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THE DETERMINATION OF PARAMETERS OF A REACTOR-MIXER
WITH A DISK INJECTOR
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To improve efficiency of mixing and energy consumption of biodiesel production it is suggested to use a reactor-mixer equipped with
a disk injector. It creates circulation mixing by multiple liquid pumping through the closed loop. A disk injector is adjusted in the
upper part of a mixer with a possibility of movement along an axis of a reactor-mixer. A disk injector makes it possible to mix the
emulsion components within the layer on fixed height. It helps to reduce energy consumption for mixing. Turbulence, created when
emulsion moves through a disk injector, provides necessary efficiency of mixing. References 10, tables 2, figures 6.
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6 — the expansion angle for a symmetric stream, radian;

Qv — the hydraulic pump productivity, m3/s;

Qo, Qr, Qx — the emulsion consumption in proper injector splits, m3/s;
Vv, Vo, VE — the motion speed of emulsion in injector splits, m/s;
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Ar — an area of a cross section view of an injector on perime-
ter (at outlet), m?;

Ao — an area of a cross section view of an injector near the
entry pipeline, m?;

d — a split between the injector disks (the thickness of an injector

nozzle), m;

ho — an initial thickness of a disk injector, m;

hx — the stream thickness in active cross sectional view, m;
Lx —the length of an active part of a stream, m;

Dr — a diameter of a disk injector, m;

Do — a diameter of a disk injector near the entry pipeline, m;
dv — the diameter of an inlet part of a disk injector, m;
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Av — an area of a cross section view of an intake pipeline, m?;
Rg — a hydraulic radius of a stream in active cross section, m;
Re — Reynolds’ number;

Vv — a viscosity-density ratio, m?/s;

n—a dynamic emulsion viscosity, Pa-s;

p —an emulsion density, kg/m?;

np — the frequency of pump rotation, per/min;

hr — the depth of dipping, m;

vx — the speed in active cross section view of a stream, m/s.
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Introduction. The quality of the reaction of
transesterification processing depends on hydrody-
namic conditions [8] and requires a proper mixing
intensity [3]. The most spread reactors for perform-
ing the process of transesterification are the ones
which are equipped with mechanical mixers [9]. The
mathematical model of the technological process of
transesterification for the production of diesel biofuel
has been developed on the basis of fuzzy logic [3, 4].
The technological process of transesterification of
the vegetable oils in batch reactors has been mod-
elled [3, 4]. But in the production of diesel biofuel
there are some problems related to mixing of the
emulsion components in the process of transesterifi-
cation. They are: a significant duration of the process, a
destruction of a required surface area of the reagents
contact, a significant energy consumption [3].

It often happens that the fermentation reactors of
ordinary and of rotation [7] types are used for the
production of diesel biofuel, but they have low
productivity. Because of insufficient efficiency of
mixing, the process of transesterification is per-
formed not completely, that is why additional opera-
tions on washing [10] and cleaning [1] are used
which make the technological process of receiving
diesel biofuel under the conditions of agrarian pro-
duction more complicated.

In the research related to the application of
membrane and tube [6] mixers, on the basis of cavi-
tation it has been shown that the rate of transesterifi-
cation process increases under condition of mixing
small amounts of emulsion components. But such
technologies of diesel biofuel production are charac-
terized by high specific energy consumption.

Similar results related to the efficiency of a mix-
ing process are achieved in reactors with nozzles
application as well as with the emulsion circulation
outside the closed tube [4]. Under the condition of
hydraulic mixing the efficiency of transesterification
process is maintained when there is a turbulent re-
gime in the emulsion flow [2]. The use of machines
with a hydraulic emulsion mixing and with circula-
tion enables to run the processes of transesterifica-
tion and setting-out in one container. But in the
working process of such a reactor may form the are-
as of stagnation. The issue related to a safe removing
of diesel biofuel received in the process of reaction
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has not been solved either.

A carried out analysis allows us to make a con-
clusion that an existing and a perspective equipment
for diesel biofuel production does not fully provide
the efficiency of a technological process under the
conditions of an agrarian producer. It is necessary to
conduct a theoretical substantiation as well as exper-
imental research of the parameters of the equipment
for diesel biofuel production with an application of
hydraulic mixing.

