MOTROL. COMMISSION OF MOTORIZATION AND ENERGETICS IN AGRICULTURE - 2016, Vol.18, No. 10, 13-24

The aerobic biological purification of the wastewaters
from the organic contaminants (OC) in the aerotanks
with the suspended and the fixed biocenosis

Aleksandr Oleynik!, Tamara Airapetian?

! Institute of Hydromechanics of the National Academy of Sciences of Ukraine
Zeilyabova str., 8/4, Kyiv, Ukraine, 03057
kurganska@ukr.net, orcid.org/0000-0003-1095-5751

>0.M. Beketov National University of Urban Economy in Kharkiv
Revolution str.,12, Kharkiv, Ukraine, 61002
tamara78kh2008@rambler.ru, orcid.org/ 0000-0002-8834-5622

Summary. The mathematical model and calor dissolved in water organic contaminants
culation methods of biological purification of the(oc) is occurred. Recall that the activated
waste waters from organic contaminants (OC) i§|udge enters in the tank, where is released
the aerotanks with the suspended (free flowing)om the treated water and the part of which
biocenosis in the form of the flukes of the activ oes again for further treatment in the aera-
sludge and with fixed biocenosis in the form OEon tank. In more details the processes and

the biofilm generated on the surface of the addi- hani that in the biological .
tional loading are presented. The characteristi echanisms that occur in the biological puri-

properties of the modeling and calculation of thiication of waste waters system aerotank —
purification in the aeration tank mixers and in théank-regenerator are particularly described in
aeration tank with plug flow are considered.  [2, 7, 9, 11, 14].
Key words: biological purification, organic Depending on the hydrodynamic regime
contaminants, model, aerotank, biofilm. of the liquid flow bioreactors aerotanks are
divided into the aerotanks mixers and the
aerotanks with plug flow [7, 14, 15]. So in
GENERAL QUESTIONS the aeration tank mixer the waste waters, ac-
. tivated sludge and oxygen almost immedi-
In practice at the treatment of urban, dogtely are mixed with each other and therefore
mestic and similar in composition wastewWage concentration of the microorganisms and
ters the most widely are used the methods ghntaminants and dissolved oxygen are taken
the biological purification. The classicalihe same around the all reactor volume. In
technological scheme of such purification igeration tank with plug flow there is not the
a system of the constructions the main Comixing and the waste water with activated
ponent of which is the bioreacteraerotank sludge are moving in the reactor and in a re-
[5, 6, 15]. As is known in the aeration tanksylt of the oxidation the concentration of pol-
the removing (oxidation) of the adsorbed ojtants decreases along the length of the reac-
the floating flakes the active sludge consistor. Especially the decreasing is observed on
ing mainly of the microorganisms suspendeghe initial areas of the reactor. The rate of
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oxidation of contaminants and according tas suspended and the fixed biocenosis

this the demand in oxygen can be non unj6 - 8]:

form along the length of the construction and

therefore in practice the aerotanks with a oL 92L oL

plug flow with uniform and non-uniform ae- —24=D, 2"" -V—2-R, (2)

ration along the length of construction are ot 0x OX

used [13, 14]. R=AaN +eRy —€Rg, (2)
The made analysis showed that the effi-

ciency of removing of the OC in the aeratiofvhereR, R,, R. — speeds of the general reac-

tanks especially with the recent increasingon, utilization of OC by the suspended bio-

demand for quality of the treatment can beenosis (activated sludge) and extracted sub-

significally increased if before suspendedtances at the sludge dying off of the sludge

biocenosis (activated sludge) to ensure in thespectively;N - stream (transport) of the

volume of the aeration tank the arrangeme@c through the surface biofilm for its utiliza-

of additional load in a form of the variety ofiion py the fixed biocenosis (biofilm)a —

nets, packing’s and so on the surface @c concentration in the aeration tark; —

which the biofilm with a high concentrationgitysion coefficient (dispersion) in the liquid
of the microorganisms is formed. If the me;

