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Fig 1 Schematic of decanter centrifuge machines
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Fig 4 Schematic of the semi-continuous rotary
separator 1: The location of the separator container
2: The location of the fluid inlet and outlet pipe 3:
peristaltic pumps 4: The flow and flow control screen

2 Peristaltic pump
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Fig 2 Semi-continuous separator rotary separator
vessel 1: fluid inlet containing pectin 2: fluid outlet 3:
separated solid part stuck to the wall of the vessel due
to rotational force (undesired part) 4: separated dilute

fluid part leaving (desirable part)

Fig 3 Dissolved solid particles (pulp) stuck to the
wall of the separator vessel used
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Fig 5 A view of the used Lutron DW-6090A power
analyzer
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Fig 6 The test container drying under standard
conditions
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Table 1 Treatments applied in the experiment for analysis by RSM

test series Q(mL/min) (r}:}/’nl\:lin) Time step(S)

1 90 4000 150
2 90 4000 150
3 90 4000 150
4 90 4000 150
5 90 4000 150
6 60 2000 200
7 60 3000 100
8 120 5000 50

9 90 6000 200
10 60 2000 200
11 60 5000 150
12 120 3000 50

13 60 4000 50

14 120 5000 100
15 120 2000 250
16 120 3000 250
17 90 6000 250
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Table 2 Analysis of variance table of the parameters of the quadratic regression model for dry matter

efficiency
Source df Sum of squares Means of square F-value P-value
Model 9 3668.01 407.56 17.05: <0.0001
A(RPM) 1 1726.56 1726.56 72.24 <0.0001
B(Q) 1 37.33 37.33 1.56“i 0.23996
C(TIME) 1 589.36 589.36 24.65 0.00056
AB 1 47.68 47.68 1.99" 0.1881
AC 1 640.99 640.99 26.81" 0.0004
BC 1 28.01 28.01 1.17" 0.30440
A? 1 467.32 467.31 19.55" 0.001290
B? 1 3.26 3.25 0.13"™ 0.7198
c? 1 4.43 4.43 0.18"™ 0.6760
Residual 10 239.01 23.90
Lack of Fit 4 174.29 43.57 4.039™ 0.0633
Error 6 64.72 10.79
total 19 3907.02

“Significant at the 1% probability level
*Signiﬁcant at the 5% probability level.
" not significant
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Fig 7 The effect of independent variables on the efficiency of the separated dry matter a) changes in rotational speed
and inlet flow rate b) changes in rotational speed and time c) changes in inlet flow rate and time



VEY e 8 0y53 OTY 6l

e Goas s b Al Jol Al i ol iAol
IS a8 SBb Ol b s b s (g5l sl
22 0SeS Sb VL Sl ablie o el s 4 pss 550 s
(S 0l Flls s mbe 5 ool 00, b

Rty

S S5 Gl eiloly 4 s

3 gy 02 G5l e Sl g Jold S e 555
A ombols s s (i) b Osis) ekiils S
o35l £ dsdr 3 Bas 55 Sas p A gla e
s e 6 sls 0LE il 38 Jsdr mlss o
3 odde LIl ol el Sl gae pde S5l el
& P S Gl ame 5 osbaal LB s s
g 1) Jlaimt e 53 (63555 25 pss Ol5 5 0050
ML 5 pmnl Sl es el S ols e 2
£ Jsdr 3l Jialesl cpl 5o el Ol Jites (gla e
O Lok 35 B) a5 23 (AL, Sliss o

! a.Lj:aJ\JQu.J

235 S o daly oS 348 e edalie VL S s
DLty Slss St Sl 3l L a8 ol S5 cpl 4 (53555
Sl daly ol 8sans 23 e 53 (el 63 S iy Al
oM eSS (0 bt S s s g RS
kS sl ) &S W3 S edalice (SYL Obekily L) 5oudsl
Ol Jhw 5530 s oS (23 15t pliar s
Soleblr W5 asls Lttt s (golulir jslea (6 i
Ll 0ley Wbl (g3laldr ¢35 ol 53 3530 Jol 658
JKo w5l als S daly 00 Ole b i