Task setting. The research goal is to increase
the level of energy efficiency of diesel biofuel pro-
duction by improving the construction of a hydraulic
reactor-mixer.

To achieve the goal it is necessary: to improve
the mathematic model of emulsion mixing in a reac-
tor-mixer with an application of a disk injector; to
determine the main parameters of a reactor-mixer
and of a disk injector; to conduct an experimental
testing of reactor-mixer’s energy efficiency.

The presenting of main material. The proce-
dure of experimental research. An experimental ma-
chine has been developed for conducting the re-
search on the energy efficiency of a reactor-mixer. It
included: a reactor-mixer for transesterification of
vegetable oil, a hydropower station (Fig.1) and
measuring equipment. The measuring equipment
consists of: the transformer of energy frequency Hi-
tachi-3-G3JX-A4075-EF (Japan); the analyzer of the
parameters of energy consumption DMK-30 (ltaly);
the tachometer UT-372 (China); the notebook Acer-
I3 (China) [4, Fig. 2].

When carrying out an experiment an emulsion
on the basis of rape oil in amount of 2000 | was
pumped by means of hydropower station to the mix-
er for transesterification. The emulsion mixing was
run under the temperature of 40 °C. The period of
mixing was from 222 to 888 s (222s — 1 multiple
emulsion circulation, 444s — 2 multiple, 666s — 3
multiple and 888 s — 4 multiple).

An experiment on the plan of Boks-Benkin was
carried out in order to determine the interconnection
between the impact of a gap clearance between the
disks of a nozzle (d), the frequency of pump rotation
(npo) and the depth of dipping (hg) and the specific
power of a pump (P).
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Fig. 1. The scheme of experimental circulation machine for diesel biofuel production:

1 —acirculatory reactor-mixer; 2 — a disk injector; 3 — a frame; 4 — electric generator; 5 — a joint; 6 — optical tachometer;
7 — gear-type pump; 8 — a transformer of energy frequency; 9 — an analyzer of energy consumption parameters;
10 — a source of power supply.

Puc. 1. Cxema ekcniepuMeHTAJbHOI HHPKYJIALiHHOI YCTAHOBKH /1J151 BUPOOHUITBA TH3€JILHOT0 OiomaauBa:
1 - nupKyaAUiiHAIA peakTop-3MilTyBady; 2 - TUCKOBHUI IH)KEKTOP; 3 - paMKa; 4 - eJeKTpUIHHI reHeparTop; 5 — 3'eJHyBay;
6 - onTHYHMIA TaXOMETP; 7 - HACOC PEAYKTOPHOTO THILY; 8 - TpaHCc(OPMATOp YacTOTH eHepril; 9 - aHai3aTop ImapaMeTpiB
CHEeProcrnoxusaHHs; 10 - mKeperno KUBJICHHS.

The intervals of the factors under investigation are given in Table 1.

Table 1. The intervals of the factors under investigation

Ta0auns 1. InTepanu gociainkyBanux gpakropis

Levels of a factor S
Name of a factor Variety intervals
-1 0 +1
Depth of dipping, mm 0 50 100 50
Frequency of generator rotation, per /min 96 496 896 400
Gap clearance between disks of an injector, mm 2,2 4.4 6,6 2,2

The results of theoretical research of a reactor-
mixer. Circulating mixing which is performed by
frequent liquid repumping outside the closed circuit
has been suggested for the process of transresterifi-
cation of vegetable oils. A disk injector has been
fixed in the upper part of a mixer [4, Fig. 4] that ena-
bles it to move along the axe of a reactor-mixer.
When emulsion passes through a disk injector a tur-
bulent flow is formed, it supports a proper emulsion
mixing efficiency in a layer at a fixed height. Due to
emulsion pumping from a lower part of a mixer an
emulsion layer goes down, a mixing efficiency de-
creases, an intensive transesterification reaction
starts.