, ) In the aeration tanky=Q, /F — the average
chanisms of the removing of the OC by thﬁé)w rate in the aeration tank — lateral ae-

activated sludge are thoroughly researcheration tank areaQ. — flow rate in the aera-
and presented in particular in [1, 6, 7] the 2

the removing of the OC by the fixed bio- ion tank;l — working length of the aerotank;

cenosis in a form of the biofilm so exten-)‘a ~ constructive parameter;

sively is studying in the filtration of the
treatment fluid in the trickling and the sub- Wy _Wp

merged filters [3, & 8, 10]. W, W, (3)
At this the dynamics of the biofilm for-
mation on the surface of the loading and &y
moval mechanisms of the OC by the biofilm "2

are considered and studied noting the significolume of liquid in aeration tank\Ns — vol-
cant advantages the removing of the OC kyme of the given load (packing) with a fixed
the fixed biocenosis. According to expertgigcenosis.

such combined bi0|ogical treatment of waste In practical calculations sufﬁciently to

waters in the buildings with fixed and susconsider the equation (1) at the stationary

pended biocenosis has a number of signifgpnditions. In dimensionless form it looks as:
cant technological advantages and thus their

— working aeration tank volumey, -

efficiency can be significantly increased [6]. 192L. oL
Taking into account of the above the — - a2 _Z8_RT=0 (4
analysis and evaluation of the joint removing Pe g%  OX

of the OC by the suspended and the fixed

biocenosis in the aerotanks mixers and aer@mere x = x/1, T=1/V, Pe=VI/D, — known
tanks with plug flow the general mathematidiffusion criterion Peclet.

cal model which is reduced to realization of

the following material balance equations

written relatively the changes in the concen- MODELING AND CALCULATION
tration of organic contaminants in the aeraQOF THE AEROTANK MIXER WITH THE
tion tanksL, is presented. It is assumed thatSUSPENDED AND FIXED BIOCENOSIS
the process of biochemical oxidation is pro-

vided by the sufficient oxygen and oxygen is

not limiting the kinetics of the biooxidation
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THE AEROBIC BIOLOGICAL PURIFICATION OF THE WASTEWATERS
FROM THE ORGANIC CONTAMINANTS (OC) IN THE AEROTANKS
WITH THE SUSPENDED AND THE FIXED BIOCENOSIS

As are known the general material bal-
ance equation of pollutants in the aeratiowherelL, L5, L, — OC concentrations in the

tank mixer has the form [6, 14]: biofilm, on the surface of the biofilm and in
the aerotank respectivelyp| — coefficient

oL, e . _
Pt =Qa(Lo ~ L)~ FaN — RW,, (5) ©f molecular diffusion in biofilm; K, -
mass-transfer coefficient of the OC in the
W, =eW,, F5 =F4l =Q+Qy, e
=&W, ol [ Qa Ql Q2 I|qU|d film.
where F5— total surface area of biofilm gerotank_

Q,Lp Xy QalypXy

(load) in the aerotanki — area of biofilm
surface per unit length of aeration tdnk

For practical calculations, equations (5
and (4) whenPe<< 1that is at significant
values1/Pe can be simplified to look like oL,
for ideal aeration tank mixer as:

[
| I OulX, settle tank Loy
|
|
.‘\l

elemems of load

|
w,l
9
|

= 777

—£W,
Qi X,

[e .

