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Transonic flow characteristics of supercritical airfoil in

heavy gas medium
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Northwestern Polytechnical University, Xi'an 710072, China)

Abstract: The Peng-Robinson non-ideal gas state equation was used to simulate the thermo-
dynamic characteristics of the heavy gas medium, and to form a closed flow model for heavy gas
medium by combining with the Reynolds average Navier-Stokes equations. The LU-SGS (lower-
upper symmetric Gauss - Seidel) implicit time - marching scheme and the finite volume method
were used to simulate the flow over a supercritical airfoil in air and heavy gas medium respec-
tively. Numerical results showed that the lift and drag of supercritical airfoil increased, the sur-
face negative pressure in supersonic region increased, the displacement thickness of boundary
layer decreased, the shock wave moved backward, the skin friction increased significantly, and

the trailing edge flow separation delayed under transonic conditions. This study provides a basic
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support for the subsequent research on flutter characteristics of aircrafts in heavy gas medium and

the development of correction methods.

Key words: heavy gas medium; non-ideal gas; supercritical airfoil; transonic flow;

aerodynamic characteristics
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Table 3 Pressure coefficients of different local Mach numbers at the same Reynolds number

S0k , “
Ma,,.,—0.4 Ma,,.,=—0.6 Ma,, .,—0.8 Ma,,.,—0.9 Ma,,.,—1.2
25 1.4000 0.8152 0.4355 0 —0.2204 —0.8290
R134a 1.1119 0.838 3 0.4595 0 —0.244 0 —0.964 5
SF, 1.0951 0.8397 0.4610 0 0.2456 —0.9739
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Table 5 Pressure coefficients of different local Mach numbers for the same medium

C,
p-/Pa Y
May,,=0. 4 May,.,=0.6 May,,=0.8 May,.,=0.9 May,,=1.2
101 325 1.097 8 0.839 4 0.460 8 0 —0.245 3 —0.9724
303 975 1.108 0 0.8386 0.459 9 0 —0.244 4 —0.966 7
1013 250 1.1607 0.8343 0.4553 0 —0.2397 —0.9385
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Fig.13 Displacement thickness of the boundary layer for

the same medium with different incoming static pressures
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Fig.14 Streamlines of trailing edge of airfoil for the same

medium with different incoming static pressures
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Fig.15 Skin friction coefficient distribution for the same
medium with different incoming static pressures
(a=2.0°)
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