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PRESENTATION SUMMARY 

AN OVERVIEW OF "SUPERSONIC" EJECTOR 

PERFORMANCE ANALYSES 

Three general approaches are available for the analysis of "supersonic1 
0 

ejector performance. In order of complexity, they are: (1) one-dimensional 

flow models, (2) combined one- and two-dimensional interactive flow models 

with a superimposed viscous mixing component, and (3) application of finite- 

difference approximations of the Navier-Stokes equations to the overall 

flowfield within the ejector. The constant-pressure and constant-area one¬ 

dimensional flow models are well developed and understood. The constant-area 

ejector model has the advantage in that this simplified model retains most of 

the essential features which are observed in ejector operation. The constant- 

pressure model is restricted in the features which can be included and in the 

range of ejector operating characteristics which can be predicted. The 

combined one- and two-dimensional interactive flow models have been developed 

during the past twenty years. These flow models provide a means for predicting 

overall supersonic ejector performance and details of the flowfield in the 

interaction region for non-constant area mixing ducts. Unfortunately, this 

approach is, in general, both tedious and computationally time consuming. 

The finite-difference approach to analyzing supersonic ejector performance is 

in the developmental stage. This general approach offers many positive 

incentives; however, there are still considerable difficulties to be overcome. 

"y’The objectives of this presentation will be to provide a brief overview 

of each of the methods for predicting "supersonic" ejector performance, to 

outline the significant features and advantages/disadvantages of each method. 

and to suggest possible future directions for consideration. 
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NOMENCLATURE 

Symbols 

cp 

h 

L 

M 

Mw 

P 

R 

V 

wa 

U 

Y 

P 

U 

Subscripts 

0 

1, 2, 3, 4 

ATM 

B 

BO 

M 

MAX 

P 

S 

T 

TO 

X, Y 

Specific heat at constant pressure 

Specific enthalpy 

Length 

Mach number 

Molecular weight 

Pressure 

Gas constant 

Diffuser compression coefficient 

Magnitude of velocity 

Mass flowrate 

Work, shaft and shear 

Ratio of specific heats 

Density 

Secondary-to-primary mass flowrate ratio, ws/wp 

Stagnation state or location 

System locations 

Atmosphere 

Back 

Break-off conditions 

Mixed 

Maximum 

Primary 

Secondary 

Total 

Refers to stagnation temperature function 

Upstream and downstream normal shock locations 



PRFSENTATION SLIDES 
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GENERAL EJECTOR CLASSIFICATIONS: 

• "SUBSONIC" EJECTOR 

(1) SMALL COMPRESSION PRESSURE RATIO 
(2) LARGE SECONDARY (INDUCED) MASS FLOWRATE 

• "SUPERSONIC" EJECTOR 

m LARGE COMPRESSION PRESSURE RATIO 
2 SMALL SECONDARY (INDUCED) MASS FLOWRATE 

(3) EXHIBITS "CHOKING"/"LIMITING" FLOW 
PUFNnHFNA 

POSSIBLE "SUPERSONIC" EJECTOR ENTRANCE FLOWS: 

PRIMARY (DRIVER) SECONDARY (INDUCED) 

• SUPERSONIC SUBSONIC 

• SUPERSONIC SUPERSONIC 

"SUPERSONIC" EJECTOR FLOW REGIMES (AFTER FABRI) WITH 
SUBSONIC/SUPERSONIC FLOWS: 

• "MIXED" FLOW REGIME 

• "SUPERSONIC" FLOW REGIME 

• "SATURATED SUPERSONIC" FLOW REGIME 
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EJECTOR FLOW REGIMES 

"MIXED" PLOW REGIME CHARACTERISTICS: 

• SECONDARY (INDUCED) FLOW IS UNCHOKED AND IS 
DEPENDENT ON THE DOWNSTREAM PRESSURE BOUNDARY 
CONDITION 

• MIXING TUBE WALL PRESSURE DISTRIBUTION IS 
AFFECTED BY THE DOWNSTREAM PRESSURE BOUNDARY 
CONDITION 

EJECTOR FLOW REGIMES 

"SUPERSONIC" FLOW REGIME CHARACTERISTICS: 

• SECONDARY (INDUCED) MASS.FLOWRATE IS "CHOKED" 
AND IS INDEPENDENT OF THE DOWNSTREAM PRESSURE 
BOUNDARY CONDITION 

• MIXING TUBE WALL PRESSURE DISTRIBUTION DOWN¬ 
STREAM OF THE AERODYNAMIC THROAT IS AFFECTED 
BY THE DOWNSTREAM PRESSURE BOUNDARY CONDITION 

