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Abstract:

The goal of this research is to design a minimum length supersonic nozzle (MLN)
and develops a computer code which uses the Method of Characteristics to design
supersonic nozzle contours for isentropic, inviscid, irrotational supersonic flows of
any working fluid for any user-defined exit Mach number. The contours were
compared to theoretical isentropic exit area ratios and exit area ratios for GA10
nozzle, the percentage of error does not exceed 2% for all exit area ratios, and
percentage of error does not exceed 5% for all mass flow rates. Also the contour
was compared to Britton’s code, where the difference does not exceed 10% of

Britton’s code results.

The accuracy of the nozzle to produce the desired exit Mach number was also
checked by using the commercial Computational Fluid Dynamics (CFD) code
FLUENT. FLUENT simulation was used for three nozzles (three exits Mach
number), results gives percentage error for desired exit Mach number does not

exceed 3% for each case, and there is no shock wave.

According to results obtained, we find that the program gives acceptable design to

the minimum length supersonic nozzle contour.
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Nomenclatures

Symbols:
A Area v Prandtl-Meyer function
p density V  Velocity
M Mach Number M Mach angle
vy Ratio of specific heats a  Left-running Characteristic Line angle
P Pressure B Right-running Characteristic Line angle
v ydirection component velocity num Number of Characteristic Lines
0 Flow direction angle fix MATLAB command “Round towards zero”
u X direction component velocity @  velocity potential
a speed of sound do Increment of left-running characteristics
angles
Subscripts:
char for characteristics i variable is known
C_  For left-running characteristics i +1 variable is unknown
C+ For right-running characteristics 0 variable is at stagnation condition
K. Along C. characteristics exit variable is an exit condition
K. Along C. characteristics max Maximum Value
Prefixes:

A - Incremental increase in the variable
f () - Function of the internal variables

Abbreviations:

CFD Computational fluid dynamics
PDEs  Partial differential equations
ODEs  Ordinary differential equations
2-D Two-Dimensional

DBA  Design by Analysis

MOC  Method of Characteristics
MLN  Minimum Length Nozzle



