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TAKE-OFF Sealevel static
Thrust (flat-rated to ISA+15°C 20,000 Lbf (89.0 kN)
Airflow 618 Lb/s (280 kg/s)

CRUISE Mach 0.8 30,000 ft

Thrust (lat-rated to [ISA+10C 4,965 Lbf (22.1kN)

Specific fuel consumption 0.654 Lb/Lbf Hr
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Bypass ratio 494

Opverall pressure ratio 20.2
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AN DB, ZDOWEE TCICHE T2 5 TR
T2 XTS 1 OFRMEFAFE I FERK 3 EH0 5B SN B A
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X3 RBASRY—-Y UVER
TR & B sk
fif wARE R Wi

René 80 |Ni-14Cr-9.5Co-4Mo-4W-3A1-5Ti-0.17C-0.015B-0.03Zr
U520 Ni-19Cr-12Co-6Mo-1W-2A1-3Ti-0.05C-0.005B

HRan O EE 2 E M O(LEE

U500 Ni-18.5Cr-18.5Co-4Mo-3Ti-3A1-0.07C-0.006B

U700 Ni-15Cr-17Co-5.3Mo-3.35Ti-4.25A1-0.07C-0.02B
INT38LC gl:;ﬁl(zi:lr-SECo-Z.GW—lﬂ5Mo~3.4’['1—3.4Al—0.9Nb-1.75Ta-U.IC-0,01B- ce

IN939 _ |Ni-22.4Cr-19C0o-2W-3.7Ti-1.9A1-1.4Ta-0.15C-0.009B-0.17r

IN792  |Ni-12.4Cr-9Co-3.8W-1.9Mo-4.5Ti-3.1A1-8.9Ta-0.12C-0.02B-0.2Zr

GTD222 |Ni-22.5Cr-19C0-2W-2.3Ti-1.2A1-0.8Nb-1Ta-0.1C-0.008B
MarM247 |Ni-8Cr-10Co-0.6Mo-10W-3Ta-5.5A1-1Ti-0.0158-0.03Zr-1.56Hf
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GTD111 |Ni-14Cr-9.5C0-3.8W-1.5Mo-3A1-4.9Ti-2.8Ta-0.1C-0.01B DS

CM247LC _|Ni-8.1Cr-9.2C0-0.5Mo-9.5W-3.2Ta-5.6A1-0.7Ti-0.0158-0.015Zr- 1.4Hf
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SC16 Ni-16Cr-3Mo-3.5A1-3.5Ti-3.5Ta
CMSX2 [Ni-8Cr-5C0-8W-0.6Mo-5.6A1-1.0Ti-6Ta
CMSX4 _ |Ni-6.5Cr-9Co-6W-0.6Mo-5.6A1-1.0Ti-6.5Ta-3Re-0. 1 Hf

DS

(R B

A - Re

CMSX10_|Ni-2Cr-3Co-5W-0.4Mo-5.7A1-0.2Ti-8Ta-6Re-0.1Nb-0.3Hf
CMSX11B_|Ni-12.5Cr-7Co-5W-0.5Mo-3.6A1-4.2Ti-5Ta-0. 1Nb-0.04Hf
CMSX11C_|Ni-14.9Cr-3Co-4.5W-0.4Mo-3.4A1-4.2Ti-5Ta-0.1Nb-0.04Hf
X40 _ |Co-25Cr-10Ni-1Fe-8W-0.5C-0.01B
X45 Co-25Cr-10Ni-1Fe-8W-0.25C-0.01B
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% | Nimonic263 |Ni-20Cr-20Co-0.4Fe-6Mo-2.1Ti-.4A1-0.006C =)
HA188 _ |Co-22Cr-22Ni-1.5Fe-14W-0.05C-0.01B e
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Discussion on Accuracy of Transient Heat Transfer Measurement
by Use of Thermochromic Liquid Crystal
(Error Estimation by Numerical Simulations)

Al

FUNAZAKI Ken-ichi

% —TJ]— K ! Heat Transfer, Measurement, Liquid Crystal, FDM Analysis,

Air-Cooled Turbine Blade

Abstract

This paper demonstrates numerical studies on the accuracy of heat transfer measurements using
thermochromic liquid crystal (TLC) as an indicator of time-varying surface temperature. Transient
techniques using TLC are frequently employed in gas-turbine community to measure heat transfer dis-

tribution on an internal cooling passage or an external blade surface. However, only limited information
on the accuracy of the techniques is available. Since the transient technique concerned greatly de-
pends on the assumption that the surface temperature obeys an unsteady one-dimensional heat con-
duction equation, numerical analyses using FDM are conducted firstly to check the one-dimensionality
of unsteady heat conduction in some test cases. Then effects of the liquid crystal layers as well as
black coating layer are also examined to clarify to what extent these coatings affect the estimation of

the heat transfer coefficient.
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