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COMICAL SHOCK. |

MULTIPLE SHOCKS ] PRANDTL-MEYER FLOW ]

=10] %]

DUMP DIFFUSER |

R&YLEIGH FLOW | FANMOFLOwW | NORMALSHOCK | OBLIGUE SHOCK |

Adiabatic frictionless flow with area change, for steady flow of & caloncally perfect gas
ratio of specific heats CpdCy ’W
@ mean molecular weight 28.95 Ibm/lbrm-mol
@ P Mach rumber M 1.0000
T~ _ \® pressure ratio PAPE, Eq. [1.2) 0.52828 |
—_— - —:—:—l— -3 density ratio_rho/tho-t 0.63334 1
-7 - 7 temperature ratio T#Tt . Eq. [1.1] 0.83333 H
. o area ration A48%  Eq. [10.19) 1.0000 H
impulse function ratio 147 Eq (1.5) |1.0000 H
&85 [P/Pt 0.52828 M|
4 A% (e (/PP
== =|— —_— mass flow parameter MFP . Eq. (1.3] |0.53161 o
=+
‘41 s A 2 A 1 static preszure " " MFp, Eq. (1.4) |1.0063 O
units for MFP and MFp: lbm-*R "1 s-IbF
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COMICAL SHOCK. |
ISENTROPIC FLOW

MULTIPLE SHOCKS ] PRANDTL-MEYER FLOW ]

Conztant-area frictionless flow with heat addition or remaoval, for steady How of & calorically perfect gas.

DUMP DIFFUSER |

ratio of specific heats Cp/Cy | 1.40

FANNOFLOW | NORMAL SHOCK | OBLIGQUE SHOCK |

. Mach rumber M 1.0000

T total temperature ratin TH/TE [1.0000 W

_ -1 static kemperature ratin T/T+ |1.0000 H
158 Cﬂ static pressure ratio P/AP® 1.0000 M|
total pressure ratio PEPE 1.0000 O

velocity ratio WA 1.0000 O
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MULTIFLE SHOCKS |

COMICAL SHOCK |

PRANDTL-MEYER FLOW ]
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DUMP DIFFUSER |

ISENTROPIC FLOMW ] RavLEIGH FLOW

NORMAL SHOCK | OBLIQUE SHOCK |

Constant-area adiabatic flow with wall friction, for steady flow of a calorically perfect gas.
T @ = @ —————— @ ratio of specific heats Cp/Cw | 1.40
f_' ]
D ! tach number M 1.0000
————fooooaocc &/ static temperature ratio T/ T# |1.0000 o
L l ‘Lmax static pressure ratio F/P= [1.0000 o
2 total pressure ratio Pt/ P [1.0000 o
meF"x1 welocity ratio W/ W 1.0000 1
impulse function ratio 1417 |1.0000 1
7 7 7 it 0.0000
472 |47 "Ehax —|47 "me frictinn Factar #fLmasD 1
oo o,
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COMICAL SHOCK ] MULTIPLE SHOCKS ] PRAMDTL-MEYER FLOW |
ISENTROPIC FLO'W ] RavLEIGH FLOW ] FAMND FLOW

Pre- and post-shock Mach tumber and property ratios for nomial
shock waves, for steady low of a caloncally perfect gas.

DUMP DIFFUSER |
DBLIQUE SHOCK |

ratio of specific heats CpACyw HW

upstream Mach # Mu 1.0000

@ g @ dowrstream Mach # My Eq [10.10) |1.0000 M|
stalic pressure ratio Pu/Px 1.0000 H

g welocity Vudy | tho-pdtho-x 1.0000 O

total temperature ratio Ty/Tx 1.0000 |

g Aty PudPhe, Eq [10.9) 1.0000 O

3 tatalto-static pressure ratio PdPs 1.8329 O
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COMICAL SHOCK ] MULTIPLE SHOCKS ] PRANDTL-MEYER FLOW ]

