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ABSTRACT

A TRANSONIC WIND TUNNEL ELECTRONIC CONTROL UNIT
AND TOTAL PRESSURE SURVEY OF A VORTEX

Publication No.

Johnnie Paul Engelhardt, M.S.

The University of Texas at Arlington, 1989
Supervising Professor: Donald R. Wilson

An electronic counter control system for the University
of Texas at Arlington High Reynolds Number Transonic Wind
Tunnel was constructed and tested. The electronic counter
control system was used to control the wind tunnel for a total
pressure survey of a trailing vortex from a NACA-0012 airfoil.

The testing of the control system on the transomic wind
tunnel included an optimization of the starting sequence of
the tunnel. The optimization included both the electronic
counter and the subsystems pressurization for the optimum
results.

The total pressure survey of the NACA-0012 airfoil was
conducted at two Mach numbers and two axial locations. The
probing of the trailing vortex yielded the location of the

vortex core and the pressure drop in the vortex core.
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CHAPTER I
INTRODUCTION

The starting process in a transonic wind tunnel is
critical for optimum steady flow run time. The starting
process in Ludwieg-type transonic tunnels is more critical
than in standard blow down tunnels because of the limited run
time. The starting process may be controlled by a number of
different methdds including but not limited to mechanical
timers, microprocessor controlled counters, and electronic
counters.
1.1 UTA Ludwieg Tube Transonic Wind Tunnel

The transonic wind tunnel facility at The University of
Texas at Arlington (UTA) is a Ludwieg-type transonic wind
tunnel, Fig. 1.1.1. The Ludwieg-type wind tunmnels operate
using an expansion wave to accelerate the fluid flow through
the test section. This type of tunnel usually has a charge
tube, nozzle, test section, and diffuser.

The UTA transonic wind tunnel, Ref. 1, utilizes a
- charge tube that is 111 feet long and 13.94 inches in diameter.
The nozzle 1is located downstream of the charge tube and
converts the circular area of the charge tube to the
rectangular area of the test.section. The conversion is a
smooth transition of the flow with a contraction ratio of 2.27,

Fig. 1.1.2.
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4
The test section is a rectangular cross section of 7.34
inches by 9.16 inches. The test section is contained in an

eighteen inch diameter plenum cavity. The test section is of

conventional porous wall design, with porosity available on two
or four walls. Flow angularity will occur if the opposing
walls are not of the same design.'

The plenum cavity surrounding the test section is
exhausted through a system of eight 2 inch diameter flexible
hoses, Fig. 1.1.3. The eight flexible hoses attach to a common
manifold. The manifold is connected to the plenum exhaust line
by a Graylock clamp. Between the manifold and the plenum
exhaust line is the diaphragm and the plenum exhaust cutter.

In exiting to atmosphere, the mass flow rate through the
plenum exhaust system is controlled to determine the test
section Mach number. This control of the flow is accomplished
by the use of a Grove Flex Flow Valve and a standard ball
valve. The ball valve controls the steady state plenum exhaust
mass flow rate while the Flex Flow Valve is used to rapidly
evacuate the plenum cavity during the starting process of the
wind tunnmel.

Downstream of the test section is the section containing
the ejector flaps, Fig. 1.1.2. The ejector flaps are
adjustable flaps that allow more air to be exhausted through
the plenum cavity for operation at higher Mach numbers. The
ejector flaps exhaust the air into the tunnel stream juét prior

to the diffuser.
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The model support section/diffuser is the first step in
the diffusing process and is located downstream of the ejector
flaps. This section has four model support/instrumentation
ports for tunnel instrumentation and sting/probe mounts. It
also converts the rectangular area of the test section into a
circular areé with a diameter of sixteen inches with a smooth
transition. The second diffuser, located downstream of the
first, then passes the flow to the main starting device.

The main starting device for the wind tunnel 1is the
sliding sleeve valve located at the end of the second diffuser.

The entire flow is exhausted into a five feet diameter
sphere. The air is then exhausted through a four feet diameter
duct into a noise silencer located outside the building, Fig.
1.1.1.
1.2 The Proper Timing of the Wind Tunnel

As mentioned above, the timing of the wind tunnel is
critical.  The ideal theoretical test time of the UTA
transonic wind tunnel is 180 milliéeconds, which is the time
required for the head of the expansion wave to travel the
length of the tunnel and return to the test section, Fig.
1.2.1. The time required to establish the steady flow is about
50 milliseconds, giving a period of steady flow of 140 to 150
milliseconds. This might appear to be a longer time than
allowed by the ideal wave diagram, but the main starting device
has a delay associated with the mass and friction of the valve.

A period of steady flow also develops about 140 milliseconds
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after the initial run time. This second period of steady flow
will be discussed in section 3.8.

The initial starting sequence occurs within the first
sixty milliseconds of the wind tunnel operation. If the
sequence of valve openings is not at an optimum, the steady
state run time 1is not sufficient for optimum steady state
conditions in the test section.

