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COMPARISON OF STAGNATION PRESSURE CONTROL SYSTEMS

FOR A 12-INCH BLOWDOWN TRANSONIC TUNNEL

R. C. MAYDEW, SANDIA CORPORATION

The tunnel exhausts to the atmosphere (12.2 psia) from a 2600 ft3 storage
tank at an initial pressure of 300 psig. The 12 x 12-inch transonic test
section is a perforated type used in conjunction with a sonic nozzle.

The Mach number range of 0.4 to 1.5 is obtained by varying stagnation
pressure and/or test section wall angle, downstream ejector flap setting,
diffuser choke-body setting and plenum by-pass valve opening. The tunnel
mass flow varies from approximately 1 to 4 slugs/sec over the range of
stagnation pressures from 13 to 42 psia. Run times on the order of 15 to
30 seconds are required for the pressure-distribution, free-oscillation
dynamic-stability and three-component force tests conducted in this tunnel.

An elevation drawing of the tunnel is shown in the first slide. The air is
discharged into the settling chamber through a quick-opening butterfly valve,
a regulator valve and a wide angle diffuser. The storage pressure drops
from 300 psig to approximately 100 psig during a typical run. A rapid
response pressure control system is necessary to minimize the starting
transient and to maintain a constant stagnation pressure (or Mach number)
during the data-gathering period.

The original control system installed is shown in the second slide. This
system consists of a pilot controller, a multi-trol receiver controller, a
three-way manusl-to-gutomatic valve with respective pressure reducing valves
and gages to each unit. Both controllers and the auto-control valve are
supplied with 20 psig control air. The stagnation pressure pickup is
located on the centerline of the settling chamber.

The output pressure from both controllers is 3 to 15 psig. The pilot con-
troller has proportional band adjustment and the receiver controller has an
adjustable set point, proportional band and reset rate adjustment. The
automatic reset adjustment (15 sec. minimum) was discennected from the
system for obvious reasons.

Operation of this pneumatic controller is as follows:
1. The three-way valve is set for manual operation.

2. The auto-control valve is preset to position for the desired
stagnation pressure.

3. The set point for the desired stagnation pressure for automatic
operation is made with the preset to the receiver controller.

4L+ The butterfly valve is opened and the system is switched to
automatic operation when the stagnation pressure builds up to
the desired value.



=5

This system required use of a wideproportional band to prevent valve instability;
this condition resulted in a gradual decay in stagnation pressure during a run.

The second control system (slide 3) installed consists of a differential pressure
transmitter, a Tri-Act controller, two dual-pointer gages, two solenoid valves
and precision loading regulator valves with associated gages. The pressure
transmitter, the controller and the automatic control valve are supplied with

20 psig control air. The output pressure from the transmitter and the controller
is 3 to 15 psig.

The Tri-Act control circuit consists of two stages with three pneumatic loops
connected in series. The first stage has an adjustable proportional band with
derivative action; the second stage employs a fixed proportionszl band and auto-
matic reset. The loop sequence consists of a fixed proportional band with
adjustable Pre-Act (derivative action) feeding an adjustable proportional band
which actuates a loop containing a fixed proportional band with adjustable auto-
matic reset. The controller settings used are a gain of 0.9 psi/psi, an auto-
matic reset of 2.5 repeats/second and a Pre-Act of 0.6 second.

Operation of this control system is as follows:

1. The solenoid valves are switched to manual operation (dashed lines
in slide 3).

2. The auto-control valve is preset to position for the desired stag-
nation pressure by the 'upper center'! precision loading regulator
valve.

3. The reset chamber of the Tri-Act controller is preset to the same
pressure as the auto-control valve (step 2) by the 'lower center!
precision loading regulator valve.

4Le The desired stagnation pressure is set into the Tri-Act controller
with the 'lower right' precision loading regulator.

5. The butterfly valve is opened and the system is switched to auto-
matic operation by energizing the solenoid valves when the stag-
nation pressure builds up to the desired value.

This control system has proven very satisfactory to date in that the starting
transients have been reduced and the stagnation pressure is nesrly constant
during the data-gathering period. Measurements of valve travel have indicated
this system will maintain a constant stagnation pressure until the regulator
valve is fully open.

The two control systems are compared in slide 4 for neminal stagnation pressures
of 16 and 34 psia. The improved performance of system B has resulted in increased
Mach number capability of the tunnel, improved Mach number control during a runm,
and an increase in the run frequency.
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Fig. 1 -- Sketch of Sandia Corporation 12-inch transon
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