
 

TheFull Potential Equation
Used to look at effectof linear compressibility between M 0.3 0.7

uriniscid compressibleflow in a uniform streamwhich is isentropic criotational

Velocityofwritational
How written as

U 01 o u KO v 81doc dy

Wewant to obtain equationfor 0 using continuity momentum isentropic
speedof soundderivation in slides non examinable to give

la 14.5141 t la 14,51 0 2f H y s o i

unknowns are a 0
also have

where a isknownpropertyof af 8111 t Fy 2
g flow

comparingequation 1 to Laplace's Equation

Non

fi 19.5141 t la 1 51 0 2f HFy s 0 linear

8 t H 0 Linear
dy2

can'tsolve full potential with superposition because it's non linear
need to makeassumptions so that full potential becomes knear
we assume u u are small perturbations to freestream Va



U Va t v Va t 0 0 Vox t 0
v v 10

by

Substituting perturbation velocity backinto velocity potentialequation gwes
pertubation velocity potentialequation

la t.i Y.JPL t ki LYTHigh 2K FIXED o

Ignoring productsof derivatives we can armie back at Laplace equation
and scaling factor ahead of a 2nd derivative

means we are ignoringeffectsof non linearfeatures like shocks

only worksbelowcriticalmath number
0.5 O6

Line'aried velocity potential equation

H Mai 42 t off O

we want to eliminate thisterm toget pure Laplace

Need to hriearse pressure coefficient

Cp P Poo writing in velocityterms from Bernoulli

Pow
Cp

2 V2
fIz t HOT

Cp l flag I W tWotv'T 2 I
2 Va

Cp a
2 1 pressure coefficient linkedonly to

perturbation velocity in a direction

Subsonic Prandtl Glauert Correction

i need to change scalingof plane so that constantfactor dissapears
thi scaling transforms a compressible problem to an equivalent incompressible
flowsolution



I s

Transformed plane hassealedcoordinates

Rio Coc yic Dy
incompressible 9

we also scale pestubation potential so we can map incompressible and
compressible flows on the same geometry

laic y a 130Locy
B FML Glavertfactor

There are two possibilities to scale X y to transform to Laplace

C I D B or C t D PB

We now have Laplace equation on new coordinate system

828
Ez

t IO O
dyof

the pressure coefficient becomes

Cp IBf f which is the incompressible
pressure coefficient by B

Cp Epo
B

Cio
we can also foid Cc Cm as c cm Cmo

B B
Predicted drag 0 DAlembert

Aerodynamic centre at 0.25c unaffected

Supersonic Lineaased Ackret Theory

dip 8M2 assuming p p we can integrate wrt 0
Ft P

p p tempo p Ppg I tmMIO



20
Cp 0 in radians

M2 f

this relates the pressure coefficient to the angle 0 theflow is turnedby
0 toe if normal vector outwardsfromsurfacepoints backalong freestreamand ve if points forwards alongfreestream
thi is an approximation is quite accurate for small angles

Applying this to a flat plate2D aerofoil at aoa a

Cpwwer MITT
4A

Cn T2x M 1
Cpupper Ep

Cc CNcost 4thME f
Cd Cnsoria a Cnn 4

ME f

forsupersonicdrag
Dt 0

Cd FEI of
waredrag

4

results give a constant pressure distribution

centre of pressure at 0.5C

For a thin doublewedge highspeed section briars'ed Acknet theorygies

Cd g th 2

m.ro

Lt th 2 ay
Cd 4



additional drag component due to angle ofattack f increased lift

Ackeret is simpler than shock expansion theory and is useful for armed
surfaces

Wave Drag
Energy is lost to ware system shedby aerofoil

occurseven in isentropic flow
Wave drag his 3 components

Lift
Tchictneress present at zero lift conditions

soso.ge

want

Linearised 2b Aerofoil characteristics

Batalha



Real Supersonic Aerofoil Flows

WhyFly Transonic

Thecomplexeffects that arise at transonicspeeds is worththecompromise to
maximisetheBreguet range

The range is essentially proportional to ME
for lowspeed fo fixed

Thy

pasta

Transonic behaviour begins whensonicflow appears on aerofoilsurface

identification of
at this point M Merit Cpmin Cp sonicpoint is

critical
important

pressurecoefficient

zjm PF fo PFF
alongan isentropic

it Mat streamline Po is
settingM I f constant
for P Po 1 81 Fiterm

cp fm ftp.fo.rsff.MY I f Ma



Highest localvelocities correspond to minimum Cp suctionpeak

depends on a
generally scalesdirectlywith the
doesnot necessarily occur at maximum thickness

We approximate Cp in termsof incompressible pressure distribution Cpo scaledwith
Maoby Prandtl Glauert correction

Terraforming

thicker

airfoilhas
more ve
Cp thinner airfoil accelerates air

less Marita is higher

calculating Cp lookupthisratio
in tables according

Calculate incompressible Cp tofreestream
mach

Cpt gfy.zpto.PT t Cp gfw gPf t Cpmin

1
Fo is faid sonic fhow totalpressureratiofor M I

f I
pop 1.895

Correcting for compressible with Prandtl Glauert
income

Cp
PG Cpmin pump Cp

Fm Fm

To find Monet use bisection method as shown in slides



Weare trying to converge upon answerby
iterating upon lower upper limits

More Estimate upper and lower M vahesve Takeaverage Mvalue
Icp mone ve calculate Cpk and CpPG using Moog

e.g if Cp is more ve than Cp youknowyou're on the rightoftheintersection

i Mvaluetoohigh

set Marg to
Napper and
leave Mlower

iterate until convergence

AreResults Accurate

No3Deffects 3D Cp less we i PMwit

Depends on incidence as xp Marit 4

AboveMcr

Drag divergence rapid increasein drag justabove Mcr
Shockstall Mcr decreases with a above Mcr shocksform and separation

widuced at shock attatchmentpoint

dueto shocksetc
makesmanoeuvres at
RM difficult

Aerodynamic centremovesaft increased stability but potentially strong nose
down pitchingmoment

Stability determined by difference between GM AC
Comchangedbyfuelpumping



Examplesof Aerofoil at Different M

Transonic

increasing
Mio

Transonic

N
Supersonic

irreg



Evolutionof Shocks at PM

Shockmoves shockformson bottomto TE

Shocks tilt over at Bowshockforms
PM

Bowshocktightensitself
aroundLE ar MooP


