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Effect Prediction Model and Process Optimization of the Drying and
Separating for Leaf-stem of Fresh Chopped Alfalfa
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Abstract

Many factors have effects on the separating ratio, moisture contents of the stems and leaves in fresh
chopped alfalfa drying and separating processing. Four major factors: inlet temperature, inlet velocity,
rotational speed of rotary drum, and feeding speed were analyzed in leaf-stem separation equipment.
A quadratic orthogonal rotation design with 4 factors was introduced to do the regression analysis. Then
models were developed and optimized. The results showed that the developed models fit the experiment
data well. The inlet temperature affected the drying and separating processing most significantly and then
the let velocity, rotational speed of rotary drum, feeding speed, respectively. It was analyzed that the
most optimized parameters were 400°C of inlet temperature, 14 m/s of inlet velocity, 12 r/min of
rotational speed of rotary drum, and 8 kg/min of feeding speed, respectively. Under these conditions, the
leaf moisture content was 13.42% , the steam moisture content was 14.24% , and leaf-steam separation
ratio was 77. 38% .

Key words Alfalfa, Leaf-stem separation, Drying, Mathematical model, Process optimization
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Tab.1 Factors and levels of quadratic regression

orthogonal rotating experiment design

gt AR AHKE REREE ROREE
x,/°C xy,/mes™" xy/remin”' x,/kg-min "

2 450 16 25 32

1 400 14 20 26

0 350 12 15 20

-1 300 10 10 14

-2 250 8 5 8

3 BRSHH

3.1 EAEREMET
R Bt 545 Rk 2 fros, W SPSS 16.0
A ) Regression 3o 8 X % 4fs £ 17 20 #r , 70 0l %
3 FH 2t B 8 2275 1 0 AL BEAE B 7K 38 Y i AL 2R
BHRE G BKER Y, 2R 2r g 22 Y, /9 R [l H Oy f
Y, =15.402 -3. 114X, —0. 342X, +0. 477X, +
0.566X, +0. 119X, X, —0. 014X, X, +
0.001X,X, +0. 198X,X, —0. 085X, X, —
0.030X,X, +0. 112X; +0. 102X, +
0.432X: +0. 636X, (2)
Y, =16.523 —3.098X, —0. 541X, +0. 435X, +
0.533X, -0.097X,X, — 0.082X,X, —
0. 066X, X, —0.061X,X, +0.023X,X, +
0. 166X,X, +0. 194X +0.283X; +
0.323X2 +0. 465X (3)
Y, =66.374 +4.958X, +4. 748X, —2. 029X, -
2.284X, +0.276X,X, —-0.399X X, —
0.341X,X, +0.257X,X, 0. 028X, X, —
0.223X,X, —2.556X; —1.812X; -
1. 606X; - 0. 608X, (4)
XY, T A R B R BB F, =40.977 >
Fo o (14,21) =3.07,P, <0.001, [&] 5 ¥ & 3 , & A
FKFEL R =0.965, 3% W] 1% 455 70 RE 65 fif e b AL o
FOKRBER N R AR KR, WK RAF. X (o]
AR BT WE R R A RN 3 Pros, Hoh— Ik
WX, X, 5 Y, BHAHEK X, X, 5Y, 2IEMHRK; %
HIX, X, X, X, X, X, 5 Y, B2IEME XX, XX,
XX, 5Y, BRMEK & FHIE Y, BRIEMX