DUMF DIFFUSER |

ISEMTROPIC FLOMW ] RérLEIGH FLOW ] FAMMO FLOW ] NORKAL SHOCK,
Pre- and post-shock b ach numbers and property ratios for planar oblique shock waves,
for steady flow of a calorically perfect gaz.
ratio of zpecific heats Cp/Cw 1.40
upztream ach number M1 1.50
turning angle theta [deg)  |3.1853 O
wave angle beta [deg) 52306 o
downstieam Mach # M2 |1.2000
temperature ratio T2/T1 11258 O
pressure ratio P2/P1 1.5035 M|
density ratio rho2/thol 1.3355 O
WEAK SHOCK total pressure ratio Pr2/PH |0.93313 M|
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ISEMTROFIC FLOW | R&vLEIGH FLOW | FAMNOFLOW | NORMAL SHOCK | OBLIGUE SHOCK |
MULTIPLE SHOCKS |  PRANDTLMEYERFLOW | DUMPDIFFUSER |

Freestream [1] . post-shock [2) and cone suface (3] Mach numbers and property ratios
for weak oblique shock waves over a cone | for steady flow of a calorically perfect gaz.

ratio of specific heats Cp/Cyw 1.40

freestream Mach number k1 10.00

cone hali-angle sigma [deg) 5.00

thock wave angle beta [deg) | 773 “WEAK SHOCK
POST-5HOCK [ 2] CONE SURFALCE [ 3]
Mach number tM2 3.0040 Mach number M3 8.7725
temperature ratio T24T1 1.2193 temperature ratio 73471 1282
pressure ratio P2/P1 1.9462 pressure ratio P3/P1 23104
density ratio rho2s/rhol 1.6554 dengzity ratio tho3dthol 1.8033
total pressure ratio Pr2/PH  |0.97083 total pressure ratio Pr3/PH |0.97063
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ISENTROFICFLOW | R&vLEIGH FLOW | FAMNOFLOW | NORMAL SHOCK | OBLIGUE SHOCK |
COMICAL SHOCK MULTIPLE SHOLkS ] PRANDTLMEYERFLOw | DUMPDIFFUSER |

Fultiple weak oblique shocks of equal tuning angle | for steady flow of a calorically perfect gas.
specific heat ratin Cp/Cyw 1.36 temperature rize ratin T2/Ta Z.000
freestream Mach number kMo 10.00 pressure rige ralio P2/Po 2091 D
dezired number af shocks N 3 area cantraction ratio Aofbs 24.39 D
Each shock turns the flow through an angle | 1424 deg
Gl T/To P/Fo Aodd Pt/Pto [5-50)/Cp
1 5.709 2767 11.82 4056 0.2528 0.3640
2 4061 4787 5056 11.24 01633 0.4797
3 3.086 7.000 2091 24.39 01342 05316
¥ GAS TABLES =0 =]
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ISENTROFICFLOW | R&vLEIGH FLOW | FSMNOFLOW | NORMAL SHOCK | OBLIGUE SHOCK |
COMICAL SHOCK | MULTIPLE SHOCKS PRANDTLMEYER FLOW DUMP DIFFUSER |

|zentropically turming a supersonic flow through an angle omega , for steady flow of a calonically perfect gas.
ratio of zpecific heats Cp/Cw m
upstream Mach number M1 IW
turning angle omega [deg) 39,405 O
downstream Mach number M2 4.0000
temperature ratio T2/T1 0.42857 .
pressure ratio P2/P1 515325E-02 ]
density ratio rha2/thal 0.12024 H
area ratio A2/ Al £.3519 |
upstream Mach angle mul [deg) 30.000 n
downistream Mach angle mu2 [deg) |14.478 H
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ISENTROFICFLOW | R&vLEIGH FLOW | FSMNOFLOW | NORMAL SHOCK | OBLIGUE SHOCK |
COMICALSHOCK |  MULTIPLE SHOCKS | PRAMDTLMEYER FLOW

Subsonic flow through a “sudden expanzion” of a calonically perfect gas.

ratio of specific heate CpdCy 1.40

C upztream Mach number M1 0.5000
H

downstream Mach number b2 01200
£ 4.000

@ @ area ratio 42441

E

] = pressune recoven cosfficient CF = (P2 - P1)Aq1 [0.37723
N isentropic press. rec. coeff. {[P2 - P1]/q1}isen 1.0083

diffuzer efficiencydeffectiveness CP/CPisen 0.37414

M < M <1 total pressure loss coefficient [Pt1 - Pt2)/q1 0.62524

2 1 total pressure ratio P2/Pt 0.90776
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