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RECENT RESEARCH ON TURBOMACHINERY
-VKI TURBOMACHINERY DEPARTMENT (2)

I, UNSTEADY FLOW

The VKI Turbomachinery Department has
since long an activity in the unsteady flow in
compressors and turbines. Boundary layer
stability, blade-wake interference, rotating stall
and surge have been active items for research.
A selection is presented in this section.

[l.a. Riblets Effectiveness in a Compressor

- Cascade with Pressure Gradient

‘This study concerns the drag reduction on
compressor blades by altering the turbulent
boundary layer development. The turbulent
structure modification technique is a passive
manipulator (namely riblets) interacting with
the inner region of the boundary layer. Global
measurements show a positive effect at small
incidence while an increase of the drag is
detected at high incidence angle.‘ The physical
understanding of riblet effectiveness is orga-
nized around three main points:

-The flowfield and the boundary layer develop-
ment, calculated by an integral method, con-
firms the matching of the riblet geometry with
the boundary layer flow conditions.

-A stability analysis of the pressure side bound-
ary layer reveals a stronger Gortler instability
at high incidence for the ribletted case than the
smooth one. At low incidence, the ribletted and
smooth cases do not show significant differ-
ences.

Measurements of blade surface boundary
layer with a hot wire confirm these results.
Therefore, the expected drag reduction is
ruined by Gortler vortices present at high inci-
dence angle on the ribletted surface but not on

(FEL 7 4 3 B 30 BERZA)

F. A. E. Breugelmans

a smooth surface.
-The adverse pressure gradient on the suction
side influences the riblet performance. Based on
the simulation results, the trend is pointed out
while the single hot wire measurement reveals
an unsteady flow promoting an increase of
drag. Different types of blades will be inves-
tigated to derive the controlling mechanism.
Both pressure side and suction side analyses
explain satisfactorily the global behavior of
riblets on blades.
validate these explanations with other types of

The next step will be to

blades and to investigate the viscous effects of
riblets in the vicinity of the wall. The aim is to
determine whether the riblets’ peaks and val-
leys alter the wall shear value in a different
way under an adverse pressure gradient.

BOUNDARY LAYER PROFILES 30% CHORD

Y [mm.| Re=350000 Bl=45°

2.5

——*— No riblets

~— Riblets

i
i
i

3
U/Uavg.

Boundary layer profiles - Re=350000 - 90% of the blade chord.

Fig. 3.a Riblets influence on local boundary layer.
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The presence of riblets does influence the
fluctuating velocity component in the boundary
layer at 90% chord on a compressor cascade
operating slightly above optimum incidence
angle (figure 3.a). ‘

[.b. Study of the Blade-to-Blade Flow in a
Compressor Rotor Using Particle Image
Velocimetry

The numerical analysis of turbomachinery
flows requires more experimental data and the
limits of the intrusive measurement techniques
are quickly reached when one deals with rotat-
ing elements. The results of the PIV (Particle
Image Velocimetry) method applied to the
investigation of the blade-to-blade flow in a
compressor rotor are reported. The facility is
a single stage subsonic axial flow compressor
model. The experimental apparatus enables
the recording of a double exposure photograph
in a plane located at 85% of the blade height.
The illumination plane has an axial direction
and is parallel to the observation window in the
casing. The light source is provided by a Ruby
laser, whereas the seeding particles are submi-
The data are
processed by the Young’s fringes method.

cron glycerine oil droplets.

Measurement are performed at 3000, 4500

COMPARISON BETWEEN THE AVERAGED 18
FLOW FIELD AND MARTENSEN CALCULATION (4500 rpm)wm

B B

and 6000 RPM. They involve velocities in the
range of 30 to 70m/s. Some of the problems

- encountered during this research are the non-

homogeneous seeding concentration and the
reflection of the high intensity light sheet on the
blade surface. The short exposure time, inher-
ent to the method, records the instantaneous
velocity which can be influenced by the turbu-
lence. The steady flowfield is extracted from
an average of 10 pictures, by averaging point-
by-point the experimental data. Upstream and
downstream velocity triangles are confirmed
by those obtained from classical flow explora-
tions. A calculation of the blade channel flow is
done and the difference between both velocity
At 3000 RPM, the
Reynolds number based on the relative inlet

distributions is shown.

velocity is slightly below the critical Reynolds
number in terms of boundary layer transition
for a compressor blade and separation is
expected on the blade surface.

