On Becoming a
Spacefaring Soclety

Chapter One: Nuclear Propulsion

If we are to become a true spacefaring
society,we must abandonchemicalrockets
andfocusour R&Don nuclearrockets
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Books I, Il

~and Il of The Galactican Series

Hard SciFi everything in each book is scientifically and technologicalgausible

Each of the six planned books takes us an evolutionary step closer to becoming a
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SpaceCorp occupies LEO
with 1-km ringshaped
space stationsSolid
Core Nuclear Thermal
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true spacefaring society.
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Amazon Jul 2017
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SpaceCorp occupies
EarthMoon Lagrange

Points plus surface

colonies.Gas Core

ClosedCycle NTRs
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Book IIl'of the Balagtigan Sevigs
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Amazon Dec 2018
210102
SpaceCorp launches the
SIS John Carter Mars.
Gas Cor®penCycle
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https://www.amazon.com/SpaceCorp-Galactican-Book-Ejner-Fulsang-ebook/dp/B01NCWCYF8/ref=sr_1_1?s=books&ie=UTF8&qid=1500183339&sr=1-1&keywords=spacecorp
https://www.amazon.com/CisLuna-Galactican-2-Ejner-Fulsang/dp/0991324382/ref=sr_1_1?s=books&ie=UTF8&qid=1500183360&sr=1-1&keywords=cisluna

Books IV, V, and VI of The Galactican Series

Main Belt

Book IV

Amazon Mid2019
c 2175
SpaceCorp sets up
permanent colony in the
Main Belt AsteroidsGas
Core Open Cycle NTRs

NOTE: SpaceCorp has no use for chemical rockets.

Kuiper Belt

Book V

Amazon Late 2021
c 2300
SpaceCorp launches
mission into the Kuiper
Belt.Fusion Power
Rockets

UCentauri

Book VI

Amazon Mid2023
c 2400
{ LI OS/ 2 NLIQ&
to Alpha Centauri.
Beamed Core
Antimatter Drive
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Konstantin Tsiolkovsky
The Party Pooper of Space Travel

(also the reason space travel is possible at all)
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V, is the exhaust gas velocity £
Wet Mass is the mass of the fueled rocket éﬁ%lml-b KO(:MOHABTMKM 3 ‘

Dry Mass is the mass of the unfueled rocket
Wet Mass / Dry Mass is called the Mass Ratio

Russian and Soviet rocket scientist
b 1857, d 1935

First, inevitably, the idea, the fantasy, the fairy tale. Then,scientificcalculation
Ultimately, fulfilment crownsthe dream
T Konstantin Tsiolkovsky
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What do we mean by Delta V.,?

Here we have an astronaut floating in space.

61 SQa GKS NRO1SU &akKalL
How fast is he going?
2 S R2Yy QiU (y26d 2SS KI @S
[ S &ssuinehis velocityV is zero.

NOTE: velocity is a vector with speed and direction.
LT KS R28ayQi R2 FyedkKAa
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He needs a rocket motor! Mass = 500 kg

2 A0K F NRO1SG Y202N K&Zhafpekyn a6 R ek Sidexx
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At that point he will be aDelta \},,.



Here we have two sophisticated NASA rocket motors from
Home Depot*. One is empty. One is full of propellant.

empty full

Mass = 500 kg Mass = 9500 kg

(Propellant is 9000 kg)
* Due to Congressional budget cuts



What do we mean byVet Mass?

% 1

Wet
Mass

Wet Mass =

Mass = 500 kg Mass = 9500 kg 10,000 kg



What do we mean bypry Mass?

Dry
Mass

Dry Mass =
Mass = 500 kg Mass = 500 kg 1000 kg



What do we mean by Mass Ratio?

Wet
Mass

— 10,000 __

— = —10
Dry

Mass = 500 kg Mass = 100 kg
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Assume for simplicity that exhaust gas velocity ¥ 1 km/sec.

Delta .= W X In (Wet Mass / Dry Mass)

Delta V.= 1xn(10)=1x23 =2.3 Km/sec

Why do we usén (Wet Mass / Dry Mass)?

Every time we pulse the rocket, we reduce the Wet Mass
by shooting some propellant out the nozzle.

Meanwhile, Dry Mass remains constant.
Mass Ratio degrades until Wet Mass = Dry Mass.
When you run out of propellant, your Mass Ratio = 1.
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What if | want to go faster than 2.3 km/sec?