Fig. 1. Balance scheme of the aeration tank mixer

Lo-Ly-R3 =0, (6) with located completely fixed biocenosis
where
_ B B Depending on the type of the velocity of
Ry =AaN (Ra RC)Ta' the kinetic reactions which are taken in the
A = Fa T W, (7)  biofilm with fixed and suspended biocenosis
a _Q_a’ a _Q_a. (activated sludge) in the volume of the aera-

tion tank consider the following variants
In the future we will use equation (6), (7)(technolog|cal scheme) removing of OC in

for the development of engineering calcula general.
tions. As an example consider the case where

Let us consider the following cases in de the reaction rate in the biofilm is taken first

pending on the location of the loading syster‘ﬁrder namely:
in volume (area) of the aerotank cases. X
R =kl, k=tmZ - Pm =g
1. Elements of load (parkings, nets, etc.) YKL Ko
are located throughout the volume (length) of

the aeration tank (Fig. 1). In this case, thgnd in the aeration tank rate of reaction of
arears will be a total surface area of loadingzero order namely:

in the aeration tankFs, =Fa _ specific M X
_ Wa _ _ Ra = Wa, Wazpmaz%- (10)
load area. In this case according to equation a

(6) removing of contaminants occurs in bio-

film by the fixed biocenosis and in liquid ae- Herep,,, Hma — Specific maximum rates
ration tank volume by the suspended biyf growth of the microorganisms in the bio-
cenosis. To determine the contaminations Wm in the aeration tank volume and
the fixed biocenosis it is necessary to deterx  x_ - concentrations of the fixed and

mine the flow of pollutions that enter into the Suspended microbial biomass respectively:

biofilm N aL Ky — saturation coefficient (halfamplifica-
N=-D_ h =Ky (La - L] 2=0) ® tion); Y =dX/dL - stoichiometric coeffi-
cient of the growth of the biomass in the bio-
L z=0 = Ls, film.
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This technological scheme of treatment Using equation (6) which in this case will
can be used in particular at the wastewatkroks like as:
tertiary treatment by the fixed biocenosis af-
ter main treatment by the activated sludge in Lo —L, —ALy(1— A)-T,w, =0,
the aeration tank. The value of the stream of =
the OC through the biofilm surface N is de-  A; =2 K| =A,K,
termined in the result of the solution of the a
equation which characterizes the removing of
the OC by the biofilm formed on the surfaceve may obtain the dependence for determin-
of the load material saturated by the microofng of the concentration in the aeration tank
ganisms with concentratioX : L, at the conditions of the removing of the

OC by the fixed and suspended biocenosis:

(16)

D o°L R =0 (11)
L. > "L~ -
072 o= 1a (17)
1+ 9K (1-A)
with boundary conditionsN at z= 0 and Qa
oL _ _ : : :
9z =0 at z=5. This solution was derived Taking into account of the recirculation re-

in [9] and allows you to determine thedime and the process of dying the value of
change in concentration throught of the biagthe concentrations in the aeration tank in

film thickness L(z) and what is most impor- the formula (17) is taken according to next
tant the necessary for further calculationexpression:
concentrationLson the biofilm surface:

X
X, = 0 : (18)
Ls=ALg, (12) MRS A (TRIELN
where The solution of the given technological

scheme (see Fig. 1) is made also to the case

1470 when the reaction rates in the biofilm and in
A=+ g \, the aeration tank are taken to the first order
(1+ e"¢)+ A(l—e_q’) (13) namely according to the formula (9) in the
K52 \/ﬁ biofilm and in the aeration tank to next for-
¢:2\/a’ a=—, nN= L mula;
DL KL
—_ — p-maxa
According to (8) the flow of the OC into bio-  Ra = Kala Kq = W (19)
film will be: ma
_ The more general case when the reaction
N'= K'-La(l_ ) (14) rateR in the biofilm and in the aeration tank
occurs according to with known nonlinear
or [7] equation Monod is considered and realized
namely:
N=-D, % =p, thva Ls = kyLs, in biofilm
0z z=0 do (15)
_th/a _|D R :pLL, 0 :M, (20)
k=== Go=q Km *+L "y
(o1} k m

in aeration tank
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THE AEROBIC BIOLOGICAL PURIFICATION OF THE WASTEWATERS
FROM THE ORGANIC CONTAMINANTS (OC) IN THE AEROTANKS
WITH THE SUSPENDED AND THE FIXED BIOCENOSIS
(22) at the rates of the reactions in the bio-
R = Prala o = HmaXa 1) film of the zero-order and according to equa-
2 Kpa tLa ™Y, tion Monod. In determining the concentration

