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Abstract

The heat transfer mechanism between biomass particles and ceramic ball heat carriers was the subject
of this study. The convective experiments between the ceramic balls and air, as opposed to heat transfer
experiments involving the solid carriers and biomass particles and pyrolytic gaseous product, were
conducted using the particles-separating apparatus. The convective heat transfer principle between one
solid carrier and air as well as between biomass and solid carriers were discussed. According to the
experimental data, the convective heat transfer coefficient of one ceramic ball was analyzed based on the
theoretical and non-dimensional analytical methods, which were 291.3 W/ (m’+°C) and 200.3 W/(m’-C)
respectively. The non-dimensional equations of biomass particles and ceramic balls were also determined
which were Nu, = 176 +

via the heat balance analysis method and the non-dimensional equation,

0.079Re, and Nu, =22.97 +0. 225 1Re, respectively.
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Fig.1 Sketch drawing of particles-separating apparatus for

heat transfer of particles
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Tab.1 Temperature variation of the air and ceramic ball C

W) 35 B i =R Vi) 2 BRI 3
/kg+min ' 0.1m 0.4m 0.8m 1.2m 1.5m Wik 2R IR 2R

1.0 62. 8 67.8 67.1 66. 6 60. 1 61.1 57.9 90 78.1

1.2 63.3 69.5 68.3 67.5 61.3 61.2 59.3 90 80. 1

1.4 63.9 70.9 69. 8 68. 8 62.2 61.6 60. 0 90 79.2
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Tab.2 Temperature variation of the biomass

particles and ceramic ball

Pogeskifite MRk Sl WREREEL/C BRI/ C

/kgemin™' o FUMBTEEL ypE %E WiR 4R
1.0 15.1 90 72.9 18.2 53.8
1.0 20: 1 90 73.9 18.0 55.2
1.0 25:1 90 75.1 18.4 57.5
1.2 15:1 90 75.1 18. 8 57.3
1.2 20: 1 90 75.7 19.0 58.5
1.2 25:1 90 75.9 19.0 59.4
1.4 15:1 90 74.3 16.0 53.5
1.4 20: 1 90 75.3 16.0 56.5
1.4 25:1 90 76. 1 16.0 59.5
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Tab.3 Convective heat exchange coefficient of the

biomass particles and ceramic ball

W) s Bk 3 4/ kg - min ™'

WiR7A
L0 L2 L4 P
/W (m?-C) ! 291 291 292 291.3
RMC A3/W-(m?-C) ! 199 200 202 200.3

A 1A )i R A 3 SR, DRt AT DA AR
TR NI AR B T RMC L 2 AR T R
AL s S 2 O RS RO R 2 R R
AR Z AR 22 1
3.2 WAEER RS
3.2.1 BP0 by

B EE Bk A SRy 2SR = Z A AR A 2
PR B BGP75C 2 o AT B P, B RS BRI A ) Jo
For e EA i v i P e BRI H AR 3l RE R AIG; A ) o
Hor W SRR AR R T 5 R R P R S R R

Bt T -

P e Bk AR i ) A B A I 1]
TR g, AR g,
[ A A

IR X et g, Al S g, || IR g,
K2 #erde R

Fig.2 Heat balance analysis of ceramic balls and
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Tab.4 Parameters of Nu_and Re,
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u e
/kgemin~' /W . (m*-C) ! /mm /W+(m?-C) ! /mes ™! /kgem 3 /Pa-s ‘
1.0 365 59.8 0.028 88 2.4 1. 066 0. 000 021 00 756 7285
1.2 365 65.5 0.028 94 2.4 1.063 0. 000 020 05 826 8334
1.4 365 70.7 0. 029 00 2.4 1. 060 0. 000 020 10 890 8948
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Tab.5 Parameters of the biomass particles

W) % Bk U 48 / kg - min ~! J e L i 2z/C 2T /mm? MR/ g MEHA/mm EMAEE/ W (m?-C) !
1.0 15:1 35.6 8 650 2.322 52.5 275
1.0 20:1 37.2 6488 1.742 45.5 275
1.0 25:1 39.1 5190 1.393 40.7 275
1.2 15:1 38.5 10 380 2.787 57.5 275
1.2 20:1 39.5 7785 2.090 49.8 275
1.2 25:1 40. 4 6220 1.672 44.5 275
1.4 15:1 37.5 12110 3.251 62.1 275
1.4 20:1 40.5 9083 2.438 53.8 275
1.4 25:1 43.5 7266 1.951 48.2 275

®6 Nu, 5 Re, iHEE
Tab.6 Values of the Nu, and Re,

P %5 BR 3 5 /kg» min ! rigig=a Nu, Re,
15:1 500 2093

1.0 20:1 433 1812
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15:1 546 2294

1.2 20: 1 473 1 986
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15:1 589 2528
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25:1 456 1958
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