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WAVES MDD SMALL DISTURRANCES

/ 0CT7e /)

R GoAl. (S TO DESCRIBE THE RELATIVW /Wit Tion]
BETWEEN WAYE Moo AdD THE RESULTMy PESSUCE.
oA 4 Mgf,,.@, BoDY, (r o N\/DWAJ THAT™ ODI(STURRANCES
W A& FLUWD ARE TRASMITTED TO J7iheER  FPATYIS OF THE
FLUIO 40 70 A MoVmg BrOY 1N 1THE RV BY 7THE
PROPARATION OF \WAYES ( SOOMND WAVES) . THE wAVE Moo
THART (S ESTARLISHED W A FeUiD MUST SATISAY THE
COMNSERV/ATION PRINCIAES AL TUE BOUNDATRY CoNOITIONS
ON THE MoVidg BDY . THE EEQUIREMENT Tb SATISF! TUE
mumzj CordDmioNs oN TME Woyiag BoY LDRETERMINES
THE ABSsugE OGN THE B, ODNCE THE PRESSy@sE DISTRIBUTION
0N TUE BooY IS krdru) | THE AERCDYNAMIC FORLES,
MOMEVTS | AND peFFicIie IS MAY BE compurEo.

WH KARMAL'S RUES g SupB@SoN# FLOW

 THE EFFECT OF PRESSURE CHAGES GEERATED Sy

A MoVING BoDY AT A SPEED FASTER TLAN THE

SPEEP I SOUND CANNOT @Atk  [ouS AHBAD oF
e &opy, (RUZ oF FORBITOEN S|anALS )

¢ A STATIONARY POINT SCURCE 1) SUPERSONIC STREAM
PRoDUCES erpecas oviy ON PoidTS Tusr L1& oN OR
WS10E THE MALU COIE ERTEND MG POWOSTIREAM
FROML. GZUE  POINT Soueck,

’ &7\)\/54@55‘-7/ THE PREXS RS AND VELOoCATYY AT A4J ARB (T4
POINT DF THE STREAM (AN BE |INFLOEILED oMY Y
DISTURBANCES A(CTING AT QTS TULT LIE OF o0R IKNSIDE.
A CONE EXTENDING IPSTREAM FOM THE FoiT CoNSIDERED

AND NG THE SAME VERTEX AJaLE AS THE MK ONE.
[ 20NE 0F ACTION a9 ZodE 8F SiLEUCE )
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' R THE STATIONARY SDUR!CE/ THE |VUTEASITY pFE THE
DIFURBAMICE S SYMMETRICAL. ARBOUT THE SOUBCE..
FOK A SUBScMIC SOURCE , THE INTEBNSITY 1S UNSYMMETRLCAL.
ﬁ?& A SUPERSONUC Sodre(s, THAE PRESSURE IYSTURE A/ CE.

STIARGE LY COMNCENTRATED M) THE NEIHBRAGOD oF
T”EM/«‘ CONE. HAT FORMS  THE OUTER lua,7s 0 THS
ZONE. gF ACTon). (RUE OF CONENTRATED Acqzen )

ASSUM Ppr7oUS

 STRADY  Flokls
¢ TWO- DIMENSIon/ AL /Wﬁvz RO
CTWO — DIMERISi I M |PLAnIAr? SUPERSON(C. FLOWS
'STEADY WuuE SYS7EeU
' INDIRECT APYROATIA
— FPROPUSE A SIMPIE STATION AR

WAVE S YsTEM
— FIND (COMpatIBLE @JNDM COMNOLTIONS



MACH _LINES

ONSIDER. Tk  S-B-M CHART . SaLUTIoNS FOR
WiHcH Mz >| (WBAK SHoge CASE) WE WIOTE

WE DEM&TE THE ummg
BY pm !

VALVE. oF (3 AT S=D

B=m- AT =20
THE SB-M AOT S BASED ON THE 1Bl EQuA7Ir/

s = Byt mnk ans,
Z cos( @-<)

-5"/5.5777'07'1/\/6 P = Ay S =

MIZSM% - [ = K‘—H MZ SJ{&‘_‘SJ?GQ
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S = sin” GZ)

AT THS LimiT | p =M = 0 WE WDTE THAT Al

THE JumMp CPMN‘Ta nMES AE ZE{YJ’O/ ' €.
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%0 §= /M CHARAMXER STICS 4,0~
o # M =M LIVESDF INCLINATN

MACKH LINES AND CHARACTGRISTICS AREE THE DIRESCTION aF
FAowW oR THE DiRECTION OF INCREASING TiME (KARMAU'S RULE).




WEdic CORIUGUE. <SHock WA/ES

COSIDER THE CASE IK) WHCH THE NrEeTiad AlE 1S
SMAtLL .