The comparison of the averaged results
obtained by Particle Image Velocimetry and

- the blade-to-blade calculation is made in figure

3.b, where four selected planes have been cho-
sen between leading and trailing edge.
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Fig. 3.b Particle Image Velocimetry. Compressor blade-to-blade results.
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ll.c. The Use of Strange Attractors to Repre-
sent Rotating Stall Phenomenon in Axial
Flow Compressors

Rotating stall is an instability phenomenon

that arises in axial flow compressors when the
mass flow is reduced at constant rotational
speed. The flow reorganises itself into pack-
ages of severely retarded flow, called cells, that
rotate around the annulus at some speed less
than the rotor speed. The number, speed and
extent of these cells varies from case to case
adding complexity to the description of the
phenomenon. The onset of rotating stall is
accompanied by various detrimental effects,
first of all a drop in pressure rise and mechani-
cal stresses on the blades that can lead to
failure. Regardless of the extensive experimen-
tal and theoretical investigation no general and
complete model has, so far, been found.

Some features of rotating stall stimulated a
different approach to the problem and in this
project a qualitative analysis in the frame of
chaos theory concepts has been carried out.
The phenomenon is identified by the topologic
properties of its Phase Space trajectory
through which different dynamic systems can
be classified as belonging to the same class and
can be represented by a simple set of differen-

P - B

tial equations. The result of the experimental
investigation, carried out with 5 different sen-
sors and on 2 different rotors, has shown the
existence of phase-space structures for rotating
stall with fractal character. The possibility of
reconstructing the trajectory for the purpose of
a real-time system monitoring from the acquisi-
tion of experimental data of a single flow
parameter is investigated.

The Strange Attractor for a single Rotating
Stall cell is made and the different operating
conditions around the circumference can be
distinguished. The dense cluster of points at
the right hand side represents the steady state
or out-of-stall flow conditions, the stall cell
with the large fluctuating velocities is found
back in the torodoial motion on the left hand
side (figure 3.c). The large circular motion
around the dense cluster is the transition from
unstalled to stalled motion in the cell.

[lI.d. Active Control of Centrifugal Compressor -
Surge

This research consists in the realisation and
testing of an active control strategy for centrif-
ugal compressor surge. Surge is an unstable
flow regime consisting of periodic mass flow
oscillations, which occurs in compressors oper-
ating at low mass flow and high pressure ratio.

DIGITS 3000
2000+

1000

-1000 -

-2000 -

-3000

-2000 -i500 -1000  -500 0

500 1000 1500 2000 2500 DIGITS

Fig. 3.c Single Cell Rotating Stall, Strange Attractor.
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Because of the important pressure oscillations
characterising surge, damage to the machine
may occur and it is necessary to keep the
compressor away from this unstable region.
For these reasons, considerable research has
been carried out in order to shift the surge limit
to lower mass flows. The throttle valve control
we have chosen is one of the methods proposed.

Using a regulation loop which detects the
pressure disturbances in the outlet plenum, and
reacts by opening or closing the regulation
throttle valve, we are able to influence the
stability of the compressor. ‘An increase of
stability can be achieved if both the phase and
gain of the controller are suitable.

New controllers, making use of Digital Sig-
nal Processing techniques, are presently under
development. The objective of the project was
to replace an analogue controller by a digital
orie, in order to control surge at more than one
frequency. The controller is an Infinite Impulse
Response system that has been designed using

@B -

the pole zero placement method. Two types of
control programs have been implemented on a
Digital Signal Processor. First experiments
show that these new systems allow suppression
of surge at more than one frequency. For the
one frequency controller, the results are identi-
cal as last year. For the two frequencies con-
troller, the pressure perturbations have been
clearly reduced, even if some improvements are
still to be done.

