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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
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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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holder part

=2

600-1,800°CQl LF1LHALO;, & 95%)°lth. &t 9]
= W7 B WA S ol B8 50FoR
Ak 3719=71(Air Compressor)?] Y=5571= =z
(Regulator)E AR g&o] 4 Barz &L, o]F SFX
A+ Z](Mass Flow Controller, MFC)YE E3}31t}. Limax= TBC2]
5 & W2ke 98 Wb 7] oS Ao 425 LPM (Liter
per Minute) > = R ISHICH1]. webs] & dAtofA= MFCO|
|FS 400 LPMge = AAstar, T wet 37195719 &
T BT 400 HE oo 375 HH s A 4 Qe
7.5 npg o2 AAstqict.

[ore]

=

JR=J{Y
)

p#

N
N

3.1 OFS0|.c S 088 FRTH AIAH

shggel A7l 225 SeIAL gt Ao
YA o Aofslof Fieh. Wekt Aba e olg o
5 2 Barolo, ulekd} 4kho] fae Alelsr] ¢
(Warwick, MC-1600L)2] &2 Z+z} 107} 30 LPMo|t}. o}
o2 olg3le] MFCO| AW AES 24 4 ol f
A AN2YS Fig 78 o] LAskATh. MFCY Algjd
% AL obFoliwo] tAUMOUTPUT REY} obdey
(INPUT ==)0] 2kt eAzislm), MFCS] A A=t ojxdy

i
A 1 4

lo {0
O:lo
1% o

il

¥

L

i

z o

]_

‘

o
rE ol

o e ofN BN Hr

e

DIGITAL PIN

]
V¢
@
ARDUINO
BOARD
24V DC
CH,
POWER ANLOG PIN
SUPPLY MFC
(10 LPM)
&0
L
X
MFC
o]
2 (30 LPM)
. o BURNER
[

Fig. 7 Schematic illustration of gas flow rate control system with
Arduino

Calibrator

Buttons
Adjusting gas flow rate

Fig. 8 Experimental setup for flow rate calibration

30 [
o5 L Methane
iy r Oxygen
= i
== 20}
58 |
o8 15F
8 |
28 10f
o c L
i < [
8 [
0 F T T T T T
0 1 2 3 4 5 6
Time (min)

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
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MFC Scale (0-255)

Fig. 10 Relation between flow rate and MFC scale
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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

1150 ¢

specimen

1100 | K-type TC | Distance ; 87 holder
E: -lcm . broken
1050 | | — Pyrometer / \

burner
1000: removed
050 £
900%
850 |
800
750 £
700
650 ——
600:,,,,,y,xy1‘y1x,,,
75 76 77 78 79 80 81 82 83 84 85 86 87 83 89 90 91 92 93

Time (min)

Temperature (°C)

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
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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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