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A Study on the Flow Analysis and the Combustion

Characteristics of Flat Burner using Metal Fiber

Jin-Seok Lee

Department of Mechanical Engineering, Graduate School

Pukyong National University

Abstract

The purpose of this study is to investigate the
combustion characteristics of the flat burner using metal
fiber. At first, the numerical analysis for flows were
compared with the experimental results in order to get a
basic database for establishing the numerical method of
combusting flows. By the results, we knew the current
numerical calculation method had confidence with error

range under 6% in compare with the experiments.
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By changing the excess air ratio which affects
strongly to the combustion characteristics, the flame
stability range in the metal fiber burner were found and
the range of the blue flame mode and radiant mode were
distinguished by direct photography. And the temperature
distributions and NOx and O3 distributions in combustor
were measured in two conditions which represents the blue
flame and radiant mode.

The results in our experiments for the flame stability
zone were from a=1.4(354 KW/m*) to a=2.06(240 KW/m?)
and then the blue flame mode zone was form a=1.87(266
EW/m?) to a=2.06(240 KW/m®) and the radiant mode one
was form a=1.4(354 KW/m?) to a=1.78(278 KW/m?)  And
the flame was not fired when a is less than the lean
condition a=2.45(202 KW/m?*),

The results of observing the combustion
characteristics of temperature and concenteration of NOx
and Oz in blue flame mode and radiant mode were as
follows; in case of blue flame mode, the temperature
boundary by bouvancy effect was started near 20mm away
in direction of Z-axis from metal fiber due to higher

convection energy rather than radiant one, and it was

- VIl -



expanded as going to the Y direction. And in case of
radiant mode, the temperature boundary was started near
80mm and the thickness was larger than the blue flame
mode. Other phenomena were very similar to each other in
qualitatively.

On the other hand, the NOx concentration was very
little in our experiment comparing to the other premixed
burner. But O: concentration was a little high, so we need

to study more in this point of view.
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Radiation Heat

Post-flame

Zone Conduction

Heat

Flame front

Heated surface

Conduction

Flame
Heat propagation
Porous MF
Convective

Radiation and/or

Conduction heat LCOOIi"g

L1
Cold mixture

Fig. 1 Combustion theory of porous media

* WALL CONDITON
(OPEN/CONFINEMENT)

* WALL MATERIAL PROPERTY

* TEMPERATURE / PRESSURE

* MFB MATERIAL 4
* POROSITY DOWNSTREAM

<= (e
* FIBER DIAMETER UPSTREAM

* MAT THICKNESS

* COMBUSTION LOAD
(MIXTURE FLOW LOAD)

* FUEL/AIR RATIO
* CALORIFIC VALUE

* TEMPERATURE

* PRESSURE )74

Fig. 2 The factor of combustion efficiency at the flat burner
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Fig. 2-7 CFD analysis process in the plat burner design
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3.2.3 NOx @ 023
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1. Blower 2. Surge tank 3. Valve 4. Crifice manometer

5. Fuel tank 6. Gas flow meter 7. Nozzle 8. Flat Burner

Fig. 3-1 Schematic diagram of experimental apparatus
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700 300

Air inflow part

200

Fig. 3-2 Detail of flat burner
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Perforation MF

Panel

Baffle

Fig. 3-3 3D-Detail of flat burner

Nozzle

300

1
200

300

Fig. 3-4 Detail of baffle and perforation panel

,30_



Fig. 3-5 A shape of perforation panel

Table 1 Metal Fiber standard

Nominal Nominal
Type Alloy thickness weight
(mm ) (g/ m?)
MFB NIT 100 S | Fecralloy 1.60~1.80 | 1300~ 1500




Table 2 Chemical analysis of Fecralloy

Elements Fecralloy
Chromium(Cr) 16.00%
Aluminium(Al) 5.00%
Yttrium(Y) 0.30%
Silicon(Si) 0.30%
Manganese(Mn) 0.08%
Copper(Cu) 0.03%
Carbon(C) 0.03%
Iron(Fe) Balance

Fig 3-6 Picture of metal fiber

;32_



Table 3 Experimental condition

(k%) I/ min )

Q air Q Suel a
CASE 1 10.2 1.92
467
CASE 2 14 1.4
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