The action of the controller is illustrated by
the comparison of two records of the pressure
fluctuations in surge. The pulsations are
reduced to 1/3 of the original value peak to
peak (figure 3. d).

ll.e. Time Varying Turbine Blade Wake Char-
acteristics

The BRITE/EURAM Research Project aims
at a better understanding of the turbulent struc-
ture of turbine wake flows where random tur-
bulent motions are superposed on large periodic
coherent structures, known as von Karman
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Fig. 3.d Effect Active Control on surge pulsations.

Download service for the GTSJ

member of ID , via 18.119.103.40, 2025/05/06- 28



GTS] 23—90 1995
vortex streets. The experimental investiga-
tions are also designed to provide a data base
for unsteady viscous flow solvers.

Research over the past year focused on two
particular aspects: the determination of the
unsteady pressure distribution around and up-
stream of the trailing edge and the investiga-
tion of the time-varying density field using
holographic interferometry. A particular prob-
lem was the determination of the instantaneous
density field with respect to the phase angle of
the trailing edge vortex shedding and its rela-

tion to the time-varying pressure distribution.

around the trailing edge. The investigation was
carried out on a three-blade turbine cascade.
Two differently instrumented central blade_s
were used, both equipped with fast response
On the central blade
trailing edge the optical measurement was also

pressure transducers.

applied: Holographic interferometry applica-
tion faced with the definition of the reference
density value for a quantitative interpretation,
as well as phase hologram recording synchroni-
zation with the vortex shedding frequency for
the description of the time varying evolution of
the phenomenon.

The correlation with the blade pressure dis-
tribution served also to determine the absolute

HOLOGRAPHIC INTERFEROMETRY
ON TURBINE BLADE TRAILING EDGE WAKE (M,,=0.4)

e - mEa

value of the constant density lines. However, it
became apparent that the correlation of the
constant density lines with the blade pressure
distribution was insufficient to determine the
absolute density distribution in the entire flow
field due to the uncertainty in the sign of the
density gradients, in particular in the far-wake
field. Additional high frequency static pressure
measurements in the far-wake field are
required to eliminate this uncertainty.
Unsteady base pressure measurements
pointed out a higher vortical activity for the
vortex shed from the pressure side compared to
the one from the suction side. The holographic
interferometry results show the presence of two
clearly defined regions: the mean flow region
The vortex shedding
period seems to be divided into two intervals in

and the wake region.

which the flow characteristics are slightly dif-
ferent, according to the predominant activity of
the vortex shed from the pressure side. The
presence of a high density gradient in the first
phaSe interval and of a density pattern perpen-
dicular to the mean flow direction in the second
one are aspects that need a deeper investiga-
tion. The time-varying base pressure and the

: Isobares at turbine blade truiling edge

Fig. 3.e Turbine blade trailing edge flow. Interferogram and Calculations.
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density distributions were compared with the
prediction of a Navier-Stokes solver. The

agreement was generally good.

Finally, preliminary tests were performed in
view of determining the time varying wake
velocity field through the PIV technique mak-
ing use of the YAG laser. The pressure mea-
surements on this turbine blade (nozzle guide
vane, 65 deg turning, outlet Mach number M2 =
0.40) served as a test case for unsteady N-S
solvers in a workshop on code validation during
the VKI LS May 1994.

frequency and the detailed time-varying pres-

The vortex shedding

sure distribution around the trailing edge were
surprisingly well predicted using an upwind
method coupled with a 1-equation turbulence
model.
~ The side by side presentation of the interfero-
gram and the calculation results demonstrate
the type of results that can be obtained for
further code evaluation and unsteady flow
study of the trailing edge base flow problem
(figure 3.e).
V. NUMERICAL METHODS
N.a. Inverse Method for Turbomachinery Blad-

