1010 J. SPACECRAFT

step increases are attributed to the initiation of afterburning
of a mixture of recirculated fuel-rich combustion gases and
freestream air. Further evidence of this base burning phe-

nomenon was provided by remote optical radiation sensors

viewing the base region which exhibited the same step be-
havior, as well as high-speed motion pictures, which clearly
showed the appearance of flame in the base region at the
time the other instrumentation adjusted to higher levels.
When nitrogen was used as the external stream working
fluid, only single lower level data were obtained, indicating
that no base burning was occurring, as would be expected
with such a nonoxidizing external stream.

Saturn S-IC Booster Base-Flow Investigations

These tests have involved the use of a J%-scale model of
the aft end of the S-IC booster installed in the centerbody
nacelle. The five geometrically scaled F-1 nozzles operate
at a chamber pressure of approximately 1150 psia and are
supplied from a ecommon combustion chamber burning
gaseous oxygen and ethylene to provide a reasonably
close thermodynamic simulation of the LOX/RP-1 pro-
pellants employed in the S-IC stage. Provisions are in-
cluded in the nozzles for injecting turbine exhaust gases
(either cold combustible fuels or an actual hot gas mixture
generated by mixing combustion chamber gases with excess
ethylene).

At the simulated Mach 2 trajectory conditions available
in the tube tunnel, various scoop and flow deflector con-
figurations have been studied to evaluate their effectiveness
in foreing freeéstream air into the base region for the scaveng-
ing of recirculated rocket exhaust gases. An inoperative
engine and various engine-gimbal combinations have also
been investigated to determine their effect on the base
thermal environment.

Some comparisons between flight data (from Saturn V
AS-501 and AS-502 flight tests) and model test data have
been made by Mullen and Bender.’® They conclude that
because of large uncertainties in scaling effects associated
with the use of a small scale model and the significant differ-
ences in exhaust plume carbon content associated with the
use of ethylene to simulate RP-1, the model data cannot be
used directly to indicate absolute magnitude of convective
or radiative base heating. However, as they indicate, the
model data correctly predict the trends in the base heating
environment associated with such configuration changes as
removing flow deflectors or gimballing engines, as well as
predicting the behavior of the exhaust plume with altitude.
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A Simplified Method for Determining
Stagnation-Point Heat Transfer to an

Elliptical Model

Dowawp D. McBripE*
Sandia Laboratories, Albuquerque, N.Mezx.

Nomenclature
a,b = minor and major semiaxes, of elliptical nose
Cy, = “no-blowing”’ Stanton number
k = empirical correlation constant in heat-transfer coeffi-
cient equation
M = freestream Mach number
P, = stagnation point pressure
P, = freestream pressure
r* = radial distance from center line to sonic point
R.;; = effective body nose radius
R, = radius of curvature of body at the nose
Ue = velocity at edge of boundary layer
z* = axial distance from nose to sonic point
o* = sonic point inclination angle
®pn* = sonic point inclination angle on a sphere
Pe = density at edge of boundary layer

Introduction

N initially spherical ablating model tends in time to be-
come more blunt and more elliptically shaped. if the
boundary layer is laminar.t:* To obtain accurate analytical
analyses of experimental ablation results, it is necessary to
consider the effect of this blunting on the stagnation point
heat-transfer coefficient (¢f Ref. 3). A method is outlined
in this Note for obtaining a ‘“no-blowing” heat-transfer
coefficient from the stagnation pressure, the model radius of
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curvature at the stagnation point, and the model diameter.
The analysis assumes an elliptical nose shape.

Analysis

It has been shown* that an extremely effective correlating
equation for a no-blowing stagnation-point heat-transfer
coefficient is

peueCHo = k[(Py — Pm)/Reff]1/2 1)

where deviations from modified Newtonian flow are accounted
for in the use of the “‘effective nose radius.” For a spherical
nose, Re: is approximately equal to the nose radius R, since
the flow is nearly Newtonian; however, as the bluntness in-
creases, the deviation from modified Newtonian flow in-
creases, causing Res; to become much less than the nose radius.
The parameter k is an empirical correlation coefficient, which
for air may vary from approximately 0.0416 to 0.0478 (lbm/
ft3/2 sec atm?/2),2~% depending upon the reference cited.

