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Development of

Vertical Burner Rig Using Methane Flame
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In this study, we developed a new vertical thermal gradient rig that uses methane-oxygen fuel. We conducted thermal
gradient testing on a thermal barrier coating system, with a flame temperature of 1,900°C. Our results showed that the
maximum surface temperature reached 1,065°C, while the temperature difference between the surface temperature and the
temperature of the middle substrate (AT) was 70°C. Using the same torch as in this study, our finding suggest that the
total flow rate of the flame should be above 12.4 LPM, and the gun distance should be less than 8 cm, to simulate a
surface temperature of 1,300°C, while keeping the substrate temperature below 1,000°C. This will ensure that the flame is
wide enough to cover the entire surface area of the thermal barrier coating.
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Fig. 3 Schematic illustration of vertical burner rig test method using

cylindrical specimen holder with longitudinal side slits for
cooling air escape
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Fig. 4 TBC specimen and its cross-section showing thickness of top
coat, bond coat, and substrate

Table 1 Composition of TBC specimen

Part Composition Thickness
Top coat YSZ 600 pm
Bond coat MCrAlY 250 um
Substrate IN738 3.0 mm
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Fig. 5 Schematic illustration of backside cooling system
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Fig. 6 Illustration of burner rig frame with exploded diagram of
holder part
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Fig. 9 Variation of MFC output values according to the increase in
the MFC scale during flow rate calibration
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Table 2 Result of flow rate calibration measurements

Flow rate (LPM)
M(l;fzi?)ﬂe [Gas flow calibrator reading]
Methane Oxygen
26 0.9028 3.3068
77 2.6583 9.6822
128 4.4374 16.182
179 6.2207 22.764
30
25 =  Methane
¢ Oxygen

Measured Flow Rate (LPM)

oL I I I I
0 30 60 90 120 150 180 210 240

MFC Scale (0-255)

Fig. 10 Relation between flow rate and MFC scale
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Fig. 11 Schematic illustration of automatic burner moving system
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Fig. 12 Comparison of flame shape and temperature between air-
fuel and oxy-fuel flames at the same gun distance
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Fig. 13 Example of flame temperature control by adjusting flow
rate ratio
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Fig. 14 Experimental setup for thermal gradient test
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Fig. 16 Temperature profiles of K-type TC and pyrometer for ‘d’
section in Fig. 15 with a representative photo
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Fig. 17 Temperature profiles of K-type TC and pyrometer for ‘e’
section in Fig. 15 with representative photos
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Table 3 The ratio of flow rates for the ‘a’, ‘b’, and ‘¢’ sections of
temperature profiles and corresponding flame temperatures

Flow rate (LPM) Ratio of flowrate ~ Flame temp.
CH,4 0, (O,/CHy) °C)
2.67 10.63 3.98 1,550
1.73 8.72 5.04 1,400
2.67 9.74 3.65 1,700
2200
2100 [ ® Measurements (B-Type TC)
SR s Linear Fit of Measurements

Y m  Prediction at R=2.40

£ 1000 T A Prediction at R=2.0

[0 -

2 1800 |

0

% 1700 .

t5 1600 |

i .

o 1500 |-
1400 |- '
1300 n 1 I 1 L 1 n 1 I 1 L 1 n 1

15 2.0 25 3.0 35 40 45 5.0 ‘ 5.5
Ratio of Flow Rate (O,/CH,)

Fig. 19 The linear relation between flame temperature and ratio of

flow rate

Fig. 20 Location of failure for alumina specimen holder after
thermal gradient test
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