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variety of georetries and inlet flow conditions to the combustor. Gas

samples were extracted from within the prevaporizing/premixing combustor
for the two flames examined, propane and Jet-A, and analyzed for gaseous
capom nuts. Temperature and carbustion efficiency calculations were made

S ,  using this information.

Exaination of the numerical and experimental information revealed the
invariant behavior of tti fundamental flow field with respect to operating
conditions, 'P-*iurorae Vwhe type of combustion (Uhe.singe or two-phase
fuel input into the carbutor) did not significantly-alter the flow field,
but it did change the relative intensities of carbustion within established
combustion zones. A--

Data representing overall carbistin efficiency of the combustor were
examined in conjunction with numerical and experimental information. The
present analysis casts doubt on the validity of these data due to gas sampling
problem, and work on another program is cited which confirms this result.

Prcbles of upstream flame propagation were also examined. Straight cyl-
indrical prenixing tubes were used in the combustor to reduce the possibility
of upstream flame propagation by autoignitin or other mechanisms not
associated with classicial flashback. The possibility of upstream flame
propagation induced by combustor pressure oscillations was also considered.
Monitoring of combustor pressure indicated that no flashback occurred due to
these oscillations. Propane was selected as the primary test fuel because
of its rapid vaporization characteristics; however, Jet-A was also used.

A characteristic time aproach was used to analyze the propane data because
the flashback process can be viewed as a cometition between a fluid mechanic
time and a chemical reaction time. Use of this technique revealed that
stoichioretric contours exist in the prenixing tubes of this system.
Flashback occurred along these contours thus making the flashback indepedent
of stoichiartxy.
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I. Research Objectives

The Purdue/AFOSR program, Flame Efficiency, Stabilization and Per-

formance in Prevaporizing/Premixing Combustors,-was designed specifically

to address problems of combustion efficiency and flame stabilization

(blowoff and flashback) in simplified combustors representative of

Aamjets

dump combustors)

Advanced Turbojets

.- '

Sprevaporizing/premixing , J4 r-

oAcatalytic). -"<'. . :"' -  .

The following goals were established

e Establish an experimental data base for model validation

a Develop simple quantitative design tools (the characteristic time

model)

e Examine the utility of detailed, finite difference, elliptic codes

for flow field interpretation

II. Status of the Research

A. Accomplishments

" Experimental data obtained and characteristic time model developed for

blowoff in a partially prevaporizing/premixing combustor (Plee et al.,

1977; Plee and Mellor 1978a, 1979).

" Experimental data obtained for combustion efficiency in a partially

prevaporizing/premixing combustor (Plee et al., 1977).

e Discrete probing of partially prevaporized/premixed flames using two

fuels: Propane and Jet A (Ferguson and Mellor, 1980; Proctor, 1981;

Proctor and Mellor, 1981).

". -
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Numerical modeling of nonreacting flowfield for prevaporized/premixed

combustor geometry using finite difference code, CORA2 (Proctor 1981;

Proctor and Mellor, 1981).

* Examination of literature data on flashback (Plee et al., 1977; Plee

and Mellor, 1978b).

. Experimental data obtained for flashback in a partially prevaporizing/

premixing combustor (Nein, 1981; Nein and Mellor, 1981).

B. Major Results and Conclusions

e Most "flashbacks" reported in the literature are not dIe to classical

flashback (via boundary layers in the fuel preparation tubes) but

rather result from flow separation (Plee and Mellor, 1978b).

a Since flashback data obtained in the Purdue program exhibit essentially

no dependence on fuel preparation tube stoichiometry, it must be con-
.o4

cluded that even for C3 H. complete premixing has not been obtained:

stoichiometric contours persist in the tube and are the zones of easiest

flashback (Nein, 1981; Nein and Mellor, 1981).

9 These flashbacks were observed to occur at nearly constant pressure

without observation of rumble or other instabilities (> ± 1 psi) (Nein,

1981; Nein and Mellor, 1981).

e Blowoff data were correlated by a characteristic time model which has

been generalized to include homogeneous premixed and spray flames (Plee

and Mellor, 1979) and recently extended to gas turbine engines (Leonard

and Mellor, 1981).

* Contour maps'obtained during detailed probing exhibit flame structure

in remarkedly good agreement with the cold flow predictions of CORA2,

but an unexpectedly low inlet condition on turbulent intensity (0.3%)

-q
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must be input to the code (Proctor, 1981; Proctor and Mellor, 1981).

Early data collected with an area-averaging rake for combustion effi-

ciency (Plee et al., 1977) did not allow comparison of inlet and out-

let equivalence ratios for the flames due to instrument limitations

(no 02 or CO2 analyzers). The inability to correlate these data with

the characteristic time models is now attributed to the rake's not

mass-averaging its measurements and for Jet A not sampling liquid fuel.

Thus the data are suspect. This conclusion is based on the extreme

velocity stratification predicted by CORA2 and suggested by the experi-

mental contour maps (Proctor, 1981; Proctor and Mellor, 1981), single

point probing at the exhaust plane of another combustor configuration

(Leonard, 1981), and equivalence ratio checks on the AFOSR combustor

during a DOE program (Tong, 1981).
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14,-.w October 1980, Warren, MI.

B. Consulting to other AF and DOD Laboratories

The AFOSR grant, in part, resulted in two consulting contracts to
Wright-Patterson AFB under their Senior Investigator Program. Each con-
tract is described briefly below.

"Support of AFAPL's In-House Combustion Experiments"
Air Force Aero Propulsion Laboratory
12/77-9/79

Originally a consulting program to the APL combustion tunnel work,
in the areas of experiment design, modeling, and classical and optical
diagnostics, this program also included design and fabrication of sev-
eral water-cooled gas sampling probes. Limited measurements were made
in a disc-in-duct configuration to compare results from the various
probes, which were then supplied to AFAPL for their in-house program.
It was found that probes with similar quench rates due to the water
cooling gave essentially equivalent results for gaseous emissions.
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"Turbopropulsion Combustion Technology Assessment"
Air Force Aero Propulsion Laboratory
6/78-10/79

In conjunction with APL turbopropulsion combustion and fuels per-
sonnel, a survey questionnaire was prepared for ATEGG engine contractors
to assess the state-of-the-art and particular research needs in the areas
of alternate fuels, and combustor and afterburner design for military
engines. After extensive briefings to a DOD-wide audience by each of
the five selected contractors, a comprehensive review of the responses
was prepared, and a suggested five-year turbopropulsion combustion re-
search plan was formulated.

VI. Discoveries and Inventions

None
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