Holding \ constant at 1.0 km/sec, | could increase the Mass
Ratio by adding propellant. But this yields diminishing returns:

5.00
V, (km/s) Delta \,,, (km/s) 450

1.5 0.41 4.00
2 0.69 é 350
25 0.92 < 300
5 1.61 % 250
7.5 2.01 =
@ 200
10 2.30 s
25 3.22 Q
50 3.91 .00
75 4.32 0.50
100 461 0.00
0 20 40 60 80 100 120

Mass Ratio

Takeaway Message:
If you start at the low end of the Mass Ratio scale, you get
good returns for your fuel investment. But for Mass Ratips
higher than 10, the payoff diminishes rapidly.
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What if | want to go faster than 2.3 km/sec?

Holding the Mass Ratio constant at 10 while increasing
the exhaust gas velocity \offers even returns:

250,000.0

200,000.0

V, (km/s) Delta V. (km/s)

©
1 2.3 \_%
10 23.0 é 150,000.0
E
100 230.3 >
«c 100,000.0
1,000 2,302.6 D
a)
10,000 23,025.9 50,000.0
100,000 230,258.5
0.0
0 20,000 40,000 60,000 80,000 100,000 120,000
Exhaust Gas Velocity [V

Takeaway Message:
Investing in rocket engine technology
to increase Yis worth every penny!
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Some practical thoughts about Delta V

In theory, if you had a rocket that could achievea Delta V,,,, of 100 km/sec,
you could actually reach a velocity of 100 km/sec. BUTthen you have the
problem of slowingdown. RocketshipsR 2 yh&vébrakes

In practice, you would use a portion of your Delta V budget to accelerateto
your cruisespeed,and then when you get closeto your objective, you would
do a flip-and-burn maneuver to slow down enough for orbit insertion. Of
course,then you havethe problem of returning home. And ideally, you would
want a minimum 30% marginin your DeltaV budget.

So a typical rouneérip mission profile would be as follows:

Outbound Acceleration 17.5
Outbound Deceleration 17.5
Return Acceleration 17.5
Return Deceleration 17.5

Margin 30



How do chemical rockets fare with exhaust gas velocity?

Thrust

Space Shuttle SRB x2 PBANAPCP
SaturnV F1 x5 LOX/Kerosene 3.0 38.7
SpaceX Merlin 1D x9 LOX/Kerosene 2.6 7.6
Space Shuttle RS5 x3 LOX/LH2 4.4 54

The above rocket engines are weight lifters, designed to overcome atmospheric
RN} 3 YR SINIKQa 3INYgale G2 LI OS KSI@ge LI &

NOTE: The highest possiblefdr chemical rockets
comes from LOX/LHZ2.

That means the best Delta \,, you can hope for with a Mass Ratio of
10 is 44 km/sec.

This in turn means your best outbound leg velocity is 7.7 km/sec.
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That would be economy class, aka the Hohmann Transfer Orbit*.
2 Ké R2 ¢S OFff Ad | WONIYAFSNI 2NDAD
T Because we start out in Earth orbit (around the Sun) and tnansfer

to Mars orbit (around the Sun).

Assumefor simplicity that Earth and

2.65 2148 Marsorbits are circular
s ®—Ma t d ) )
2% 3 ’@f\ren ezvous Earth orbits the Sunat a distanceof 1
7 ‘ AUat 29.79 km/sec
\ Mars orbits the Sunat a distanceof 1.5
AUat 24.13 km/sec

(Thefarther from the Sunyou are the
sloweryour orbital velocity)

Pick a point opposite the Sun from
Eartht that will be your rendezvous
point.

@'/Mars at launch Wait for Mars to be aheadof Earth by
44.3 degreegs that will be your launch
window, happensevery26 months

e —— * http://www.projectrho.com/public_html/rocket/mission.php
http://www.projectrho.com/public_html/rocket/mission.php#idHohmann_Transfer Orbits
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Initiate your launch from LEO, about
1000km aboveEarth

Your burn will be enoughto give you a
2.95km/secDeltaV. After youreachthat
velocity shut down your engines and
cruise

Thiswill put you in an elliptical transfer
orbit that is barely big enoughto nick
a I Nabi22.5 AUaway

Asyou approachMars, your velocity will
gradually degrade until you are only
traveling21.5 km/sec

If you do nothing else you will continue
down the backsideof the ellipse picking
up speedasyou go until you are backat
your launch point traveling 33 km/sec
again BUTEarthg 2 yb@there.

We R 2 ywait that, so we gun the
engine when we reach Mars to add an
extra 2.65 km/sec to our velocity to
match a I NJrkital velocity This is
sometimescalleda circularizationburn.
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Mars Arrival
Jan 2019

Crew
Suriace
Stay

Earth Return
Earth at Dec 2020
Mars Arrival .. ...

