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Fig. 1. Illustrative examples of changes in the average
temperature in a compost bed and the water
temperature in an accumulator with time for the
heat extraction and accumulation process by

intermittent water-circulation.
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Fig. 2. Schematic representation of heat transfer
for the heat extraction and accumulation
process by intermittent water-circulation.
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Fig. 3. Concept of temperature recovering pattern
in a compost bed.
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Fig. 4. Illustrative examples of change in the
temperature profile in a compost bed
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Fig. 5. Schematic representation of heat transfer
for the heat extraction and accumulation
process by continuous water-circulation.
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Fig. 6. Comparisons of the calculated results with
the experimental results on the average
temperature in a compost bed and the
water temperature in an accumulator for
the intermittent water-circulation [(a) for
the 1st experiment, (b) for the 3rd experi-
ment].
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Table 1. Physical properties and operating conditions used for calculation.

Thermal con- |Heat Capacity | Apparent den-|Heat capacity | Density of Moisture con- | Volume of the|Heat transfer
ductivity of |of the composy sity of the |of water water tent in the compost bed |coefficient
the compost | bed compost bed compost bed
Experiment bed
X Cp p Cp " ] w v h
[kcal/mhr°C] | [kcal/kg°C] [kg/m3) [kcal/kg°C] [kg/m3] [kg/kg] [m?] [kcal/m2hr°C]
1st 0.66 0.65 690 1.0 1000 0.495 0.245 0.2
3rd 0.62 0.63 617 1.0 1000 0.465 0.243 0.2
Surface area | Volume of Heat transfer| Surface area | Inner radius |Outer radius | Effective Overall heat
of the con- |water in the | coefficient [of the accu- | of the buri- [of the buri- | radius of the|transfer co-
tainer for accumulator mulator ed pipe ed pipe buried pipe |[efficient
Experiment the compost
A VU hu Su r; 7, Ty U
[m2] m?] [kcal/m?hr°C] [m2] [m] [m] [m] [kcal/m2hr°C]
1st 2.38 0.1 0.35 1.3 0.004 0.005 0.075 40
3rd 2.38 0.1 0.35 1.3 0.004 0.005 0.075 40
Total length | Velocity of Apparent rate| Initial temp- | Atmospheric |Temperature in the Temperature in the
of the buri- |water in the | of heat erature of temperature |bed at time starting | bed at time stopping
Experiment ed pipes buried pipe generation water in the to supply water to supply water
P accumulator
!Lc u Go Tl-i Ta Tu Td
|m} [m/hr] [kcal/m3hr] [ec] [°cJ [°c] [°C]
1st 4.9 1057 252 14.7 12.5 52.0 43.0
3rd 4.9 1057 293 14.2 11.5 52,0 40.5
Table 2. Comparisons of the calculated results with the experimental results on
the average of the heat extraction period, the average of the temperature
recovering period and the total period of the heat extraction and
accumulation process.
Average of the heat Average of the temperature | Total period of the heat
extraction period recovering period extraction and accumulation
Experiment [hr] [hr] PTOCESS  hr]
Experimental | Calculated Experimental | Calculated Experimental | Calculated
Ist 4.5 4.1 20.0 21.7 152 159
3rd 5.7 4.6 17.8 20.0 99 102
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Table 3. Comparisons of the calculated results with the
experimental results on the average temperature in
a compost bed and the water temperature in an
accumulator at the steady state in the continuous
water-circulation.
Average temperature in a Water temperature in an
compost bed accumulator
Experiment Tow [°C) 7, [°C]
Experimental | Calculated | Experimental | Calculated
1st 32.7 35.1 24.4 31.4
2nd 26.6 27.6 19.0 24.8
3rd 20.7 21.4 16.2 19.4
BHARE CORRD—DIF, BHRERET - B, Fldy, &)
HTURDS 5T R LIRS, HBZ 5 EHRE S %DM 2an{Jo(2n&) Y, (v ;)
EERD S OMBLOEET X 1h - i e Bbhbe = —Yo(an &) ], (ayv )}

Tbb, HEZ S NTHIL SN BB ST NTEERT
I NEEN e TIRES, EEREEAT ARHICED
—EHHE LIl EEZ D, C DT &R, BHET
BT, ETIDEN2~3TC THBHDIH L, EE
I BTIE D DS 45~83C 245Dl LT &> T3
TELOTBING,

4. 1% E

TEBREKIC & ZHERERBER D M » BARIEOIER
AT, RIRNCAT - 7o EERRER & L, LITO#R
197

1) WikeRarsBdmil - SRRIEOERREITIC K A5HHE
FERIZ, EKEIER ORI S NIBEREO BB
TEMELETOERBBDONILODD, THINRE
HEHZ KRR ERER SN X (—FK L, ER
B HOOFLHITRE N iz,

2) EEEHIEERL - BRRIEOERMIT T, HET
3 PR B I SERINE & 121F—3 L 728, FEVE S K
BOHEMEIIHEEE S EERE S EDUCEERDPLD
BIBEAEERICANIS o 12728, FEHEL O &S5
WOMEEE > Tce TOREBEEZRL, HRPIIOFNHE
ETEIET 2 BEDND 5 BN S,