' ing Design

Inverse methods allow the direct generation
of geometries achieving prescribed perfor-
mance. They therefore may lead to substantial
reduction of development time when compared
to trial and error procedures which are still
widely used. The method developed is for the
design of turbine and compressor blades.
Imposed is the pressure distribution on the
blade walls, which provides the best control on
the aerodynamic performance. This allows the
control of the boundary layer development, the
design of shock free blades and, if shocks can-
not be avoided, the interaction between the
shock and the boundary layer can be attenuat-
ed. The method is iterative. The blade shape is
modified using a physical algorithm, based on a
transpiration method. The transpiration flux is

%3t - B

calculated by means of a modified Euler solver,
in which the target pressure distribution is
imposed on the blade walls. During this calcula-
tion the blade walls are assumed permeable to
the flow. The method is illustrated by the tip
section supersonic compressor rotor blade,
which has been modified to obtain a shock free
recompression along the suction side. The final
isentropic Mach number distribution is compar-
ed to the initial one. The final flow field shows
that the leading edge bow shock does not inter-
act with the suction side boundary layer. The
blade suction side is concave shaped, .generating
compression waves. These waves converge
into the shock, which is hanging in the flow.
Previous methods make use of inviscid solvers
and the designed blade geometries include the
boundary layer displacement thickness.

The three-dimensional method extension
allows the use of additional degrees of freedom,
such as the lean-, dihedral angle and the meridi-
onal contour, to reach a better control of the
blade geometry and to reduce unwanted three-
dimensional aspects of the flow field.

Research has started to combine existing 3-D
Navier-Stokes solvers with an expert system,
based on artificial intelligence. ‘

The principle and result of the inverse design
procedure is illustrated, using a section of a
transonic rotor. The original and final Mach
distribution are compared (figure 4.a)

V.b. Unsteady flow in Centrifugal impellers.
A Parametric study.

Non-axisymmetric geometries downstream
of centrifugal impellers, such as a volute oper?
ating at off-design condition, impose a non-
uniform static pressure distribution at the
impeller outlet. This non-uniform outlet static

- pressure causes unsteady forces on the blades

and the shatft.
compute these forces by means of an unsteady

The aim of this project is to

Euler code. A first method consists of integrat-
ing the static pressure on each of the surfaces
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Fig. 4.a Inverse Methods. Result for a high speed section.

constitutiné the whole impeller. A second

method applies the momentum conservation

principle to the impeller boundaries to get the
forces on the whole impeller.

Two acceleration techniques have been im-
plemented to reduce the large CPU time needed
for these unsteady computations. The first is a
modification of the phase-lagged periodic
boundary conditions required to simulate the
non-periodic flow field in each blade passage.
The second one is the implementation of multi-
ple grid. The flow is first computed on a coarse
mesh and after a mesh refinement, the compu-
tation is continued on a finer mesh to achieve a
good accuracy of the flowfield The present
method has been used to study the parameters
influencing the forces.

An increase of the blade forces due to reso-
nance of the flow in a blade passage has been
observed at a reduced frequency of 1. Calcula-
tions on two impellers, with radial ending or
backward leaned blades, show how the impeller
geometry influences the different distributions
to these forces.

IV.c. Calculation of the 3-D unsteady inviscid
flow in a Centrifugal impeller due to cir-
cumferential distortion of the outlet static
pressure.

Distortion of the Outlet Static Pressure Cen-

trifugal compressors have a wide variety of
industrial and aeronautical applications, and
quite often they are operating at off-design
conditions. In this case, a non-axisymmetric
geometry downstream of the impeller, such asa
volute type collector imposes a non-uniform
static pressure distribution at the outlet of the
impeller. This creates a cyclic variation of the
flow in the impeller channels and produces
radial forces acting on the impeller shaft caus-
The target of the
present work is to calculate these forces by

ing failure of the bearings.

investigating the unsteady flowfield of the
impeller caused by the volute static pressure
distribution. The model which is used for the
is the three-
dimensional unsteady Euler equations. The

analysis of the flowfield

space discretization is done by means of the
Finite Volume technique which gives second
order accuracy and the time integration accord-
ing to the four-step Runge-Kutta scheme pro-
viding fourth order time accuracy. The artifi-
cial viscosity proposed by Jameson was used to
stabilize the solution and to suppress oscilla-
tions near discontinuities.

