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Transportation of fish oil through a pipeline by a single-screw pump
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Abstract. Fish oil is processed from pelagic fatty fish species, in humans they are sources of fatty acids, especially
omega-3. Fish oil differs in the composition of fatty acids. New sources of fish or fish oil are being studied. Increasing
the efficiency of technological lines is associated with improving the interoperative transportation of fish oil. Manu-
facturers of processing lines use single-screw pumps for transporting fish oil. Single-screw pumps are advantageous
for pumping highly viscous media and have a relatively low cost. The purpose of the article is to adapt to fish oil
a method for calculating a continuous fish oil supply system, taking into account the characteristics of a process pipe-
line, a single-screw pump and rheological parameters of fish oil. The results of the analysis of the performance charac-
teristics of single-screw pumps and the results of experimental work are used. The Buckingham-Rayner equation was
used in calculating friction losses in the pipeline, as well as the modified Reynolds number. The flow rate, power, and
the effect on them of the viscosity of the liquid for the Atlas W63-1B pump at different rotor speeds are estimated. As
the frequency increases, the pressure at constant flow or the flow at constant pressure increases. Examples of deter-
mining the hydraulic and energy parameters of pumping systems when pumping fish oil are given. As the viscosity in-
creases, the productivity decreases significantly, and the power consumed increases. As the diameter decreases, the
hydraulic resistance of the pipeline increases. The presented algorithm for calculating the movement of fish oil in
pipeline systems makes it possible to rationalize pumping systems, create energy-efficient technologies for working
with fish oil, and ensure a scientifically sound pump choice.
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Hayunas cratbs

TpancnopTupoBanue pbIOHOI0 KUPA MO TPYOONIPOBOALY
OJJHOBMHTOBBIM HACOCOM

Hukonaii Jleonudosuu Beaukarnoe™, Bnaoumup Apkaovesuu Haymos

Kanununepadckuii 2ocyoapcmeenvlil mexHu4ecKull yHugepcumen,
Kanununzpao, Poccus, nikolaj.velikanov@kigtu.ru™

AHHOTanms. PrIOHBIN >Xup mepepabaThiBalOT U3 METarHYecKUX XHUPHBIX BUIOB PHIO, y UelIOBEKa OHU SBIISIIOTCA HC-
TOYHHUKAMH KHUPHBIX KUCIIOT, 0COOEHHO oMera-3. PhIOHEII HpP pa3andaeTcst MO COCTaBY XHUPHBIX KUCIOT. M3ydaroTcs
HOBBIC UCTOYHUKH PHIOBI WM pEIObero xkupa. [loBbimenne 3p(heKTHBHOCTH TEXHOJIOTUUECKUX JIMHUH CBS3aHO C CO-
BEPIICHCTBOBAHIEM MEXOIEPAIIMOHHOTO TPAHCIIOPTUPOBAHUS PHIOHOTO XHpa. IIpoM3BOAMTENN TEXHOIOTHUECKUX
JIMHUH UCTIONB3YIOT OJHOBHHTOBBIE HACOCHI JUI TPAHCIHOPTHPOBAHUS PBHIOHOTO >kupa. OXHOBHHTOBBIE HACOCHI BBHI-
TOZIHBI JUIS TIepeKaYNBaHUS BEICOKOBS3KHX Cpell, 00JIaJal0T OTHOCHTEIIFHO HEBBICOKOH cTomMocThio. Llens cratem —
ajanTanusi K pelOHOMY XKHpPY METOJa pacdeTa CHUCTEMbl HEMPEPBHIBHOM MOJaul PHIOHOTO HPA C YUETOM XapaKTepH-
CTHK TE€XHOJIOTHYECKOTO TPyOONpPOBO/a, OJHOBUHTOBOTO HACOCA M PEONIOTHYECKUX MapaMeTpoB peIOHOTO xupa. Mc-
MOJTB30BaHbI PE3YNBTATHI aHANIN3a PAOOUMX XapaKTEPUCTHK OJHOBHHTOBBIX HACOCOB, PE3yJbTAaThl HKCHEPHMEHTAIb-
HbIX pabot. Mcmonbs3oBaHo ypaBHenue bykunrama — Peiinepa mpu pacuere morepb Ha TpeHHE B TPyOONpOBOAE,
a Taxke MoauduIpoBaHHoe uncio PeitHonbaca. OneHeHB! pacXo/, MOIIHOCTb, BIMSHIE HAa HUX BSI3KOCTH JKUIKOCTH
st Hacoca Atlas W63-1B mpu pasHpIX gacToTax BpamieHHs poropa. IIpu yBeNMUeHHH 4YacTOTHI YBEIMYHBACTCS
HAIop IPH MOCTOSHHOM PacXoJie WIN PacXoJ IpH ITOCTOSHHOM Hamnope. [IpuBeeHs! IpuMeps! ONpeieNIeHUsI THPaB-
JIMYECKUX U SHEePreTHYECKUX IapaMeTpOB HACOCHBIX CHCTEM IPH NepeKauuBaHUM pHIOHOTO *kwupa. [Ipu yBenmmueHnn
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Introduction