The sliding sleeve valve is the first valve to be
opened, and initiates an expansion wave that propagates
upstream. The plenum exhaust cutter is then activated,
rupturing the diaphragm. This will cause a second expansion
wave to travel up the plenum cavity exhaust flow tubing. The
tunnel starting time is optimized when the two expansion waves
arrive at the test section at the same instant of time.

The flow in the test section is then accelerated by the
combined expansion wave (both coalesced into one). The
acceleration of the flow is then continued until the desired
Mach number is reached. At this time, the flex flow valve is
closed and the steady state flow conditions in the test section
are maintained by the ball valve. This is illustrated by the
schematic representation of‘timewise pressure variation in the
test section, Fig. 1.2.2.

The elapsed time for the switches to be activated during

an optimum run is about fifty milliseconds.



1.3 Experimental Testing of the Control System

The testing and optimization of the control system
designed and constructed for use on the transonic wind tunnel
shows several interesting phenomenon. The first of the
phenomena is close investigation of a trailing vortex from a
NACA-0012 airfoil, Fig 1.3.1. The second phenomenon is the
flow quality in the second period of steady flow in the test
section.

In determining the exact location of any phenomenon in a
flow field, a total pressure rake survey may be used to detect
and map the entire phenomenon.

This mapping of the flow field phenomenon is
accomplished by starting at a prescribed location and then
stepping up, down, left, or right at prescribed increments.
The total pressure rake, having more than one port, will map
the vertical or horizontal plane at each increment, thus
giving a total mapping of the flow phenomenon in the test
section. |

The total pfessure rake used in this experiment has
thirteen pressure ports spaced 0.125 inches apart, for a total
span of 1.5 inches. The rake is positioned in the tunnel by
means Qf a sting mount attached to.a traversing mechanism. The

test mounting is presented in Fig. 1.3.2, and Fig. 1.3.3.
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Fig. 1.3.2 Picture of the Total Pressure Rake
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CHAPTER II
THE CONTROL SYSTEM

Three systems were considered for the operation of the
UTA transonic wind tunnel. These were mechanical timers,
microprocessor controlled timers, and electronic counters.
Each of these types has its advantages and disadvantages
inherent in the manufacture of the systems.

The need for a new control system for the transonic wind
tunnel became apparent when the original system failed. The
failure occurred in the host computer. This failure caused
several lost runs and the system was abéndoned because of the
inconsistency in its operation.

The control system purchased for the tunnel from the DSP
Corp. of California, in conjunction with an excellent data
acquisition system, uses a form of microprocessor controled
timing circuit. This system uses the host computer to drive
the timing circuits: As a result of communications problems
within the system control program the switch resolution is
about 75 milliseconds. Since the tunnel starting process must
be completed within 60 milliseconds, this system will not work.
2.1 The Selection of the System

In selecting the system, care must be taken to determine
the characteristics of each of the systems under consideration.

The characteristics of the mechanical system are

11
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reliability, repeatability, electrical spike suppression, and

low switch resolution. The microprocessor characteristics are

444444444444;eLiabiLLL¥T44£e§ea€abi%i%y7—4prﬁgrammahi%ityj‘eiéttrica1 spike
susceptibility, and high switch resolution. The electronic
counter characteristics are manual set time settings,
reliability, repeatability, electrical spike susceptibility,
and high switch resolution.

The selection of‘the best system must be unbiased and
based on the requirements of the tunnel. The good
characteristics of each system were judged against the bad
characteristics of each system. The mechanical timer and the
microprocessor fail to surpass the electronic counter for the
best sequential switching device.

The mechanical timers are excelient in every category
except for the switch resolution category. With the shortest
switching resolution on the order of 0.05 seconds, it cannot
handle the initial starting sequence.

The microprocessor controlled system has the best
possible characteristic, the ability to program the switch
settings. The detrimental characteristics are the complexity,
susceptibility to eletrical spikes, and, is some cases, switch
resolution.

The electronic counter has excellent characteristics
such as, reliability, programmability with the manual switches,
and switch resolution. But, as with the microprocessor unit,

electrical spikes can cause problems with operation.
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From the advantages and disadvantages of each system,
the electronic counter was selected to be the switch sequencer
for the UTA transonic wind tunnel. The better system is the
microprocessor controlled system, but the complexity of the
construction eliminated this system from the competition. The
mechanical timers were eliminated by the switch resolution.
2.2 The Design Constraints
The requirements for the transonic wind tunnel sequencer
are set by the physical aspects of the starting process of the
wind tunnel. For optimum steady flow time, the resolution must
be in the millisecond range, with the best resolution at one
millisecond. The three tunnel control switches and a data
acquisition system trigger must be contfolled~ at specific
intervals. Also, since the possibility for other devices
requiring switching exist, spare switches are needed.
Mechanical ovVerrides and other safety features must also
be installed to allow proper tumnel control and pre-run
checkout.
2.3 System Logic
" The logic for the electronic counter is fairly simple.
To begin with, a clock pulse is generated by a timer or a
crystal. The pulse is then used to drive a digital counter.
The counter then drives the bus lines in binary fashion. The
signals are then boosted, to prevent signal deterioration.
The boosted signals on the bus lines, are then sequenced

through a pass/inverter switch system. The signals from the
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pass/inverter switches then drive NAND gatés. The NAND gate
output signals drive the latches. The latches simply hold the
switch 1in the closed position. The latches drive the digital
switches. And finally, the digital switches drive the relay
circuits. Reseting each of the systems is handled according to
the requirements of the specific segment of the controler. The
system logic is shown in Fig. 2.3.1.

