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Summary

The research work is concerned with the analytical and experimental studies on the heat
transfer phenomenon around the underground concrete digester used for biogas production
systems.

A mathematical and computational method was developed to estimate heat losses from
underground cylindrical concrete digester used for biogas production systems. To test its
feasibility and to evaluate thermal parameters of materials related, the method was applied
to six physical model digesters. ‘

The cylindrical concrete digester was taken as a physical medel, to which the methem-
atical model of heat balance can be applied. The mathematical model was transformed by
means of finite element method and used to analyze temperature distribution with respect
to several houndary conditions and design parameters.

The design parameters of experimental digesters were selected as; three differént sizes—
40cm by 80cm, 80cm by 160cm and 100cm by 200cm in diameter and height; two different
levels of insulation materials—plain concrete and vermiculite mixing in concrete; and two
different types of installation—underground and half-exposed.

In order to carry out a particular aim of this study, the liquid within the digester was
substituted by water, and its temperature was controlled in five levels-35°C, 30°C,25°C,
20°C and 15°C; and the ambient air temperature and ground temperature were checked
out of the system under natural winter climate conditions.

The following results were drawn from the study.

1, The analytical method, by which the estimated values of temperature distribution around
a cylindrical digester were obtained, was able to be generally accepted from the compar
ison of the estimated values with the measured. However, the difference between the
estimated and measured temperature had a trend to be corsiderably increased when the
ambient temperature was relatively low. This was mainly related variations of input
parameters including the thermal conductivity of soil, applied to the numerical analysis.
Consequently, the improvement of these input data for the simulated operation of the
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numerical analysis is expected as an approach to obtain better refined estimation.

o

2, The difference between estimated and measured heat losses was shown to have the

similar trend to that of temperature distribution discussed above.

3. It was found that a map of isothermal lines drawn from the estimated temperature

distribution was very useful for a general observation of the direction and rate of heat

transfer within the boundary. From this analysis, it was interpreted that most of heat

losses is passed through the triangular section bounded within 45 degrees toward the wall

at the bottom edge of the digester.
idered within this region.

Therefore, any effective insulation should be cons-

4, It was verified by experiment that heat loss per unit volume of liquid was reduced

as the size of the digester bscame larger. For instance, at the liquid temperature of 35°

C, the heat loss per unit volume from-the O, Im3 digester was 1,050 Kcal/hr m3, while
that for 1, 57n8 digester was 150 Kcal/hr ma,

5. In the light of insulation, the vermiculite concrete was consistently shown to be supe-
rior to the plain concrete. At the liquid temperature ranging from 15°C to 35°C, the
reduction of heat loss was ranged from 5% to 259 for the half-exposed digester, while

from 109 to 28%

for the fully underground digester.

6. In the comparison of heat loss between the half-exposed and underground digesters, the
heat loss from the former was from 1,6 to 2 6 times as much as that from the latter.
This leads to the evidence that the underground . digester takes advantage of heat

conservation during winter,
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Parameter I\/Ea ?;E; able? ggis'tlrtgf
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BOD. COD feed No No
Feed composition Difficult Yes -
Feed: Physical state No No

stz . | Yes: appro-| Yes
Foed ooncntraton. | N
Retention time Yes Yes
Loading rate P ossible Yes
Bacterial, or seed No Yes

content
Feed temperature Yes Yes
Toxic materials No No
Nutrient content No Yes
C/N ratio No (but No
cal culable)

Heat input Indirectly Yes
Heat losses No No
Pressure Yes ?
Ambient temperature | Impractical] No
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EHE B Ed BE @Eds And
 d% BE Ate BRE 244 REse 2
of W}, wq K Ak LY By
HME 1.5keal/hr m°CE I EH o= 0,5~
159 3k ol A 7h4 AR %o B oo,
ekl ER S RE(S AEEREERY B
fkel o1 BURHE dehd 2o e HEmE
44 4 Q¢ Aoz Eidd

8.7(1046)

0.3 (1471)

Table-4. Average differences in temperature
distribution (estimated-observed)

