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Effect on Heat Transfer through an Airfoil Heat Exchanger
in a Main Flow with Periodic Total Temperature Change

ABSTRACT

e ! P !
ITO Yu WATANABE Toshinori

An airfoil heat exchanger is an airfoil with several inner channels in which a heat transport medium (HTM) flows.

Various airfoil heat exchangers are connected by tubes, wherein the HTM flows from the hot to cold sections for

heat transport. If stators or guide vanes in a turbofan are modified to become airfoil heat exchangers, lightweight and

compact intercooling and recuperating systems can be installed into turbofans. In this study, using a thermal-fluid

analysis validated through experiments, heat transfer via an airfoil heat exchanger in a main flow with periodic total

temperature change was numerically investigated. When the frequency of periodic total temperature is 5000 Hz, the

time-space-average heat flux via the outer surface of the airfoil heat exchanger has a 10% higher value than that at

steady state. When the phase lag between the airfoil solid temperature and periodic total temperature is maximum, the

heat flux via the outer surface of the airfoil heat exchanger is also maximum owing to the heat capacity of the airfoil

heat exchanger.
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Fig. 2 Airfoil Heat Exchanger Systems Using Heat Transport
Medium (HTM) between a Hot and Cold Sections®
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Table 1 Boundary Conditions for the Main Airflow, Aifoil Solid,
and Cooling HTM Unless Otherwise Stated

Main Airflow
Inlet Mach number M;, 0.64
Inlet velocity u;, 240 m/s
Reynold number for a?rfoil chord 506,000
length as representative length
Inlet turbulence intensity u’/u;, 4%
Inlet total temperature Tig; i in 350 K
Amplitude of total temperature
change AT o air 20K
Frequency of total temperature 0 Hz
change /'
Outlet pressure Py out 101.3 kPa
Airfoil Solid (SUS304)
Thermal conductivity k& 16 W/(m'K)
Density p 7,930 kg/m’
Specific heat C, 590 J/(kg'K)
HTM (water)
Mass flow rate per channel my,,, 10.7 g/s
Inlet temperature Tym in 300 K
Thermal conductivity kpy, 0.615 W/(m'K)
Density ppm 1,000 kg/m®
Kinetic viscosity vym 8.52x107 m%/s
Specific heat C,, ym 4150 J/(kg'K)
Channel diameter Dy, 1.76 mm
Reynold number for HTM tube 9100
diameter as representative length
Prandt] number 5.76
Nusselt number 57.2
Heat transfer coefficient between
HTM and airfoil solid /iy 20,000 W/(m*K)
Heat Balance of Airfoil Heat Exchanger
Heat capacity flow rates ratio 03
(maircn air) / (mhthD htm) '
Overall Heat Transfer Coefficient
Overall heat transfer coefficient K | 386 W/(m*K)
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Fig. 5 Static Temperature Distribution in a Main Flow with
Constant Total Temperature
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Fig. 6 Total Temperature Distribution past Airfoil Heat
Exchangers with ksolid of 202 W/(m*K) in a Main
Flow with Constant Total Temperature
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