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Fig. 3 Effect of jet location and body geometry on jet interaction.

increased outflow and circumferential spreading of the sep-
aration about the cone; furthermore, increasing the jet pressure
increases the separation distance and increases the amount of
outflow and separation spreading.

The movement of the secondary jets (orifices) from an aft
location on the upper surface to a position near the nose on the
lower surface of the cone model influences the magnitude of the
jet interaction forces and relocates the resultant center of pres-
sure. Unpublished data obtained in the study of Ref. 12
show the effect of jet location on the jet interaction forces
(Fig. 3a) and the pitching moment (Fig. 3b). With the jets
located near the nose of the cone, the amplification factors
become negative, and the resultant jet interaction normal
force (Fjv, A) is situated longitudinally such that it adds only
slightly to the over-all pitching moment (Cm) near zero angle
of attack. At the higher angle of attack, this negative result-
ant FN, A is situated such that it almost nullifies the contribu-
tion of the jet reaction force -FN, R to the over-all pitching
moment. This result suggests that the shuttle orbiter utilizing
forward mounted control jets could encounter severe control
problems since the vehicle maintains a large angle of attack
during entry. The negative amplification factors and the
loss in efficiency in Cm at the higher angle of attack are a
result of disturbances which include low-separation pressures
and circumferential cross flows propagating downstream of
the jets.13 These cross flows may produce aerodynamic
coupling between lateral-directional forces and moments.

In summary, outflow and jet location significantly influence
the magnitude and behavior of the secondary jet interaction
forces. Continued refinements in jet interaction analyses
which do not account for outflow are of limited usefulness
in the design of control systems for supersonic and hypersonic
vehicles. Furthermore, the jet total back pressure ratio
increases with either jet pressure ratio or freestream Mach
number and analyses which assume a constant back pressure
are subject to error when used to extrapolate jet interaction
forces.
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Introduction

DURING the launch of Apollo 15, an optical pyrometer
was used to estimate the peak plume temperature of the

Saturn V first stage exhaust. The purpose of this experiment
was to obtain a temperature in the visible region of the spec-
trum which, when combined with other measurements in
the infrared,1-3 would provide data for a theoretical model
of the exhaust plume conductivity4'5 during a launch.

Measurement

A disappearing filament optical pyrometer, Leeds and
Northrup Model 8622C, was used at 0.65ju,. The instrument
was calibrated on a 1050°C blackbody source at the Kitt Peak
National Observatory. The plume was viewed through the
Leeds and Northrup telescope from a location about 5060 m
west of the launch pad. At the time of launch the air tem-
perature was 28.4°C, the relative humidity 70%, and the
visibility greater than 16 km. When viewed through the pyro-
meter, the plume appeared to have two bright regions of
approximately the same peak temperature, a narrow bright
band immediately behind the exhaust nozzles, a dark region,
and then a longer hot region. With the filament adjusted to
match the peak plume intensity, the pyrometer indicated a
temperature of 2170°C with an observational error estimated
to be ±25°C

Discussion

Since the total atmospheric attenuation coefficient at 0.65/u,
was about 0.14 km'1, (see Ref. 6) the measured optical
temperature of 2170°C corresponds to a true plume tempera-
ture of 2370°C, assuming the plume radiated like a perfect
blackbody. Infrared studies of the Saturn V plume during
launch, all based on the assumption of a blackbody source,
agree reasonably well with the above value. Morgan and

Baldwin1 measured a peak plume temperature of 2290 ± 250°C
during the Apollo 14 launch with a two-channel infrared
radiometer operating at 1.26 and 1.68/x. Kuhn2'3 reports
peak plume temperatures of 1900d=250°C for Apollo 14,
and about 2100°C for Apollo 15 based on infrared radiometers
and a thermal scanner operating in the 8.5-12/u, region.
Heckscher and Pagliarulo7 attempted a direct measurement
of the Apollo 15 plume temperature on the launch umbilical
tower; however, their equipment did not sample the hot,
luminous portion of the plume, and a peak value of only
352°C was obtained.
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