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Further development of instrumentation and data processing techniques to improve
Rayleigh scattering and laser doppler anemometry (LDA) as diagnostic techniques
in turbulent flows with combustion has continued . A computerized disk operated
data acquisi tion system with 8 channels of 12 bit A /D conversion , a CRT terminal
w i th graphics , and a line printer for pern~anent copy output has been completed.
The data acquisition system was used to study the effect of H2—air combustion
on ir,duccd turbulence in a heated boundary layer. Mean , rms fluctuations ,
probdhi lit .y density functions and autocorrelation were obtained for density and
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velocity. Three modes of combustion were indicated : 1) surface reaction ,
2) surface reaction combined with~~as phase reaction , 3) f lame—like structure at
the edge of the boundary layer. (Por two studies , 1 ) the interaction of a flame
front with a vortex street and äY\interaction with grid tu rbulence, a coaxial
combustor has been designed to inc1~ ase the stability of the flame front and to
remove background disturbances. In\the vortex street study, a hot—wire sensor
has been fabricated which monitors thç shedding frequency from the vortex
generating rod. Fortran programs havè~been written to monitor turbulent paranietE. ‘Sfor the vortex and the grid interactio studies.
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RESEARCH OBJECTIVES

1. Continuation of development of instrumentation and data processing for

Rayleigh scattering and laser anemometry as applied to turbulent

flow with combustion and heat transfer.

2. Applications to interaction of a Karman Vortex Street with a plane

flame front.

a. Development of phase-locked techniques to measure convection of

discrete vortices through a flame.

b. Determination of the effect of vortices and flame front curvature

on local flame propagation .

c. Development of numerical techniques to model the passage of

discrete vortices through plane flame fronts.

3. Appl ications to flame fronts propagations in grid turbulence.

a. Measurement of flame propagation speed as affected by the turbulent

flow generated by a grid.

b. Correlation of flame speed with turbulent parameters such as

integral length scales or the Taylor microstructure.

c. Determination of the effect of combustion on the production and

dissipation of turbulence.

4. Applications of Rayleigh scattering laser anemometry diagnostics to

turbulent boundary layers through measurements of:

a. Single point turbulent statistics (e.g. mean and rms fluctuations

levels of density and velocity) with and without combustion to

determine the effect of combustion on the turbulent flow field.
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b. Autocorrelation functions, spectra and two-point correlations

to determine spatial characteristics of the structure of turbulence

and to determine the effect of the structure on flame propagation

and heat transfer.

c. Crosscorrelations (two components of velocity or velocity and

density) to determine turbulent transport of momentum and heat.

5. Applications to laminar flow over a heated surface.

a. Development of experimental techniques for measurement of density

and velocity profiles for laminar boundary layers over heated

surfaces. S
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STATUS OF RESEARCH EFFORT

In the last year significant progress has been made in all of the

Research Objectives described above. This statement of progress follows

the order of the Research Objectives format.

1. A computerized data acquisition system based upon a Digital Equipment

Corporation (DEC) PCP 11/10 with 28K words of memory has been completed.

The computer system is run under a DEC RI-li operating system using a

RKO5 disk with 1.25 million works of storage. The system is accessed

using either a teletype or a Tektronix 4025 CRT terminal with graphic

displ ay capabilities . A line printer is available for output of

permanent copies of programs or large data files. Eight channel s of

12 bit A/D conversion are available. Samples may be acquired at a constant

sampling rate through clock control (up to ‘40 kHz for one channel ) or

individual samples may be initiated by a separate control voltage input by

the user. In the latter mode, the time between samples may be continuously

monitored by the clock. In addition to these data acquisition capabi’Iities~

an interface has been added to the PDP 11/10 to provide for control of

stepping motors to be used to move flow field position through the laser

optical path for Rayleigh scattering and laser doppl er anemometry (LDA )

measurements.

In a typical measurement sequence, the diagnostics scan the flow

field, calcula te mean and m s  fluctuation values and display the results

graphi cally on the terminal for monitoring the experiments. Rayleigh

signals are sampled at a fixed rate. In the case of LDA signals , measure-

ments are initiated by the signal validation pulses from the frequency

tracker and time intervals between measurements are obtained from a
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prograninable clock. All raw data may be stored on disk memory fil es for

post processing. These data files may also be stored on magnetic tape

for processing on a CDC 7600.

