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TurbojetEngine 9.5
Thrust Eq

F Mair Ve Va t pe proAe 19.25

Function exhaust the gas out the back end
faster than it comes in through the

front end
How it performs
1 inducts a mass of air throughthe inlet
2 flow is reduced to a lowMach M 0.2

in a diffuser
a Subsonicthe diffuseris a divergentduct

b Supersonicthe diffuser is a convergentdivergentduct

i decrease in flowvelocity accomplished

partlythroughshockwaves



Thrust Buildup for aTurbojet Engine

f
rearwayrdload

7net T
b meanpressure distribution

C accumulatedthrust



Turbofan Engine 96
Largeducted fan mounted on the shaft
aheadof the compressor

turbojets create large thrust butefficiency is
low due tohighexhaustvelocities
pistonengine propeller combo is more efficient than
a turbojet turbofan is also more efficient
turbofan engine combines the concepts of a

pure turbojet a a propeller
ducted fan accels a largemass of air that flows
btwn inner outershrouds

unburned air mixes w jetexhaustdownstream

thrust is a combo of thrust producedby fan
blades jet fromexhaustnozzle

efficiencydenotedby thrustSpecificfuel consumption TSE
turbojet TSFC IOlb of fuel per lbOfthrustperhour
turbofan TSFC 0.6lbof fuelperlbOfthrustperhour

turboprop 85 of thrustcomesfrompropellers 15

comesfrom jetexhaust rangeof300 500mph



RamjetEngine 9.7
no more rotatingmachinery

air inductedthrough inlet velocityVa
1to 2 airdecelerated indiffuser

2to3 air burnedinregionwherefuel is injected
3to4 air blastedoutexhaustnozzle veryhighvelocity

ideal ramjetprocess
I to2 compressionindiffuser
0 Bp is afunctionof flightMach

2to 3 combustion end ofdiffuser constp
3to4 expansionthrough exhaust nozzle



Rocket Engine 9.8
carries both its fuel oxidizer

completely independentof the atmospherefor itscombustion

Thrust of a rocketengine
F rivet Pe PneAe 19.28

solving for Ve
energyeg

ho he VE

z
Cpt CpttVE

Ve 2CpToTe 2CpTo I Tfo

isentropicexpansion so Tfo ftp
t

AR
Cp z I

ve YET It Eeo
a 32

Efficiency
specificimpulse Isp In Csec D ringo



assume Pe P

Isp I got.n Yokm Vg

Isp go YET I Fo R RI
Howtoget a high Isp

highcombustiontemp To
lowmolecularweight M

massflow of thepropellants area ofnozzlethroat

governPopeproffRHETT
mi isdirectlyproportional to podA



 

9 9 Rocket Propellants

LiquidPropellants

fuel Oxidizer are stored separately and are pressurizedand
injected into thecombustion chamber

TwoMainTypesof Liquid PropellantSystems

1 Pressure fed
UsesHIGHpressuretanks forfueli oxidizer
Pro Simple
ConHeavyCtankwallsmustbethick
Usuallyused as attitudecontrol notmain thrusters relativelylowthrust

2 Pumpfed
fuel oxidizer storedin Lowpressure tanks pressurizedby pumps
ProLightereburuntlymorepowerful
conMechanically complex
Oftenheremultiplepumpstagespoweredbyseparate combustron

Typesof Liquidfuel

CryogenicPropellants
Mostcommonly liquidoxygen Lox andhydrogenLutz keroseneCRP17or
Stored at extremely lowtemps methane

HighIsp requiresspark
Bipropellant Monopropellants

Mostrocketsuseabipropellant system
Monopropellant

Simpler reducesweight
LowerIsp
Usedherattitudecontrol
Usuallyuse Hydrazine Netty

Hypergolic Propellants
fuelsthatigniteuponcontact
dangerousbutsimpler noignitionsystem
Typicallyusemonomethylhydrazine MMA andnitrogentetroxideCN04
LowerIspthan LoxandUtzused in spaceshuttleforRcsandorbitalinjection