EJECTOR FLOW REGIMES 

"SATURATED-SUPERSONIC" FLOW REGIME CHARACTERISTICS: 

• SECONDARY (INDUCED) FLOW IS "CHOKED" AT THE 
EJECTOR ENTRANCE AND IS INDEPENDENT OF THE 
DOWNSTREAM PRESSURE BOUNDARY CONDITION 

MIXING TUBE WALL PRESSURE DISTRIBUTION IS 
AFFECTED BY THE DOWNSTREAM PRESSURE BOUNDARY 
CONDITION 
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EJECTOR ANALYSES: 

4 QUASI-ONE-DIMENSIONAL EJECTOR FLOW MODELS 

• CONSTANT-PRESSURE EJECTOR FLOW MODEL 
, CONSTANT-AREA EJECTOR FLOW MODEL 

• TWO-DIMENSIONAL EJECTOR FLOW MODELS 

• INVISCID INTERACTION COMPONENT 
• MIXING COMPONENT 
• RECOMPRESSION COMPONENT 

• FINITE-DIFFERENCE EJECTOR FLOW MODELS 

ONE-DIMENSIONAL ANALYSIS 
OF 

CONSTANT-PRESSURE EJECTOR SYSTEMS 

CONSTANT-PRESSURE EJECTOR FLOW MODEL: 

• SUPERSONIC PRIMARY NOZZLE 

• VARIABLE-AREA, CONSTANT-PRESSURE MIXING SECTION 

• DIFFUSER SECTION 
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AxIsyiiMti'lc constint-prtssurt »J#ctor configuration
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CONSTANT-PRESSURE EJECTOR ANALYSIS ASSUMPTIONS: 

(1) STEADY FLOW 

(2) PIECEWISE UNIFORM FLOWS AT SECTION 1 AND UNIFORM 
FLOW AT SECTIONS 2 AND 3 

(3) PRIMARY AND SECONDARY GASES OBEY THE PERFECT GAS 
RELATIONSHIPS 

(4) PRIMARY AND SECONDARY FLOWS ARE ISENTROPIC FROM 
THEIR RESPECTIVE STAGNATION STATES TO THE STATES 
AT SECTION 1 

CONSTANT-PRESSURE EJECTOR ANALYSIS ASSUMPTIONS (Continued): 

(5) PRIMARY AND SECONDARY STREAMS MIX IDEALLY TO FORM 
A MIXED, UNIFORM STREAM AT SECTION 2 

(6) NEGLIGIBLE SHEAR STRESSES AT THE WALL 

(7) ADIABATIC FLOW BETWEEN SECTIONS 1 AND 2 

(8) NO SHAFT/SHEAR WORK BETWEEN SECTIONS 1 AND 2 

CONSTANT-PRESSURE EJECTOR ANALYSIS ASSUMPTIONS (Concluded): 

(9) THE INTEGRATED PRESSURE-AREA SURFACE FORCES 
ACTING IN THE FLOW DIRECTION ARE ZERO 

THE CONSTANT-PRESSURE EJECTOR IS A SPECIAL CASE SATISFY¬ 
ING ASSUMPTION (9) 

THE MIXING SECTION AREA VARIATION IS ASSUMED TO VARY SO 
THAT THE STATIC PRESSURE OF THE MIXING FLOW IS CONSTANT 
WITHIN THE MIXING SECTION 
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CONSERVATION OF MASS: 

pV • dÃ * 0 

°P1VP1AP1 + PS1VS1AS1 * pM2VM2AM2 

w 5 pAV, Wp + w$ ■ wM 

U s 

CONSERVATION OF MOMENTUM: 

MFX » Í vX(pV • dÃ) 
cs 

^ iFX * PP1AP1 + PS1AS1 ’ PM2AM2 * ‘ PdA 

^PMP] + Tpf ^SMS1 - ^ 

c 

CONSERVATION OF ENERGY: 

Sj (Nq)pV • dÃ • 0 

wphPO * "S^SO * wMhMO 

m * rra- i:t^] PO 

(Cp)p- n X . (Cp)s . Tso1 U ♦ U //» A. * T—J 
^P;P 'PO 
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• AREA DISTRIBUTION OF THE MIXING SECTION IS: 

(1) UNKNOWN, 
(2) DEPENDENT ON THE EJECTOR OPERATING POINT, 

AND 
(3) NOT DETERMINABLE FROM THE ANALYSIS. 

• FLOW MODEL DOES NOT INCLUDE KNOWN EJECTOR 
PHENOMENA AND REGIMES: 

(1) INTERACTION BETWEEN STREAMS AND 
(2) "CHOKING". 

