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System design for surface temperature measurement of high

temperature hot end components
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Abstract: With the continuous improvement of gas turbine, its blade temperature is getting closer to the temperature tolerance
limit of materials. However, the current temperature measuring instruments on the market cannot accurately reflect the blade tempera-
ture and distribution. To solve this problem, a scanning radiation temperature measuring system is designed. When the system is work-
ing, the probe is installed on the engine casing and aimed at the surface of the blade. The infrared radiation emitted by the blade is re-
flected by the reflector at the front end of the probe and enters the probe. It is transmitted to the controller through the optical fiber at
the end of the probe, and the optical signal is processed and converted into a temperature value. Through the coupling simulation of the
flow field and the temperature field of the scanning probe, the results show that the whole probe can be effectively protected in the en-
gine when 25 °C cooling gas is introduced at a flow rate of 0.1 kg/s and the probe detection time is not more than 15 s; the fluid pressure
at the end of the probe is about 17.0 MPa, which is much higher than the gas pressure of 1.4 MPa, so this area can isolate the high—
temperature gas to prevent it from entering the probe and contacting the reflector. Experiments were carried out in the laboratory to
verify the system. The results showed that the repeatability and stability of the probe at each temperature point did not exceed 7.5 ‘C,
that the temperature measurement system can meet the needs of turbine blade surface temperature measurement.
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Fig.1 Schematic diagram of engine cross section
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Fig.2 Schematic diagram of probe mirror scanning principle
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Fig.3 Half-section diagram of the main structure of probe
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Fig.5 Pressure distribution and streamlines of probe head
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Fig.4  Probe overall pressure distribution and streamlines

BRI AL, TR R, o S 5 R B
WL I S A BRE N RE, BRI e 4
1660 Co AR T ROGE WA B MRS N
BE P Jo vkl AL O A RO, TR
{18 ¥ AT 1) i ) X 3 e At 2 b B 4 T AR B
A A RO, A R GBI AR
VA st LT A2 WL 100 °Co HZE SRR, 1R E)
SUREE R 25 °C. WO 1 kg/s TR, BHISRE
AR G- b R 4R T PN 245 ) i 32 AN s TR R R
Wo MK, TEULHIM R, MRISHRE AT 72
AR R 5 T B R R PRI 15 s PR
Yy, G0 BT AR ] (] b o PRER CE T IR A
S SHELZXEHARER, LHEHITES
.

EE/K
2000

1830
1660
1489
1319
1149
978.8
808.6
638.4

468.2
298.0

Ko HREFEEMELEE 0 A

Fig.6  Probe overall temperature field distribution
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Fig.7 Temperature field distribution of probe head
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Tab.1  Stability test within 60 min
B[] /min NE/C
LG 1003.2
10 1003.2
20 1003.4
30 1003.5
40 1003.3
50 1003.2
60 1003.0
K2 EE A
Tab.2 Repeatability test C
‘ﬁi Vi %—Yf&lﬂr% %:?{(lﬂr%
TR JEEN ] JERE
550 553.2 555.0 552.6
900 900.0 901.3 899.5
1000 1003.2 1004.1 1003.4
1200 1200.0 1200.9 1200.4
1300 1301.6 1302.3 1301.9
1500 1500.0 1501.0 1500.3
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Fig.8 Sample diagram of stainless—steel probe after

high temperature test
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Fig.9 Sample diagram of precious metal probe after

high temperature test
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