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Abstract New blade geometries are required to withstand

increased incident kinetic energies and heat loads.
NASA Lewis Research Center has designed NASA Lewis Research Center has designed and

and constructed a new state-of-the-art test facility, constructed a new test facility to evaluate the
This facility, the Transonic Turbine Blade Cas- aerodynamic and heat transfer characteristics of
cade, is used to evaluate the aerodynamics and future turbine blade geometries.
heat transfer characteristics of blade geometries for
future turbine applications. The Transonic Turbine Blade Cascade

(TTBC) testing facility is used to test advanced
The facility's capabilities make it unique: no turbine blade geometries at high transonic Mach

other facility of its kind can combine the high numbers. The transonic flow field database will be
degree of airflow turning, infinitely adjustable beneficial to accurately predict aerothermodyna-
incidence angle, and high transonic flow rates. mics for code validation.
The facility air supply and exhaust pressures are
controllable to 16.5 and 2 psia, respectively. The The TTBC was designed on a large scale so
inlet air temperatures are at ambient conditions. that detailed measurements could be made easily
The facility is equipped with a programmable logic and accurately. The TTBC has a rectangular
controller with a capacity of 128 input/output cross section that encloses 10 airfoils, resulting in
channels. The data acquisition system is capable 11 airflow passages. The facility's capabilities
of scanning up to 1750 channels per sec. make it unique: no other facility of its kind can

combine the high degree of airflow turning, infini-
This paper discusses in detail the capabilities tely adjustable incidence angle, and high transonic

of the facility, overall facility design, instrumenta- flow rates. Also, the facility can be operated with
tion used in the facility, and the data acquisition only two people: one to operate the facility, and
system. Actual research data is not discussed. another to operate the data acquisition system.

Introduction Figure 1 shows photographs of the facility,
and Figs. 2 to 4 show graphic representations of

Future turbines will be required to endure the facility. The TTBC control room is shown in
and effectively utilize elevated inlet temperatures. Fig. 5. The facility operator's instrumentation
Current blade geometries will change significantly and controls are shown in Fig. 6, and the data
to accommodate these higher inlet temperatures. acquisition system is shown in Fig. 7.



Facility Airflow valves. The main exhaust control valve is a 48-in.
electric motor-driven butterfly valve operated by

A schematic of the air system of the TTBC is toggle controls. The exhaust bypass valve is a
illustrated in Fig. 8. Air is supplied from the 10-in. pneumatically operated butterfly valve. The
NASA Lewis 40-psig combustion air system. flow is then exhausted into a 2-psia, 150-lb-per-sec
Before the air enters the TTBC facility, it is fil- altitude exhaust air system after passing through
tered by a 10-1&m air filter to ensure air purity. A the exhaust isolation valve.
flow-limiting orifice is located on the outlet side of
the air filter. This flow-limiting orifice restricts Facility Capabilities
the flow rate to 55 lb per sec with 40-psig air sup-
ply pressure. This safety feature protects tht The present configuration for the TTBC
facility from overpressurizing above 22 psia at the incorporates 10 airfoils with 11 airflow passages.
plenum chamber. The flow orifice, which deter- The mean airfoil design entailed 132.250 of flow
mines airflow rate, is downstream of the flow- turning at 00 of incidence. The incidence angle is
limiting orifice. After passing through the flow infinitely adjustable between -30 and +150 with
orifice, the flow is regulated and controlled by the respect to the mean airfoil design. An incidence of
inlet control valves. The main inlet control valve -30' allows the most axial flow while a +15'
is a 30-in. electric motor-driven butterfly valve incidence allows the least axial flow. The cascade
operated by toggle controls. The inlet bypass was designed for an inlet Mach number of 0.39 and
valve is a 10-in, pneumatic-operated butterfly an exit Mach number of 1.3. Future airfoils could
valve. The inlet bypass valve can be manually or have different degrees of airfoil flow turning
automatically controlled by a feedback controller. although the total allowable incident angle range
A relief valve is located downstream of the control would still be limited to 45* .