ONE-DIMENSIONAL ANALYSIS 
OF 

CONSTANT-AREA EJECTOR SYSTEMS 

CONSTANT-AREA EJECTOR FLOW MODEL: 

• SUPERSONIC PRIMARY NOZZLE 

• CONSTANT-AREA MIXING SECTION 
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CONSTANT-AREA EJECTOR ANALYSIS ASSUMPTIONS: 

(1) STEADY FLOW 

(2) PIECEWISE UNIFORM FLOWS AT SECTIONS 1 AND 2, AND 
UNIFORM FLOW AT SECTION 3 

(3) PRIMARY AND SECONDARY GASES OBEY THE PERFECT GAS 
RELATIONSHIPS 

(4) PRIMARY AND SECONDARY FLOWS ARE ISENTROPIC FROM 
THEIR RESPECTIVE STATES AT SECTION 1 

CONSTANT-AREA EJECTOR ANALYSIS ASSUMPTIONS (Continued): 

(5) PRIMARY AND SECONDARY STREAMS MIX TO FORM A UNI¬ 
FORM STREAM AT SECTION 3 

(6) NEGLIGIBLE SHEAR STRESSES AT THE WALL 

(7) ADIABATIC FLOW BETWEEN SECTIONS 1 AND 3 

(8) MO SHAFT/SHEAR WORK BETWEEN SECTIONS 1 AND 3 

FABRI'S "CHOKING" CRITERION — ASSUMPTIONS: 

(1) STREAMS REMAIN DISTINCT AND DO NOT MIX 
BETWEEN SECTIONS 1 AND 2. 

(2) FLOW IS ISENTROPIC FOR EACH STREAM BETWEEN 
SECTIONS 1 AND 2. 

(3) AVERAGE PRESSURE OF THE STREAMS CAN BE 
DIFFERENT AT EACH CROSS-SECTION. 

(4) THE MACH NUMBER OF THE SECONDARY FLOW AT 
SECTION 2 IS M$2 - 1. 

(5) THE STATIC PRESSURES ARE SUCH THAT 
Ppi > Psr 



CONSERVATION OF MASS: 

0P1VP1AP1 + PS1VS1AS1 * pM3VM3AM3 

w ■ pAV, Wp *► vks ■ wM 

U * ws/Wp 

CONSERVATION OF MOMENTUM: 

•M. £FX • Í Vx(pV • dÂ) 
CS 

PP1AP1 * PS1AS1 * PM3AM3 ' 

^3^3^113 ' 'PP1AP1VP1 * pSlASlV 



CONSTANT-AREA EJECTOR OPERA'ING REGIMES: 

"MIXED" REGIME ... SACK-PRESSURE DEPENDENT 

"SUPERSONIC” ANO "SATURATED SUPERSONIC" REGIME 
back-pressure independent 

TRANSITION BETWEEN REGIMES OCCURS ALONG THE 
"BREAK-OFF" CURVE 

• • • 

"MIXED" FLOW REGIME: 

• "si ‘ 1 4 
• Vpi ?1 

• "s2 < ^ 
• Ws/Wp • f(PS0/Pp0.’’ms^po’---1 

"SUPERSONIC" FLOW REGIME: 

• ' "si ' 1 
• PS1/PP1 < 1 

• MS2 ■ 1 

• «S/WP * f,'PSO',PPO' •••) 

"SATURATED-SUPERSONIC" FLOW REGIME: 



INVISCID INTERACTION CHARACTERISTICS AND CRITERIA: 

SUBSONIC/SUPERSONIC ENTRANCE FLOWS 

• SECONDARY FLOW ACCELERATES TO* FORM 
AN AERODYNAMIC THROAT 

• "CHOKING'* AT AERODYNAMIC THROAT 

• UNEQUAL AVERAGE STATIC PRESSURES AT 
AERODYNAMIC THROAT 

INVISCID INTERACTION CHARACTERISTICS AND CRITERIA (CONT'D) 

• SUPERSONIC/SUPERSONIC ENTRANCE FLOWS 

• SECONDARY FLOW DECELERATES TO FORM AN 
AERODYNAMIC THROAT 

• "LIMITING" MACH NUMBER OF ONE AT AERO¬ 
DYNAMIC THROAT 

• UNEQUAL AVERAGE STATIC PRESSURES AT 
AERODYNAMIC THROAT 

• INDUCED FLOW SEPARATION MAY LIMIT 
PERFORMANCE 

C 
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CONSTANT-AREA EJECTOR FLOW MODEL 

• POSITIVE FEATURES: 

