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COMPOSTING REACTION RATE AND SIMULTANEOUS HEAT AND MASS
TRANSFER UNDER THE CONDITION OF FORCED AERATION

S R N2l
By Hirakazu SEKI and Tomoaki KOMORI

From a view point of searching for the utilization of heat produced in composting

process of a mixture of livestock wastes and farmyard wastes, a few experiments of

composting the above mixture were performed under the condition of forced aeration as

an example of the practical methods of increasing heat production.

Several

considerations were done about features of the composting process based on the

experimental results of temperature, oxygen comsumption rate and carbon-dioxide

production rate in a compost bed. Heat production rates obtained in the above

experiments were six through ten times as much as a value obtained under a nen-

aerating condition. According to a mass balance of carbon, composting reaction rate was

roughly estimated. In addition, a mathematical model of the simultaneous heat and mass

transfer in a compost bed, which is accompanied with the composting reaction, was

investigated.
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Table1 Apparent and dry densities, moisture, carbon, nitrogen contents at the initial and the final conditions of
the experiments.
initial final
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2 7.2}600 60.5 237 97.34 3.52 3.76 25.9 [440 61.0 172 68.2 2.80 24.4 |29.1 31.7 0.96 0.154
3 10.5]600 61.0 234 101.60 3.06 3.65 27.9 {507 59.2 207 88.7 3.44 25.8 {12.9 16.4 0.21 0.051
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Fig.6 Time course of heat production rate estimated by
oxygen consumption rate (average value between
z=0 and z=1,).
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Fig.7 History of the average temperature between

z=0and 2=/, in a compost bed.
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IEPIIHED S SR 0N, EBRKTRICBLTC, N
OFEMEIFEIHEE L —H L. SoH56, Clko
WTIEEERD T & < Fe & OB LAEM L 12O T,
FYRDOBEF T E IR RO —89 5 DMK H, K
(1) »o@Bohss N SEREE—KLEZOWE, Cs,
Co#EbTH (7)~(10) HREEFEHTHY, Cu®
ﬂih%ﬁﬁﬂﬁ#ﬁﬁl&Eﬁ%%ﬁﬁ?g@&%i
HNB.
wic, LROFIECHEINT Cs dCs/df 15
(1), (4) IK&->Tu AEEUWL, ORI
ARG 420, BUEEOXHICH LU TRRLEZLD
% Fig.9, 1017”9, Fig. 94 Lk hid, w g (20
~46°C) & @il (46~70°C) @ 2 > OEEEKICH
WTHBAEZ &>, T THEHBINL v 3ENICEE
TLHH5DLEMEED LABKIET 2 REGOlT
HHN, PRE, BRECBREKFHEEISLLTCHEY,
XD Johnson-Lewin A (C# U ol ¢ L GABILE 5.
k(T +273) exp |~ a, /(T +273)
u= B (13}
1+ k. expl—a./(T+273)

RIEL, AHRD kb, b WEL a, a0 WS LT 300 ¥ —
EEANERTHS. 1, BREEGEAKRIIO -
T OFEMEE 0. 0156 h™' (Run 1), 0.0257 h ' (Run 2),
0.0219h7" (Run3) T&H 1, HKE60% 1o H{H
EUCHERYOHERE L7248, 0.018h im0 licd 5.
=%, Fig. 1042 L hif, AdEEE (49~70°C) <

BE - AR

WEEF—EEE 20, PR (20~49°C) T Arrhenius
OGRS I » TEIL Uz, APERETEE
EE Lo 2D, FERHOBESERONEIZ L > T
Bzl &b, TOBAMERY, Tabb10E, It
BEEBs ey, HMBOBELEGHIIT AN
BNCEBI WO EEZONS.

