FLOXCOM
36 Month (Final) Meeting
Bari, ltaly

November 21 2003

Technion - ISRAEL
http://jet-engine-lab.technion.ac.ll

Technion-lIT
—_ FLOXCOM
o 4|l 36 Month Meeting
> Bari — Italy

222”4 November 21 2003 www.jet-engine-lab.com




Technion-lIT
FLOXCOM
36 Month Meeting
Bari — Italy

4| November 21 2003

Engine
Laboratory

www.jet-engine-lab.com



Experimental stability limits
After Katsuki and Hasegawa, 1998
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GLOBAL EVALUATION OF THE FLOXCOM COMBUSTOR

Known parameters and assumptions:

*Inlet air temperature T,

*Inlet mass flow rate m_,

*Adiabatic flame temperature and exit temperatures T_and T,
*Recirculation rate k

*100% combustion and mixing efficiency

calculated Values:

*mass flow rates: stirring air, /1,4
dilution air, m_,
stirred gas, m_-tm.,

Temperature: stirred gas, T,
*0Xygen percentage: In every stage of the cycle
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The Stirring Gas Temperature, Ts, Is calculated from heat
balance between air and combustion gases (junction

Qpa.]:z mas_l_gc.];.mf:gs.];.(mf +mas)
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RATIO BETWEEN FLOW RATES OF THE DILUTION AIR m_g,
AND STIRRING AIR, m_. (JUNCTIONS):

Cpa.Ta 'mad T Cpc.Tc.(maS—i_ mf): Cpe.Te.(mad—I_maS—'_mf)
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Ratio between dilution air flow rate m_,,
and stirring gas flow rate, m_




The oxygen percentage Iin the stirring gas (upstream the fuel
Injection point):

©

=

The percentage oxygen O, at the exit may be found frgm the
global equivalence ratio @,

0,=23-(1-®,) /(1+ri1, /)

It can also be found from oxygen mass balance

O, (m,+m,+m,)=23m, +0Oc(m,+m,).
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BASIC FLAMELESS OXIDATION STUDY —

SHOCK TUBE TESTS
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DIFFERENT MIXTURES OF REACTIVE GASSES AND INNERTS ARE
SUBJECTED TO A RAPID SHOCK WAVE THAT HEATS UP THE MIXTURE.
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*Excess of free oxygen at
high temperature
Increases reaction rate!

*Dilution with H,O and
CO, at high temperature
have no significant effect
on reaction rate
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METANE IGNITION (Test 2-3)

2.24%CH, + 15.4%0, + 82.36%N,

METANE IGNITION (Test 2-2)

3.53%CH, + 6.99%0, + 89.48%N,
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METANE IGNITION (Test 1-3)
2.24%CH, + 15.47%0, + 73.2%N, +4.02%H,0 + 5.15%CO,

METANE IGNITION (Test 1-4)

2.25%CH, + 15.13%0, + 77.2%N, +5.42%CO,
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GEOMETRICAL CONSIDERATIONS

The (schematic) streamline length, L, is:
Where:
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1. THE SUBJECT OF THE PRESENT STUDY IS

THE CHEMICAL PROCESSES THAT OCCUR
BETWEEN POINTS 2-5

2. REACTIONS CONTINUE DURING DILUTION AS
WELL, HOWEVER THEY ARE OF SECONDARY

IMPORTANCE FOR UNDERSTANDING THE
FLOX REGIME.
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Fuel CH, K=2 T,=630K fuelfair ratio 0.025

EFFECTOf T
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Fuel CH, P=1.0MPa T_=630K fuelfair ratio 0.025

for k=0, Ts=1350 K EFFECT OF
for K=2,3, Ta=630 K K
& TreS'
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NOXx (ppmv) lines CO (ppmv) lines
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NOXx (ppmv) lines - CO (ppmv) lines
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Conclusion:

As NOx is almost independent of K we can restate the
Obijectives:

Optimisation (minimisation) of recirculation ratio with

respect to maximum heat release rate, Qr/(T3 + T4),
(total combustion time)
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Flame Visualisation
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Air supply (A2, A3)
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