• INCLUDES EXPERIMENTALLY OBSERVED FLOW REGIMES 
• INCLUDES "CHOKING" PHENOMENA 
• CONVENIENT AND RAPID ANALYSIS 

• NEGATIVE FEATURES: 

• CONJTANT-AREA RESTRICTION 
• "LONG" MIXING SECTIONS 
• POOR AGREEMENT WITH EXPERIMENT FOR CERTAIN 

SMALL SECONDARY FLOWRATE CONDITIONS 
• LACK OF FLOWFIELD DETAILS 

TWO-DIMENSIONAL EJECTOR ANALYSES 

TWO-DIMENSIONAL EJECTOR FLOW MODELS: 

• "ZERO" AND "SMALL" SECONDARY FLOWRATES 
• TURBULENT MIXING 
• FLOW-WALL INTERACTION 
• FLOW RECOMPRESSION 

• "HIGHER" SECONDARY FLOWRATES 
• INVISCID PRIMARY-SECONDARY INTERACTION 
• TURBULENT MIXING 
• SOLUTION CRITERIA AND BOUNDARY CONDITIONS 
• FLOW DIFFUSION 

- 
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TWO-DIMENSIONAL INVISCID INTERACTION: 

MUTUAL INTERACTION BETWEEN FLOWS WITHIN 
AVAILABLE FLOW AREA 

MATCHED STATIC PRESSURE AT MUTUAL FLUID 
BOUNDARY 

FORMATION OF AERODYNAMIC THROAT 

"CHOKING" CRITERIA AT AERODYNAMIC THROAT 

TWO-DIMENSIONAL MIXING COMPONENT: 

INVISCID VELOCITIES AT FLUID SLIPLINE BOUNDARY 

SUPERIMPOSE FULLY DEVELOPED MIXING PROFILE 

ESTIMATE ENTRAINMENT AND DISPLACEMENT EFFECTS 

EJECTOR OPERATING REGIMES: 

• "MIXED” REGIME. ..BACK-PRESSURE DEPENDENT 

"SUPERSONIC" AND "SATURATED-SUPERSONIC 
REGIME...BACK-PRESSURE INDEPENDENT 

• TRANSITION BETWEEN REGIMES OCCURS ALONG 
THE "BREAK-OFF" CURVE 
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TWO-DIMENSIONAL INTERACTION MODEL 

POSITIVE FEATURES: 

• INCLUDES EXPERIMENTALLY OBSERVED FLOW 
REGIMES 

• INCLUDES "CHOKING" PHENOMENA 
• ANALYZE NON-CONSTANT AREA MIXING DUCTS 
• AGREES WELL WITH EXPERIMENTS THROUGHOUT 

OPERATIONAL REGIME 
NEGATIVE FEATURES: 

TEDIOUS SOLUTION PROCEDURE 
TIME-CONSUMING COMPUTATIONS 
NOT APPLICABLE TO "LONG" NON-CONSTANT 
AREA MIXING DUCTS 

C 
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Conitant-«rM, slottad*no2z1« tjactor mss flow charsctsristics 
• 0.330, 0.51« and HM • 2.5) 
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V«r1abU-«rM «Jactor mss flow characttrlsties 
(VM* • 0.5U ani • 2.0, 2.5) 
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VarltbU-ar««, slottM-nozzU «Jactor mss flow characteristics 
(%,/A^ • 0.51« and - 2.5) 
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NEU DIRECTIONS ÏN EJECTOR FLOW MODELS 

• COMBINED INVISCID-VISCID MODEL 

• IMPROVED MODEL(S) FOR MIXING PHENOMENA 

• IMPROVED “CHOKING" CRITERION 

• IMPROVED "DOWNSTREAM" DIFFUSER MODELS 

• INTEGRATED BOUNDARY-LAYER ANALYSIS 

NEW DIREC“TONS IN EJECTOR SYSTEM DESIGN 

• MULTIPLE-STREAM PRIMARY FLOW 

• LONGITUDINALLY DISTRIBUTED PRIMARY FLOW 

• UNSTEADY PRIMARY FLOW 

• SEGMENTED DIFFUSER (MIXING SECTION) 

• SUPERSONIC-SUPERSONIC SYSTEMS 

NEW DIRECTIONS IN EJECTOR DESIGN - PRIMARY 
FLOW 

• STEADY-STATE NOZZLE SYSTEM 
0) NOZZLE DISTRIBUTION 
(2) LONGITUDINAL NOZZLE DISTRIBUTION 

• UNSTEADY OR PERIODIC NOZZLE SYSTEM 
(1) PULSATING FLOW 
(2) OSCIL-ATING FLOW 
(3) STRONG ACOUSTIC EXCITATION OF 

MIXING REGIONS 
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