LQ)L.A]J;- QLAJub Mbﬁ?ﬂu‘ﬁtd JUJ)AS;)M& odalis

Vo<

Giloldr OLkily ley bl b oG ol S asle
03 odd il Y sl euny )l s a8 ST s e
Aealg sy o chle (BN 5 sl G b D
b oomamar 5 Sl iloltr 0Ll 5 Ol CidS e
OF s & 5500 VU (g3loldr OLkily Slyss o Sl 33l
A s oo 53 2ty RCF (50 sl 40 U155 0 1,
e g (Ol ol 5 s b S i LY sl
53 Oblly (63555 (23 SMIBI L Olses Vi S 55 58

53 Olejen sk arodidy 55 oS Al e JlalS VL Sles ablis

Table 3 The amount of energy consumed by the rotary separator at different speeds and flow rates
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Table 4 Analysis of variance table of quadratic regression model for energy consumption

Source df Sum of squares Means of square F-value P-value
Model 9 237.23 26.36 98.09** <0.0001
A(RPM) 1 35.62 35.62 132.54 <0.0001
B(Q) 1 174.97 174.97 651.14 <0.0001
C(TIME) 1 0.0000 0.0000 0.0000™ 1.0000
AB 1 12.75 12.75 47.45° <0.0001
AC 1 0.0000 0.0000 0.0000™ 1.0000
BC 1 0.0000 0.0000 0.0000™ 1.0000
A? 1 0.0194 0.0194 0.0721™ 0.7937
B? 1 8.16 8.16 30.35° 0.0003
c? 1 0.1728 0.1728 0.6431™ 0.4412
Residual 10 2.69 0.2687
Lack of Fit 4 1.36 0.3403 1.54™ 0.3028
Error 6 1.33 0.2210
total 19 239.92

“Significant at the 1% probability level
.Significant at the 5% probability level
" not significant
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Fig 8 The effect of independent variables on energy consumption a) changes in rotational speed and input flow rate
b) changes in rotational speed and time c) changes in input flow rate and time
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Table 5 Boundary conditions of independent and objective variables to optimize the separation process of
dry matter from fluid containing pulp

Variable Maximum weight  Minimum weight  upper limit  lower limit target
rotational speed 1 1 6000 2000 in specified range
Inlet flow rate 1 1 120 60 in specified range
time 1 1 250 50 in specified range

Table 6 Introduction of the five optimal points of the pulp separation process from the liquid containing

pectin
. Inlet flow . Total energy Separation
test series spr::;‘t(lﬁl;)?\l/[) rate t;rsn)e (W.h) efficiency
(mL/min) consumption (%)
1 3400 120 50 6.47 99.12
2 3500 119 50 6.48 99.13
3 3500 120 51 6.48 99.23
4 3300 110 50 6.51 98.98
5 5500 120 200 6.69 97.54
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Considering the importance and extent of industries related to food processing
in human life and the key role of a raw material such as pectin in this industry,
the use of innovative, more optimal and less expensive methods of extracting
this material can be important. A semi-continuous rotary separator system for
separating pulp from fluid containing pectin has been investigated in the present
study. In this research, to evaluate the separation process with the help of semi-
continuous separator by considering the rotational speed, fluid input flow rate
and time in the separation process, on the efficiency (separation quality) and
energy consumption at flow rates of 60, 90 and 120 ml/min and five levels of
rotational speed 2000, 3000, 4000, 5000, 6000, rpm and time intervals 0-50, 51-
100, 101-150, 151-200 and 201-250 seconds, according to the optimal energy
consumption. The solution contains acid as a solvent for pectin and some solid
fiber suspended in the fluid, in order to produce pectin, its solid particles must
be separated first and a semi-continuous separator is used in this step. According
to the obtained results, the input flow rate of 60 ml/min due to the longer
retention time for better separation, the rotational speed of 6000 rpm due to the
creation of the greatest rcf force, and finally the time interval of 0-50 seconds
had the best separation quality. By considering the time and energy consumption
and using the RSM, the optimal point with an efficiency of 99.12% in the
conditions of a rotational speed of 3400 rpm, an input flow rate of 120 ml/min
and a time of 50 seconds with a consumption of 6.48 W hours of energy
consumption, by computer It was introduced that it was validated by testing the
first 5 optimal points and with an error of 6% of the introduced optimal point.
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