introduction to rockets
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Rocket Propulsion e ) sall ada

* How a rocket engine works
* Specific Impulse

* Rocket types:

— liquid

—solid

— electric (covered later)
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* Only a little Math Slazal N e Jul Lais o
—A necessity 1n this field Jaall 1 8 (g9 pal @
* Basic concepts of mechanics Sl ale (e bl aalie o
—Kinetic energy S a il e
—Momentum i) o
—Thrust (force) (@il 5al) () sl .
Rocket system & uall sl
* Rocket Engine Foball dae 0
* Propellant dadlall 3okl @
* Payload Ugaall o
* All configured to carry out a MISSION Laga iy A gl JKEYI aes o
When do we need a rocket?  $7 5 ball zU55 e
* High Thrust Force e airigd o
— Accelerate a missile or any kind of Syl e g 55 gl 5 g olall ¢ e -
vehicle sbadll ) ¥ (e pdly -

— Earth to space launch

* Absence of a uniform medium

— Atmosphere

— Can’t use the atmosphere as a propulsion
medium if there isn’t any

« ... and absence of a need for steady flight
(drag) ..... In space there is no drag!
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Rocket Engine Thrust
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* From millions of pounds (thousands of
tons) for lift off to ...

» Millions Newton's for satellite station
keeping

* Engines scale quite well, though not over
these 8 or so orders of magnitude
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Energy 48l

* Rocket Engine is an energy conversion
device:

— Chemical E -> Thermal E -> Jet Kinetic
E

» Thermodynamics plays a large role in
telling how well we are doing the various

processes required to put a system together.
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How does a rocket generate F? ¢ (<) # 5 ball A oy o

* Newton: by creating (generating)
MOMENTUM

* Momentum = mass x Velocity

* Engine is a system for converting

— Chem E to thermal E:

» Combustion chamber

— Thermal E to kinetic E:

* Nozzle

* A jet with KE also has Momentum -> F!
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How Does a Rocket Engine Work? ¢ # 5 ball &haa Jany (as

» A Rocket motor is a Reaction motor. It Jaa dadll 2y a8 # 5 lall dace
converts chemical energy to directed () A 50 A8 ja AU ) Alias]) A8

kinetic energy (jet).
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Engine pushes gas down

Nozzle 4a sl
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Rocket is pushed up
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High momentum exhaust flow

Rocket Thrust 7 s ball 2833 &

* Thrust comes from two parts O e A adall s e
—Exhaust gas mass flow rate times exhaust 3 Py an adall e pdaii Al L) ALS k-
gas velocity (momentum) (p o) o) ey
—Pressure times exhaust nozzle area (p2ad)) da il daliss (8 g pmae ozl -
(actually the pressure difference between sl Jle G dariall Calisg ) adly 3)
the exhaust gas and the external pressure) (> oAl el
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Thrust adall 34
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Atmospheric pressure >
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(paladl) 4a sill dalise Mass flow of exhaust

=T

Exhaust velocity paladl (e Jall e ju
Exhaust pressure el (o jlal) laria

Thrust a8l 548

Thrust =(mass flow rate)exhaust*V exhaust+ (P exhaust — P atmospheric)*Area exhaust
(Second term is a small contribution)
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Liquid Rocket System Jiludl # o jlall alas
(some details) (Jralsill iany)
* Propellant and tanks LAY dxdlal) 2kl @
* Feed pumps Ll Al e
* A power source to drive pumps Glaaal) ady 5 Jezil Al joac @
—Usually a turbine driven by CC gas o oo e Aaul g g gadl day yisale
* Combustion Chamber Gl aYldi e o
* Nozzle iag e
* Control system (also health monitor) (Al ) ya Liaf) oS3 plai




Liquid Rocket Motors il & 5 jba DS jas

Throat _saiall
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Oxidizer 33uS sl 32l

Fuel 245l
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Combustion chamber G isY) 4 e
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Supersonic exhaust
-- Throat restricts mass flow and forces (Sralil) [mny)
combustion pressure to increase. Gl v joay 5 ALK 3035 (e ) saiad) aag -
-- Combustion gases accelerate to sonic RSB

velocity
(M=1) in throat and are accelerated
supersonically (M>1) out nozzle exit.
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« Aircraft engines burn atmospheric oxygen Ol Wes Luaas 3l cljae (550 o

(heating the nitrogen) (O s yill

* Rockets must carry their own Oxidizer 30 5l 433le ey O i)l s Ao Sy @

(liquid oxygen) (Jlas (ST ) 2alal

* Fuels will be discussed later e Aodgalla o

Efficiency (3:1a<1)) dle Lal)

* Rocket motor efficiency depends on: e Foball e eli s Alels adiat o

—Flame temperature el 35l ) da -

—Molecular weight of combustion products Oos1) @)Y e ) el o -

(lower MW is better, e.g., H20=18, N2=28, MWie Juad) 58 Gmidiall 2y Sall

CO2=44, A1203=102) 058 At 35 28= cpas il | 18 = el
Al203=102 , 44 =

ondl )l Gl laial oa (MW) 4alS idaadle

Specific Impulse (Isp) Al o) el (3 dasall adlall

Specific Impulse is thrust (e.g. 1b.) puia () pl a) dadlal) B 8l s dasall xdal)
divided by exhaust gas weight flow 2 g paa pdladl e il G O S e
rate (e.g. Ib. per sec.) () & Jb ) asal))

S5 e el 3al o (Tsp)
Isp is in units of seconds
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Specific Impulse (Isp)
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Fuel / Oxidizer Flame T (K) Mol. weight (Isp) (sec)
Kerosene — Oxygen 3144 22 300
Hydrogen — Oxygen 3517 18 450
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Specific Impulse (Isp)
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* Higher Isp is better

—Higher combustion temperature
—Lower molecular weight

—Hydrogen is best fuel for liquid rockets
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Rocket Equation # s ball <l sa g ¥ aes

Relates burnout velocity to Isp and vehicle
and fuel weight

V burnout = g*Isp*In(Wi/W¥)
g is gravity on Earth

Wi is initial weight (launch)
Wt is final weight
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Rocket Equation

* Results of Rocket Equation

—To launch 1 1b out of earth's gravitational

pull using hydrogen: rocket fuel weighs 24
Ib.

