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Fluctuating Pressure Analysis of a 2-D SSME Nozzle Air Flow Test
/o
Darren Reed o
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Abstract

To better understand the SSME startup/shutdown transients, an airflow test of a 2-D nozzle was
conducted at MSFC’s Trisonic wind tunnel. Photographic and other instrumentation show
during a SSME start large nozzle shell distortions occur as the Mach disk is passing through the
nozzle. During the earlier development of the SSME, this startup transient resulted in a low
cycle fatigue failure of one of the LH; feedlines. The 2-D SSME nozzle test was designed to
measure the static and fluctuating pressure environment and color schlieren video during the
startup and shutdown phases of the run profile.

The model consisted of two identical blocks having the same inner contour of the SSME nozzle.
The sides of the nozzle were made of glass for schlieren photography. The upper block was
instrumented for static pressure measurements. The lower block was instrumented with thirteen
Entron fluctuating pressure transducers. Steady state and slow sweep flows were tested for three
back pressure conditions (0.5-2.0 psi, 7 psi, 14 psi.) The static pressure data was acquired by a
scanning pressure system. The fluctuating pressure data was recorded onto a VHS analog tape
recorder. The video, static pressure, and fluctuating pressure data were time synchronized for
data correlation.

The shlieren video clearly shows a lambda (A) shock foot moving down the throat during the
slow sweep. The fluctuating pressure RMS time histories show the levels increase as the
downstream foot of the lambda shock approaches. When the shock foot is directly above the
transducer, levels decrease about 50%. When the upstream leg of the lambda shock approaches
the transducer the level quickly jumps up to twice the downstream leg values. After the upstream
leg of the lambda shock passes the transducer, the level falls down to the noise floor of the
measurement.

Schlieren video, model configuration, fluctuating pressure time histories, power spectrum

densities of the test will be shown. Future 2-D nozzle tests and plans for a 3-D nozzle facility
will be addressed.
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10/02/89

Lacation 5

Nozzle 5/0/5

— YV — 0

g

l "; ;t""

FREQ (Hz)

mi‘r“.-y :
TRy
«d:ﬁ::-.._

= —
) o e

0 | —

Y-INC=.200E+00 sec
35.00

8w= 5.000
x-INC= 50. Hz
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