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ABSTRACT

This report presents a table of pressure ratios to be found on a 15° right
circular cone tabulated versus the free-stream Mach number. The pressure ratios
are given to five significant figures against 0.001 increments of the argument.
The argument ranges from M; = 1.048 to Mp = 3.895. Given are the ratio of total
head pressure (Pj) to the cone-surface pressure (P,) and the ratio of the cone-
surface pressure (Ps) to the free-stream static pressure (Pg). With these tables
and two pressures on a right circular cone, it is possible to determine the free-
stream Mach number and the free-stream static pressure. By measuring the free-
stream velocity (or the velocity of the cone through the media if that is the
situation) in addition, it is possible to compute free-stream static temperatures
and densities.
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INTRODUCTION

Measurement of the ambient pressure and temperature of the atmosphere as a
function of altitude is possible through a determination of the Mach number of
the flow about a right circular cone moving at supersonic Veil_oci‘l:ies,l’2 Local
measurements of selected pressures, specifically the total head pressure, and a
cone-wall pressure, permit evaluation of the Mach number.

In performing cone-surface pressure measurements, the cone-surface pressure
tap should be located at approximately 0.9 the axial distance from the leading
edge. This has been shown as a result of wind-tunnel experiments conducted at
the University, which have demonstrated that conical regime pressuresB’ are es-
tablished on the cone within three diameters (based on the truncation section
diameter) along the cone's surface.

Having the total head pressure P; and the cone-surface pressure Po, it is
possible to compute the free-stream Mach number and the free-stream static pres-
sure, beginning with the following identity:

—_— = — X —X — X — (1)

Since each of the right-hand factors is a function of the Mach number, the pres-
sure ratio P;/P. is an index of the free-stream Mach number. FEach of the right-
hand factors may be expressed in terms of the Mach number as follows.
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Then the ratio of pressures across the oblique shock is
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Because of the complexity of the calculation of the parameters for the small in-
crement in the Mach number desired, it was found more satisfactory to determine
the parameters at larger intervals of the Mach number and depend on a polynomial
fitted to these main values for the calculation of the intermediate values of
the argument. The following table lists the principal points resulting from
Egs. (1) through (6), to which polynomials were fitted. Correspondingly, the
relation between the free-stream static pressure P, and the cone-surface pres-
sure P, for 0.001 increments of the Mach number were calculated from polynomials
fitted to the identity

e (e (7)
Pg \Py/ \Pa:

M; Mo Po/Py Py/Pg Pg/Pg, Pi/Psg Pi/Pe
1.0L8L 0.9546 1.0773 1.0177 1.1158 1.7990 1.8313
1.0737 0.93%29 1.077k 1.0131 1.1785 1.7560 1.8959
1,114k 0.9008 1.0797 1.0105 1.2825 1.6940 1.9913
1.1902 0.86484 1.0823 1.0095 1.4866 1.6025 2.1804
1.3577 0.7586 1,0968 1 0103 1.985% 1.4659 2.6263%
1.5462 0.6861 1.1111 1.01k7 2.6225 1.%700 3.1868
1.7610 0.623%6 1 1289 1.021k4 3.,451% 1.2992 3, 8886
2.0108 0.5741 1.1487 1.0%2k L, 5505 1.250% 4h.7975
2.3105 0.5%22 1.1699 1.0508 6.0615 1.2128 5.9801
2.6847 0.4968 1.1914 1.0822 8.24ke2 1.183%6 7.566k4
3.1795 0.4659 1.2105 1.1386 11.627k 1.1605 9.7900
3,8946 0.4379 1.2216 1.2489 17.5292 1.1407 13.1055

Figures 1 and 2 are qualitative representations of the functions over their en-
tire tabulated range. Four equations represent Pi/PC over its entire range of
Mach numbers, while five equations were necessary to represent Pc/Pa for a slight-
ly shorter range. The choice of a smaller M; range for Pc/Pa was dictated by the
lack of knowledge concerning the behavior of the Pc/Pa function in the transonic



interval. The lowest value for M; is the relative minima for the function be-
fore it becomes double-valued, Information concerning Eq. (7) in this branch of
the double-valued function is not sufficient to define the locus to the limits
prescribed by the tabulation interval of the argument.

CONCLUSION

This report is a revised, corrected, and expanded version of an earlier re-
port,* issued under Contract No. AF 19(604)-545. It presents data that are being
used in evaluating atmospheric structure, and which may be useful to others who
may need this information relative to pressure studies on supersonic nose cones.

The following tabulation covers a range of Mach numbers from 1.048 to 5.500.
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FIG. |
FREE STREAM MACH NUMBER
VERSUS
RATIO OF TOTAL HEAD PRESSURE
TO CONE SURFACE PRESSURE
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NOTATION

SHOCK SURFACE

Static pressure ahead of shock surface
Mach number

Mach number behind normal shock

Static pressure behind normal shock
Total pressure behind normal shock
Static pressure at conical shock surface
Surface pressure on cone

Ratio of specific heats Cp/Cy = 1.405
Shock wave angle

Radial velocity behind shock
Tangential Velocit& behind shock

Radial particle velocity at cone surface

95“7.50

-

Tangential particle velocity at cone surface

Semiapex angle of cone
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