An emulsion stream that flows out of a disk in-
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jector (Fig. 1) gradually extends and due to viscosity
action it draws in the liquid which is around the
stream [5]. Under the continuous flow [5] the emul-
sion consumption in all injector splits as well as in
streams is similar and it equals a hydropump produc-
tivity (Qv) that is Qu=Q0=Qr=Qx. To avoid addition-
al pressure losses, let’s take the motion speed of
emulsion in injector splits as constant one:
VVZVOZVF
Having written the areas of cross section views:

A. =7D.d,
A, = zD,h,, 1)
A, =rd. /4.
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We can determine the split between the injec-
tor’s disks at outlet:

Dh,  d’ . ?)

The stream thickness in active cross section
view will be:

h, —d +2thg%t9. 3)

The speed in active cross section view of a
stream can be determined according to [5], like with
liquid flow through the vents and fixtures (injectors)
on the formula:

Q 4)
1 1Y

Having taken Ry like for a quadrangular cross
section view, we can determine R., according to
which we can determine L, with a proper mixing
intensity (Re 2 2320) [5]:

Ly =

1
- [ D- +L j(d +2th929) | (5)
G
(D +2L ) (Zd +4th9$0}

Re = : Q S > 2320" ©
V(LX(2t99+ﬂj+d+” Fj
2 2
@
Re = Qp AL

(Ztg 0+7z)+d +7TDF
2 2

Using a formula (6):

Lo 1 (Qw —d—”DF] ®)
) .
nglos 2200 2

We can determine the value of an active length
of emulsion stream as well as the dependence be-
tween Qv and Lx (Fig. 2).
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0.02 //

Active length of emulsion
stream , m

0,01 —

0 0,002 0,004 0,006 0,008 0.01

?

The productivity of a hydro pump, m?3/s

Fig. 2. The dependence of an active length of emulsion stream from a hydraulic pump productivity (the dynamic emulsion
viscosity is 0,02 Pa-s).

Puc. 2. 3anexHicTh aKTHBHOI JOBKHHH CTPYMeHsI eMy.Ibcil Bil MPOAYKTHBHOCTI rigpoHacoca (AmHamMiyHa B’I3KicTh eMyJIbCii

0,02

Ila-c).

The dependence between the dynamic viscosity of emulsion # and an active length of a stream Lx

(Fig. 3) has been determined as well.
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Fig. 3. The dependence of an active length of emulsion stream from dynamic viscosity of emulsion (hydraulic pump produc-
tivity is 0,005 m%/s).

Puc. 3. 3ane:xkHicTb aKTUBHOI JOB/KUHM CTPYMEHs eMYJIbCil Bil IMHAMIYHOI B’13K0CTI eMyJIbCil (IPOAYKTHBHICTH
rizponacoca 0,005 m%/c).

Table 2. Sustainable Parameters of a Reactor-Mixer

Ta6uuuns 2. PanionansHi napaMmeTpu peakTopiB-3minryBaviB

Inner diameter of a reactor, m
Parameter

0,8 1,2 1,4 2,2 3,0 32
Nominal volume, m? 0,4 1 2 10 50 63
Disk injector diameter, m 0,75 1,10 1,30 2,05 2,80 3,00
Thickness of an injector nozzle, mm 5 5 5 10 10 10
Height of mixing area, m [4, Fig. 2] 0,077 0,095 0,100 0,11 0,12 0,13
Height of a divider, m [4, Fig. 2] 0,95 1,10 1,60 3,00 7,65 8,45
Pump output, m¥/s 0,006 0,008 0,009 0,011 0,012 0,014
Theoretical capacity of a pump, W 96 128 144 176 192 224
Period of a single-shot emulsion circulation, s 67 125 222 909 4167 4500

On the basis of compatible solving of the equa-
tions (3-8) the interdependence between the values
of a mixer parameters and a disk injector has been
determined. The main geometric size of a reactor-
mixer (Table2) has been received. The theoretical
capacity of a hydraulic pump has been determined by
multiplying pressure in an injector and emulsion ex-
penses through the injector.

The pressure in a disk injector in all variants of
D; equals P=16 kPa. The parameters given in Ta-
ble 2 enable us to use a geometrical form of a reac-
tor-mixer most efficiently.
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The Results of the Experimental Research of a
Reactor-mixer.