R2 ZROPEXREASRITRIRBER
Tab.2 Experimental levels and results of the

quadratic regression orthogonal rotating test

RBFEE X, X, X, X, Y/% Y, /% Y/%

1 1 1 1 1 13.39 14.22  67.57
2 1 1 1 -1 12.55 13.14  73.94
3 1 1 -1 1 11.62 12.97  72.65
4 1 1 -1 -1 11.57 12.68  75.88
5 1 -1 1 1 12. 68 14.83  60.02
6 1 -1 1 -1 12. 31 14.25  63.66
7 1 -1 -1 1 13.32 14.34  64.19
8 1 -1 -1 -1 11.16 13.79  67.13
9 -1 1 1 1 19.63  20.13  62.15
10 -1 1 1 -1 18. 44 18.98  63.31
11 -1 1 -1 1 18.26 19.34  62.47
12 -1 1 -1 -1 17. 61 18.65  65.38
13 -1 -1 1 1 19.75  21.42  52.17
14 -1 -1 1 -1 18.98 19.88  56.23
15 -1 -1 -1 1 19.12 19. 31 55.85
16 -1 -1 -1 -1 18.33 19.14  58.44
17 2 0 0 0 9.76 10.13  73.76
18 -2 0 0 0 21.37 23.89 48.78
19 0 2 0 0 14.12 15.78  76.32
20 0 -2 0 0 16.93 18.85  52.17
21 0 0 2 0 18.02 18.43  58.63
22 0 0 -2 0 15.67 16.52  71.51
23 0 0 0 2 19. 35 19.73  62.08
24 0 0 0 -2 15.97 16.36  76.04
25 0 0 0 0 14. 42 15.35  72.57
26 0 0 0 0 13.98 15.28  69.01
27 0 0 0 0 14. 67 16.02  70.34
28 0 0 0 0 14.54 15. 41 74.52
29 0 0 0 0 14.87 15.97  71.43
30 0 0 0 0 15.01 16. 11 68.77
31 0 0 0 0 14.38 15.64  69.25
32 0 0 0 0 14.22 15.44  71.56
33 0 0 0 0 15.12 16.23  72.31
34 0 0 0 0 14. 62 15.55 70.49
35 0 0 0 0 14.71 15.68  67.33
36 0 0 0 0 14.03 15.47  71.57

R AR 4L S B R IR R 2235/ T 5% .

XY, J5 2 M AR WoR R F = 48.014 >
F, ., (14,21) =3.07,P, <0.001, [a] | #% & 2 , &2 #H
KFRHR =0.970, 3 W% A 1Y GE 05 fif B BL 25 A
BOKARBEA R AL &R A K R4, X [l
AR BOHEAT B B P S 45 R N3k 4 R, o —
WX, X, 5Y, BOMKE X, X, 5Y, BIEMRK; L
HIX X, X, X, X, X, X,X, 5Y, B2ftHxE,XX,.
XX, 5 Y, BIEMK % F 5005 Y, B IEMRK
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Tab.3 Significance test for regression coefficient

of leaf-materiel moisture content

BRI RO R IHE AR R 22 t{d P
e B i 15. 402 0.114 134.875  <0.001
X, -3.114 0.140  -22.266  <0.001
X, -0.342 0. 140 -2.443 0.023
X5 0.477 0. 140 3. 408 0.003
X, 0.566 0. 140 4.046 0.001
X, X, 0.119 0.171 0. 693 0. 496
X, X, -0.014 0.171 -0.080 0.937
X, X, 0. 001 0.171 0. 007 0.994
X, X, 0.198 0.171 1.153 0.262
X, X, -0.085 0.171 -0.496 0. 625
XX, -0.030 0.171 -0.175 0. 863
X2 0.112 0.121 0.925 0. 365
X3 0.102 0. 121 0.843 0. 409
X2 0.432 0.121 3.567 0. 002
X3 0. 636 0.121 5.249  <0.001

R4 ERERSKEDNAFTRFYBEARR

Tab.4 Significance test for regression coefficient

of steam-materiel moisture content

BRI R BO0 R ARifER 2 tfH P1H
2 B 16. 523 0.104  158.312  <0.001
X, ~3.098 0.128  -24.236  <0.001
X -0.541 0. 128 -4.234  <0.001
X, 0.435 0. 128 3. 406 0. 003
X, 0.533 0. 128 4.169  <0.001
X, X, ~0.097 0. 157 -0.619 0.543
X, X, ~0.082 0. 157 -0.523 0. 606
X, X, ~0.066 0. 157 -0.419 0. 679
X, X, ~0.061 0. 157 ~0.387 0. 702
X, X, 0.023 0. 157 0. 148 0. 884
X;X, 0. 166 0. 157 1.058 0. 302
X 0.194 0.111 1.753 0. 094
X2 0. 283 0.111 2.555 0.018
X2 0.323 0.111 2.916 0. 008
X 0. 465 0.111 4.203  <0.001

XY, J5 2 5 W 45 B R R F = 20,572 >
Fy o (14,21) =3.07,P, <0.001, [8 9§ & 3% , &2 A
KARBR =0.932, 3 WL LRI RE WS ff B 25043 25
=R N (PR VR S B e B SO TS A
BoAr W g R I 25 R 3k 5 froR, Hod — o
X X, H5Y, BIEME, X, X, 5Y, BHAMHK;ZLH
WX X, XX, 5 Y, RIEM X, XX, XX, XX,
XX, 5Y, B KPS Y, 27K