Temperature range(liquid/air)°C
35°/ 130°/ [25°/—| 20°/ 15°/—
—5°| —5° 12°| 12° 6.5
PU 80X160 | ~8.4 ~6.7] -s.s—o.zal -5.5
VU 80x160 [-11.43/—11.7,—13.3 —1.9) —8.6

PU 40%x 80| —1.0) —1.3 —3.1] +1.1] —0.43

"PU 100X200 | ~5.7| —9.2 —10.6/ —0.9 —3.75

VE 80x160 | ~5.8—6.57,—16.5| —2.6, —9.2

PE 80X160 | ~6.7 ~6.0; —0.9-1.43 —5.5
|

2) ZE\MO| H4
oA 28 RHile BENHEE LHE i T
BREE 54 ¥ &8, Pig 9G) 2 Fig. 9(b)
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Fig. 8. Relation between boundary
temperature gradient and body

temperature differences (estim-
ated-observed)
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o Fig. 9258 44 @5 3 AL HolA=
B adakmkel cagol thelAzBY MEES B
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Hez 7L ¢ 4 AT WE —E A=
2o tolALE ERE @l Hhez AT
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(half-exposed)

— 6 3 —



BEMTERYE $224% 5 1% 19804 34

gee RAFz ot
oolshpe HEMES AHfenE flTH o
ol AzE e oW RERIE A ERE =f

&
sl BHE FE Al wEAdaty £

Fig. 9(b)ol F£ART 4T - dojA=sel HA
HER A$E hEREsd Hide 2 R
Biel BAEE ¢F 9

3) BIRKBGEEMS B

tholA 28 28 HAKH € HEY HEEHES K
PHEE HEists] $18ke] Table-5o] P el. HE
FEfES HEMES #zte] HHlfEe] B A WE
3 AR BEEMC #=d 2 #EE el

Table-5. Comparson of amount of heat

losses(Kcal/hr)}
Estim-|Obser |n:
Diffe- |
ated, ved rence | %

‘| valuelvalue

35°C [PU  40X80 | 96.0 104.7 8.7 8
(—5°C)[PU 80x160 | 350.0| 336.5] 13.5 4

PU 100X200 | 537.0 —| — —
VU 80X160 | 257.0| 241.9 16.0, 7
PE 80X160 |1186.0] 820.3 366.0 45
VE- 80X160 | 688.0 618.1 70.0/ 11

“30°C |PU

40X 80| 89.0/ 83.7 5.3 6

(—5°C)/PU 80x160 | 324.0 191.7| 132.3] 69
PU 100X200 | 494.0| 185.0 309.0/ 167

VU 80x160 | 237.0| 231.2] 5.8 3

PE 80x160 |1046.0| 513.3| 532.7| 104

VE 80x160 | 607.0! 402.0 205.0] 51

25°C [PU 40X 80| 4.0 56.3 27.7 49
(-12°C) PU  80X160 | 303. T

PU 100x200 | 465.
VU 80x160 | 223.
'PE 80X160 1087.
IVE 80x160 | 629.

20°C |PU "~
(12°C)|PU

62.2 402.8| 648

442. 8| 644.2] 145
353.0 276.0; 78

o o o o o O |«

40X80 | 46.0| 45.5 0.5
80X 160 | 91.0| 141.1—50.0/ 35
PU 100X200 | 172.0| 97.5 74.5 76

0
0
0
VU 80x160 | 81.0| 114.2—33.2 29
0
0

PE 80x160 | 261.0) 231.0| 30.0 13
VE 80x160. 152.0 191.0/—39.0, 20

15°C |PU
(-6.5°C)PU

0% 80| 43.0/ 28.7] 19.3 50
80X160 | 140.0\_ ~ - =
PU 100X200 | 188.0, —

VU 80X160 114.0' 76.4) 37.5| 49
PE  80x160 | 630.0] 208.9 421.1 202
VE 80x160 358.0‘ 198.0) 160.0| 81

Ao] Fig. 109} Fmdeigdrt. 4714 2 st 2
o] BHel SelAE HETESH HIEY BES
e BESHS A9 st 2 ARl
stwez ded 2 gl 2tE A ¢ F UAX
o ERE mEAA 2 #RT 5 AR