Boison and Curtiss’ define a bluntness parameter (z*/r¥)
where z* and r* are measures of the distance from the stagna-
tion point to the sonic point (see Fig. 1). They then present
experimental data relating the ratio (r*/Rei) to the Mach
number and bluntness parameter (see Fig. 2). This relation-
ship may be expressed functionally as

P/ Ruse = Fula*/r*,M) @
or
Be/b = (*/0)/0*/Be) = Fala*/r5r*/b M) (3)
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Since the location of the sonic point on an ellipsoid is un-
known, it must now be determined. Kaatari® presents a
method in which the sine of the sonic point inclination angle,
®* (see Fig. 1), normalized by the value for a spherical body,
is given as a function of the minor-to-major semiaxis ratio
(a/b) (see Fig. 3). This graphical relationship may be
written .

Sin®*/ sin®un* = Fs(a/b) )

Further, Clark? gives the hemisphere sonic point inclination
angle ®,,,* as a function of Mach number

Dpn* = 41.44° 4 23.82°/ M2 %)

With the assumption that the body has formed an elliptical
nose shape, the following equations may be derived

R./b =b/a (6)
r*/b = [(a/b)? cot2®* + 1]-12 (7)

and
z*/r* = (a/b){ [(e/b)? cot2®* + 1] — (a/b) cotd*} &)

Equations (3-8) form a set of six equations in the eight
unknowns—R.::/b, R./b, M, z*/r*, r*/b, a/b, ®* and
P n*—and can thus be reduced to a single functional rela-
tionship in three unknowns,

Ress/b = Fy(R./b,M) 9

This relationship is plotted in Fig. 4. In calculating this
curve, the functional relationships, Eqs. (3) and (4) were
entered into a small computer program as tabulated values,
and were subsequently interpolated upon in a linear manner.

The usefulness of Fig. 4 is quite evident. Given an
elliptical-shaped body, the nose radius B, may be measured
with a radius template, R.s is determined from Fig. 4, and
the no-blowing heat-transfer coefficient is immediately ob-
tained from Eq. (1).

As the body becomes blunter, the nose radius becomes more
difficult to measure accurately; however, the variation of
Ret; with R, is much less in this regime so a considerable de-
gree of accuracy is maintained (i.e., a variation in R,/b from
10 to 20 produces only 109 error in R.:/b at M = 3.0)
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Laminar Heating in Interior Corners

at Mach 19

J. Wayne Keyes* aNp RarpH D. Watson*
NASA Langley Research Center, Hampton, Va.

Nomenclature
h = measured heat-transfer coefficient
ho, = calculated undisturbed heat-transfer coefficient on
vertical wedge
L = length of wedge along x axis

R, = freestream Reynolds number based on length of wedge
z,y,2 = Cartesian coordinates

7,2 = orthogonal coordinates measured from corner juncture
and parallel to leading edge of wedge

B = inclination of vertical wedge surface with the free-
stream flow -

YPERSONIC vehicle designs require a knowledge of the

interacting flow field in the vicinity of interior corners
as, for example, at wing-fuselage junctures and in two-
dimensional inlets. Experimental results at Mach 3 (Ref. 1)
and Mach 8 (Ref. 2) have shown a complicated corner flow
structure exists with surface heat transfer and pressure dis-
tributions significantly different from local wedge or plate
values. Recent studies made at Mach 20 (Refs. 3 and 4)
considered symmetrical corners; however, in practical cases
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Fig. 1 Sketch of corner model.
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(a)SYMMETRICAL CORNER ; 8:10°,
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Fig. 2 Comparison of oil-flow patterns on the vertical
wedge for symmetrical and asymmetrical corners.

one generally encounters asymmetrical corners. The present
study examines heat transfer and surface oil flow on symmetri-
cal and asymmetrical corner configurations at Mach 19 in the
Langley 22-in. helium tunnel at a freestream Reynolds num-
ber of approximately 1.5 X 108, ‘
Horizontal and vertical wedges intersecting at 90° formed
the corner model which is shown in Fig. 1. The horizontal
wedge angle was fixed at 10° and the vertical wedge angle,
B, was set at 0°, 5°, and 10°. Heat-transfer coefficients were
obtained on the vertical wedge surface by the phase change
(melting point) technique.® In this technique, if the time
required for the phase change to occur is known along with
the thermal properties of the model wall material, then heat-
transfer coefficients can be calculated from the transient one-
dimensional heat-conduction equation for a semi-infinite slab.
For these tests, phase change time was determined from
motion-picture photography. The wall-to-total temperature
ratio was 0.56 and a laminar recovery factor of 0.829 was
assumed. Surface oil-flow patterns were obtained using a
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Fig. 3 Typical heat~transfer distribution on the vertical
.wedge of the 10° symmetrical corner. R,r, = 1.1 X 10¢.