—To launch 1 1b using kerosene: rocket fuel
weighs 117 1b.!
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Burn time
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* Short (blast): high g-loading

— You don’t waste much energy carrying
fuel up

— Nuclear bombs behind a mattress???

* Long: thrust might be insufficient for g
field

— Crew might die of old age because
mission takes so long.

» Staging: reduce F as mass decreases

— Saves carrying big, empty tanks
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Space Shuttle
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AA101 Lecture 23 23.5
Results of Rocket Equatig

i 4 saaiall Challenger: April 4, 1983
1983
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* Space Shuttle weighs 165,000 1b.

* Typical payload is 45,000 Ib.

* Launch weight is 4,500,000 1b.
payload is 1% of launch weight!
Space Shuttle 1s only 3.7% of launch
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Water Rocket

C«Ld\ (}JL@

no combustion but....
air pressure provides exhaust velocity,

water provides mass flow

Air pump _—~
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Fuels 38 4l
 Liquid il
* Solid SAENE
» Electric S e
* Nuclear oo
—Fission (NERVA rocket) (6 & ) ) & slm) A Uil 4y )5 AL

—Fusion (plasma)
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Goddard’s Rocket
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Liquid Fueled Rockets

Oxygen Ol
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LOX, LH tanks must be insulated to keep fuel in liquid state

hydrogen or kerosene TR NPRTENPELIRa

Challenges

AA101 Lecture 2323.6

Gl

* LOX: liquid Oxygen must be
stored below -2970 F (90 K)
—metal valves contract and crack

— rubber seals shatter

—water vapor freezes on everything
— lubricants congeal
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* Combustion is hot!

—5,5600F =30710C

— Steel melts at this temperature
— Throat must be cooled

* Liquid rockets can be throttled
» Multiple restarts are possible
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Space Shuttle Main Engines A ) eliadl) &l K ST jaa
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Liquid oxygen and liquid hydrogen
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External tank is a huge fuel tank
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(fuel and oxidizer mixed into solid)
clall 3 8 gl & auSall 5368 ) = e
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Solid propellant
prop L

Burning area
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Solid Propellants

adlall 3 gl

* Potassium perchlorate (oxidizer) with
asphalt (fuel)

« ammonium perchlorate (oxidizer) with
aluminum powder (fuel)

* nitrocellulose with nitroglycerin
(combined oxidizer and fuel)
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Space Shuttle Solid Rockets
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Al powder —
Ammonium Perchlorate
Iron Oxide catalyst -
polymer binder
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Delay element

ol dale

Clay retainer kbl jalall
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Ceramic nozzle
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Ejection charge

Solid Rocket
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Solid fuels burn over entire surface
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Gl aY) daya oSaill aadl) Cilia,
Charcoal is added to control rate of combustion

Neutral Burn
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Typical “Grains”
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star-shaped multiple
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perforations

Solid Rockets

* Simple to build

* Relatively cheap

* Easy to store

* Reliable

* Provide desired thrust for specific
amount of time

* But, can’t be throttled or shut down
Engine Choices

* SRB (solid rocket boosters) used
for boosters

* Liquid used for upper stages and




engines that need throttling

* Electric/Nuclear used for longlived
vehicles (satellites/interstellar
travel)

Summary

* Rockets are reaction motors

* Isp measures efficiency

* Engine types:

— liquid

—solid

Rockets

* Do tasks no other system can do
* Are intensive fuel users

* Are central to mission success

* Require handle on chemistry and
physics
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Equal Thrust made two different ways

Large amount of propellant x Small speed of propellant

‘Small amount of propellant x Large speed of propellant
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Formula Mass | Freezing | (K) Vapor- | Heat Gravity | ity
(K) ization | (cal/kgK) (centi-
(k/kg) poise)
LiF F, 38.0 53.7 84.8 172.5 0.366 1.43 0.299
Hydrazine | N,H, 32.05 |[274.5 386.4 1256 0.758 0.984 0.97
LiH H, 2.016 |14.0 20.4 446 1.75 0.071 0.013
MMH CH;NHNH, |46.08 |220.7 360.6 | 790 0.725 0.862 0.40
Nitrogen [ N,O4 92.016 | 261.5 294.3 413 0.367 1.37 0.42
Tetraoxide
LiO 0O, 32 54.4 90 213 0.4 1.14 0.19
RP-1 hydrocarbon | ~175 225 460- 246 0.45 0.58 0.21
CH,.97 540
UDMH (CH;),NNH, | 60.1 216 336 584 0.649 0.85 0.754
Water H,0 18.02 | 273.15 373.15 | 2253 1.008 1.00 0.284
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Substance Boiling Point Specific Gravity
Oxygen 93K (-297.3°F) 1.1

Nitrogen 77K (-195.8°C) 0.967
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Materials List

Blue or Pink Insulating Foam, 1-1/2” Thickness
1/2” ®x 6" Brass Tubing
17/32" = 2-3/4” Brass Tubhing
916" = 2-1/2" Brass Tuhing
19/32" = 2-1/4" Brass Tubing
58" x 2" Hrass Tubing
58" % 22" Wood Dowel
Epoxy
Electric Drill with 1/2" Chuck
Wood File
Sanding Block and Sand Paper
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