L, at the outlet of the reactor 2 (aeration

It will be note that in the equations (20)ank) it is appropriate to consider the rate of
and (21) the possible influence of inhibitingeaction R according to the equation Monod.
action of the other substances is not includeth this case the reactor 2 is regarded as aero-

tank mixer. Using equation (23) and obtained

2. Aerotank consists of two parts whichbefore the first case the dependences we may
we assume are reactors 1 and 2. The first pgstdetermine the concentratidn, taking in-

is a reactor 1 in which removing of the OC %0 account of the recirculation of the stream

due to the fixed biocenosis that is formed oy, oyt parameters of the reactor 2 includ-
the mounted load, the second pathe reac- ing theTa=Ta=W;2/Qa and others.

tor 2 in which removing of the OC is due
with a help of the suspended biocenosis (ac- 3 ag in the previous case aerotank mixer
tivated sludge) that it works like a typicalggngists of the two parts (reactors) (Fig.3) but
aerotank mixer (Fig. 2). in this case the removing of the OC in reactor
1 is due to a suspended biocenosis (sludge)
gﬂ,za,xaﬁgblm% and it works like a normal aerotank mixer but
| B \J in reactor 2 the removing of the OC is due to
. the fixed biocenosis on the established here
load. Such technological scheme of treatment
especially in practical terms will be appropri-
2.1, X, O Xy ate according to the modern requirements
which demand to more high degree of the
Fig. 2. Balance scheme of the aeration tank mixgjurification when in the existing traditional
with located in the reactor 1 fixed bioce-gerotanks the tributary treatment of the waste

reactor 1 reacior 2
T

0.1,%;

T I

[ T o
|

D

L

NOsIS waters are difficult and uneconomical.
reactor!  reacitor2
|t will be note that in both parts o_f the ac.z.x, o Gyl 111 | euts \ fo,1.:,
ration tank the reactors are operating un % Ko | 1!

the scheme of the reactor mixer. Then .
cording to the general equation for determ

ing the concentration of the OC at the outj 0,1, X, 0,.%,
of reactors 1 and 2 we will use the next equa-
tions: Fig. 3. Balance scheme of the aerotank mixer
for reactor 1 with located in reactor 2 fixed bioce-
nosis
F

L —Lg-—-9N=0, (22
Q It will be note that in both parts of the ae-
ration tank the reactors are working as the
reactors mixers. According to the technologi-
cal scheme on the Fig. 3 at the formation of
the fixed biocenosis the activated sludge does
not participate and passes without change
That to determine the concentratignat the through porous load that is in the volume of

outlet of reactor 1 more appropriate for theeactor 2 may be a slight removing of the OC
practice will be the solution of the equatiorflue to the suspended biocenosis here

for reactor 2

Lo—Ly-TaRy =0.  (23)
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(sludge) and it is not included. in the reactarenosis in the view of the biofilm formed on

2 is necessary to the methodology developéde load and by the suspended biocenosis in

for the first case (see Fig. 1). the form of the active sludge in the liquid of
In the result of the solution of the equathe aeration tanks has the form:

tions (6), (7) taking into account the charac-

teristics of treatment in this technological R= )\2(|_a - |_| Zzo)— eR, +eRy, (25)
scheme of the aerotank mixer were obtained

the dependences to determine of the concen- Ay ZEKL' g=_P

tration of the OC at the output of reactors 1 F W,

and 2 taking into account of the effect the

most appropriate and possible reaction rat@gere F5 — the surface area of loading (bio-
of the removing of the OC. So on the outpy

of the reactor 1 were obtained the depencj!m) per unit length of aeration tank where s
ences of the removing of the OC at the reaafranged the loadF =—=2 - area of the
tion rate of the zero-order and according to v .
nonlinear equation Monod and on the outp@erotank;u — the average flow rate in the
from the reactor 2 the dependences of remog€ration tank. _

ing of the OC at the reaction rates first order That to solve the equation (24) we must to
and to nonlinear equation Monod are prd‘jnd a concentration on the surface of the bio-
posed. film L|Z:0 =L, in according to the adopted

equations of the possible reactions of the re-

moving of the OC in the biofilm and in the
MODELING AND CALCULATION aeration tanlR, and dying(selfoxidation) of
OF THE AEROTANK WITH PLUG