P=158.1794 + 0.8904h. — 0.0123 ny +
+5.5220d +0.0025n,> — 0.0366 nyd

The quotation analysis shows that if the gap
clearance increases, the utilized capacity decreases
due to the reduction of energy consumption by elec-
trical generator which rotates hydraulic pump shaft.
It can be explained by reducing resistance losses
when emulsion passes through the injector.



BIOEHEPI'ETUKA ISSN 1819-8058

. ]
= ---""—---
" T 7
g — I ---_---‘
]
;-é e ) - ---l
j =1 ] [—
] e
o | -
o —
T —
]
=
= !
D ——

The gap clearance between the disks of an injector, mm
= h=0 MM = h=50 MM = "h=100

Fig. 4. The dependence of utilized capacity of a hydraulic pump from the depth of dipping as well
as from the gap clearance between the disks.

Puc. 4. 3anexxkHicTh COKUBAHOI MOTY:KHOCTI TAPaBIiYHOr0 HAcOCy
Bill 3230py Mi:K 1MCKAMU Ta rJIUOMHU 3aHYPEHHS.

When the injector’s depth of dipping increases It is also determined (Table 3) that when the
the utilized capacity of a pump increases as well frequency of a shaft rotation of a pump increases,
(Fig. 5). It can be explained by higher rate of energy the utilized capacity increases as well. It can be
consumption of an electric generator which rotates explained by an increase in energy consumption of
the pump shaft caused by the increase of a hydrostat- a generator owing to the increase of pump’s
iC pressure. productivity.

Utilized capacity , W

Depth of dipping, mm

—d=2.2 MM = d=4.4 mm =:d=6.6 MM

Fig. 5. The dependence of utilized capacity of a hydraulic pump from the depth of dipping
as well as from the gap clearance between the disks.

Puc. 5. 3anexHicTs crno:kuBaHoI MOTY:KHOCTI TiApaBJIiYHOr0 Hacocy
BiJl INTHOMHY 3aHYPEHHS Ta 3a30Py MiXK JUCKaAMH.
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Utilized capacity , W

Frequency of the pump rotation, turns per min.

— =22 num

m—d=4 4 nm =1 d=6.6 M

Fig. 6. The dependence of utilized capacity of a hydraulic pump from the rotation frequency of its shaft
as well as from the gap clearance between the disks.

Puc. 6. 3anexkHicThb COKMBAHOI IIOTYKHOCTI TiipoHacoca

Bi/l YacTOTH 00epTaHHA ii0ro Bajy Ta 3a30py MikK JUCKAMM.

Minimal utilized capacity (230 W) is achieved
when the gap setting between the disks of an injector
equals 6.6 mm, the frequency of a pump rotation
equals 96 turns per min and when there is zero depth
of dipping. When the frequency of pump rotation
increases up to 896 turns per min, the gap clearance
between the disks reduces up to 2.2 mm and the dip-
ping depth is maximal, the utilized capacity is max-
imal and it equals 2159 Wt. Under practical (Table 1)
gap clearance indexes of 5 mm between the disks of
an injector, and a maximal depth of dipping 50 mm,
(which equals half of the thickness of emulsion
stream near the walls of a reactor-mixer) as well as
under the nominal frequency of 200 turns/min of a
hydraulic pump shaft (PG-100, Ukraine), the utilized
capacity will equal 292 W. The experimentally de-
termined utilized capacity (292 W) is higher than
theoretical capacity (144 W) due to additional capac-
ity expenses on emulsion circulation. The specific
capacity on emulsion mixing and circulating for a
reactor-mixer 2 m3 in volume will equal 146 W /m?®.

Conclusions. 1. On the basis of the equation of
flow continuity and taking Reynolds’ number into
consideration, an active length of emulsion stream
(with a proper mixing intensity) as well as the main
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geometric parameters of a reactor-mixer for the pro-
duction of diesel biofuel have been determined.

2. The main parameters of a reactor-mixer
have been determined as standard ones for the units
of equipment with a cone bottom in chemical indus-
try. For the agrarian production the more suitable is a
reactor-mixer 2 m? in volume, with a disk injector
1.10 m in diameter, with injector nozzle 5 mm thick,
internal diameter 1.4 m and 1.6 m high.

