem

Problem: Launching Smallsats
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Full Market Potential [ sSpaceWorks Forecast B Historical Launches

J Hylmpulse

A revolution
in satellite
manufacturing

A new space era is
starting

Global low

. I earth orbit
otal coverage constellations

Internet to everyone, Communication & Earth
everywhere on Earth observation, IoT...

SpaceWorks’' estimates up to 2,600 small satellites
will require launch over the next 5 years

Small satellite Trends: In 2017 60% of
294 satellites were < 500 kg

Access to Space with Hylmpulse
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Heritage and Early Success — HEROS 3
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On November 8th, 2016 at 10:30 a.m. the hybrid sounding rocket HEROS 3 was launched from the
ESRANGE Space Center to an apogee altitude of 32,300m (106,000 ft).

This set a new altitude record for European student and amateur rocketry and a world altitude

record for hybrid rockets built by students. The 7.5m long rocket was using Nitrous Oxide (N20)
and a Paraffin-based fuel to produce 10,000N of thrust.
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HyRES rocket engine

- 4 solid rocket motor igniters

- 4 First Fire Starter igniters

ey ey HEROS 3 Sounding Rocket Layout

- two blackpowder charges

Measurement System

Main and Release Valve

- two First Fire Starter igniters

Oxidizer Loading

Recovery Section

- including 4 CYPRES
pyrotechnical cutting
devices

Safety Valve

Electronics Section
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Solution: Hylmpulse Launcher JJ) Hylmpulse
Mini launcher for 600
small satellites D 500 @
* 500 kg LEO / 400 kg SSO £ 4100 @ Py
o
- €10M per launch ®
LopmeEmn g > *
« Individual mission profiles > 200 ®
[

* Fast launch opportunities & o0
* Maiden flight 2022 0
 Hybrid rocket propulsion - 0 1000 2000 3000

inherently safe, green and low Orbit altitude in km

cost

Valve Igniter Nozzle

Fuel grain E[] No explosion hazard

( Oxidizer tank

Access to Space with Hylmpulse

Injector
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« Based on Hybrid rocket engines, safest option globally

Igniter Nozzle

. po—
Fuel grain | /Lﬁ -

Valve

Oxidizer tank

Injector
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J Hylmpulse

Hylmpulse complimentary to European Launchers

Hylmpulse

500 kg to 500 km SSO

b = 3NO¥3IHINNY

Mini Launchers

Arianespace

Vehicle Vector R Launcher One Electron Miura 5 SL-1 Firefly Vega-C Soyuz Ariane 5 Ariane 6
Payload [kg] 60 300 150 300 500 600 1500 5000 20000 20000
Launch Site USA USA NZL ESP SWE USA GUF GUF GUF GUF

Cost [M€] 1.77-2.65 10-12 6 n/a 10 15 30 70 160 90
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CFRP Oxidizer Tanks
Stage 1: 110 kg, 11500 L
Stage 2: 90 kg, 6500 L
Stage 3: 13 kg, 1500 L
TRL4

COTS, low cost, redundant
Avionics & Telemetry \

Hylmpulse Launcher

o4

L0 it 1
Ultra-light CFRP Fairings;
Extensive use of CFRP

Structures

Turbopump
TRL4, 23.5 kg /s LOX
380 HP, Low Cost

3D Printing

25 kN x 4 Hybrid Engine Cluster
60 kg, 335 slsp

TRL4

Optimized for vacuum

100 kN x 4 Hybrid Engine Cluster

760 kg, 330 s Isp

TRL 4, Vacuum version of the 75 kN
(SL) engine

H!.l |m|]||l53 B Smallsat Launcher

75 kN x 7 Hybrid Engine Cluster jihiee sfages

1200 kg, 270 s Isp
TRL 4, scale-up from 10 kN engine R0 to 000

Hybrid Propulsion: No explosion hazard possible

Access to Space with Hylmpulse
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*  Opadikn epyaoia, opadeg Twy 4-6, petpa yia 1to 20% tou Baduov cag
« Epwtnpato:
A. Na génynoete pe tnv Bonesta NG BPALoypapiag (ne oxn potar) Tov

Tpono AELTOLPYLOG EVOC TIUPXVAOKLVNTH PO ue XNUKA Koootpa. Tt
KOO XPNOLLOTIOLOUV OL TTUPAUAOL KOt YTl [2 ZeAIOE(]

B. Na mapouolaoeTe e THVOKECG, ETEENYNTELG KOL OXEOLAYPAUUATO KOL
VO KAVETE OUYKPLON TWV SLACTNUIKWY TTUPoVAWV Falcon 9, Ariane 6
ko Starship [2 XeAide(]

C. H ayopa tou dtaotnuatog mpooeyyilel Ta €350 AlZ eTnolwg, pe 1o
NMLOV TIEPLTIOV AUTOV VA ATIOTEAOUV ONUOCLEG TIEVOLTELS. N
e€nynoste ylati odsvovTal PEYAAQ TTOOA YL TO ALACTNUO KOlL OV
QUTO OLKALOAOYELTOL ATIO T OPEAN TIOL TIPOKUTITOLV. Nat
OLOTUTIWOETE, UE ETILXELPNMOATA (UE TINYEC) YLIOTL TIPETIEL VO
OUVEXLOOUWE VO ETIEVOVOLE 0TO dtaaTnua [1 ZeAida]

D. Tieivalrto ‘New Space? [1 ZeAida]

No VTTOBAAAETOL TNV EPYOCLO COC HECW RNVUUATOC 0TO0 eclass oTIG
8/1/24 o< poporn Word. Napouciaon epyacwwv otig 16/1/24 (107)
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