FLOW WITH THE SUSPENDED the sludgeR:. The value of concentration
AND FIXED BIOCENOSIS Lson the biofilm surface for the reactions of
the first order and in the equation Monod can
As are known at the conditions of the aepe defined by the formula (12), which may
ration tank with plug flow the movement ofpe get by solving equation (11) and for zero-
the stream along of the lengthof the aero- order reaction according to the next formula:

Qq

tank with average velocity = == is taking .

F Lg=lg-Sm0 5 —HmX o
into account. Since in the real aeration tanks KL Y
with plug flow the value—=—%<0,0002 | & ys consider the possible technological

U
Pe é schemes of the work of the aeration tank with

according to [13, 14] then in the engineerin lug flow with the fixed and suspended bio-
calculations to determine the concentratio anosis

L, along the stream the equation (4) can be

simplified and written as for ideal aeration 1. Elements of the load (parking’s, nets,
_ 1 _ etc.) are uniformly spaced along the length

tank with plug flow(pe - % o Oj'n of the aeration tank. So in this case the re-

¢ moval of the OC by the fixed biocenosis with
the total surface are&; =F;1 and the sus-

Q4 pended biocenosis (activated sludge) in fluid

(24)  volume W, =eW,, where W, =Fl - the
total volume of the aeration tanks and

in which the velocity of the overall realiza-
tion of the OC utilization by the fixed bio-

the next form:

_v%—R:O' =<
oX F
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FROM THE ORGANIC CONTAMINANTS (OC) IN THE AEROTANKS
WITH THE SUSPENDED AND THE FIXED BIOCENOSIS
The solution of the equation (24) for the
most used in practice event when the remov-
. ing of the OC in the biofilm and in the vol-
loading. d

Let us consider the case where removirigMe of liquid in aeration tank¥, is oc-

of the OC in the biofilm and in the aeratiorcurred for more accurate reaction according
tank (volumeW,) is occurring according to to the famous equation Monod namely ac-

szl—%, whereWs — the volume of the
a

the reaction of the first order: cording to the equations in the biofilf
(20) and in the volume of the liquid of the
R = kL, Ra = kala. (27) aeration tankR, (21).

The iterative methodic of the calculation
After some changes with taking into acto solving of the equation (24) with reactions
count to the reactions (27) we may to writ¢20) and (21) the content and the sequence of

the equation (24) in this case as: which is given in [10] was proposed.
In the technological scheme on the Fig. 1
_ 0Ly it is possible also the case when removing of

La(A +kar) =0, (28) the OC by the fixed and the suspended bio-
cenosis occur on the base of various kinetic

where reactiondR, for example, by the suspended

biocenosis (activated sludge) for the reaction

_Ao _ka _Fs according to the equation Monod and by the
A= L L=A, k. = v’ A2= F KL, fixed biocenosis (biofilm) for reaction of the

first order or vice versa. The calculation of

In the result of the solution of the equatior’ihe La(1) on the output of the aeration tank is

(28) with the boundary condition at the inle@lso occurred according to the general equa-
of the aeration tank =0, L, = Lo, we will tion (30) in this case in which the iterative

receive dependence for determining of thgr0cess 1S .USEd in the caICL_JIatlon of th_e reac-
. : tion occurring to the equation Monod in the
changes in the concentratibp along the

volume of the liquid in the aeration tank.