200 }— &—4VE 80 x 160

«—cPE €0 x 160

[ o—aPU 40 x 80

Heat Joss difference, ¥

Eoendary temperature gradient, o
Fig. 10, Relation between boundary temper-
ature gradient and heat loss differ-
ence (estimated-observed)

4) CloldlAE 9 T30 = ;
25 ZaEES Hgart T ERIAE A5
B2 =27d wet B AREES AH8 AL
Table-65} Fig. 11¢] }elv} g}, Fig.lled A 2E
vhel o] WA FRr FFE BMEEEE - #
BEAEL WE 35°C A S 0.1m*s] ] cfolA]
28] #7F 1,050 keal/hr m*e 2 F¥ 1.57m* £
9] 150 keal/hr m*74=] @A A HAE = @HEE
R Fgirh, o]t 288 #Ald tlolAx¥ B
Table-6. Heat loss per unit volume for three
different sized digesters, Kcal/hr.m?

| PU 40x80 [ PU 80x160] PU 100X200
| V=0.1m* | V=0.80m’ |- V=1.57m’
35°C 985 334 197
’ 1047 417 62
u22 | 322 | 219
!
30°C \ 679 ‘ 358 167
837 | 235 117
‘ 904 | - 134
25°C 563 — a0
20°C 455 75| 62
’ 455 201 62
412 168 52
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A BENLY S 48 HTERIANE oA 28l M) B Bt

FRER #5S) ot JelAx=Hd Bl A2
FE FopAs] A Aoz A ERY ¢ A=

el A=HE kol %2 RS 3454 Hiko]
SEHAL 34 WAKES T Ao Table-g.

ol o] EEol (K3l nEd &Y Aol of vebvk glv}, Fig. 12004 2wl - I‘@ﬁ% bk
B A AEXE ERE: UL BHEs 2 4
" 1,00 |- Qe LB chol A 2B I AdENRES W
- THES @9 1.6~2.6/52 Jedrl ojE £%
- REH gl #hrhEel &3t mEY Wiy
: RE £H3 FMRE F doe AL 29 2= A
it ol .
& 500
3 i Table-8. Comparison of heat losses, Under-
g | ground VS. Half-exposad
Heat loss, Kcal/hr o
Temperature
I | Underground Half-exposed
o1 0.8 157 35°C | 337 820
Volums, o’ 242 618
Fig. 11. Heat loss per unit volume for three 30°C | 192 513
different sized digesters. ' 231 402
5) ERREEL| HF 25°C —
EiEhe e ERE 3 EY Badtd B 20°C 141 231
AZIEER tolAAHE 9tE Ao BE Z3 114 191
2 E S HEHRE HHEAD Ao Table-To] #x 15°C 115 162

Hel g, EEREY HRPHRET —Hijez
Bba gla md AEEN chol Al AF oA #iE%R
9 A7t 5~25%, HTHEHS 7% 10~28% 2 A
F3A vdEgth, ol ELE Bedezd o
ol A ~E B S MBERHE = A= B2
T Aot Bl FEFE Aojdr,

Table-7. Comparison of Heat Losses,

plain concrete vs. vermiculite cone-

rete
Liquid ‘ Heat loss kcal/hr
temperature
°C Plain Vermiculite
Underg- | 35 337 242
round 30 983 955
25 — _
20 141 114
15 — —
Half- 35 820 618
exposed 30 513 402
25 443 353
20 231 191
15 209 198

6) CIoIRI~E Q] #h FERIHIERES| HE

Heat losg, Keal/hr
\h
<]
s)
T

1,000

T

77zz773
[ ——

Underzround

Half-expesed

=<9

Liquid temperature. ©°C

Fig. 12 Comparison of heat losses, Under-

ground VS. Half-exposed.
V. BE 2 #R
ZFE'? T PN EEARNY EEHSA H

HREAWTZESZHE deldzs R BES
7fﬁ93r RRKES EET ¢ e HHEE Wzt
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o] Ao AFiEe BRl katd BEszA 3t
gleov FEisd olAE S MK, 27, ERRE
S Ze BEtotedE Biho] =& BEREY B
LE Z#HstzA 33,