Mission Times
Qutbound 235 days

Stay 516 days | | -
Retum 191 days '
Total 942 days

Earth at Mars,:"
Departure ./

Earth Launcﬂ‘@ E
May 2018 NP

Mars at Earth
Departure

Mars Departure
Jun 2020
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Butg S QridtRjuite done sincewe want
to avoid crashinginto Mars. Forthat we
do an Orbit InsertionBurnto the tune of
3 km/secwhich puts usin a stable Mars
orbit at 500 km altitude.

Altogether, your Hohmann transfer to
Mars will costyou 9 km/sec of Delta V
andwill require 235 daystravel time.

Gettinghomeisroughlythe sameexcept
that you have to wait for planetary
alignmentbefore you light your rockets
That will be 516 days Hopefully, you
broughta book Thereturn legis a little
fasterrequiringonly 191 days

Altogether,@ 2 da@eid942days ¢ K I &1 Q4
long time for vital equipment not to
break,for crewnot to get sickor injured,

to not run out of essentialstores (food,
water, oxygen),andto not get cookedin
interplanetaryradiation (25 rems/year)

https:// www.quora.com/Whyis-it-important-that-on-the-launchingday-of-the-Mars-rover-the-two-planetsshouldbe-closeto-eachother
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https://www.quora.com/Why-is-it-important-that-on-the-launching-day-of-the-Mars-rover-the-two-planets-should-be-close-to-each-other

What if we want to get to Mars quicker?

The Hohmann Transfer Orbit is a
minimum sizedellipsethat will just
nick a I Ndh2. Sowhy not try a
biggerellipse?

We initiate our elliptical transfer
with a DeltaV of 3.86 km/sec, but
aswe get closeto Marswe haveto
do a much more aggressivédraking
burn of 6.23 km/sec
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What if we want to get to Mars even quicker still?

We could abandorelliptical transfersaltogether and go for dnyperbolictransfer.
This one is a 98ay round trip with 17day stay at Mars.

Case 6
Earth Departure Delta V (km/s) 255
Earth-Mars Roundtrip Earth Departure Flight Path Angle (deg) 30
Qutbound Orbit Type Hyperbola
True Anomaly at Earth (deg) 51.89
True Anomaly at Mars (deg) 81.45
Mars Arrival Delta V (km/s) 29.31
Total Outbound Delta V (km/s) 54.81
Earth Orbit Delta True Anomaly (deg) 29.55
Outbou _ Outbound Transfer Time (days) 33.29
@ Mars Departure Delta V (km/s) 32.5
Mars Departure Flight Path Angle (deg) -42.13
“~.Qpposition Return Orbit Type Hyperbola
. True Anomaly at Mars (deg) -61.00
\‘\\ True Anomaly at Earth (deg) -7.61
) sun Earth Arrival Delta V (km/s) 22.77
Total Return Delta V (km/s) 55.27
Delta True Anomaly (deg) 53.39
Return Transfer Time (days) 43.07
Stay Time on Mars (days) 16.64
Total Delta V (km/s) 110.07
Total Round Trip Time (days) 93.00
Earth Departure Relative to Opposition (days) -26.23
Mars Arrival Relative to Opposition (days) 7.06
Mars Departure Relative to Opposition (days) 23.71
Earth Arrival Relative to Oplposition (days) 66.83

110 km/sec becomes 143 km/sec with 30% margin.

Dr. Nicola SarAmade, Global Aerospace Corporation, Irwindale, CA



What if we want to get to Mars even quicker still?

An even more aggressive hyperbolic transfer with a-édy round trip with 12day stay at Mars.

Case 2
Earth Departure Delta V (km/s) 40
Earth Departure Flight Path Angle (deg) 45
Qutbound Orbit Type Hyperbola
True Anomaly at Earth (deg) 67.47
True Anomaly at Mars (deg) 86.23
Mars Arrival Delta V (km/s) 42.09
Total Outbound Delta V (km/s) 82.09
Delta True Anomaly (deg) 18.76
Qutbound Transfer Time (days) 22.07
Mars Departure Delta V (km/s) 40
Mars Departure Flight Path Angle (deg) -46.19
Return Orbit Type Hyperbola
True Anomaly at Mars (deg) -61.64
True Anomaly at Earth (deg) -23.51
Earth Arrival Delta V (km/s) 31.04
Total Return Delta V (km/s) 71.04
Delta True Anomaly (deg) 38.13
Return Transfer Time (days) 30.06
Stay Time on Mars (days) 11.94
Total Delta V (km/s) 153.13
Total Round Trip Time (days) 64.08
Earth Departure Relative to Opposition (days) -15.59
Mars Arrival Relative to Opposition (days) 6.48
Mars Departure Relative to Opposition (days) 18.43
Earth Arrival Relative to Opposition (days) 48.53

153 km/sec becomes 199 km/sec with 30% margin.

Dr. Nicola SarAmade, Global Aerospace Corporation, Irwindale, CA