3. Under practical indexes of a 5mm gap
clearance between the disks of an injector, nominal
200 turns per min. frequency of a pump rotation,
50 mm depth of a disk injector dipping which equals
half of emulsion stream thickness near the reactor-
mixer walls, the utilized capacity will be 292 W.
Specific capacity on emulsion mixing and circulating
for the reactor-mixer 2m?* in volume will be
146 W /md,
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OIIPEJEJIEHUE IMAPAMETPOB PEAKTOPA-
CMECHTEJISI C JUCKOBOM ®OPCYHKOM

A . Apou, kaunuaar texunueckux Hayk, C.H. Kyxapeun,
H.M. llpiBeHKOBA.

Kuromupckuii HallMOHAJIBHBIN arpodKOJIOTMYECKUN YHUBEPCUTET
10008 r. XKutomup, Ctapsiit OysabBap, 7.

Jlna noeviuenus s¢ghpexmusHocmu nepememusanus u nompeo-
JIeHUs JHePSUU NPU NOTYYEeHUU OU3ENbHO20 GUOMONIUBA NPedid-
2aemcst UCNOIb308aNb  PeaKmop-cMecumens, 000pYO0SAHHbIIL
obecneuusaem

ouckosoli  gopcynroil. Peaxmop-cmecumens

YUPKYIAYUOHHOE NepeMeutusanue, OCyuecmsiiemoe MHO20-
KPAMHBIM NePEeKauu8anuem HCUOKOCmU NO 3aMKHYMOMY KOHMY-
py. duckosyio popcyHKy ycmaHonieno 8 epxneil 4acmu cmecu-
meiisl ¢ 803MONCHOCIBIO ee O0BUNCeHUs 6007b OCU PeaKmopd-
cmecumensi. Ona noseonsem GolNOIHAMbG CMEWUBAHUS KOMNO-
HEHMO8 IMYNbCUU 8 NPOCIolKe YUKCUPOBAHHOU blcombl. Dmo
nO36051€M  YMEHbUWUMb PACX00 dHepeul HA NnepemMeuiusanue.
Typbynenmunocmy, c030a6aemas npu NPOXOHCOCHUU IMYIbCUU
uepe3 OUCKO8YI0 (POPCYHKY, obecneuugaem HeoOXOOUMYIO I¢-
pexmusHocmv cmewusanus smynvcuu. bubn. 10, mabn. 2, puc. 6.

KiiroueBble ¢j10Ba: qu3elibHOE OHOTOIUINBO, TIepedcTeprpuKa-
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1usl, THAPOHACOC, YKUCio PeiHonbca, ruipaBIndeckoe nepe-
MeIINBaHue, YHepreTudecKas 3 ¢HeKTUBHOCTb.
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SYNOPSES

Diesel biofuel is mainly received in the process of trans-
esterification, due to the interaction of vegetal oil and methyl
spirit under catalysts presence. Methyl spirit, catalyst and oil
create a multiphase medium in which the reaction process is
going slower. To speed up the transesterification reaction it is
necessary to create the emulsion with an increased area of rea-
gents contact, which can be done by means of constant mixing.
An efficient mixing determines the completeness of the process
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of transesterification and effects both qualitative and quantitative
indexes of diesel biofuel output.

To achieve the above mentioned it was proposed an im-
proved mathematical model for emulsion mixing process in reac-
tor-mixer with disk injector and main parameters for reactor-
mixer and disk injector were received. This disk injector can be
used for removing the received diesel biofuel from a reactor-
mixer after the technological operations of transesterification and
sedimentation. A disk injector enables to pump the received
biofuel beginning from the upper part of a reactor-mixer that
prevents glycerine from getting into the biofuel. The application
of disk injectors in mixers makes it possible to produce diesel
biofuel on a simplified technology as well as to remove it fully
from the mixer under the conditions of farming. In a process of a
four-time emulsion pumping on a closed circuit and after a prop-
er sedimentation we received diesel biofuel with a coefficient of
kinematic viscosity 4.25 mm?/sec and a flash temperature
125 °C. A lower calorific value of a received diesel biofuel was
36.96 MJ /kg. The output of diesel biofuel was 85.6 % from a
utilized rape oil.

