7O A = 2

200947 H

b B IK EME AR S IR ED BBy T &4

b ZHEW T
(INARFE TR T SR\ TR, W1 255091)

(BE] 5T R EER B A SRR A 9 5 2Z R 4 R, L 90TC FEBR, 76 1.0.1.2 1 1.4 kg/min it
BiE N SRRV E TR BUASR AR & RiAT T ISR S , 38 MOF A AT B E TS R
BERIE T AW O SR AR B TR AR S AR R LL I, RS R A S A AR ) SSOR TR TR Ao e
i 61% ~87 % ; 4P B BRI i A 1.0 kg/min 3§ K 1.4 kg/min B, #4% 501 o5 19 B0 ) 1000 46 B4 e o5 L 151
HR19% LA F .

KRR MR BRAEY AT

hESES: TK6 XHRARIRAD: A

Heat Balance Analysis of Ceramic Ball Heat Carrier and Biomass Powder

Li Zhihe
(School of Light Industry and Agricultural Engineering, Shandong University of Technology , Zibo 255091, China)

Yi Weiming Liu Huanwei

Abstract

In order to investigate the heat exchange principle between the ceramic balls heat carrier and
biomass powder, heat exchange experiments were conducted with ceramic balls of 90C at 1.0, 1.2
and 1.4 kg/min and biomass powder of ambient temperature in a vertical down tube heat transfer
reactor. The percentages of heat conduction and heat convection of the total endothermic flux of the
biomass powder were determined at different ceramic balls mass flow by heat balance analytic method.
The results indicate that the heat conduction was the dominant heat transfer mechanism which reached
61% ~87% during the heat exchange between the solid heat carrier and biomass powder. The heat
conduction ratio decreased distinctly and the heat convection increased over 19% when the ceramic

balls mass flow increased from 1.0 kg/min to 1.4 kg/min.
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Tab.1 Initial and final temperatures of ceramic balls,

biomass particles and air

- F’@%ﬂi A=W Bk e
ittty E/C L C L C
/kg*min !

VIR R VIR AR PR AR
15 90 72.9 18.2 53.8 41.0 57.6
1.0 20 90 73.9 18.0 55.2 41.7 38.6
25 90 75.1 18.4 57.5 44.1 60.6
15 90 75.1 18.8 57.3 49.7 59.8
1.2 20 90 75.7 19.0 58.5 50.5 60.2
25 90 75.9 19.0 59.4 52.1 61.3
15 90 74.3 16.0 53.5 41.8 60.6
1.4 20 90 75.3 16.0 56.5 43.8 ol.1

25 90 76.1 16.0 59.5 45.9 62.1
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Tab.2 Exothermic heat rate of ceramic balls at

different mass flow rate

[ e 3R i /kg * min ! Jhis L g./K] *min !
15 13.85
1.0 20 13.04
25 12.07
15 14.48
1.2 20 13.89
25 13.70
15 17.57
1.4 20 16.66
25 15.76
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Tab.3 Average temperature of ceramic ball and air

at different mass flow rate

W e BRIt /kg * min ™! [ i L 2 /C
15 28.95

1.0 20 28.71

25 27.26

15 25.88

1.2 20 25.66

25 24.43

15 27.58

1.4 20 27.12

25 26.23
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Tab.4 Convective heat transfer rate of ceramic ball

and air at different mass flow rate

P e BRI /g - min ! JiiE b G /K] *min !
15 10.46
1.0 20 10.38
25 9.85
15 11.25
1.2 20 11.15
25 10.62
15 14.01
1.4 20 13.78
25 13.33

2.3 BERSEMEHHSHEE

Ml (1) 2542 2 ML 4 a8l wEk 54
Yk Z (B ARG g, IR S s o AR Bk
BRI g, = C,AT, , FARFEFFH I LA R
1.62 kJ /(g K™ -5 H A= 0y A 1 A ik <



106 & Ak MO ¥

20009 4

WK 6 FiRs . MR 5 FIEk 6 Jea(2) il LATHEA
A BRSO A ARG R T SRS A A
Wy 5 Ry S W AT 25 PR U AR SR i o A L 451
W 7 FroR e INFR 7 T LI W A ) BOk IR AR+
AR, P 3730 I ELBIROR = 2 L i

#5 AERETHEEXRMEYRMNSHEER
Tab.5 Conductive heat transfer rate of ceramic ball and

biomass at different mass flow rate

728,355 61% ~87% 5 4 M BBk M 1.0 kg/min

WK 1.4 kg/min I}, 4% T 09 LEAT80/ ), 106 30

R (5 B R 199% L F o R P R 0

B3 AL 45 2 SRR I, A A= P o

WG, 28 S 22 0 3R i S i o 3 A% 336 24 A 0 T
F7 SHMMTRAR SHESH

Tab.7 Percentage of conductive and convective heat caloric

PG BRI i kg min ! J L 9 /K] *min ! of biomass at different mass flow rate and mass ratios
1 .3 , —
. o T
2 2.22 15 85 15
15 3.23
1.2 20 2.74 1.0 20 85 15
25 3.08 25 87 13
15 3.56 15 66 34
1.4 20 2.88 1.2 20 7 28
25 2.43 25 85 15
&6 ARMERRE TEMRHERBER 15 66 34
Tab.6 Biomass endothermic rate at different mass flow 1.4 20 62 38
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