valves and is set to 17 psia. The flow then enters
a 108-in.-diam, acoustically lined, plenum cham- The design of the TTBC incorporated flexi-
ber. A cross-sectioned illustration of the TTBC bility for future flow and airfoil requirements. The
facility is shown in Fig. 3. The airflow is condi- inlet airflow is conditioned by honeycomb and
tioned twice, once in the plenum chamber and screen sections in the flow-conditioning section as
then in the flow-conditioning section. The flow shown in Fig. 3. The flow-conditioning sections
first passes through a series of flow-conditioning can be interchanged, removed, or added to obtain
screens in the plenum chamber and then through the desired flow-conditioning. Incidence angle is
the plenum bellmouth at the rear of the plenum achieved through the manual rotation of a large
chamber. Before the flow enters the flow- disk (Fig. 4). The airfoils, inlet boards, and boun-
conditioning section, it travels through the transi- dary bleeds are attached to and interposed
tion section. The transition section goes from a between these disks. The inlet airflow remains
108-in.-diam cross section to a 48- by 72-in. rect- constant in a horizontal plane as it enters the test
angular cross section. The flow then enters the section. The airfoil angle of attack is achieved by
flow-conditioning section where it journeys rotating the disk to the desired incidence angle.
through a honeycomb and mesh screen section.
These sections were designed for ease of replace- The inlet boards are attached to the rotating
ment. The flow enters the test section after pass- disk. These inlets are adjusted to be parallel with
ing through the 48- to 6-in. contraction section. each other and the inlet airflow. The inlet boards
The test secton is designed for airfoils with a span are also designed to ensure that the inlet board
of 6 in. In the test section, boundary layers can be bellmouths are perpendicular to each other.
removed by the adjustable boundary layer bleed
system. Airflow is diffused in the exhaust sections The test section sidewall boundary layer is
after traveling through the test section. The removed by a boundary layer bleed manifold sys-
exhaust travels through a 30-in. pipe, then into a tem, which is linked into the facility's altitude
48-in.-diam pipe. The exhaust is adjustable and exhaust. A representation of this system is shown
controlled by the main and bypass exhaust control in Fig. 9. The boundary layer bleed scoop is
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removable and replaceable with other boundary The angles are also recorded on analog channels by
layer bleed scoops that vary in cross-sectional the facility computer.
area. This design facet allows flexibility by chang-
ing the boundary layer bleed opening. If no Analog channels are also used to record pres-
boundary layer bleed is desired, a boundary layer sures measured by discrete pressure transducers.
bleed scoop is installed and covers this entire open- Among these are the inlet and exhaust header
ing. The sidewall boundary layer bleed is adjust- pressures; the reference, check, and control pres-
able using 30 hand valves (15 per side). The sures for the electronically scanned pressure sys-
outlets of these hand valves are connected to a tern; and other facility monitoring pressures.
central manifold on each test section side. Each
manifold flow rate is monitored using a standard Probe actuators are controlled by a probe
line orifice plate. The boundary layer bleed actuator control system (PACS). Figure 10 shows
manifold's lines are joined, and flow rate is con- a block diagram of the system. The current sys-
trolled by a 10-in., pneumatically operated butter- tern consists of 3-axis control, but is expandable
fly valve, up to 64 axes. The system is controlled by a dedi-

cated host computer that not only controls the

Data Systems motions of all axes, but also transfers data to the
facility computer. The actuators consist of 25 000

Research data is acquired by using a distri- steps per revolution stepping motors for drive
buted data acquisition system that allows the power and 2000 line optical encoders for position
facility computer hardware to scan up to 1750 indication. The PACS system is equipped with
channels per sec. The existing computer hardware automatic nulling capabilities for pressure probes
in the facility allows up to 256 analog channels and is easily programmed for cyclic data probe
and approximately 1500 other channels to be surveys.
scanned. Among the analog channels are thermo-
couples, pressure transducers, and rotating disk Pressure System
angle positions. Among the other channels input
to the facility computer are the actuator positions The electronically scanned pressure (ESP)
and pressures which are read from an electronically system is used to measure a large quantity of pres-
scanned pressure system. sure data. The existing system in the facility

contains 25 pressure modules, each containing
All temperatures are measured with thermo- 32 pressure transducers, yielding a total of

couples. The thermocouple alloy lead wires are 800 individual pressure channels. The system is
connected to copper wires at an isothermal refer- easily expandable to 1024 pressure channels with
ence junction block. A platinum resistance tern- the addition of pressure modules. The existing
perature detector is embedded in the block and pressure modules have a range of ±15 psid. At-
used to measure its temperature. Although all mosphere is currently being used as the reference
existing thermocouples in the facility are type E, pressure, yielding a system pressure range of 0 to
these reference blocks will accept any type thermo- 30 psia. The overall system accuracy is 0.1 per-
couple. The facility is equipped with one isother- cent full scale.
mal reference junction block, yielding a facility
capacity of 48 thermocouples. A block diagram of the pressure system is