Increasing the productivity and energy efficiency of
technological lines is impossible without improving the
interoperative transportation of fish oil (FO) [1-7].
However, hydraulic calculations of the process pipeline
are often performed without taking into account the
performance characteristics of pumping units. Only
a few publications analyze the operation of pumps when
pumping FO. Thus, in [8], the effect of FO viscosity on
the performance of cam pumps (CP) was studied. It was
found that the performance of CP when pumping FO is
noticeably higher than when pumping water; an increase
in the temperature of FO leads to a decrease in CP per-
formance. At the same time, the characteristics of the
pipeline were not taken into account.

Process line manufacturers prefer to use single
screw pumps (SSP) for interoperable transportation of
FO (see, for example, [9]). This is due to the well-
known advantages of SSP when pumping high-viscosity
media [10] and the relatively low cost [11-18].

In [16], the characteristics of the process pipeline
were not taken into account, which makes it difficult to
use the results for design calculations.

The purpose of this article is to develop a method
for calculating a continuous FO supply system taking
into account the characteristics of the process pipeline,
SSP and rheological parameters of FO.

Materials and methods
The results of the analysis [16] can be used for the

O=(ap—a;  Ap) (n—a, - Ap) (1 —0.000789 - (vb—1)).

To evaluate the effect of the viscosity of FO on the
characteristics of SSP, it is necessary to set its rheolog-
ical parameters. The results of experimental work can
be used for the rheological model of FO [17, 18]. The
effective viscosity of catfish fat (Catfish oils) at a tem-
perature of ¢+ = 25 °C and various processing methods
was investigated. The shear rate varied from zero to
1,200 s'. The use of the Bingham plastic model
showed good results (see Table 1):

L=wp +1/0 (6)
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performance characteristics of the SSP. The supply
(0, m’/s) and the consumed power (N, kW) of the SSP
pumping water at 20 °C can be calculated using the
formulas:

Qo= (ao—ai " Ap) (n—a, " Ap);
No=n (b1 + b, Ap)

(D
@)

where ay, ai, a,, by, b, are empirical constants, the val-
ues of which are determined from experimental data; Ap
is the pressure drop, Pa; n is the rotor speed (RS), s .
For example: ao = 0.0020225 m’; a; = 3.50 - 10 m*/kPa;
a=1.88 - 10°° s '/kPa; b; = 04755 kJ; b, = 0.001492 kJ/kPa
(Atlas W63-1B pump).

According to formula (2), the spent power of the
SSP increases linearly both with an increase in both
RS and pressure drop. According to formula (1), the
dependence of the SSP supply on RS is linear, and on
Ap is nonlinear. However, such non-linearity is mani-
fested only at large pressure drops.