AHEA A= HEH 2= dojA2HE %
iy R e n sFalm old] I BT BEM
e FAstd 9@ A9 BRGEES BEYN o
e o] e BESMAE BRERES BRAT

z BEZRIYE A S

Ehieh dolA =69 HER steEE 2 g
BT Eolz FAE™ 40cmX80cm, 80cm X160
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7 eadeg wEsged, telALHY wR
i EEE RG] HE BEKS WESHSE

dol A 2E o WhlE A& RS FHRENE 2R
7 99 F= Esges iR 35°C, 30°C
25°C, 20°C, 15°Ce) ko2 BMLAZ T KRR
3RS £ AREETIA W Eﬁ}%i")r

b 2e Wl A 4 HRE EBged o
+3 24,

1. EEE ol ALH Y BB BESH Y
fy Fkel KT e BEAEE BT & —&

ve T fRWE A HRKE RET & AR
v} SRRl B i dEEfEsh EWES B
#7h 2A Bpste @Ee deisied oe &
fEggire] EAE IS AEBEREE ¥XT #E
el Bl o] AJfES] TERES] ER"E AeE B
BEo, wetd EfRT BEEE ' B Gk
2AE ol ANMEY #H5EE BT BUEEHEC H
Gl

2. BELES) HEEESH HIVES BEE BES
9 et visd WLEAE e A

3. #Ed SERET AMEE HAs REER
o pre EEsted e ARE Hkclstz
2k o] e @I KEHSY RRXEE
thol Al 28 9 EESHRA A SHEEES 458 LAPd
Weol A HER AALRE o Fite AL AT
F & Qarh B wolAxB Y o™ AR

ERER o FEPAA FRAE Aol WA
CER P

4 cholA = o) FMIY 4% BCERY
kel AgE Ao WRHLD EY o W

o thelAlxE 9] yiEol 35°Cal A4 ARKEE
0.1m*9} Mol #3 1,050 keal/hr m'= ¥ 1.57

m’e] o]
B

5. X% T2ZE rlolAaHd] HI ERETIH
E9 WiRES SIS B BES ERBES —
Hivez e o EESRE KR 15~35°C
" A AR chelAzBe Af 5~25%3 =
SRR wolAlaHe 2§ 10~28% 2 vEReh,

6. LI HTER ctolAl2d #HBELE L
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o, oAy FEMEAA 2 #HTER B
HEyo 2 HHETE syl

B2 £ X K
1. Hahn, S. K., 1971, Research on the methods

to stimulate the generation of mathane gas

%1%} 150kcal/hr m® 747 2 @A A

during a period of low ‘temperature, Report
STF-70-18 to the Ministry of Science and:
Technology, Korea

2. Huebner, K.H., 1974, The Finite Element
Method for Engineers, John Wiley and Sons
Inc. - :

3. McCarty, P.L., 1964, Anaerobic Waste Tre-
atment Fundamentals, 'Payrt two, Environm=
ental Requirements and Control, Public Works
for October, 1964 ‘

4. Penrod, E.B. and O.W. Stewart, 1967, Dete-
rmining Thermal Properties of Soil and Per-
iodic Transfer of Solar Energy in the Earth,
Transactions of the ASAE Vol. 19, No.3

5. Pyle, D.L., 1976, Technical Options in Anae-
robic Digestion: A Background Paper, Prep-
ared for IDRC, Department of Chemical
Engineering and Chemical Technology, Impé-
rial College, London SWJ, England

6. Schneider, P. J., 1974,
Transfer, Addison-Wesley Publishing Comp-

Conduction Heat

any, Reading Massachusetts.

7. Thompson, L.H. and J.H. Beaumont, 1974,
Report on A Visit to Korea, 17 August-12
September, 1974, Tropical Products Institute,
Ministry of Overseas Development, London

8. /NEHEE, 1974, BEOHRRGT, ERHNE

. EBUERE 1976, BVERITEE, AAEXEE

10, &g, 1979, £9l s BEA2NE AT M
THEzZad E ol A A8 9 BEE] WE W
%, BEREMIBRL ATKER KB

—6 6 —



