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Packed-column-type Heating Tower for Recovery
of Heat Generated in Compost
Hirakazu Sexi and Tomoaki Komori

Department of Civil Engineering, Faculty of Technology,)
( Kanazawa University, Kanazawa 920, Japan

Having had imagined the heat recovery from exhaust air out of a compost bed, experiments
for rising the temperature of water (medium fluid) by a packed column heating tower of counter-
flow-type were conducted. There was a considerably larger temperature rise of water (30°C of
the maximun), and a higher value of the heat recovery efficiency (72% in average), as compared

with those for the buried-tube-type heat extractor.

system seemed likely to be valid.

Therefore, the proposed heat recovery

An overall volumetric coefficient of enthalpy transfer of the tower Ka depended only on the
mass velocity of dry air G, and it was arranged by the experimental equation Ka=27G%"®

within the error of +20%.

Assuming the linearity between the enthalpy and temperature of saturated air, approximate
solutions of the temperature of water and the enthalpy of moist air in the tower were derived.

It was illustrated that the volume of compost bed and the mass velocity of water in the tower
which would be required to get the desired water temperature at the outlet of the tower could
be graphically determined by the approximate solutions.

Key words: Composting, Heat recovery, Overall volumetric coefficient of enthalpy transfer,

Packed column heating tower.
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Fig. 1. Schematic representation of an external
heat recovery system from compost.
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Fig. 2. Schematic illustrations of enthalpy-temperature diagram for cooling

and heating towers.
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Fig. 3. Energy balance in a differential element of
a packed-column heating tower.
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DRY AND WET-BULB TEMPERATURES
Lo twy rc]
¥

SATURATED VAPOR PRESSURE AT t,;
DPwp = €18.67-4030/235+twb)  [mmHg] (Takahashi,1981)

[
VAPOR PRESSURE OF MOIST AIR
P =pwp-0.5(t-typ) [mmHg] (Kamei,1975)

MIXING RATIO

H = 0.62p/(760-p) [kg-H20/kg-dryair] (Kamci,1975)l
[

ENTHALPY

i =024t + H(595 + 0.461) [kcal/kg-dryair] (Kamei,1975)

Fig. 4. Procedure of estimating enthalpy of moist

air.
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Fig. 5. Enthalpy-temperature diagram showing
evaluation procedure of the overall volu-
metric coefficient of enthalpy transfer Ka.

EXPERIMENTAL DATA
t1 = 41.8°C, typ = 41.2°C
tz = 19.3°C, typ; = 19.3°C
T, = 30.3°C, T, = 17.0°C
L = 8430.12kg/(m3hr)
]

ENTHALPY
iy = 41.910kcal/kg-dryair
i = 13.086kcal/kg-dryair
1
OVERALL VOLUMETRIC COEFFICIENT
OF ENTHALPY TRANSFER

Ka = 13047.6 kcal/(m3hrai) forN = 10
Ka = 12611.5 kcal/(m3hrAi) forN =50
Ka = 12596.6 kcal/(m3hrAi) for N = 100
Ka = 12591.8 kcal/(m3hraAi) for N = 500
Ka = 12591.6 kcal/(m3hrAi) for N = 1000

Fig. 6. Example of the calculated results of Ka for
different values of N. '
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Fig. 8. Sketch of a packing material (tellerette).
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Fig. 9. Survey view of the experimental apparatus.
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Table 1 Experimental results of air and water temperatures, air velocity in a duct and water

flow rate to the heating tower

Run t twp1 hy tq twpa hy T, T, u w
49 () (%) (c) (c) (%) (c) (c (m/hr) (m%/hr)
1 432 431 99.5 188 186 988 166 304 3456 0.3103
2 411 40.0 943 192 188 975 172 215 3708 0.3204
3 433 424 954 184 178 963 16.0 30.7 3492 0.2700
4 415 407 95.8 192 190 988 175 27.6 3492 0.3333
5 411 39.3 90.9 162 160 987 153 22.1 2772 0.3673
6 438 436 99.0 230 228 988 168 41.6 2700 0.1241
7 37.7 37.1 96.8 226 223 982 161 36.7 2484 0.0800
8 482 482 1000 232 230 988 179 408 3096 02118
9 522 517 97.6 237 234 982 180 483 2196 0.1455
10 443 429 930 186 184 988 165 35.5 2772 0.1655

Table 2 Comparison of the calculated results of water temperature at the outlet of tower 77 and
enthalpy at the outlet of tower i, with the experimental results (Calc. and Expe. indi-
cate calculated results and experimental results, respectively)

Run G L T, i T, (C) iy (kcal/kg)
(kg/m?hr) (kg/m? hr) (c) (kcal/kg) Calc.  Expe. Calc.  Expe.

1 4059 9884 16.6 46.16 30.29 304 1283 1256
2 3936 10237 17.2 39.50 27.44 275 1287 1271
3 3878 8599 16.0 44,55 30.47 30.7 1247 1195
4 3822 10616 17.5 4092 27.54 276 1303 1287
5 2899 11699 15.3 38.12 21.96 22.1 11.25 10.67
6 3129 3953 16.8 47.33 41.71 41.6 1586 16.00
7 2824 2548 16.1 34.15 36.31 36.7 1591 15.56
8 3561 6744 179 59.60 41.41 40.8 15.07 16.23
9 2574 4632 180 71.07 4854 483 1610 1653
10 3011 5271 16.5 45.66 35.09 35.5 1311 1240
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Fig. 10. Relation between overall volumetric coef-
ficient of enthalpy transfer Ka and mass
velocity of water L.
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Fig. 11. Relation between overall volumetric coef-
ficient of enthalpy transfer Ka and mass
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Fig. 13. Calculated results of water temperature
and enthalpy profiles in the tower for the
case of #;=50°C.
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