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Feasibility Study on Impinging Jet Heat Transfer of
Dense Gas-Solid Suspension Divertor Cooling

Takehiko YOKOMINE®, Akihiko SHIMIZU* and Akihiro EGUCHI**

This paper aims to demonstrate experimentally the heat transfer performance of dense gas-solid suspen-

sion impinging jet for divertor cooling of the fusion power reactor.

Prior to the experimental study, a

tentative goal of 20000W/m?K was set as the heat transfer coefficient based on the expected temperature level

of both coolant and divertor plate materials.

When the glassy-carbon particles were used, the maximum

heat transfer coefficient could not reach the target value because the solid flow rate was restricted by the cru-

cial erosion damage of test plate and a strong vibration observed in the test line.

On the other hand, in the

case that the fine graphite particles were used, the maximum heat transfer coefficient of 20000W/m?K was
obtained at relatively dilute condition of solid loading ratio, which is considered to be due to the additive

production of turbulence by particles’ wake.
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Bird's-eye view of pre-heater
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Fig. 3  Details of the test section
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Table 1  Experimental parameters and obtained heat

transfer coefficients in the case of
glassy-carbon particles
m | T T | RWmK) | TE) | T()
H/D =1
9.57 0 0 3200 285 781
9.84 0 0 2400 285 781
9.76 | 2.58|1.63 8500 285 711
9.78 | 3.51]2.22 9300 285 721
9.53 |3.99]|2.52 9700 285 711
9.79 |4.612.91 9700 285 753
7.53 | 1.70 | 2.54 9200 645 805
8.76 | 2.17 | 3.08 10600 557 698
7.06 | 2.45|3.27 10800 518 712
7.13 12.51]2.33 10200 727 927
8.92 | 2.643.22 9600 501 778
8.84 | 2.7513.91 11800 512 865
7.62 |2.90|4.36 13000 627 861
8.03 |3.36 |4.66 13100 592 818
7.48 | 3.72 | 3.67 13900 653 861
9.80 | 4.48 5.13 14900 448 693
H/D=3
7.14 0 0 2146 444 1011
10.0 | 1.16 [ 0.74 6164 282 736
5.62 | 1.68|2.22 7052 625 872
5.54 | 2.70 | 3.61 7188 644 890
5.57 | 3.68|4.90 7838 639 874
5.73 | 4.27 | 5.58 9713 612 ‘ 851
5.89 |5.356.83 7916 585 831
5.95 |5.49|6.91 9195 571 807
5.96 |6.21|7.88 8565 580 846
6.02 |6.82|8.55 9431 566 850
5.56 |3.06|4.09 9737 644 859
5.42 | 2.79|3.77 8554 658 896
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Thermal loading ratio vs. Heat transfer coefficient
in the case of G-C particles
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Table 2  Experimental lp'arame'ters and obtained hgat '
;raarrziscfleers coefficients in the case of graphite 20000 F I & A v/
b
Rew | | L | AWmK) | T | To®) %) ' s
H/D =1 § I A
14.7 | 0 | 0 2402 289 | 838 = °
9.70. | 0 | 0 1476 291 | 804 3 I e
8.08 |1.821.16 8184 282 764 ! 10000 - .A"o N
7.87 [1.831.16 7612 282 826 g I A ° 1
7.97 13.07|1.95 9932 282 726 1
8.02 |3.93|2.50 9752 282 689 L : 8;g:p ite (H/%) 1) ]
8.05 |4.10 | 2.60 11890 282 719 ) | -
8.05 |5.59|3.55| 10920 281 692 10000 20000
18.5 |2.24 | 1.42| 14660 | 283 | 588 predicted h . (W/m’K)
19.7 12.6411.68 18660 280 594 Fig. 8 CR;;rx:\fn[g{e/}glzli of experimental results in the
22.3 |2.73|1.73 17360 279 585
24.1 |2.75|1.73 16870 278 595
14.0 [2.07 | 2.35 19990 491 706
14.6 | 2.43 | 2.66 18590 471 690
14.7 |3.29 | 3.51 20180 459 679
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Fig. 7  Thermal loading ratio vs. Heat transfer coefficient
in the case of graphite particles
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