PEDEPAT

JusenpHe 6i0naanBo, B OCHOBHOMY, OTPHMYIOTH B IIpoLieci
nepeecTepudikaii, 3aBIIKU B3aEMOJIii POCIUHHOI OJIiT Ta METH-
JIOBOTO CIHPTY Yy TPHUCYTHOCTI KaTali3aTopiB. MeTHIOBHUit
CIIHPT, KaTali3aTop Ta ONisg YTBOPIOIOTH OaraTodasHe cepeno-
BUIIE, B SIKOMY MPOXOMKEHHs peakilii croBiibHene. s mpu-
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MIBU/IIICHHS] TPOXOJUKEHHS peakiii mepeectepudikamii HeoO-
XiJHE YTBOPEHHS eMYJbCil 31 30UIBILCHOI0 IUIOIICI0 KOHTAKTY
peareHTiB, IO JOCATAETHCS 32 PAXyHOK ITOCTIHHOTO IepeMilry-
BanHs1. EdexTuBHE mepeMilyBaHHsI BU3HAYa€ MOBHOTY MPOXO/I-
JKeHHsI TIpoliecy mepeectepudikamii i BIIMBaE Ha KiMbKiCHI Ta
SIKICHI TIOKAQ3HUKH BUXOXLy JU3EIBHOTO OlomasmBa.

JInst mOCATHEHHS BUIE 3a3HAYEHOTO INPEACTABICHO BIOC-
KOHAJICHY MaTeMaTHYHy MO/ICNb IIEPEMIlIyBaHHS eMYJbCii y
peakTopi-3MinIryBadi i3 BUKOPHCTAHHSIM AUCKOBOI (OPCYHKH Ta
BCTaHOBJICHO OCHOBHI IapaMeTpH peakTopa-3MilllyBada Ta JIUC-
KOBO1 (hOPCYHKH.

[IporoHOBaHy MHUCKOBY (OPCYHKY MOXKHA BUKOPHUCTOBYBA-
TH JUI BUJAJICHHS OTPUMAHOTO JHU3EJIBHOro OiomaimBa i3 peak-
TOopa-3MilllyBaya IIiCJIsS TEXHOJIOTIYHMX OMepalliii mepeecre-
pudikamii Ta BigcroroBaHHsS. JluckoBa (opcyHKa J03BOJISE
BiZIKaYyBaTH OTpHMaHe OlONaIMBO MOYMHAIOYH i3 BEPXHBOI da-
CTHHH pEaKTOpa-3MilllyBaya, 1[0 YHEMOKIIMBIIOE IOTPAIUITHHS
TIHNEepUHy B OHU3EIbHE O0l0maluBO. 3acTOCYBaHHS JAUCKOBUX
(hopCyHOK y 3MilllyBauax JI03BOJISIE BUPOOJIATH JAHU3EIbHE Oioma-
JIMBO 32 CIPOIIEHOI0 TEXHOJIOTIEI0 Ta MOBHICTIO BUNAISTH HOTO
31 3MilmIyBada B yMOBax CUIBCBKOTO rocmoiapcTa. B mpomeci
YOTUPHKPATHOTO NEPEKayyBaHHS eMYIIbCIl 110 3aMKHYTOMY KOH-
TYpy Ta IICIIsl BiIOBIIHOTO BiICTOIOBAaHHS HaMH OyJ0 OTpHUMa-
HO Ju3eNnbHe GiomaiuBo i3 KiHeMaTH4HOIO B s13KicTio 4,25 MM? /¢
Ta Temmeparyporo cmaiaxy 125 °C. Hmkua Termora 3ropaHHA
OTPUMAHOTO JAW3ENBHOrO OlomanmBa 3HAXOAWIACS Ha piBHI
36,96 M/Ix /kr. A BHIXiJ AW3EIBLHOrO OiomajnBa CTaHOBHB
85,6 % BiJ BUKOPUCTAHOI piMakoBoi oJIii.
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