shown in Fig. 11. The pressure system consists of
The inlet boards and rotating disk angles are four main components: the pressure system con-

measured with an electronic angle readout system. trol computer, the data acquisition and control
There is a total of six angle transducers, two on unit (DACU), the pressure calibrate unit (PCU),
each inlet board and two on the rotating disk. and the pressure modules.
Each angle transducer has two readouts, one in the
test cell on the rig and one in the control room.
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The pressure system control computer is the The data are stored locally in the test facility and
link between the pressure system and the facility are sent to a central computer for storage and
computer. The control computer receives multi- post-run processing. This system can easily be
plexed data from the pressure system, performs reconfigured for secure data testing.
numerical analysis, and packages the data before
sending it to the facility computer. The control The data are displayed in real-time to theuser
computer also acts as the master for the pressure by two color, alphanumeric CRT's, one color gra-
system. phics CRT, and three 40-character, alphanumeric,

individual digital displays (IDD's). The data can
The data acquisition and control unit be displayed in either raw counts, millivolts, or

(DACU) is the link between the control computer engineering units. The conversion from millivolts
and the pressure calibrate unit and pressure mod- to engineering units is defined for each channel or
ules. The DACU addresses the pressure modules, block of channels by the user. Several standard
acquires the pressure signals, and multiplexes the conversion rules, such as thermocouple conver-
data before sending it to the control computer. sions, are available. The user may also specify
The DACU also gives the calibration instructions several unique pages of data to be displayed on the
to the pressure calibrate unit (PCU) upon corn- CRT's. The data may be displayed in any fashion
mand from the control computer. on these display pages. The various display pages

are accessed through a dedicated entry panel,
The pressure calibrate unit (PCU) performs allowing each CRT to display any page anytime.

online calibration of the pressure modules. On The update rate for the CRT's and IDD's is once
command, the PCU will seal off the pressures per sec.
being applied to the pressure modules and apply a
three-pressure calibration to the modules. The Online calculations may also be performed
calibration pressures can be set by the user, but and displayed by the data system. Typical online
should evenly span the desired pressure range. calculations include airflow rates and averaging of
The calibration pressures are measured by the multiple data points. The system can code out
PCU through high accuracy quartz pressure trans- bad or unused data channels or force these chan-
ducers. The millivolt signals from each pressure nels to a fixed value. This feature is helpful in
channel are comparcd to the calibration pressures, maintaining meaningful calculations or averages in
and a characteristic equation is generated for each a sensor failure.
pressure channel.

Limit checking is also performed on user-
The frequency of calibrations is user defin- specified channels. The data system checks all

able; typically, the system is calibrated online channels every scan for limit violations. If a limit
every 20 min. A calibration of the pressure mod- violation occurs, that channel will be displayed in
ules can be forced anytime, using the control com- reverse video on the CRT's. In addition, output
puter keyboard or a dedicated push button. contact closures can be triggered upon limit viola-

tion for use in alarms and shutdowns.
Facility Data Acquisition

Conclusions
The facility data system provides real-time

data acquisition, display, and control of the experi- The Transonic Turbine Blade Cascade testing
ment.1  A block diagram of the system is shown facility has been operational since April 1991.
in Fig. 12. The data system can provide data Thus far, research data results have been excellent.
acquisition from a variety of devices, including The facilty's data acquisition and operating sys-
analog voltage inputs, analog measurements from tems perform well. The overall versatility and
temperatures and pressures, inputs from the elec- design of this facility will prove to be an asset for
tronically scanned pressure system, and position years to come.
inputs from the probe actuator control system.

4



Reference

1. Fronek, D.L., Setter, R.N., Blumenthal,
P.Z., and Smally, R.R., "A Distributed
Data Aquisition System for Aeronautics
Test Facilities," NASA-TM-88961, 1987.

(a) Upstream view.

(b) Downstream view.
Fig. 1. Transonic turbine blade cascade testing facility.
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Fig. 5. Transonic turbine blade cascade control room.
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(a) Research instrumentation.

I Rw
(a) Operator's valve controls.

C-92-2743

(b) Data acquisition controls.
Fig. 7. Facility data acquisition system.

(b) Operator's instrumentation.
Fig. 6. Operator's instrumentation and controls.
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