Taking into account [16]:

@1(vb) =0/ 0y =1-0.000789 - (vb — 1);

vb =v/ vy,

(Vb)) =N/ Ny =1+ 0.001765 - (vb — 1)

3)
“4)

where ¢@;, — dimensionless coefficients; vy, Qp, Ny is
the kinematic viscosity, supply and power for water;
1 <vb <534 with determination index R, = 0.97. Then
for FO with a dimensionless viscosity coefficient,
vb can be written as follows

)

where p is the coefficient of effective dynamic viscosi-
ty, Pa's; up is the coefficient of plastic viscosity of
Bingham, Pa-s; 1, is the limiting shear stress, Pa; o is
the shear rate, s

According to the Table 1 it can be seen that un-
treated Fish oil has the highest viscosity. FO has the
lowest viscosity after deodorization. In all the condi-
tions considered [19], the determination index is very
high R, > 0.99.
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Table 1
Parameters of catfish fish oil using the Bingham model
Processing FO Ty, Pa up, Pa's R,
Without processing (FOW) 4.79 0.042 0.991
Neutralization (FON) 2.42 0.030 0.995
Deodorization (FOD) 1.40 0.024 0.995
* Compiled according to [19].
To use formulas (3), (4), it is necessary to calcu-  written in dimensionless form as follows:
late the ratio of kinematic viscosities vb. Formula (6) is
vb=fi(@)=pp/(p-vo)+ 1/ (® - pvo) (7

where p is the density FO, kg/m’. The velocity shift in

SSP is approximately estimated as follows: @ ~ 2nnr / &

(7 is the radius of the screw, d is the average gap value).
For example, for FON by (7) it turns out

vb = 45.41 + 824.6 / n. ®)

A=(64/Re) (1 +Bi/6—

During the flow of FO, hydraulic losses are present
in the pipe. The coefficient of hydraulic friction losses
along the length of a round pipe (CHFL) A during the
flow of a pseudoplastic liquid (Bingham model) obeys
the well-known Buckingham-Reiner equation:

(64/3)Bi4 /(L Re)’);

Bi=1,d/(vn,); Re=vpd/ny

where m, — absolute viscosity coefficient; Bi is the
Bingham number; Re is the Reynolds number; d is the
inner diameter of the pipe, m; v is the velocity of the
liquid, m/s; v = Q / S, § is the cross—sectional area of
the pipe, m%, S = nd” / 4.

In [19] it was shown that in the laminar flow re-
gime of a non-Newtonian fluid, CHFL can be calculat-
ed using the approximate formula

A =64/ ReM, )

1/m=1+Bi/8 GBm+1)/(4m)=0253+1/m)=0254+Bi/8) =1+Bi/32.

When substituting (12) into (10) and then into (9),

as for a Newtonian fluid, but using a modified Reynolds
number ReM, where the modified Reynolds number of
the Bingham liquid is determined by the formula

ReM = Re / (3m + 1) / (4m) + Bi / 8);
m=1/(1+Bi/8).

(10)
(11

Convert the expression in the denominator of for-
mula (11) as follows:

(12)

it turns out

ReM =Re/(1+5-Bi/32); An=(64/Re)(1+5 Bi/32).

It was shown in [20, 21] that the pressure loss coef-
ficients (PLC) in local hydraulic resistances can also
be calculated using formulas used for laminar flow of
a Newtonian fluid, replacing the usual Reynolds num-
ber with a modified one. So in the tap (smooth turn),

Ap =T (Q)=ApS+0.5p * (40 / nd")* (zA + 64L / d) / ReM

where z is the number of pipeline bends, ApS is the
static pressure drop.

Formula (5) for a given supply value Q can be con-
sidered a quadratic equation with respect to the pressure
drop Ap. Its solution is a form of SSP load characteristic:

ApL = fL(Q) (14)

where fL — load characteristic of the pump.

the PLC is calculated using the formula:
{=A4/ReM

where the value is 4 = 200 if the radius of rounding is 2d.
The characteristics of the pipeline in this form:

(13)

Then the SSP supply at the operating point (OP),
equating (13) and (14):

JL(Qop) = fT(Qop)-

Results and discussion
Dependences (1), (2) correspond to experimental da-
ta [22] obtained by supplying water using SSP (Fig. 1).
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Fig. 1. The dependence of the supply (a) and the consumed power (b) Atlas W63-1B single screw pump from pressure drop
at different rotor speed: 7/ — 200 rpm; 2 — 400 rpm; 3 — 600 rpm; 4 — 800 rpm.
The points are experimental data [22], the lines are calculated according to (1) and (2)