In order to simulate correctly the transient
behavior of the flow due to the non-uniformity
of the downstream static pressure, phase lagged
periodicity conditions are implemented. Sev-
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eral types of upstream and downstream non-
reflecting boundary conditions are implemented
in order to minimize the reflection of the distur-
bances on the boundaries and to reach faster
convergence to the periodic behavior. Calcula-
tions with different location of inlet and outlet
boundaries show no effect on the solution which
confirms the truly non-reflecting character of
the boundary conditions. Acceleration tech-
niques have been developed to speed up the
convergence to a periodic flow. The program is
in a vectorized version of the CRAY YMP.
This makes feasible the computations of real
test cases with very fine grids in. reasonable
computer times. The following figures show
the variation during one rotation of the impel-
ler-outlet relative flow angle and radial velocity
(VR2/U2) predicted by the 3-D unsteady calcu-
lation versus the results of a quasi steady calcu-
lation. Future plans include the integration of
the unsteady impeller calculations with the
available volute prediction model to obtain an
integrated stage prediction method. The exten-
sion to incompressible flows will make this
method applicable also for pumps.

The non-axisymmetric distortion from the
volute and the impeller response is illustrated
by the circumferential evolution on a surface
near to the hub (figure 4.c)

IV.d. Three Dimensional numerical analysis of
the Rotor/Volute interaction

After a working fluid e. g. air, water, liquid
oxygen, etc. has passed through a centrifugal
compressor or pump rotor, it is pushed out

W -

towards a radial diffuser. At the diffuser out-
let, the fluid is collected around the periphery
by a volute. The volute is essentially non-
axisymmetric so that, at off-design conditions,
the static pressure of the fluid varies along the
volute. This circumferential pressure distor-
tion propagates back to the impeller outlet and
has the following effects:

-firstly, the flow inside the rotor is unsteady

due to the non-uniform outlet back pressure.

The rotor blade trailing edges shed unsteady

vortices that make the flow rotational in the
diffuser.

-secondly, radial forces are induced on the
wheel shaft and on the bearings supporting the
shaft. Wear and even destruction can occur due
to fatigue.

-finally, noise and vibrations are experienced.

An efficient tool is therefore needed to design
distortion-free volutes at the design flow and to
predict the effects of a pressure distortion at
off-design conditions. All the effects described
above are still increased when the working fluid
is a liquid and the pressure levels are high, so
that it becomes of interest to consider incom-
pressible flows.

Starting with a 3-D compressible solver for
the volute and a 3-D unsteady compressible
solver for the rotor, the goal of the research is
to make a 3-D unsteady incompressible flow
solver for the whole pump, rotor-diffuser-
volute, and to study the interaction between the
rotor and the volute and its effects on the global

performance of the machine.

Vaviation of impeller loading during one rotation

Fig. 4.c Non-axisymmetric exit flow distortion. Impeller response.
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Abstract

Flow in a rotating disc cavity with axial
throughflow was numerically investigated. The
rotating cavity was bounded by two plane discs
and a cylindrical shroud. In this study, a finite-
volume method was employed and used the high
Reynolds number k — e turbulence model with a
wall function approach for near-wall treatment.
Its availability was demonstrated through com-
parison with available experimental data for
the flow field seemed to be axisymmetric and
steady. It is concluded that the present method
is a valuable tool capable of predicting and
understanding the flow in disc cavities found in
gas turbines
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Abstract

The transpiration cooling effectiveness using
liquid coolant is much higher than that using
gaseous one because of the latent heat of evapo-
ration. But it is difficult to apply this method
to a plate in a free posture. To overcome this
defect the new technique is proposed in this
paper, that is, the water atomized by high speed
air stream is impinged on the test porous plate.
It may be expected that the transpiration coo-
ling effectiveness is improved by impinging the
atomized water and air on the test plate. The
experimental and theoretical investigations
were performed and the agreement between
them was satisfactory. By using present
method it may be possible to achieve a very
high cooling effectiveness for a plate in an any
posture.
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Abstract