T E24
K @)D f(aty, £)13,

d, {V(N*+H,—a,;0,) —2B*6,} Z, (d,v)
—{26,a;+vB*(H,~a,.60,)}Z, (a,¥)
+ydy (N*+ H,—at,l 6,) B, (dyv)

+ v, B* (Hy—a,}O) By (&, V)

(A-1)
2L, EXdhd Z,,(x), Bp() 32N TR TEX
1,

Zm () = () Yy (x7) = Vi (x) [, (x7,)  (A-2)
Bn(x) =Jm(2) Yo (x7) —Yu (x) Jo(x7)  (A-3)
TS PENE O BVEERMEIC LI LIE RN 2 B
Bz, JIF, 1971; BRS, 1966) Th 5,

X, a3k AT n BHDOERTH 50

o (N*+Hy— 0,2 05) Z, (¥
+B* (Hy= . 65) Zy(dy¥)=0
(BEAES)
A HERE S OEERERE(m?)
B; A (=)
Cp IBAHEEZMODHE (kcal/kgT)
Cpr KD HE (keal/kg 'C)
Go HEREZ 5 NWRH T #EE (kcal/m*hr)
G, HEREZ S BRI R R#E (kcal /m® hr)
H, &Ru(-)
h HEREZ 5 BED & D BURK A R IR BRI
(kcal/m? hr C)
ki BKENEEEERS (kcal /m? hr C)
hy  WBKESNEEEEGRE (kcal /m® hr C)
hy  FBEE OO DBBERERTILEGRE
(kcal/m? hr C)

K [ REAHEREMOBMEIRER (kcal/m*hr'C)
I, WKELE(m)
N  BEEAEK(-)

(A-4)

— 343 —



Q.  KiT X2 &M EEEE (keal/hr) O  BEZ S NOFEHERO T (-)
ro BKEEEITMES (m) ¢ ¥ fChr)
ri  BKENEE(m) £ BEHEIER M OB RhEWLBER (m?/hr)
ry o BKESEE(m) o BAWEHEMOBHT HE (kg/m®)
ry  BEHEEREMOFLERE (m) o KEE(kg/m?)
Sy BEZ S OEEREAE (m?) 7, EEBREEZERTERITH )
7. = B(C) ¢ fERoT iR (—)
Tho  HEREZ S NEERE(C)
T, Iz 5o FRERE(C) R
T, FBERZSHKR(CC) Carslaw, H. S. and Jaeger, J. C., 1959: Conduction
Ty BRE S NFIHIKIER(C) of fHegl‘ 31'Z7S%l;'c;s, 2nd ed., Clarendon Press,
Tiow FKEHH LK (C) Oxtord, 327—352.
. o . I, 1972 RUST%, BT i, 69.
Ty BKRILEEROBML 3 AKE (C) ?ﬁﬁﬂﬁ, 1971 ] B o é@%ﬁﬁzﬁ 251.
Ti  ANE—ERMR TRHOREZ SPFORE e . TR, 1981 BABEBEEHO GRS
©) B, B15EULETHREALHEESED, 193-
HEFE % 5 o _FFRIEEE(C) 194.

HEREZ 5> WIREDBERFBF3ME(C)

EPKREDERSATFEE(C)

BEAREEOMIEILERE (kcal/m* hr'C)
ERIKE IO U (keal /m? hr'C)

B8 SR - /NERAKEH, 1983 HERNLGRRICH T B BEEE,
BESR, 39(3), 173-179.

B8 SERD . /NBRKPHE, 1984 : HEEREAERIC X B HE
ERERMmEORS, BERE, 40(3), 219-228.

B8 SERD - /NERBA, 1985a: HEEEHNMWMALRICE S

BEPKOFE (m/hr) HERRFSEEAIN N D RS (B 28 TOURE L BIERY
BAHEZM OERE (m®) DRED, BEKRR, 41(1), 57-61.

BHZ S EFE () B R /NERREA, 1985b: HEESEERO ML - E
. CETAMEELHR BEREBKFRICKSEML -
Bk J
yk.gﬁjjtmm(m) HEGEER), 41(3), 257-264.

BEZH(C) . - ; ) . :
: W IE«FH ¥ N EBEE, 1966 {LERHRED -
REZEH(T) DOBBEEH, +— skt T7-78.

OIS (—) WEBHE, 1972 KEEEERTSE, B#EE, 95-146.

EvhhH B RR D SR TTE ()

DDOH O N < 8GN

Summary

A theoretical analysis of an operation of extraction and accumulation of the heat generated in
composting process by water circulation was made. The calculated results of the average temperature
in a compost bed and the water temperature in an accumulator were compared with the experimental
results obtained previously.

1) For the case of the intermittent water-circulation, there were slight differences between
the calculated results and the experimental results of the average temperature in the bed during
temperature recovering periods after the end of water-circulation. However, the calculated results
of the water temperature in the accumulator, the available time for heat extraction arid the recovery
time of temperature in the bed agreed relatively well with the experimental results. The theoretical
model was fairly fit for this case. 7

2) For the case of the continuous water-circulation, the calculated results of the average
temperature in the bed were in fair agreement with the experimental results. The calculated results
of the water temperature in the accumulator were however 3 to 7 degrees higher than the experi-
mental results. It could be due to the heat loss through the pipes connecting the container for the
compost with the accumulator, which was not allowed for in the theoretical model. It is necessary
to modify the analytical model by taking account of this kind of heat loss.
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