2.4 THE SYSTEM HARDWARE

The system consists of a timer circuit, a tri-state
buffer, two four bit binary counters, line buffers, two
position dip switches, line inverters, eight input NAND gates,
S-R latches, and Opto-electronic switches. The system
schematic is shown in Fig. 2.4.1.
2.4.1 The Timer Circuit

The timer «circuit uses a standard 555 timer as an
astable .pulse generator. This 1is accomplished wusing the
circuit shown in Fig. 2.4.1.1. The capacitor drives the
circuit by shorting to ground, triggering the circuit while
doing so.

The time of each pulse is controlled by R1, R2, and C.

The equations for the system are as follows, from Ref. 6:

tl = 0.693 (R1 + R2) C 2.1
t2 = 0.693 (R2) C 2.2
t = tl + t2 2.3

where tl is the pulse width of the high pulse, t2 is the pulse

width of the low signal, and t is the total time of the high to
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high pulses, as shown in Fig. 2.4.1.2.

The time step of the circuit can be determined using
Fig. 2.4.1.3. This figure gives the capacitance of the circuit
versus the time step of the circuit, with lines of constant
resistance crossing the graph. The frequency and the
capacitance are selected and the total resistance is given from
the graph. Using a potentiometer for R2, allows the total time
t to be adjusted to the proper time interval needed.

2.4.2 The Control Circuit

The control circuit is a LS257B Dual Line to Single
Line Data Selector/Multiplexer. When the control line goes
high, the circuit will allow the high and low pulses from the
timer circuit to pass into the input of the counter.

2.4.3 The Eight Bit Binary Counter

The eight bit binary counter is actually a pair of four
bit binary counters. The circuit consists of two LS93 Binary
Counters wired so line four of the first counter drives the
input of the second counter. This creates an eight bit
counter.

The output lines on the counters are tied to the eight
bit bus that drives the actual switches. The output of each
of the counters is shown in Fig. 2.4.3.1. The counters are
reset to zero after each firing by sending a high signal to

both reset lines.
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2.4.4 The Line Buffers

The line buffers are TI157 integrated circuits. The
importance of the line buffers cannot be overstated. The
.buffers drive the buss so the demand for voltage and current
from the line inverters and the NAND gates does not degrade the
high and low pulses from the counters. If the buffers do not
protect the counters, the signal will be degraded from a
square wave to a sine wave. The rise and fall of the pulse is
important for the proper counting of the circuit.

2.4.5 The Timing Circuit

The actual time elapsed from zero until the switch is
activated 1is controlled by LS04 Line Inverters and dip
switches. The switches are positioned such that they will
allow either the high or low pulse to pass to the input of the
NAND gate. The switches are used to apply all "1" to the NAND
gate when a specified time is encountered. The actual time
selection will be discussed in section 2.5.

2.4.6 The NAND Gates and Latches

After the signals from the buffers pass through the
timing circuit, the eight lines are input into an 'LS30 Eight
Input NAND Gate. If all signals are high, the NAND gate output
goes low. Otherwise, the output is high.

The output from the NAND gates is input into the 'LS279A
S-R Latches. The latches output a high signal when the input
signal goes low. The latches hold the output high or low

until the input goes low. When the input signal changes, the
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latches reverse the output and hold the new signal, high or
low.

The switch will remain closed until the latch is reset
by taking both inputs high. The latch holds the switch on
regardless of the input until the reset is activated.

2.4.7 The Opto-Electronic Switch

The high output of the 'LS279A Latches is used to drive
the TIL 113 and TIL 116 Opto-electronic switches. These
switches are similar in construction with the difference being
the TIL 116 has a breakdown voltage of 70 VDC, while the
TIL 113 has a breakdown voltage of 30 VDC.

Since the TIL 113, 116 switches use a light emitting
diode to switch the collector transistor, the device being
switched is isolated from the switch controller circuit. This
isolation means the switch induced spikes will not affect the
controller circuit as a normal transistor switch might.

2.5 Setting the Timing Sequence

Since the counter counts in binary, the switches are
used to select the time in binary. All "1" in the selected
binary count will be set to the on position of the non-
inverting dip switch; And all the "0" in the selected binary
count will be set to the on position on the inverting dip
switch. All remaining switches will be in the off position.
The time an& switch selection is demonstrated in Fig. 2.5.1.
When the selected binary count is achieved the input on the

NAND gate will be all "1" 's and the output will trip the latch



and close

the switch.

Time need

In binary
Switch
1
2
3
4
5
6
7
8
Fig. 2.5.1

ed = 30 milliseconds

= 01111000

The Switch Settings

Inverting Non-inverting
ON OFF
OFF ON
OFF ON
OFF ON
OFF ON
ON OFF
ON , OFF
ON OFF

Example of the Switch Settings
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