“*The research & development of a 300kW-
class ceramic gas turbine has been administer-
ed by the New Energy and Industrial Technol-
ogy Development Organization under a con-
tract of the Agency of Industrial Science and
Technology of the Ministry of International
Trade and Industry as one of the R&D projects
In this
program, the CGT301 is especially suitable for

on energy conservation technology.

continuous full load application. The develop-
ment of a ceramic heat exéhanger for CGT301
has been carried out since 1988 as an applica-
“tion for gas turbine.
In this paper, the progress of the development

of the ceramic heat exchanger is described.
The heat exchanger is three pass shell-and-tube
type. The heat exchanger is to be operated at
gas temperature over 825°C. Since the reliabil-
ity is expected, the silicon-nitride ceramics is
applied to its hot tube-bundle. In consideration
of fabrication capability in the size of the
ceramic tube-bundle, the heat exchanger was
designed as the assembly of six identical mod-
ules. Tests were conducted only for a single
module, and it was confirmed that the ceramic
tube-bundle had reasonable structural reliabil-
ity, and that the module gave a sufficient per-
formance in terms of temperature effectiveness
and pressure drop characteristics.

1, # 8B

HAY—E ik, BEF AN Y —>, HED

(ERL 6 9 B 22 HEBZM)
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Abstract

The profile accuracy, +0.lmm required for
the high pressure turbine rotor blades in the
CGT301 project promoted by NEDO (New
Energy and industrial technology Development
Organization) was achieved with focusing on
the design at the stress concentrating points.
The profile accuracy of the complex shaped
rotor blades was directly associated with the
performance of a CGT (Ceramic Gas Turbine).
The newly developed blades showed sufficient
reliability in spin tests carried out at room
temperature in vacuo; the average burst speed
of these blades was over 160% (90,700rpm) of
the rated spin speed, at which the stfess ratio to
the rated speed was over 250%. The calculated
burst strength was 790MPa which was close to
the bending strength of the test pieces cut out
from the blades, 870MPa.
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Abstract

An innovative ramjet combustor with a jet
mixing flame holding is now under investiga-
tion to apply to a space plane propulsive sys-
tem. This jet mixing type ram combustor has
some advantages, such as no obstruction in the
main flow field, easy cooling for heated compo-
nents and aerodynamically nonsensitivity to the
flow distribution upstream. Following to the
previous experimental investigation at 600K,
which corresponds to the air temperature at
Mach 3 in the flight speed, a series of combus-
tion tests was conducted here at temperature
level between 600K and 1200K, corresponding
to Mach 3~5 conditions. The length of the
combustion duct was canged and the effect on
the combustion efficiency was discussed. The
pressure loss factor was remained within the
value demanded form the engine system evalua-
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Abstract

The primary objective of the present study is
to investigate experimentally the effect of a
combinafion of rib patterns in the before-turn
and the after-turn channels on the pressure drop
and heat transfer in turbulent flow in a two-
pass square channel. Emphasis is placed on
examining the interactions of the two secon-
dary flows; one induced by the ribs and the
The rib. pitch-to-
equivalent diameter ratio (P/d.) is 1.0, the
rib-height-to-equivalent diameter ratio (e/de) is

other formed in the turn.

0.09, and the rib angle relative to the main flow
direction is varied from 30°~90° with an inter-
val of 15°.  Experiments are conducted for
Reynolds numbers in the range 4,000~30,000. It
was disclosed that, due to the interactions
between the bend-induced secondary flow and
the rib-induced secondary flow, the combina-
tion of rib patterns in the channel before and
after the turn causes considerable differences in

the pressure drop and heat transfer perfor--

mance of the entire channel.
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Abstract

The design and on-engine testing of a lean-
premixed, low-NOx combustor for a simple
cycle, single shaft, 250~-kW gas turbine engine
of a pressure ratio of 8 are discussed. A vari-
able geometry system composed of butterfly air
valves was used to control the split of air
between combustion and dilution. Fuel was
staged to a non-premixed pilot burner and a
premixed main burner. The NOx emissions
with natural gas fueling were found to be less
than 20ppm (at 16% O:) at full load conditions
with combustion efficiencies higher than 99.8%.
Results from early high-pressure rig tests of the
combustor hardware are also presented.
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1. October 19 (Thurs.)
09:30 - 09:35 OPENING ADDRESS
09:35 - 09:45 GREETINGS

