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Flow Characteristics of 2 Dimensional Supersonic Nozzle
in Overexpanded Conditions

Sung-Don Kim’, In-Seuck Jeung, Jeong-Yeol Choi”

ABSTRACT

In the modern propulsion systems, required thrust is obtained using a nozzle. Sometimes shock
and induced boundary layer separation is generated in an over-expanded convergent-divergent
supersonic nozzle. It occurs because the nozzle expansion ratio is too large for a given nozzle
pressure ratio (NPR). This phenomenon can be explained that it redefines effective nozzle
geometry, shorter nozzle geometry and lower pressure ratio, in a given pressure ratio. Numerical
studies were conducted about a fixed geometry 2D nozzle in overexpanded condition and
compared with Hunter’s experimental result. For the numerical simulation of the supersonic
nozzle, Navier-Stokes equations are considered and as a turbulent model, k-g¢/k-w blended SST
two equation turbulent model is used. The characteristics of A-shape shock systems due to the
interaction of shock and boundary layer was investigated in a low NPR. And the result of

comparison of thrust value shows that a fixed geometry nozzle can cover required flight mission
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Fig. 1 Computational grid system

Table 1. Operation aftitude corresponding

to NPR
NPR 1/NPR H [m]
1.40 0.714 2763
2.00 0.500 5496
2.40 0.417 6812
3.00 0.333 8387
3.40 0.294 9235
542 0.184 12268
895 0.112 15434
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Fig. 2 Shock pattern in an
overexpanded nozzile
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Fig. 4 Schlieren image and Mach
number distribution at NPR = 2.0

Fig. 3 Schlieren image and Mach
number distribution at NPR = 1.4
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Fig. 8 Schlieren image and Mach
number distribution at NPR = 54

Fig. 6 Schlieren image and Mach
number distribution at NPR = 3.0

Fig. 9 Schlieren image and Mach
number distribution at NPR = 8.95
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Fig. 10 Comparision of experimental {C.A.

Hunter} and numerical wall pressure distribution

Table 2. Comparison of pressure rise across
the shock (AP) at low NPR

NPR AP/Pg AP/Pa

200 0.194 0.389

2.40 0.165 0.385

3.00 0.134 0.402

3.40 0.118 0.400
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