£5 ZEMSBREATRRABBEMRR

Tab.5 Significance test for regression coefficient

of separation efficiency moisture content

AL ) R B RBAGTHE bR {8 P{E
B IR 66. 374 0.413 160.593  <0.001
X, 4.958 0. 506 9.795  <0.001
X, 4.748 0.506 9.380  <0.001
X, -2.029 0.506 -4.009 0.001
X, -2.284 0. 506 -4.512  <0.001
X, X, 0.276 0. 620 0. 446 0. 660
X, X, -0.399 0. 620 -0.643 0. 527
X, X, -0.341 0. 620 -0.550 0. 588
X, X, 0.257 0. 620 0.415 0. 682
X, X, -0.028 0. 620 -0.044 0. 965
X, X, -0.223 0. 620 -0.359 0.723
X3 -2.556 0.438 -5.830  <0.001
X2 - 1.812 0.438 -4.134  <0.001
X2 -1.606 0.438 -3.663 0.001
X3 -0.608 0.438 -1.388 0. 180
3.2 EFEBRMEKLSH
3.2.1 EHRES

AR 2R T Y R R GRS e s 21 5 i), ik
BB AT O AR E A AL B T B A9 b 22 5 L G
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4% I 2% B AR SR B S AR
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XM K BNIMRIR Ry X, Xy XX, B A& PR X
BLIH B ff 55 7K 3R W /NI O < WRORE R BE B ]
B N TR BE AT RUIEE

B 2% 4RI, [l 5 B Y, 045 DR 2R Il ) R e
XM R BRI X, X, X, X B A& BRER X
BLZEBHE ft 25 7K 3R Wi R/ O < WRORE R BE % A
B N R A TR

MRS AT, |52 Y, 4 R [l 5 R 84
XM KBRS X, X, X X, B2 PR R 22
-3 88 A /MU O = AT TRLBE LA T XU e
a7 & L R R
3.2.2 [l AREEY Y SO

DU AL B il &5 KR Y, D4R AR, fE X [ -2,
2N, BN B /M Y, = 9. 08% , X I 1Y 4% 4
X, =2.X,=2X,=-0.552 X, = -0.445 B A O &
JEy 450°C, A B KE By 16 m/s, B faf % & Oy
12. 45 v/min, R #E B R 17. 31 kg/min , #R 95 2 B 1
BUB TEJE O« A FHELE Ry 450°C , AT RUEE 16 m/s %
I H M 12 v/ min, BB H BN 17 kg/min,
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PLHI ML Z50BE AR 3 K Y, 48 b, 7E X (]
[ -2,21, 180 & /ME Y, =10.03% , % [ 1Y
%k X, =2.X, =0.96 X, = - 0.673 . X, =
-0.573, BF A i BE O 450°C, A X H
13.86 m/s, ¥ f& #5311, 31 rv/min, M2 R 3 & N
16. 47 kg/min , 45 SE BRI BLAE IEJG 2 A R EE
450°C , A X 14 m/s  FE R #6311 v/ min, B2
BHAEE N 16 kg/min,

PIZEMp 38 Y, hdadn , fEXE[ -2,2] 4,
BB IR Yy, =77.45% , %W 09 4R X, =
0.948 X, =1.270 X, = -0.610 X, = -2 Al A M1
FER 397.5°C , AR R 14. 48 m/s, % & i
11,91 v/min, BERHH R 8 kg/min , R4 52 b5 1 40 18
EJG R AR BE Sl 400°C , ARG K 14 m/s |, 7
R N 12 o/ min, ORHHE S 8 kg/min,

H T A8 A7 10 2 A K Ay b BN T 15%
Hubeh Y, #Y, WA RS MW A4S LA
KOAREEPRA T R BT A RS, &
TG K A3 i R, R AR S B, e B A
BRI 6] AR R o e Ak, 1 A iE
P R A 25 R B B R 2, AR TR
17 H 7 R Y5 A5 0 45 A 25 B R B e K
B, 35343 T 9GFQA — 600 % B 7% T4 25 1 43
BRI ZEM Y B R KT 70% By BT BoR Kty
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-0.610 X, = -2 fCA Y, F1Y, #5355 P k5 7K
N 13,47 % F1 14. 18% FF 6 B A& WAF I & 2K 5%
SR, LI 4 A R0 AL 3 7Kk 6 B2 R
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A TR B B e RO B
3.2.3 FikilE

TEA FELEE SR 400°C , A XUGHR 14 m/s, B f5
BN 12 v/ min, BORL A 8 kg/min 1 45 144 K
I 3 K, Y, M 13.24% 13.68% .13.35% ,F
PN 13.42% Y, H 14.07% . 14.75% .13.92% ,
B N 14.24% 5 Y, N 78.12% . 77.26% .
76.78% V-S4 K 77. 38% ,3 TiEds 545 AR K
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(3) My & B RS 800 0 b A X E
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W 8 kg/min, TEM AT AL RS K L
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