Substituting (6) into (3) and (4), one can estimate

the effect of the viscosity of FO on the operation of

SSP. According to Fig. 2 it can be seen that with
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a decrease in RS, the effect of the viscosity of FO on
the characteristics of SSP increases.
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Fig. 2. Assessment of the effect of fish oil viscosity on the operation of the Atlas W63-1B single-screw pump depending
on the rotor speed: @ — reduction in feed; b — increase in power consumption;
1 — untreated fish oil; 2 — neutralized fish oil; 3 — deodorized fish oil

FOW has the highest coefficient of kinematic vis-
cosity, therefore its influence is the greatest, and FOD
has the least. If n = 3 s', then SSD performance de-
creases by 25% when pumping FOW, power consump-
tion increases by 56%, and when pumping FOD, re-
spectively, by 8 and 19%.

It is possible to select SSP parameters for transporting

Ap, kPa

FO with the specified properties. Suppose it is necessary
to supply FOW Q, =6 dm’/s using SSP Atlas W63-1B.
The length of the pipeline is L =30 m, z = 3.

In Fig. 3, according to the formula (13), the charac-
teristics of the pipeline are constructed at three diame-
ter values (lines /-3).
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Fig. 3. Determination of the operating point of the pumping unit during pumping, neutralized fish oil:
1 — characteristics of the pipeline at d = 50 mm; 2 — at d = 35 mm; 3 — at d = 30 mm;
4 — pressure characteristic of the turboprop pump at n =4.32s™; 5—atn=4.68s"; 6—atn=5.10s"
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As the diameter decreases, the hydraulic resistance
of the pipeline increases.

It is possible to determine the RS at which the re-
quired SSP supply will be. Let d = 35 mm (line 2 in
Fig. 3). OP should be at the intersection point of line 2
with the vertical Q) = 6 dm’/s (point B in Fig. 3). Ac-
cording to Q,, formula (13) allows us to calculate the
pressure drop in OP: Apop = 428.3 kPa. If the obtained

value of Apop, Qp and formula (8) are substituted in-
to (5), we obtain a nonlinear equation with one un-
known — n. Solving it numerically leads to the desired
value RS 1 = 4.68 s”'. The parameters in the other two
OP were calculated in a similar way in Fig. 3. The cal-
culation results are presented in Table 2 (n — efficiency;
E — pecific energy of the liquid).

Table 2
The results of calculating the parameters of the pumping unit at the operating point for neutralized fish oil
d, mm Apop, kPa ns' Nop, kKW Nops % Eop, kJ/dm’
50 264.6 4.32 5.32 29.9 0.89
35 428.3 4.68 7.25 354 1.21
30 608.0 5.10 9.62 37.9 1.60

The results of similar calculations for pumping FOD

are shown in Fig. 4 and in Table 3.

Ap, kPa
6
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300
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E/ 7 _______,___‘I =
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0 1 2 3 4 5 6 7 Q dmifs

Fig. 4. Determination of the operating point of the
1 — characteristics of the pipeline at d = 50

pumping unit when pumping deodorized fish oil:
mm; 2 —atd =35 mm; 3 —at d =30 mm,;

4 — pressure characteristic of a single-screw pump at n=7.76s'; 5—atn=398s"; 6 —atn =4.23 5™

Table 3

The results of calculating the parameters of the pumping unit at the operating point for deodorized fish oil mm

d, mm Apop, kPa n,s"! Nop, kW Nop, % Eop, kJ/dm’
50 232.9 3.76 3.58 39.0 0.597
35 324.6 3.98 4.40 44.3 0.733
30 426.7 4.23 5.38 47.6 0.896
Conclusion med is 3 times more for a constant SSP frequency.

Viscosity significantly affects the operation of the
FO pumping system. FOW has the highest coefficient
of kinematic viscosity, while FOD has the lowest.

When pumping FOW compared to pumping FOD,
the performance is almost 3 times less, the power consu-

The developed method for calculating the continu-
ous FO supply system, taking into account the charac-
teristics of the process pipeline, SSP and rheological
parameters of FO, can be used in the development of
technological processes for working with FO.
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