1JERTV 315090450

International Journal of Engineering Research & Technology (IJERT)
ISSN: 2278-0181
Vol. 3 Issue 9, September- 2014

Active Heating of Floating Type Dome Biogas
Plant

G. N. Tiwari', Poonam Joshi*, Ravi Agrihari*
'Centre for Energy Studies,
Indian Institute of Technology Delhi,
Hauz Khas, New Delhi 1100 16, India

Abstract - In this paper, an attempt has been made to derive
an expression for the slurry temperature of flat plate
collectors integrated biogas plant. The flat plate collectors are
connected in series and parallel combination to optimise the
number of collectors to be in series (N) and parallel (m) for
optimum slurry temperature. Effect of mass flow rate (r‘hf )

length of heat exchanger (L), heat capacity of slurry (M; Cy)
and number of flat plate collectors (FPC’s) on slurry
temperature have been studies for climatic condition of
Srinagar, India by using antifreeze liquid. It has been
observed that the optimum slurry temperature (~37°C ) has
been observed for N=8 (series) and m=5 (parallel) for 40
number of flat plate collectors. Exergy of active biogas plant
has also been carried out.
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I. INTRODUCTION

Biogas is a mixture of methane (CH,) 50-70% and carbon
dioxide (CO,) 30-50%. It has a calorific value of 21-24
MJ/m® and it is produced at 37°C in the absence of oxygen
from slurry obtained from 50% dung and 50% water. It is
clean energy and environmental friendly which can be used
for cooking [1-5], lighting [5-6], motor vehicles and small
scale industries [7-10] to meet local energy demand. The
temperature of slurry depends on local climatic conditions
namely solar intensity and ambient air temperature. The
slurry in digester requires to be heated for harsh cold
climatic condition to obtain the optimum slurry
temperature. Basically, there are two type of biogas plant
namely fixed —dome and floating — dome type biogas plant.
In both cases, the slurry in digester is heated either by
active method or by hot charging for harsh cold climatic
condition. In an active method, a combination of flat plate
collectors (FPC’s) can be integrated through a coil type
heat exchanger placed inside digester of floating/fixed type.
The number of flat plat collectors (FPC’s) depends on heat
capacity of slurry with local climatic condition. Further,
series and parallel combination of collectors should also be
optimized accordingly.

Tiwari [11-13] have proposed design criteria for active
heating of fixed dome biogas plant. Yuan [14] have
observed that the heat available from solar flat plate
collectors with an effective area of 2m® and 8 hours
operation can met heat demands of a 6m’digester for
complete fermentation in slurry. Flat plate collectors with
an effective area of 100.8 m? is sufficient to heat water of
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volume 6 ton for hot charging the slurry to ferment the
slurry inside digester, Dong and Lu [15]. It has also been
found that 2540 m® biogas is produced with increase of
11.2%. They also observed that there were 14.3% increase
of pig manure energy transformation efficiency.

In this paper, we have analysed the slurry temperature of
active biogas plant to optimise the number of flat plate
collectors to be in series and parallel for a given total
number of flat plate collector and heat capacity of slurry.
Exergy analysis of active biogas plant has also been carried
out.

1. THERMALMODELLING

In order to write energy balance, the following assumptions
have been made:
e The floating dome type bio-gas plant is considered for
thermal modelling
e The biogas plant is in quasi- steady state condition
o No stratification along the depth of the slurry in digester
due to forced mode and the gas column due to

low heat capacity
e Thermal heat capacity (M;Cs) of the biogas plant
materials are neglected.

Referring to Fig. 1, the energy balance equations during
sunshine hours have been formulated as follows:
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Fig.1 Schematic view of active floating type biogas plant.
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Metallic biogas holder/dome:

o [An1(®) + 16, 22| = hy Ay (T, = T,) + hyps An(T, —
T,) + A Lh (T, = To) + ha (AT, = T,) (1)
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Produced biogas:
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hA (T, — T,) = h3Au(T, — T)(2)

Slurry in digester:

~N
=

MSCS% = h3Ap(Ty = Ty) + Apheys (T, = Ts) +

A,vhc'(Tp _. Ts) - h4Ah (Ts - TOO) - hsaA,h(Ts - Ta) -
A ths + QuN (3)

where,

~
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Qes = hew (Ts = Ta)is the rate of evaporation from side of
dome exposed to ambient which can be neglected for -

simplification of modelling.

\ NIl
7 T
and Fig.2 . Combination of N-PVT FPC connected in m rows.