HENCE,
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HENCE

S“qp = Sin (/Hd-é)
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SUPERSONIC COMPRESSIoN [RY TURNING 50

SHocike WAVES IICREASE. THE QRESSUE | DEJSITY, AJD
TEMPECATWE OF THE FLUIO ASSINGE THROUGH 1T: SHOGK
WvEs COMPRESS THE Flow. '

CONSIDER TUE FOleowinl; THEEE MEMIS S5 (OMPRESSIK
A FLoW (K A SIFERSOMIC STREAM |

A. SINGLE Stock oF STR&I4TY S

M2

M, | . 7t

,///i\cg

B. OSEVERA. WEAKSR SHotKS. | EACH OF STREJGTH AS
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(OMAPESSIor] CCCLRS THovgH A SUCCESS/aN OF
CBLIGUE SHocks B8Y DNDig THE Tomie TuRNIG
AVGLE 1D SMALER, SEYMENTS | AS . Bacd REgua
IS INDEPENDEIT 6F THE FQLLOWWG SNE — LIMITED
NSTREAM  IN FLUBMCE | BXLEPT W SuBSonie REG§Ion
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C. SMOOTH CONTINUOUS COMPEESSION]
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SUMMARY

« LimM TING  8F  POSIIONS OF VANISHING wéd—K SHOTKS
ARE StRétqqT MITH LnJES

» EACH  SEQMBUT OF UMFORM FLon BECOMES VANISHd

NARRowW  AND MY COIDES Wil & MYTH LME

— FLO A R CLIAI ATION AND MACH NUNMIRER ALE
CONSTANT o) EATU MACU LW/ E

* LMUTED UPSTREAM INFLUBILE 1S PrE SEe/ED
T OWNSTIREAM ORANIGES N TIRE MALl. GEOMETRM

BAVE. o0 JPsTREAM BEBARECT

o COMVERQENCE oF MACH LIVES IN FARFIED 4wES RISE
TO SHpCk WaAVE FORMATION. y
y
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SUPERSeruC  ExiAiSiord 8Y TRk

WE WILL MowW CoAISIES SUPERSONIC Fiow T#HROU4GH A
CONVEX TURN ( “Awday Fop THE o0 CoMing ~STIREAM) .

NOTE NHAT A COMPRESSIOA) 1S NOTr POSSILE SINCE  SucH
WOULD LEAD D A DECRAE A ErTROPY .

L s o /L

COMPPESS;on) AT A ComVex Tuead @ NS < O ./{

AT THE (OMVEK TUEN, TUE FLoW PRDCESS IS ENTIREL ISBITROFIC,
THE MAcU LIVES MUST DIVERGE AS THE FZon) MoveES THICO U4
THE convex Tuerd. FOR SHARP TVRIS WE (HIVE A CENTERED
WAVE |, 4 FAN, oR A PRANDTL-MEYER FAK) . HENCE

OCBLIGUE SHOLK
E;VA'!J.SI ON  Fdnd




THEIE FORE

EkﬁLUMfU§ THIS INTEGIZAL. WE OBTAM]
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(M| = PeANDTL -MEYEE FuNtrion]
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EXAMPLE _PROBLEUS

A. COMPUTE THE RATW L/D FRk 4 Fiar ATE , chorD ¢,

AT X =(0° IN A SpPERSONIC  FLow M = 3.0 -
NG [.“/72?6 ws4 ;D= 72.;3(.5:nar}

Lip = 576

B, CoMPUTE THE PRATIO LD por A sSymmETRICAL DMorD
A/HZFQIL o— MAX/ /17 7#/%/5215 26 /:];7" o ;_-—__Db 14 A4

SEESONIC  ALOW M, = 3.0, AIRFOIL NDSE ANGLE 28 = 2p°

: - C
WSS L =-es72p asd ;b= 1-7—517 sind
0SS

L/D = —0 3% sind



WIND TUNNELS

DERINITIONS

2 S5 | FLOW IS ACCELERATED I PASSALE

FLoR) |S DECELERATED (N FABSSAGE

AA 2 av
a = WM=)S8

THIS RLELATIONSHIF S VALID FOR *

' ONE- DIMENSIONAL. FLOW
- STEADY FLow
© ISENTIOPIC  FLow)

' CALORICALLY PERFECT §AS _

' INYISCD FLoW
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CNSDER THE CONSERVATION OF ENGESY EQUATION
FOR WIKND TUONNEL ( NOZZLE AND [0R DIFFUSER) BLDWS
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CONS /pﬁe THE CONSERWATION OF MASS EQUATION Far -
WIND TUNNEL RLoWwS .

AL = Jo\/A = CONSTANT

THS EQATION /Ay BE EXFRESSED AS  MIA, de,
MADS FLOW PER VNI AFEA
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v B |¥ (_E__ )2“"") A
AT EVR G

IN A COWERGING - DIVERGKIG N02ZIE , A 5 78 SMALEST AREA.
HEUCE |, IR FIXED VAWES OF 3 ANO T, , MAXMuA MASS Row
PER vl mEA OCCURS AT TUE THROAT, ‘A =A%,

NE M&Y PRIVE THAT TUE MAXMYM FLOW RATE PER Uy A€E
OCCURS AT THE THROAT « THS IS CAULED CHokED Aon,
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