The sensitivity of the IDA system for measurement of low velocity

has been increased by the use of Bragg cells for frequency shifting. This

Increased sensitivity is needed to measure transverse velocity components

as well as small velocity disturbance levels such as those associated

with shedding vortices.

2. A coaxial combustor has been designed to increase the stability of

the flame front and to remove background disturbances which might

interfere wi th the interpretation of flame disturbances caused by the

Karman vortex street. The flow of the combustibl e mixture has been

l imi ted to an inner jet with air flow in an outer jet. The flow from

the outer jet shields the flame fron from mixin g processes associated

with the Interaction of a jet with the stagnant surrounding. The wake

downstream of the wall of the Inner nozzle has been smoothed using #200

mesh screen. The turbulence l evel downstream of the combustor is less

than 1%.

The use of a phase-locked technique to map the flow field downstream

of the vortex street generator rod, requi res a stable and rel iabl e sensor to
monitor the shedding of vortices from the rod. The use of conventional

hot wire-probes and probe supports would introduce disturbances in

the flow similar to that of the Karman vortex street; hence those probec

cannot be employed. A hot wire design which incorporates a cyl indrical

tube both as a probe holder and as a wake generator was constructed. The

w ire sensor, 0.02 nm diameter gold plated tungsten, Is welded to 0.5 nm

diameter platinum wire supports separated by 6 nm . The sensor portion is
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fixed at 1 cm above the cylinder and offset to the side by one cylinder

radius.

The reference hot wire has been tested using the computerized data

acquisition system. A signal validation scheme has been devised to test

whether the vorti ces are shed with enough regular ity for the phase loc k

technique to be applicable. Computer programs to prov ide crosscorrela tion

between either Rayleigh or LDA signals and the reference wire have been

completed.

3. The combustor designed for the study of the interaction of a vortex

street wi th pl ane flame fronts has been adapted so that it may be con-

currently used-for studies of flame propagation in grid turbulence .

Grids with mesh sizes of 1.6 mm and 5 mm have been fabricated for use with

the coaxial jet nozzles. Computer programs have been written to compute

autocorrelation functions , integral length scales , Taylor microscales and

to compare the decay of turbulence with combustion to that reported for
isothermal flows.

4. The effect of H2-Air combustion on induced turbulence in a heated

boundary layer has been studied through time and space resolved measure-

ments of velocity (laser Doppler anemometry) and density (Rayleigh

scattering). From these measurements mean , ms fluctua tions , probability

density functions and auto-correlations were obtained by digital processing .

The experimental conditions covered equival ence ratios from 0 to 0.3,

wal l temperature from 1100 to 1300 K and free stream velocity from 5-

14 to 22 rn/sec . A typical Reynolds number based on the free stream

velocity was 3x105. Three modes of combustion were indicated : 1) surface

reaction, 2) surface reaction combined with gas phase reaction in the

- 
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boundary layer, 3) flame-l ike structure situated at the edge of the

boundary layer. Velocity fluctuations of about 4% in the non—heated

boundary layer were reduced to 2% by wall heati ng . Density fluctuations

of 8 to 10% were observed in the heated boundary layer both with and

without combustion. From autocorrela tion measurements the max imum dens ity
gradient region of the flame-like structure was found to fluctuate at a

fairly regular rate of 0.5 to 125 Khz depending on various conditions.

5. A detailed study was completed of boundary l ayer behavior under corn-

bus tion conditi ons for lear H2/air mixtures flowing over a platinum cata-
lytic surface. Regions were identified in which only surface reactions

was present and, at higher equivalence ratios and surface temperatures ,

in which both surface reaction and stable boundary layer combustion occured

simultaneous ly. Surface energy release rates were measured over a range

of conditions for both H2/air and C3H8/ air mixtures. From the data it

was poss ible to dev ise express ions for the surface reaction rate based

on simplifi ed surface reaction mechan i sms . A more real i sti c mode l was

developed for catalytic surface react ions wh i ch inc luded both finite
rate surface ox idation of H2 to H20 and radical recombination at the

catalytic plate surface. Numerical calculations predicted higher gas

phase release rates than were found experimentally. A series of sensi-

tivity tests which were carried out indicated that uncertainties in the

gas phase kinetics mechanisms are the most likely cause of the high pre-

dicted heat release rates.
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