(5) A% - MERRBENSHED T FILEN
BELASIEOHEIB(E RIS 2 £ 5 - B O BIR L, T#19
IS 2D By - MERIEBEHR TH 5. A%?u
HIEH T O NI EER /2 RIGEE XA O ZE IS
mt&iféut%mhtbtpwuﬁwﬁﬁﬁ%w%
TN 2TV, EREREET 5.
FMREYDEKI & BIRK & A IXBIF 5 DI RE
@@?,;:fm’na%i&mflo@m (1218 i
KA & U, M 1 QBB S48 2 (18 0 Z250HH)
WZM%wﬁ%ﬁ%%#zé éb;,ﬁ%mmw&m
DOEELE, UFOREAKRES

V) ﬂﬁ@%h?uﬁwkﬁwwﬂﬁbfmé

Vi) TERUSBEIES S 51 ICEA SN, EREEK
EREA A ISR S

vii) H1AOEE, (L¥Eks, H2NoRE, BE,
HARBILES HAOHIDHT 5.

Vi) HERE(L#RE TRAE T B H A CO,, H0 DA T
H5.

ix) BUSEBREEERFHERTE—ICEZ 5.

X) BEEERTIENE L, NENREEY--TH

5.

Xi) KEEB ARG ka L RABRERE ha D
PR IC Lewis DBIR™ (ha/ka=Cq) 75RL
EAR

DEoRED S &I, BEY» S hnxolifis z &
dhuE, SHEOKDG, BR, RIEOYEIEHS, B
REBTOT&ERENS, 1220, LTohcHo
% gn, glEFNFN, BNEESSITH T HHENA
B 0D C, DIIAEE, CO, REHRE £ ED TN,

A THRE L &<, Wﬁ% BT,
gm=uC5 ................................................... (14)
Ge=l1—=Ye)/ Y (44/12) pCp wv--mvveremvvmemrmveenns (15)
W BT,
gmsz\CB ................................................ (}6)
gC:(44/12) ACB .......................................... (]7)

1B, Csh Con WA T 5 F T H B, 2hLIE
IR S A s g, RIGESEESIIE-TREBD
T, ZOHBOEILEIIIE-TREAZE IV F
THIE,

a) H1OEMN  ASPENZE, EREE &K
HREIC & 2RO EIIE, Bk sk, I



R SRS MR LIS & B - LR
L AERIEEERL T,
Olpaw) _ 2 [, Bleaw)) _
20 az[DW" oz } kalHs—H)+ B9

0, UKHBHFEHE) X2V T, HEE, BEIRKES
B HE - THEIE S N AWIRIE, S 5 OMERH, X
ISk BHKRHEZRL T,

(¥ux) _ 3 9 (paw)
3~ ox Loy Do oy | HA@X =X
32 1
7ER7QQC ................................ (19)
RFEAIZONTIL, Cs, Co B EUVKPIBHFLTLS
CO, mENFHIZD>NT
aCi: { _(1/ yc) 9n (%&Iﬁﬁﬁ) _________________ (20)
o8 0 (FEBUIR)
8C,,
it RS (21)
a(ley)_ J [y 3 (paw)
780 _a [EDw aZ kva<Ysu Y)+gc
........................... (22)
BN, BRIE, R(08E, RIS H

BRI, KA kA5, BEAJRSIE, FEUH,
RIBE~NDEIRKIEZ BT NIE,
Alles(1— )Cgs;ﬂprwUfwlT]:%{}Ks(l_w)
+K@W}44}+éi[DwagfﬂT]
— ka(Hy— H)L—ha (T — T+ RlQ%agr
—Us 2 (T T,) creeneeie e (23)

b) meﬁﬁﬁ Koy
ENUH, SR, EUH,
MHEZEEL T,

(UKZER) WHENE,
2 BT OAZIT L 518

Olea(U—UH]  3lpeuH) 3
o0 - oz oz
-[DHL”“ qfaZW'HI]+ka( —H) e (24)

0, CO, i
REEELT,

DWW, HRA, BRUE 1 Lo

Olp(T—T)X] _ 2(puX) a5
EY - oz oz
Ol (U —V¥pX
.[Dxii'o ( azm u}_kxa(x_xsﬂ ......... (25)
Ole(T—V¥)Y]  2(pauY) a3
a8 - oz oz
Op (T, Y
.I:DY {p ( aZ ) §:|+kya(ysu_Y) """"" (26)

B3, EHIH, XUE,
B, BN,

RSB BBS
ROEFICHES ER, HEAOHINAE

219

ZELUT,
2o (T — W) (CuTo+ HL)] _ Blpau

(CuTat HLY
20 B oz

a aiﬂa W Ww) { a!(w-_w'w)Tal
P DT LK, =]