length of the aeration tank: 2. Technological scheme aeration tank
~ _ with the plug flow consists of two parts (re-
Lo(X) = LOeX = e‘BX, (29) actors 1 and 2), in which in the one of them

the removing of the OC is occurred with a
help of the fixed biocenosis and in the second

where ; . )
by the suspended biocenosis (activated
% = (A + ke )x = BX z=X sludge). As mentioned above the features of
a L R the removing of the contaminants will de-

B =1(A +kgy)X pend on their location along the length (in the
. plane) of the aeration tank in this case. Fur-
ther consider the possible technological
At the output of the aeration tank akchemes of the aerotank with the plug flow.

x=1, x=1, we have: 1) The reactor with fixed biocenosis (bio-
~ film) in length |, located in the first part of
Li()=Loe' =Le™®, 1=B. (30) the aeration tank (reactor 1, see Fig. 2). In

this case the removing of the OC in the reac-
dor 1 is mostly occurred with a help of the

Remind that received solutions are de: _ : o
rived at the stationary conditions of the exiixed biocenosis (biofilm) on the load cells

ploitation of the aeration tanks that coméhat are uniformly spaced along the length
quickly enought. and is described by the equation:
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oL Loy = Lay — W}|<‘161 , (34)
- Uala—)jl ~M o1l —Lal,4) =0, L1
(31)
F. _ . .
Apy =LK, where J, — average (estimated) thickness of

Fy the active biofilm in the reactor 1.

Then in the result of the solution of the
where F 5, — surface area of the loading (bio-equation (31) with the boundary conditions
film) per unit lengthl ; Fg;=Fgl; - total  X=0. La1 =Lo and taking into account to
surface area of the loading in the reactor 1. the dependences (33) for determining of the

The methodic for determining of theChanges in concentration along the length
change of the concentratidry, in lengthl; Of the reactor on the sitk we may get the
as a result we may as a result of the solutidleXt dependence:
of the equation (31) (equation (28) at
ke =0) at the boundary conditiong=0, Lar(X) = Lo — 5 o
La =L¢ = Lg. For the reactions of the first A

order an'd according t9 'the Monod equatlo?he concentration at the outlet of reactor 1
the solution for determining of the concentra;

. . (x=1,) will be as:
tion Lal(ll) at the outlet of reactor 1 will be

W 101X (35)

as: _ Fas1
Lag(l1) = Lo - Wi 10415
~ N Ua1Far (36)
La()=Loe™™, =LA, (32)
A At the possible presence in the reactor 1
A="21(1-A) . L .
1 ‘E ). the suspended biocenosis with regard to its

added action the general equation to deter-
The methodic of determining of the pa"'"® Ly (11) will looks like as:

Q
rameters” is listed above an@,;=—-
A TR Lag(l1) = Lo - (% W10y + Waljl—l, (37)
average flow rate in the reactor 1 with flow 1 Va1
areaF; and rate of flonQ (see Fig. 2).
Since the effluents with a relatively larggyhere Wa1 =
initial concentrationL; =Ly come directly

Mmat
Yay X8y, Xaj — concentration

in the reactor 1 it would be also appropriat@f the suspended biocenosis in the_: reactor 1.
to consider the case of the removing of the N the second part of the aeration tank re-
OC in reactor 1 with a help of the biofilmactor 2 lengthl, the removing of the OC is

according to the reaction of zero order: dlu%l t;) a suspended biocenosis (active
sludge).

_ _ Mg X In this case in the reactor 2 for a supply-
R1=W Wy 1 =Py = L . : . .
L1~ T L1~ Fm Y, (33) ing of the suspended biocenosis desired con-
centrationX,, which we assume is formed

In the result of the solution of the above equtfjlklng Into -account th? recycling of active

. ; X sludge and partly possible due to the detach-
ation (11) that describes the removing of threnent of the biomass from the biofilm the re-
OC by the biofilm for determining in this

case the concentratidn. we qet: moving of the OC is described according to
any, get (24) the following equation al, =0, &£=1:
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In the case ok =1 in (41) we obtain the

oL dependence of the concentratibnp (1) at the
~U, 82 —Ryy +Ryp =0.  (38) °°P B (1)

