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1. INTRODUCTION
As one of the cooling methods for the blanket in a fusion reactor, forced convection using helium gas has been
considered as one of the promising candidates. In this study, we focused on forced convection heat transfer of
helium gas flowing in a minichannel, and conducted forced convection heat transfer experiments of helium
gas in a minichannel with different length at various velocities. The heat generation rate in the test minichannel
increased exponentially at various increasing rates. The purpose of this study was to investigate the
characteristics of forced convection heat transfer in a minichannel.

2. EXPERIMENTAL APPRATUS
The experimental apparatus and method were reported in the authors’ previous study[1]. A schematic diagram
of the experimental setup is shown in Fig. 1. Helium gas is supplied from a gas cylinder and circulated by a
compressor. The flow rate in the test section is measured by a flow meter. The gas flowing through the test
section is cooled by a cooler and returned to the compressor. A detailed diagram of the test section is also
reported in the previous study[1]. A platinum tube with a diameter of 0.8 mm was used as the test heater
(minichannel), and copper electrodes were fixed to both ends of the test heater. The tube is covered with
Bakelite plates for thermal and electrical isolation. A silicone sheet is inserted between the Bakelite plate and
the electrode to prevent gas leakage. The test heaters were 50 mm and 30 mm in length.
In this experiment, a heat generation rate is applied to the test heater with exponentially increasing rate. It is
shown as the following equation.

�̇�𝑄 = 𝑄𝑄0 exp(𝑡𝑡 𝜏𝜏⁄ ) (1)

where, �̇�𝑄 is heat generation rate, Q0 is initial heat generation rate, t is time, and τ is the e-folding time 
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Fig. 1 Schematic diagram of the experimental
apparatus. 

Fig. 2 The relation of heat transfer coefficient with 
temperature difference at various diameters. 

3. EXPERIMENTAL RESULTS
Figure 2 shows the relationship between the heat transfer coefficient, h, and the surface temperature difference
between inner surface temperature and bulk temperature, ∆T, for a length of 50 mm at a velocity of 184 m/s,
e-folding time of 16.6 s, and inner diameters of 0.8 mm and 1.8 mm[2]. The inlet temperatures are 283 K for
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0.8 mm, and 295 K for 1.8 mm. And the inlet pressures are 528 kPa for 0.8 mm and 501 kPa for 1.8 mm. As 
shown in the figure, the heat transfer coefficient asymptotically approaches a constant value with respect to 
the surface temperature difference, and the heat transfer coefficient for the diameter of 0.8 mm was about 17% 
higher than that for diameter of 1.8 mm[2]. It is considered that the heat transfer coefficient for a small diameter 
tube improved with the reduction in the diameter. 
Figure 3 shows the heat transfer coefficient, h, at various e-folding time, τ, and various flow velocities. The 
heat transfer coefficients are approximately constant for the e-folding time longer than about 1.5 s under the 
same flow velocity. The heat transfer coefficients gradually increase for the e-folding time shorter than about 
1.5 s. These results indicate that the heat transfer process is in a quasi-steady state for the e-folding time longer 
than about 1.5 s, and it is in a transient state for the e-folding time shorter than about 1.5 s. 
Figure 4 shows Nusselt number, Nu, at various e-folding time for the tube lengths of 30 mm and 50 mm. The 
inlet temperatures are 296 K for 30 mm length, and 283 K for 50 mm length. And the inlet pressures are near 
525 kPa for both lengths. As shown in the figure, Nusselt numbers for 30 mm length tube agree well with 
those of 50 mm tube in the quasi-steady state, and show some increases at very short e-folding time (τ < 0.1 s) 
in the transient state. It is indicated that the heat transfer shows a weak dependence on the length. The Nusselt 
number can be also obtained at various Reynolds number. Compared with conventional forced convection heat 
transfer correlation by Gnielinski[3] in a circular tube, the experimental results for the diameter of 0.8 mm show 
approximately 70% higher values than those by the Gnielinski’s correlation[3]. 
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Fig. 3 The relation of heat transfer coefficient 
with e-folding time at different flow velocity. 

Fig. 4 The relation of Nusselt number with 
e-folding time at different length.

4. CONCLUSIONS
Forced convection heat transfer experiments were conducted for helium gas flowing in minichannel with a
diameter of 0.8 mm at various lengths, velocities and e-folding time of exponentially increasing heat generation
rate. Following results were obtained.
(1) The heat transfer coefficient gradually increased for the e-folding time shorter than about 1.5 s.
(2) The heat transfer coefficient for a minichannel increased with the decrease in diameter.
(3) The heat transfer showed a weak dependence on the tube length at 30 mm and 50 mm.
(4) The Nusselt numbers obtained from the experimental results for a diameter of 0.8 mm showed larger
values than those of Gnielinski's correlation.

ACKNOWLEDGMENT 
This study was funded by the Japan Society for the Promotion of Science (JSPS) (Grant-in Aid for Scientific Research(C), 
KAKENHI, No. 18K03979). 

REFERENCES 
[1] Xu, F., Liu, Q.S., Shibahara, M. “Transient forced convective heat transfer of helium gas in a narrow tube heated by exponential

time-varying heat source,” Experimental Heat Transfer, Vol. 35, No. 5, pp.591-610 (2022).
[2] Suzuo, N., Liu, Q.S., Shibahara, M., “Transient Heat Transfer for Forced Convection of Helium Gas through a Narrow Tube

with Various Lengths,” Proc. of the 30th Int. Conf. on Nuclear Eng., ICONE30-1009, Kyoto, Japan (2023).
[3] Gnielinski,V., “New equations for heat and mass transfer in turbulent pipe and channel flow,” Int. Chem. Eng. Vol.16, No.2 ,

pp.359-368 (1976).


	令和６年度国際交流基金---報告.pdf
	論文の写し(ACTS2024)
	HEAT TRANSFER FOR FORCED CONVECTION OF HELIUM GAS IN A MINICHANNEL WITH DIFFERENT LENGTH


