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Abstract: The active regenerative cooling technology faces the bottleneck problem of insufficient heat transfer
capacity when the scramjet flies at a higher Mach number. It is proposed to strengthen the heat transfer per-
formance of the regenerative cooling channel with airfoil-fins. To verify the enhanced heat transfer effect of the
airfoil-fin channel in principle, an experimental test platform for flow and heat transfer of ambient air in NA-
CA0021 symmetrical airfoil-fin channels and NACA4822 asymmetric airfoil-fin channels ( with cross-section sizes
of 50 mm X 50 mm) was built. The Nusselt number of the heated surface was obtained based on the steady-
state liquid crystal technique. The results show that, the heat transfer intensities of NACA0021 symmetrical air-
foil-fin channels and NACA4822 asymmetric airfoil-fin channels improve by 0.17% ~ 17.1% and 18.4% ~52.1% ,
respectively. Correspondingly, PECs are 1.04 and 1.24, respectively, with the volume flow of ambient air at 50
m’/h. The NACA4822 asymmetric airfoil-fin channel can enhance the heat transfer performance of the middle
heating surface under the condition of a large flow rate. The flow pressure drop in the airfoil-fin channels also
increases correspondingly, where the pressure drop in the NACA4822 airfoil-fin channel is the largest. The a-
symmetry of the airfoil-fin causes the continuous accumulation of flow turbulence intensity, resulting in a signif-
icant increase in the downstream pressure drop. The work is helpful for further research on the flow and heat
transfer characteristics of supercritical fluids in airfoil-fin channels, and broadens the application temperature

range of the active regenerative cooling technology for scramjets.
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Fig. 1 Schematic diagram of regenerative cooling of the scramjet engine
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uncracked n-decane, p . =3.0 MPa, T, =648.2 K (p, =2.103 MPa, 7, =617.7K )
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Fig. 2 Thermal properties of supercritical ( pressure) n-decane
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Fig. 4 The experimental test platform for flow and heat transfer of ambient air in an airfoil-fin channel
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Table 1  Details of laboratory instruments

experimental apparatus manufacturer product model measuring range ~ measuring error
CCD camera Allied Vision ( Germany) Prosilica GE 1650C 4 096x22 160 pixels -
measuring float flowmeter KROHNE ( Germany) VA20R 0~210 N-m*/h 2%
apparatus micromanometer Furness Controls ( UK) FCO014 0~10 000 Pa 1%
thermometer Steinfurth ( Germany ) DTM Spezial 15~61 C 0.01 C
centrifugal fan Siemens ( Germany) ELMO-G 2BH3 110-0HC42-5 1.10 kW/50 Hz -
test thermalized foil - PI1108920-00 24 V/60 W -
instrument liquid crystal membrane LCR Hallcrest Lid. (UK) R35C5W - 0.1 K
DC power EVENTEK ( France) KPS305D 0~32V/0~6 A -
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Fig. 13 Comprehensive performance analysis of heat transfer and pressure drop
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