0X outlet of aeration tank:
As the processes of dying will be taken _(|_|1)@
into account in determining the concentra- Lao(1) = Ly (lp)e Va2 =
tion X, the results of the solution of equa- Kao (42)
tion (38) will depend on the accepted reac- "@'2
tion of the removing of the OQR,, in the =La(e

reactor 2. In view of the fact that a consider-
able removing of the OC took place in the As are known the concentration of acti-

reactor 1 that in the reactor enters partiallyated sludge X,,(I,) includes a certain

treated Wa?“’ water th_e removing of the O mount of silt that enters to the reactor 2
by the active sludge in the reactor 2 wil

) . rom the settling tank through recycling.
mainly occurs through the actions of the reqq yever in this case from the reactor 1 may

actions of the first order and according to thgtars a certain amount of biomass that is
equation Monod. 'In this case the generglatached from the biofilm, and will also take
equation (38) will looks like as: part in the removing of the OC. In [12] the
balance equation is presented that can be
_U25|—_a2_ KaoLao =0, (39) Used in general case to determine the change
in concentratiorX,, in the aeration tank with

plug flow at the conditions of the removing
of the OC with a help of the fixed and sus-
pended biocenosis.

The solution of equation (39) occurs at In case of the removing of the OC ac-
the boundary conditionx =1, L, = |_a1(|1) cording to the reaction on the base of the
Monod equation the equation (38) will looks
Yike as:

K., = Hmazxaz
a —=
YaZKmaZ

and taking into account the possible rec
cling by the coefficient, we have:

oL M L
_ Lal(ll) _ -u 2 a2 _ max2-=a2 x 2 :0’ (43)
La2 —W, Qa2 =Q@+rp), (40) % 0x  Kpgptlyp °
= rZXYZ. whose solution at the boundary conditions
1+ro x=Il1, Laz =La(l1) in view of possible recy-

cling coefficientr, has the general appear-

Thus in the result of the solution of the®°® according to (40):

equation (39) we obtain the following rela-

tionship for determining the change in con- —“max—zxaz(x—ll):
centration L,, within the reactor 2 length v L (44)
|2:| _Il: =(La2 _Lal(ll))"'Kmazln%-

Las(l1)

If takes in the equation (44)= | then to
~(x=l) ] obtain the dependence which allows to de-
Lao(X) = La (1) (& = (41) termine the concentration at the outlet of the
_ Qa2 reactorL(l,) at a known (given) length:

U,o = .
a2 F2

| @
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L= v N The solution of equation (46) takes at the
= —

" Umaxe Xaz (45) boundary conditionsL, =L, at x=0 with

the result of that we get:
X{Lal(ll)_ Laz(l2)+ Kz In Lal(ll)j- J
La2(|2)

Lo (X) = Lo —Weg ——. (48)
2) As in the previous case the aerotank Va1

witht the plug flow consists of two parts (re- The concentration at the outlet of the re-

actors 1 and 2) but in the reactor 1 which igctor L, (I,) will be:

in the first part the removing of the OC is

occured due to a suspended biocenosis (acti- |

vated sludge) which means that it works in Laa (1) = Lo —wgg —2- . (49)

the regime of the aeration tank with the plug Va1

flow length |,. In the second part (reactor 2)

the removing of the OC is primarily occured
due to the fixed biocenosis (biofilm) which is
formed on the elements arranged here lo

Placing in practice such technologica :
scheme of the aeration tank with the plu ase we can to use the solutlon' of the prob-
flow in our opinion will be most appropriate m obtained for the technological scheme

since the placement in the second part tfjglown in Fig. 1. In. '[h'IS case in the general
reactor 2 with the fixed biocoenosis allowgePeNdence (24) it is necessary to takes
significantly to improve the efficiency and A, =0 that to exclude the action of the fixed
quality of the treatment of the waste wateliocenosis and replace the output parameters
namely to ensure the purification of wast@f the aerotank on the Figure 1 on the output
waters to the desired concentration. parameters of the reactor 1.