Referring to Fig. 3, the energy balance for forced

— 0.016hs, {P(T;) — yP(Ta)} circulating water in coil type heat exchanger is given by

- (T, - To)

iy Cr 09 gy = 27r U(T, — T,,)dx(5)

Equations (1-3) can be combined into single equation by dx

eliminating T, and T as follows: X x+dx

x=0

dTs .
MsCs ; = Fp (aAI)eff - (UA)eff (Ts - Ta) + mQuN |
4) where ,

:/\
_ /—ﬂ'
F, = Fp1tFy

UA)eps = UA) epp1+(UA)opp2 + haAy + heo Ay |

__way | ‘
PL™ WAy +(hd)r’

, h A .h A AL A\ ALY
(UA), = [(UA), + A, h.]; (UA), = —20

A + hsdy Fig.3 Elemental length ‘dx’ of heat exchanger
integrated with digester.
and (hA)r = [Rypq An + h2A,]
where,
F, = (UA),
PE WAL +hA)T U= [i+r—11 (r_z) N (T_l)i]_l
WAL (ha) WA (hA) LAY RRY
(UA) 1=#- (UA) 2=t—T
ff1 ™ way,+nay’ eff2 7 Way,+(ha)y

In order to solve Equation (5), the initial condition namely

Q. is the rate of thermal energy available from N-FPC Tw(x=0) = Tron Can be used.
connected in series and m is the number of rows of N-FPC
connected in series, Fig.2 . Therefore there will be (m x
N) FPC in active biogas plant.

Now the solution of Equation (5) is as follows

T, (x) =T, {1 —exp (_Zmlux)} +

myCr

—2nrUx

Tron exp( o >(6)Further Twx=1) = Ty (the outlet of

heat exchanger will be the inlet to the collectors connected
in series and parallel), then one gets.
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—2nr Ux —2nr Ux dTy
T. =T. 11— ket iad T et bl M.C,— =F, (< Al) ¢ — (UA T, —T
i S{ exp( G, )} + foNexp< s ) ss gp 5 ( err — ( )ef({;(b s —Ta)
. a.
+ m(mfcf)eff [U_L - (T, - Ta)]
or,
or, _ —2zryU L
Ty = To{1 — exp(—&1)} + Troyexp(—g;)  (7)where, . m(mfcf)eff%b m,C,
MCo— = [ Ry (¢ AD gy + —————
L
The average water temperature over the length inside heat - [(UA)eff
h h tained from Equati 3
exchanger has been obtained from Equation (6) as n m(mfcf)eff] (T, - T,)
1 L orl
T, = —f T, dx
Lo L tat, = £(0) (12)
or,
where
T, =T, {1 - 1_”2’&} + Tron {%(_81)} (8)Further, (' \
1 1 v
the rate of heat transfer from flowing fluid inside the heat 1| I m(mfcf )eff I
exchanger to the slurry has been obtained as f® == H F,(aAD)s5 + U— Q. }
S™Ss
L
Quy = U2nr L(T, — T,) 9) “ )
=1meCr(1 — exp(—g)) (Troy — T. ;
G D) (Ton = 1) + {(UA)eff +m(mfcf )eff }T“
Following Tiwari (2002), the outlet fluid temperature at the
end of N ™ collector connected in series can be expressed
as follows: and
dab —NAUF .
TfoN = <U—L+Ta>{1 — exp <W (UA)eff +m(mef )eff
—~NA.U,F a=
+ Tyiexp {(— <L )} M;Cs
iy G

The solution of Equation(12) with initial condition i.e. T

(at t=0) =T, becomes as
Or,

T, =52 {1 — expif-at)} + Ty, expifi-at)  (13)

Tron = (q;f + Ta) {1 —exp(—&2)} + Tyexp(—¢;)
(10) For a given design and climatic parameters, the hourly

slurry temperature (T,) can be obtained from Equation
where, (13).After hourly variation, the maximum slurry
, temperature (T, for a particular day will be evaluated.
_NACULF> p (Tsmax ) forap y

Once, the maximum slurry temperature (T ., ) is known,

) the exergy of active bio-gas system can be obtained from
Now Equation(9) becomes as the following equation

Quv = mpCr(1 — exp(—&))(Tron — Ts)

[1—exp(—e)][1 - exp(—ez)]> ab
[1—exp(—(e1 + &2))] U, . Results and discussion
- (Ts - Ta)]

(Tsmax + 273

Ex = MsCs {(Ts,max - Ts,initial } - (Ta + 273)lnm

= mf@(

Design parameters of Table 1 and climatic data of Fig. 4
have been used to evaluate slurry temperature by using
= (mfcf) [‘?ab — (T, — Ta)] (11) Equation(13). The hourly variation of slurry temperature

eoff LUL for different configuration of flat plate collectors (FPC’s)
has been shown in Fig. 5. It is clear that maximum slurry
temperature for all FPC’s connected in series (m=1 and

