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Abstract. The paper is devoted to the study of the equipnemproduce biogas fuel from
organic wastes. The bioreactor equipped with a @eedbstirring system ensuring mechanical
and bubbling stirring is designed. The method ofrgp cost calculation of the combined
stirring system with original design is suggestébe received expressions were used in the
calculation of the stirring system installed in thé n? bioreactor: power consumed by the
mixer during the start-up period madg=9.03 kW, operating power of the mixer made
Ne=1.406 kW, compressor power for bubbling stirringdaeN.=18.5 kW. Taking into account
the operating mode of single elements of the stirsystem, the energy cost made 4.38% of
the total energy received by the biogas station.

1. Introduction
At present, alternative energy systems are widsgdun many countries worldwide. One of the most
dynamically developing areas is biogas productioth @se. Biogas is an analogue of natural gas and
differs in smaller methane content reaching 50-710%2]. To ensure efficient production of biogas,
bioreactors are equipped with stirring systemsrriBtj provides for uniform distribution of
temperature and nutrient content in all parts eftitoreactor [3, 4].

International and domestic experience highlighteghmethods of biomass stirring: mechanical,
hydraulic and bubbling. Notably, the mechanicarisii with stirring impellers installed verticalin
the center of the bioreactor became the most podulia known that during operation of mechanical
mixers, a considerable radial speed of a biomass i# created, while the axial component remains
insignificant [5]. Consequently, this leads to iffiient efficiency of biomass stirring in the viedl
plane of the device, which, in turn, causes theatese in the growth rate of microorganisms and the
reduction of biogas output. Hence, the developnoér combined stirring system ensuring uniform
distribution of biomass in horizontal and vertipines is of a vital importance these days.

2. Materialsand methods
The present work deals with equations of classdigdio- and gas dynamics, theory of mathematical
modeling of two-phase gas-liquid flows.

3. Energy costs of a combined stirring system
The study covers the development of the bioredot@roduce biogas through the combined stirring
system ensuring mechanical and bubbling stirring.(E) [6]. The bioreactor design implies a tank
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with an installednixing device consisting a mixer presented dm®llow tubes with holes, fixeat the
bottomof a hollow shaft connected an electric motor and a heater. The twlltubes ofthe mixer
are formed by separate elements of different diais, which decreases from the central parthe
tank to periphery.

Figure 1. Bioreactor model.

One of thekey parameters othe stirring system, characterizing iefficiency is energy
consumption for the requiredirring ratio.

The paper considers the bff bioreactor used for treatment of orgaféem wastes of 50 cattle
heads. Liquichiomass with a dens of p = 1016.04 kg and dynamic viscosi of p = 0.45 Pas was
chosenras a stirring media, whiccorresponds to cattle manure with 92% huryidit37°C.

Energy of mechanical stirring.
The energy required fanechanicastirring depends on the densitystirring medisand is defined by
the following expression:

N, =K on’D°, 1)

whereK,, — powercriterion determinefrom diagrams depending on tbentrifugal Reynoldcriterion
Re, [7]; p — density oftirring medii, kg/nT; n, — mixer speed, r/€) — mixerdiameter,
The centrifugal Reynolds number depends ormixer blade size:

3 2
Re, = pnyD” )
U
Power consumption taking into account drive efficig
N..+N
No=—"" -, ©)
n

where N — friction powerin compression, which is oft neglecteddue to its lov value;s — drive
efficiency;for normalized drives = 0.9-0.96.
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Energy of themixer initial run.
The frontal area of Blade displacing fluic is generally defined bthe followingexpression:

(T
F =bhsin| — B, 4
: (180 j (4)

whereb=R — blade length, mh — blade height, mB — blade angle in thdirectionof its movement,
rad.

Figure 2. Design parameters of a bladed mixer.

Centroidal blade velocity, m/s:

R,
= . 5
Y =30 ®)

Mass of the fluid displacelly the blade is defined tthe followingexpressior
G=Fwpog. (6)

The fixed blade is rotatedith the given frequencand, havingmparted fluic speedw,, operates
equally to actuamoving mass ofluid T:

Gw — RW p
29 2

T=

()

In the same frontal arethe blade makes different operass, which deper on b/h relation, and
therefore actual operatioh; that initiates th rotation of one blade with frequenn (r/m) is as
follows:

T = ¢FbW§IO|

) > (8)

o — coefficient dependanin a blade forn

For horizontal rectangular bladwith b=D/2, whereD — diameter of &ircle cleaned by a mixer
blade andw, = 3TW wherew —tip speed, m/s.