Since to the reactor 1 directly enters to In the second part of the aeration tank
the treatment the waste waters of the signifwith the plug flow of the reactor 2 length

cant concentration then consider the case @fe removing of the OC is occured mainly
the removing of the OC by the activate@iue to the fixed biocenosis (biofilm). In this
sludge according to the reaction the zero ogase the features of the treatment in the reac-
der . Supplying of the sludge in the reactor fr 2 (with biofilm) located in the second part
is occured due to recycling of the coefficiengf the aeration tank will depend on the tech-
r according to the technological schemgpglogical scheme of the action of the reactor
shown in Figure 1. So in this case the generglyith activated sludge. So in the technologi-

If according to the above criteria’s in the
eactor 1 the removing of the OC by the acti-
ted sludge according to the reaction of the
irst order or the equation Monod that in this

equation (38) will looks like as: cal scheme in which removing of sludge is
occuring directly from the reactor 1 and it
o 0Ly _ HarXa1 does not enter in the reactor 2 it can be as-
Va1~ a1, War = , (46) :
X Ya1 sumed and accepted that the removing of the
where as known contaminants in the reactor 2 is occured only
by the fixed biocenosis (biofilm). If the re-
Q. moving of the sludge from the reactor 1 is
Va1 = Qa1 = Q@ +r17), not happening and it enters with the waste
1 water to the reactor 2 in this case at first it is
Xy Lo = L (47) necessary to take into account and to evaluate
1+ r 0~ 1+r the degree of the removing of the OC

through this sludge and at secondly to take
into account the presence of sludge and the
possible impact of it on the forminf of the
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structure of the biofilm and determining itscenosis that is occurred due to the reaction of
parameters. the first order.

As a whole it can be assumed that ac- So in this case the removing of the OC is
cording to the technological scheme in theccuring according to the technological
reactor 2 is occuring predominantly the addischeme with a fixed biocenosis that corre-
tional purification of the waste waters parsponds the technological scheme of the treat-
ticularly treated in the reactor 1. If the addiment considered before and shown in Figure
tional purification of OC in the reactor 2 isl. In particular to determine the concentra-

occuring mainly by the fixed biocenosis (biotion L,,(l) at the outlet of the reactor 2 at

film) then taking into account the reaction Othe condition that the removing of the OC in

the fir_st order or the Mono equat_ion it can bﬁ by the fixed and suspended biocenosis is
described by the following equation: occuring according to the reaction of the first
order under (28) and concerning the reactor 2

oL )
_U626—§2_)‘22(La2 ~Ly[,_,)=0, (50) of the lengthl, the next dependence is pro-
F posed:
Aoy = % KLz, y
2 ~
l2 = (Ag +kar2)lo Karp :Uiz, (53)
2
— Qa2 _ T
wherev 5, —F—z, Fso surface area of Lo(l) = |—a1(|1)e_|2' (54)
loading (biofilm) per unit length I5;
. .. where
Fa, = Fsol, — total surface area of biofilm
in the reactor 2 length,; Qo — flow that lo =1-1y, A, :ﬁ(l—Az),
enters in the reactor 2. V2
In the result of the solution of the equa- Ao = 782 K
tion (50) with the boundary condition 22 F> L2.

x=l;, Lgo =Lg(l;) to determine the
changes in the concentratiot,(x) in

length X where X varies froml, to | we get CONCLUSION
in general the next dependency: , ,

Applying and calculations on the base of
the proposed dependencies allow at a given
geometrical and other characteristics to as-
sess the impact of various factors on the
and to determine the concentratibgy () at processes of the treatment in various condi-
the outlet of aeration tank (reactor 2) atons of their work and make available the
X =| we have a next dependency: most economical and efficient in operating

the biological reactor design.

Laa(x) = '—al('l)e_(x_ll)A*2 , (51)

Laa (%)= Laa () A2 =1y ()62 (52)
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