After substituting above equation in Equation(4), one has
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N=40) is about 15°C. This is not the optimum temperature
(~ 37°C) for biogas production. Hence the hourly slurry
temperature has been calculated for other configuration as
(m=2 and N=20; m=4 and N=10; m=5 and N=8; m=8 and
N=5). The results have also been shown in Fig.(6-9). It is
seen from Fig 5 that the optimum slurry temperature is
achieved for configuration of m=5 and N=8. This can be
possible because of less thermal energy loss for 8 flat plate
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collectors are connected in series (N=8). In other
combination thermal losses are significant.
Table 1:Design parameters of active biogas plant
Parameters | Values Parameter | Values
S
A 2m? M 2500 kg
Cs 4190 JkgK | K 204 W/mK
Uit 356 W/ m? | Frc 0.95
°c
hbf 100 W/m2 OC Uc 6 W/m2 OC
Urca 95W/m*°C | L 25m
r 0.0125 m A 8.5 m?
rs 0.0175m N 40
rs 0.625 m he 58 W/m?°C
A 10.3 m? Prps 5.2W/m*°C
An 8.5 m? hsa 2.8 W/m*°C
A 45m? h, 0.66 W/m?
Ay 0.9 m? h, 5 W/m?
hs 1.32 W/m? h, 0.78 W/m?
1JERTV 315090450 www.ijert.org
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Fig 4. Hourly variation of I(t) and Ta for typical day of Srinagar.

—=— (m=1,N=40)
—e— (m=2,N=20)|
—&— (m=4,N=10)|
40 4 —v— (m=5,N=8)
—<— (m=8,N=5)

N w
S S
! L

Temperature of slurry (OC)
3
!

Time (hr)

Fig.5. Hourly slurry temperature for different configurations.
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Effect of mass flow rate of fluid on maximum slurry
temperature (Tsmax) for other optimized parameters namely
configuration and length of heat exchanger has been shown
in Fig.7. It can be seen that there is not much variation in
maximum slurry temperature (Tsmax) after mass flow rate
of 0.04 kg/s. Hence the mass flow rate of 0.04 kg/s is
optimum for a given other design parameters.
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In Fig. 8, the variation of maximum slurry temperature
(Tsmax) With different mass of slurry has been shown. The
figure indicates that the slurry temperature is maximum at
0.0 002 004 0.06 008 010 lower value of slurry mass which is not suitable for biogas

Mass flow rate (Kg/s) production. The optimum temperature can be achieved at
the mass of 2500 kg.
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Fig 7. Effect of mass flow rate on Tsmax - ) .
Equation (13) has been used to evaluate exergy of active

biogas plant for different mass of slurry. The results have
been shown in Fig. 9. The exergy of active biogas plant at
optimum parameters is 40 kWh.
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Nomenclature

A Area (m?)

ApHorizontal area of the gas holder exposed to solar
radiation (m?)

A, Vertical area of the gas holder which is exposed to solar
radiation (m?)

A, Area of the top (m?)

Ay, Slurry vertical area (m?)

A, Vertical area of the gas holder which is submerged in
the slurry (m?)

A, Area of flat plate collector (m?)

Cs Specific heat capacity of fluid (Anti-freeze liquid) (J/kge
C)

C, Specific heat capacity of slurry (J/kge C)

dxElemental section

Ex Exergy (W)

FPC Flat plate collector

FgrFlow rate factor (dimensionless)

h Heat transfer coefficient (W/m*C)

h,.,s Radiative heat transfer coefficient (W/m*C)

h,Heat transfer coefficient from gas holder plate to gas
(W/m?*C)

h, Convective heat transfer coefficient from gas holder
plate to ambient (W/m?°C)

hsHeat transfer coefficient from gas to slurry (W/m*C)
h,Heat transfer coefficient from slurry to ground (W/m*C)
h.Heat transfer coefficient from gas holder to slurry
(W/m*C)

hs Heat transfer coefficient inside the tube from tube to
slurry (W/m?C)

hyHeat transfer coefficient inside the tube from water to
tube (W/m?°C)

h,, Heat transfer coefficient from slurry to air (W/m®C)

I (t) Incident solar intensity (W/m?)

K Thermal conductivity (W/m K)

m¢Mass flow rate of flowing fluid (kg/sec)

Ms Mass of slurry (kg)

N Number of photovoltaic thermal flat plate collector
connected in series

N,Number of sunshine hours (hr)

Qu,N Rate of useful thermal energy transfer (kW)

riInner radii of the tube (m)

r, Outer radii of the tube (m)

t  Time (sec)

T  Temperature (°C)

T.Ambient temperature (°C)

Tin Outlet temperature of fluid of the Nthphotovoltaic
thermal flat plate collector (°C)

Ty Inlet temperature of fluid in the photovoltaic thermal flat
plate collector (°C)

Ty Gas holder temperature (°c)

T, Plate temperature (°C)
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T Slurry temperature (°C)

T.Fluid temperature (°C)

UOverall heat transfer coefficient for the system (W/m?°C)
o’ Absorptivity of dome

Subscripts

a Ambient air
eff Effective
ele Electrical
g Glass

s Slurry

w  Water

Greek letters
a  Absorptivity of solar cell

o’ Absorptivity of dome
(at)ers Product of effective absorptivity and  Transmissivity
T Transmissivity

Nm Module efficiency
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