The energyonsumed by the mixer during s-up is determined by tHellowing equation:

_2zT, _54¢2F wp

N
27102y 130567

(9)
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wherez — number of mixer blade pairg:— mechanical efficiency.
The start-up time of electric motor without loadiagd mass of the given mechanism equals 2 ...
3s [8].

Energy of bubbling stirring.
The main objective of bubbling stirring calculatisnto determine the pressure of gas supplied to a
bubbling pipe. The pressure of gas supplied tmmass mixing device for bubbling stirring is define
taking into account stirring intensity, mixer designd the working pressure of biogas in the
bioreactor.

Gas pressure can be calculated via Bernoulli's temuaonsisting of three components:

P=RP+PR+R, (10)

whereP; — pressure upon fluid column crossing, Pa- dynamic pressure, PB; — gas pressure in
the bioreactor, Pa.
Pressure upon fluid column crossing (biomass):

R=Hpg, (11)

whereH — biomass column height, m— substrate density, kgfm

The dynamic pressure is defined proceeding fronfdgtraentation mass consisting of 90% water
and 10% manure solid.

The dynamic pressure looks as follows:

p, = 2o

w2 |
29 (1+AE+ZZ”), (12)

wherew, — gas speed in a pipe, m/g— gas density, kg/t . — friction coefficient;l andd — pipe
length and diameter, n?, — gas pressure over a substrate, Ra; — sum of local resistance
coefficients.

Gas pressure in the bioreactor:

=R, (13)

wherePy,— gas pressure over biomass, Pa.
Taking into account dependences (11-13), the gasspre supplied for stirring is defined
according to the following expression:

PoW
2

P=Hag+ L 1A+ 30, )+ . (14

Since produced biogas consisting of 65% methanetB8% carbon dioxide is used for bubbling
stirring, the density and viscosity of biogas isequted according to its compositipgF1.16 kg/m, g
=11.0510°, n'/s.

The friction coefficient for turbulent conditionsrses the function of pipe roughness and Reynolds
criterion, and is defined according to Altshul’'srfwla:

0,25
A :0,11[e+2—86j : (15)



MEACS 2017 IOP Publishing
IOP Conf. Series: Materials Science and Engineering 327 (2018) 042129 doi:10.1088/1757-899X/327/4/042129

whereg — relative roughness of a pigee— Reynolds number.
The relative roughness depends on the height efipiernal surface peaks and is expressed by the
relation of absolute roughneAdo the pipe diameter:

e=b (16)

The Reynolds criterion reflects the gas flow moaled is determined by the following formula:

Re= Ml
Ys

7

Pressure losses upon crossing the local resistanoee due to changes of the gas flow speed value
and direction. When calculating the combined stiyrsystem, it is suggested to calculate the local
resistance of gas output from openings, in stopeglpipe bend and mixer blades:

Z‘Clrzé‘h'F Cv"' Ctp +Cbm ) (18)

where , — coefficient of local resistance of gas outpuinir openings;(, — coefficient of local
resistance of stop valveg; — coefficients of local resistance of pipe berigs— coefficient of local
resistance of mixer blades.

The sum of resistance coefficients in stop vahegsedds on the number and type of fittings. When
calculating coefficients of local resistance of@lgends, it is necessary to consider quantity aae
of bends.

Gas consumption for bubbling stirring is defined@d®ws:

V, = kFP, (19)

wherek — trial coefficient dependant on stirring integsi — area of fluid surface in the device prior
to stirring, nf; P — gas pressure, atm.
Operation in case of gas compression is definedrdio to the following formula:

n

Ao

Py [(%)” —1} , 20)

wheren — polytropic coefficient defined bpV' = const;P; — initial gas pressure, PR; — final
pressure of compressed gas, Pa: initial specific gas volume, or volume of 1 k§gas during
absorption, M

n= £, (21)

wherec — biogas thermal capacity in this procegsandc, — thermal capacity at constant pressure and
volume respectively.
Compressor motor capacit (kW) is defined by the following expression:
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v,
N _HY% 10°, (22)
e T

where Vy; — compressor consumption,”/s) 7. — indicated efficiency of a compressor considering
energy losses during actual operatign; — efficiency of mechanical transmission betweea th
compressor and the engine.

The obtained dependences allow defining energysdostthe mechanical and bubbling stirring
system.

4. Conclusions

The method of energy cost calculation for the mawa#h and bubbling stirring system is developed.
The obtained equations were used to calculate ttfrieng system of the 10 frbioreactor used for
treatment of organic farm wastes of 50 cattle hed@tie energy consumed by the mixer during the
start-up period madé&,=9.03 kW; the operating power of the mixer madg=1.406 kW, the
compressor power for bubbling stirring made=18.5 kW. Taking into account the operating mode of
single elements of the stirring system, the enemgt made 4.38% of the total energy received by the
biogas station.
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