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Nomenclature: A: Speci ¢ surface of the packing material (m%
m?); C,. Concentration of P within the gas phase (g/m®), D: Bio lIter
inlet diameter (m); D,: Di usion coe cient of P in the bio Im (m?/s),
EC: Elimination Capacity (g/m3/h); H: Height of the packing material
within the bio Iter (m); H,: Henry coe cient of P (dimensionless); s,
: Concentration of methane in the bio Im phase; Sco, : Concentration of
carbon dioxide in the bio Im phase; Cc, : Concentration of methane in
the gas phase; Cc.,: Concentration of carbon dioxide in the gas phase;

CH,
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Such equations are o en di cult or impossible to solve analytically.
Nevertheless, analytical approximate methods to obtain approximate
solutions have gained importance in recent years [18]. ere are
several methods employed to nd approximate solutions to nonlinear
problems like homotopy perturbation method (HPM) [19,20],
homotopy analysis method (HAM) [21,22], Adomian decomposition
method (ADM) [23,24] and Picard’s iterative method [25,26] etc.
Recently, Rajendran et al. solved the nonlinear di erential equations
in biosensor and biofuel cells using various analytical method [27-33].

However, to the best of our knowledge, till date there was no
rigorous analytical expression of the concentrations for methane and
carbon dioxide in a closed bio Iter for all possible values of reaction-
di usion parameters have been reported [17]. e purpose of this
communication is to derive approximate analytical expressions for the
concentrations methane and carbon dioxide for all possible values of
parameters using new approach of homotopy perturbation method.

Mathematical Formulation of the Boundary Value
Problem

e general assumption of the mathematical models for methane
bioelimination involving the closed bio Iter is described [17]. Figure 1
denotes the phenomena occurring within the bio Iter and considered
in the present model. It contains the two components CH, and CO,
through the gas phaseand bio Im phase. During steady state operations,
there is no accumulation of the pollutant, of the by-products or of the
products within the bio Iter. e general mass balances within the
gas phase involve essentially three terms: an accumulation term, a
convection term, and a mass exchange term through the interface of
the gas phase with the bio Im. Within the bio Im phase, CH, becomes
biodegraded, forming CO, among others. e mass balances equation
of CH,and CO, gives as follows [17]:

d?s (1)
Do, — 5+ = 0(Sen, . T)=0,

d®s_
De¢oo B2 = - O-(Scm ,T):O, (2)

e boundary conditions are:

C z) dS d,z
Scn (o,z):L(),M:o for 0 <x<d,0<z£H (3)
4 Hew, ) dx
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where S, and S, represents the concentration of methane and
carbon dioxide in the bio Im phase. X, and K represents density of

biomass in the bio Im and Monod constant.
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Sco. (z.X)= —B(z)x* +2dB(z)x+C°°Z—(Z) (13)
’ Heo, (T)
Cen, (2
where ~8co,/ch, ka(T)HCH (M) (14)
o=
ch, (2)2
O, ot

Also solving Egns. (6-7) and (8-9) using the analytical method, we
can obtain the concentration of CH,and CO, in the gas phase are as
follows:

—A/Dcy, PtanhPd
ug H(T)

(15)

N
SO

Cen, (2)= Cen,, —eXPE

—~—
_ —

versus height coordinate are expressed in Figures 3a-3c. From these

gures, it is observed that the value of the concentration of carbon
dioxide decreases when K increase. e concentration of carbon
dioxide is increases when A and & is increases (Table 1).

Equations (15) and (16) are represent the new and simple
approximate analytical expressions of the concentrations of the
methane and carbon dioxide in gas base. e concentration pro les
of methane versus height coordinate are expressed in Figures 4a-4c.
From these Figures, it is inferred that the value of the concentration
of methane decreases when A and d increase or Monod constant K _
is decreases. Also, the concentrations of the methane in gas phase
decreases slowly from its initial value for all values of parameters due
to biodegradation of methane in gas phase.

e concentration pro les of carbon dioxide versus height
coordinate is represented in Figures 5a-5c. From these gures, it is
observed that the value of the concentration of carbon dioxide increases
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Figure 3: a-d. Concentrations of the Carbon dioxide in bioflm phase versus coordinate of biofim depth for different values of the parameters using Eqn.(13).

(b)
5’\ -
- ) e . - _
E @
S a5k ]
= 35 =
] =
-~ = 4F
s 3 e
= =
E 25 £ 3s5F
I 2r B
z o |
(%) =
1.5F S
= 1k 2.5}

Figure 4: a-c. Concentrations of the Methane in gas phase methane versus coordinate of height for different values of the parameters using Egn. (15).
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