SolidPropellants SRBs
Thisiswhat the first rocketsused ITTheSRB's ontheSpaceShuttleused a mixtureof aluminumpowder

ammoniumperchlorateironoxideandpolybutadieneacrylicacidacrylonitrile
Apparentlysolidrocketfuelfeelslike aneraser

Largersurface areas burnfaster producemorethrust
Changinginternal bonechangesthrust curve

Pros Simpler SafermoreReliable than liquidfueled rockets
Easterto Steve stable for a looonunggg time
Denser more bang for yourbuck

cons MuchlowerIsp typically 2003005 compare to 453s forRocketdyneRS25
Onceignited youcan't turnthemoff or control thethrust

funfact Thespaceshuttle SRBs used an 11point star

SpaceShuttle
SRBThrustcurves



9 10 RocketEquation

Summary UsingNewton's Second Lawthedefinitionofspewbreimpulse andthemussof
fuel burned we can determm burnoutvelocity Vb

Derivation Fma mdd
t
MET

Isp F Ispin_Ispgoin

w
substiteforTandin non dMdp ant date

F Ispgodd Mdd

day

simplify

at
DI
goIsp
integrate

Vb goIspIn OR Mmi exp gY p



Example Problems

9.3

Ai Ae O45m Ve 400Vs Pe 1.0atm 101325Pa Te 750K

Tpi air Ve b t Pe B Ae
L
nie SeveAe e

VeAe nie ftp.gs.kf oaTo400 Vs o0.45Cm'T 84.732k

Eventhoughthe engine is static it is still sucking in air
84732 tests

Wii nie giveAi Vi t.az y.o.gmy
153.708m's

ausesL
NowplugI chug

F inair UeVa t Pe B Ae o

F 84.732 k o 400mrs 153,708Ws t 10132 101325 045Cui

F 20868.7N 20.9kN



9.8

Po 30atm 3039750Pa Ahe Yum Pa 25273.10 Pa 8 1.18
To 375619 To 216.66K MT20

f 40639.102 koku

p him 83l4 415.72 k
ZoVma

a Isp

Is g Thief E I Is t.si i fi t

b Ve
Isp 375Os

Ve ZYI.to l Pepo Ispgo Ve 375.0Cs 9.81Lmk 3678.75ms

Ve 3678.75 Vs

c ni gVA
attheexitweknowPeVeAe needtogetTeto findfe

Useisentropicrelations Ito Pepo Te To Pepo Te3756 36577

Te 1273.11K

nie SeveAe takevote nie 3678.751ms Isang

ni 263.5
d F

F millet PeBAe T 263.54 3 3679Ers t Pe B

F969341.5N
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Directional StaticStability

Stability inyaw

Stabilityaboutthe
vertical12 axis

Coeffuent of Yaw Cnp 0 fordirectional Statestability

P v
TEI

f f f f
shout

ne
initiation mom

y
9

In
A

op Cnp

Eis4
positive sideslipanglep positiveyawingmoment

contributionsbyplanecomponents
Vertical Tail PositiveDirectionalStability

Largestcontribution



Wings PositiveDirectionalStability

Fuselage NegativeDirectionalStability
Alsoveryinfluentialonstability

Fordirectionalstaticstability

keelsurfaceforwardof the CG C keel surface aftof theCG

ten
keelsurfaceforward keelsurface aft

Lateral Static Stability
Stability in roll

Stabilityaboutthe longitudinalIx axis



coefficientof Roll ep
0 for lateral staticstability

YawingandRollingmotionsare coupled Noticehowsideslipcauses

theplane toexperiencerolling andyawingmoments at thesametime

a L n L

H as Ab lol Bank
Angie a Ee.ge

v d b
my FromB 0 Goga

Acceleration

2L Aircraftmustroll leftwingdowntostabilize
Fb positivesideslipangle p Negativerollingmoment

Contributionsbyplanecomponents

Straight topmountedwing positive lateral static stability
as

I ytnt
Dihedralwing Positive lateral

static stability
and

EdfIIIr

og
e



Straight bottommountedwing Negative lateral static stability
Try

IIIhe
Anhedralwing Negative lateral static stability

and

theur
sweptwings positivelateral static stability

a

1111

µ
Rudder Positivelateral static stability

as

ItF


