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Abstract

i laminar and turbulent hypersonic viscous Slows of perfect gas over blunt-nosed bodies. In this
| method, Maslen’s second-order pressure expression has been used instead of the normal

1

| momentum equation to obtain a simplified form of the axisymmetric viscous shock layer equations.

In this approach, equations have been solved in a shock-oriented curvilinear coordinate system.
i The shock shape is obtained using an inverse method which provides a smooth shock shape in
. subsonic and supersonic regions. 1t is noted that the approximate pressure relation is given in the
| stream function coordinate. Since the governing equations are solved in the computational

v
+
1
'
'
'

i coordinate system, the relation between these two coordinate systems must be specified., In the
: present study an approximate relation between the computational and the stream function
| coordinate systems has been developed. This approximate relation, which is a third-order
polynomial, is derived using four boundary conditions on the shock and the body surfaces. The very
: first gain one can benefit from it is the increase of computation speed. Since the present method is
| fast, it can be used for preliminary design or parametric study of hypersonic vehicles. Solutions
have been presented for air flows over spherically blunted cones. The results of present method
i compare very well with the experimental data and detailed viscous shock layer solutions.

: Keywords
Viscous Shock Layer- Hypersonic- Approximate Method
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1- Viscous Shock Layer 10- Clauser- Klebanoff
2- Thin Layer 11- Klebanoff’s Intermittency Factor
3-Bow Shock 12- Stramwise Transition Intermittency Factor
4- Maslen 13-Rankine-Hugoniot
5- Stream Function 14- Thomas
6~ Davis 15- Riley and Delarnette
7- Blunt Bodies 16- Equilibrium
8- Axisymmetric 17- Nonequilibrium
9- Cebeci-Smith

2

[1] Gnoffo, P. A, “An Upwind-Biased Point-Implicit Relaxation Algorithm for Viscous, Compressible Perfect —
Gas Flows, “ NASA TP 2953, June 1990.

[2] Lawrence, S. L., Chaussee, D.S., and Tannehill, J. C., “Application of an Upwind Algorithmto the Three-
Dimensional Parabolized Navier-Stokes Equations, “ AIAA Paper 87-1112, June 1978.

[3] Davis, R. T., “ Numerical Solution of the Hypersonic Viscous Shock Layer Equations, “ AIAA Journal, Vol.
8, No. 5, 1970, pp. 843-851.

[4] Cheatwood, F. M., and Delarnette, F.R.,* Approximate Viscous Shock Layer Technique for Calculating
Hypersonic Flows About Blunt-Nosed Bodies, “Journal of Spacecraft and Rockets, Vol. 31, No. 4, 1994, pp.
621-628.

[S] Maslen, S. H., “ Asymmetric Hypersonic Flow, “ NASA CR-2133, 1971.

[6] Maslen, S. H., “Inviscid Hypersonic Flow Past Smooth Symmetric Bodies, “AIAA Journal, Vol. 2, July
1964, pp. 1055-1061

1PAY Oliwoy [ OF o kol /o205l Jlw/ g8 goof Y.y



{7} Bhutta, B. A., and Lewis, C. H., « Improved Nonequilibrium Viscous Shock-Layer Scheme for Hypersonic
Blunt-Body Flowfields,” Journal of Spacecraft and Rockets, Vol. 29, No. 1, 1992, pp. 24-34,

[8] Grantz, A.C., and Delamnette, F. R., © Approximate Viscous  Shock- Layer Method for Hypersonic Flows
over Blunt-Nosed Bodies, “ Journal of Spacecraft and Rockets, Vol. 27, No. 6, 1990, pp. 597-605.

[9] Cebeci, T., and Smith, A.M. O., “A Finite- Difference Method for Calculating Compressible Laminar and
Turbulent Boundary Layers,” Journal of Basic Engineering, September 1970, pp.523-535

{10] Van Driest, E. R., “On Turbulent Flow Near a Wall,” Journal of Aeronautical Sciences, Vol. 23,No. 11,

1956, pp.1007-1011

{11} Gupta, R. N., Lee, K. P., Zoby, E. V., Moss, J. N., and Thompson, R. A, « Hypersonic Viscous Shock-
Layer Solutions over Long Slender Bodies — Part 1: High Reynolds Number Flows,” Journal of Spacecraft
and Rockets, Vol. 27, No. 2, 1990, pp- 175-184.

[12] Clauser, F. H. “ The Turbulent Boundary Layer,” Advances in Applied Mechanics, Vol. / V, Academic
Press, New York, 1956, pp.1-15

[13] Klebanoff, P. S.,“ Characteristis of Turbulence in a Boundary Layer with Zero Pressure Gradient,"NACA
Report 1247, 1955,

[14] Klebanoff, P. S., “ Characteristis of Turbulence in a Boundary Layer with Zero Pressure Gradient,”"NACA
TN 3178, July 1954.

[15] Dhawan, S., and Narasima, R., “ Some Properties of Boundary Layer Flow during Transition from Laminar
to Turbulent Motion,” Journal of Fluid Mechanics, Vol. 27, Part. 4, January 1958, pp. 418-436

[16] Harris, J. E., “ Numerical Solutions of the Equations for Compressible Laminar, Transitional, and Turbulent
Boundary Layers and Comparisons with Experimental Data,” NASA TR 368, 1971.

[17] Thompson, A., Zoby, E. V., Wurster, K. E., and Gnoffo, P. A, “ An Aerothermodynamic Study of Slender

' Conical Vehicles,” AIAA Paper 87-1475, June 1987.

118] Cheatwood, F. M., and DeJarnette, F. R., “ An Approximate Viscous Shock- Layer Approach to Calculating

Hypersonic Flows about Blunt-Nosed Bodies, “ AIAA Paper 91-1348, June 1991,

- [19] Cheatwood, F. M., and DeJamnette, F. R., “ An Approximate Viscous Shock-Layer Technique For
Calculating Chemically Reacting Hypersonic Flows about Blunt-Nosed Bodies, “ NASA CR 187617, Aug
1991,

120} Cheatwood, F. M., and Delarnette, F. R., “ An Approximate Viscous Shock- Layer Technique For
Calculating Nonequilibrium Hypersonic Flows about Blunt-Nosed Bodies, “ AIAA Paper 92-0498, Jan
1992,

[21] Riley, C. J.,and DelJarnette, F. R., “ Engineering Calculations of Three-Dimensional Inviscid Hypersonic

~ Flow Fields, “Journal of Spacecraft and Rockets, Vol. 28, Nov-Dec 1991, pp. 628-635.

|22} Cleary, J. W., “ Effects of Angle of Attack and Bluntness on Laminar Heating Rate Distribution on a 15

Degree Cone at a Mach Number of 10.6,” NASA TN5450, October 1969.

Yop ITAY Ol [ OF 05l0di /3 sl Sl / 55" paol