(AIST)
(NEDO)

09:45 - 10:00 HYPR PROGRAM OVERVIEW

A-1. R&D Status of HYPR Program
S. Abe (HYPR)

10:00 - 13:00 RAMJET

R-1. Experimental Study on Methane-Fuel Ram
Combustor Y. Kinoshita (KHI)
R-2. Use of Numerical Approach in the Prediction
of NOx Emissions in Ramcombustor
E. David (SNECMA)
R-3. An Approach to Reduce NOx Satisfying Ramijet
Combustor Requirements K. Suzuki (NAL)
R-4. Ramcombustor Direct-Connect Test
K. Gallagher (UTC)
R-5. Starting Loads in Engine Wind Tunnels
T. Shimura (NAL ‘+KRC)
R-6. Ramjet System Freejet Test Status
H. Kimura (KHI)

14:00 - 15:000 GUEST LECTURE (1)

G-1. Overview of NASA's High-Speed Research
Program Mr. L. J. Williams (NASA)

15:10 - 17:40 TURBOJET COMPONENTS

T-1. Test Results of High Performance Turbo
Components T. Kawakubo (IHI)
T-2. Turbofan LP Components Research
N. Kuno (MHI)
T-3. Core Engine Emissions Control Technology
for an SST/HST M. Spooner (RR)
T-4. Turbojet Combustor Research  H. Ogata (KHI)
T-5. Heat Pipe Cooling System for Ultra High
Temperature Turbines T. Yoshida (NAL)
T-6. Low NOx Emissions from Non-Premixed Swirl
Burner Modules for the HYPR Turbojet
S. Hayashi (NAL)

17:40 - 18:10 CONTROL & MEASUREMENTS (1)
M-1. Multi-Variable Control for VCE T. Tamura (IHI)

TEL 03-5684-5180 FAX 03-5684-7540

2. October 20 (Fri.)
09:10 - 10:00 CONTROL & MEASUREMENTS (2)

M-2. Laser Aided Flow Visualization
A. Ooiwa (NRLM)
M-3. High Temperature Lubricants and Machine
Elements T. Yoshioka (MEL)
10:05 - 13:10 ENGINE SUBSYSTEM (1)
E-1. Recent Progress of the CFD Researches
in HYPR Program O. Nozaki (NAL)
E-2. Recent Progress of Air-Intake Research
for HYPR Program at NAL K. Sakata (NAL)
E-3.  Internal Flow ‘Field and Performance
of Two-Dimensional Ejector Nozzles
M. Sasaki (NAL)
E-4. Research Status of Combined Intake in HYPR
Program Y. Utaka (MHI)
E-5. Numerical Study of a Hypersonic Inlet for
.. a SST/HST Engine J. M. Gippet (SNECMA)

14:00 - 15:00 GUEST LECTURE (2)

G-2. Supersonic Commercia! Transport
- A Global Project Mr. I. G. Gray (BAse)
15:10 - 17:20 ENGINE SUBSYSTEM (2)
E-6. Combined Nozzle Research K. Kishi (MHI)
E-7. Underexpanded Supersonic Jet Noise Reduction
and Jet Thrust Loss by Tab Suppressor .
H. Oinuma (NAL)
E-8. Mizuho Test Results of Parametric Study
on Mixer Ejector T. Watanabe (IHI)
E-9. Research of High-Performance Thermal Barrier
Coating M. Suzuki (ONRI)
E-10. Lubrication System Heat Load Analysis for High
Mach Gas Turbine Engine J. L. Cabe (GE)

17:30 - 18:20 TOTAL SYSTEM
S-1. Research and Development Status of Turbojet
Engine Demonstrator T. Fujimura (IHI)
S-2. Research and Development Status of Combined
Cycle Engine Demonstrator H. Miyagawa (IHI)

18:30 CLOSING ADDRESS
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