4 hka(Hey— H)LFha (T— Tg) woremereereeeme (27)
LlEo &5 i HElRahz sness, R (18), (19),
(22) FORMEBIEE Dy DS T <, TR
KBEBZET LI L ETERVY, KFEROD LI
K REAFORIE TSR IZZ DB S N &
HEZONHDT, 2 2 THANINIZE I T (K
(18), (19), (22) OFVIHE 138, X (23) D4 2 1H)
AWM H. T, KTIKBEHELES O, BlEHoT
Nha<, CO,BbLILEBM/ME VDT, BAKIHRIZE
BahsohnsoBud/ha<, X (19), (22) Aokl
O LA, HINKERENS O, 8B LU0 1
holitansg CO,BxFnNEFN, BICKIDIHES
n5 0,8, RIETERINE CO,BIZELWEERS
h, 3 (25), (26) HOHVIE 3HIZZ e h—(32/44)
g/ RQ, g ilEEMA H5NAE, £z, R (24) 2R (27)
IARAT N, R (27) 3RO & CEHRO A DN
RICEEBRAILND.
3o (¥~ W,)CyTa] _

_ OlpauCyTd) 4.9
o8 a oz oz
[ 2V — V) Tal

9z

s, X (18) HD L DELH LA TLELDT,
wIZDOWVWTIEBLR O ERFR L 0 FIHHE w, 0 F F—1E
THHELTEHERITHY, 22T Cs, Cs, T, H, X,
Y, T2\ TOHEETHEE LT

c) BRZME LOUHERME  HEETHIIBNT
3, B, B, TAREE—TETH.

T="Tan To=Taun X=X,

Y=Y, H=H.

KR LB (z=1) Ci, BE, BEYRIGEEC
A EL, BEIZOSDTIZERMIIC &L 2 8HFH
kD T E T HWELULLBBHEEZTRDITEL G2
%.

OH/2z=0, 9X/9z=0,

dY/0z=0, T="T,

aT (z:lz) ................. (30)
KO+ KWl 5
:h(T_Taou)
12120, A EERMTRBIRE, Teou EHIERAERE
WORERAEZEZDT.
ZLT, IHRGE,
T=T, To=T, Cs=Cg,
(8=0)---(31)
X‘XO’ Y_Y(], b*Hin, Cs CSL



220

Table2 Physical properties and operating conditions
used for calculation (Run2 ).

symbol dimension value
Py kg/m3 1500

o, kg/m3 1000

ol kg/m? 1.13
e kJ/ (kg-K) 1.29
& xJ/ (kg-K) 4.18
e kJ/ (kg-K) 1.09
K kJ/ (m-h-K) 5.82
K kJ/(m-h.K) 2.26
34 kJ/ (m-h-K) 0.096
Dy m?/h 0.066
Dy m?/h 0.055
D m?/h 0.040
L kJ/ks 2400

o kg/m 237-0.5426
a

4 - 1-p./p
v, - (o 9pwf. w
h kJ/(m?.h-K) 7.5
u kJ/ (m?-h-K) 5.23
ha kJ/ (m3-h-K) 158

ka kg~H20/ (m3-h- AH) 145

u m/h 7.2

T, °c 18.4
L o 17.1
T e 17.1
wy kg-H0/kg-dry stock 1.532
Hin kg-H;0/kg-dry air 0.0058
Xo kg-02/kg-dry air 0.233
Yo kg-COy /kg-dry air 0

c kg-C/m3 93.82
ot kg-C/m3 3.52
T kg~C/m3 62.69
9 h 4.0
X
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DHER T OERRE [k]/(m*hK)]

EEARFRE [k]/(n*hK))]

s adrER [k]/(mhK)]

EH (X (13)) [Kh]

EH (X (13) [-]

0,0 BéhEafi [ke-H,0/(m*hAH)]
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Dk ER [k]/ke]
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DR (-]

(EE [°C]
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D HRPEE 0, RE [ke-0,/m®-H,0]

L 5EF CO, B [kg-CO,/kg-dry air]
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