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CFD Based Optimization of Inlet and Outlet Air Parameters and Simulation of Drying Process

MENG Zhao-xin,SHI Jin-song” ,BA Tu,MA Jing-yao

(School of Mechanical and Electrical Engineering s Northeast Forestry University s Harbin 150040, Heilongjiang s China)

Abstract:In order to explore the changes of wood center moisture content with inlet and outlet velocity ra-
tios and other factors,the three-dimensional flow field model of wood drying area was established by using
Design Modeler and NX10. 0. Combined with CFD and orthogonal test method,a single wood was simula-
ted under a given number of test conditions,and the optimal parameter combination under each factor was
obtained. The results showed that the reasonable configuration of inlet and outlet velocity and air tempera-
ture and humidity had obvious effect on reducing the moisture content in the center of wood,which provid-
ed theoretical basis for controlling the drying process in the process of forced air inlet and exhaust drying,
and adjusting the drying rate of wood (center) by balancing the inlet and outlet flow rates.

Key words: wood drying; computational fluid dynamics; orthogonal test; speed ratio; temperature and rel-

ative humidity; moisture content

A L R e O O iR
88 A ] B T R 2 RO R M TR P R TR
Ty T RO 45 5 X A A R ) R R R
LR BEABA A BORREM . AR SEBR TR AR 2 D AR
KN G ERAT R 22 9 5 4 ) 2 8000 E R R RUfEAR
MESE AR 8 BRI S A T AR o 5 3 o 4 B A
JRCIET X3 AR A %o A B F s 5 7K SR Al 52 i KA L X
TR T ZSHEHAE LN L.

A A7 i) XU 33X — PR R A A6 6 52 WD ) A 5 A
FEH L 22 BOHR R S SRAIE R XORE A e B 52 0 R 3R

¥ Fs B #:2020-07-13  1&[E HHA:2020-08-20
EETA e m B IEABIRL 55 2% £ i (2572018CP08)

T ACBE P B T BE N K AR R I AR AR A R
H S K RS AR LA 2 T E TR T2 S Hny G B A
=, B FLA )12 (computational fluid dy-
namics, CFD) ZUE B 17T 058 2 4 CH 4 T A4
R

TER DGR T8 (2D Wik s EWF 5 2 &
K Y TR AR RIS G CFD 4301 7 ik 508
ERA Ty i AEBGR AR B 3 WIF ST 21 X i
F o3 A BRARE . 3 5 22 2 S O AT e B AT X L
T 4R 3 XGRS RO N I RS . A

EERN IR W HR ., BRI A TR A A /. E-mail:349325368@qq. com
x BIEMEE A E. 57 . CFD {5 BT . E-mail: 1091157742@qqg. com



226 VU b A2 B 2 41 36 &

FH S ORM TR A A TR SS 5 CFD 3 #r
D5 AR 7 5 OF 5 T R [ 2 RS540 T 1<
Ui A LR O £ T T R PN O S Y R S 4R
PSS HT Y LR KA GBS, 2 DL e A M
MR B — DR ZR A AT il JBE A 6 R A AR Y BE 5T
XA PP A IR L AR 0 B A 2 B i 2 T
WA FE .

PL CEFD 5 ELT AR il 32 B2 % A A 0 55 K
SR A e W EL B Y DR R A R R JEE A
X JBE I A 2 L S I R S KRB L B R
Ak K FRAR 22 ¥ RO AR AR AN ) 07 B B 5 K
IPANE B . S T — R S B O EARE AU P AT 5
B2, 25 75 BB AU B U R X I RE B 7t HE
DRI 97 3 B LU Y 22 [N 38 2 10T 0 AR B R8O R
AT 1 AN W88 . B AR BTSSR CFD beii it ik
ST 7 5 R AR 5T A 5 i S HE XU A o, ARR L
B RH X R S 2 R S K R EUE AR A, 28R S
HEAT 4307 A5 0 R A R R K S 8. X T4
e i P 5 3 AN T T A5 L AR R B AR A

1 TR 45 2T

1.1 FRENTBHEFEE DN

TR T P A B B S AT 3 A AR AR SRR
BV A B B R A B
TR I VD B B AR 1 AR L 1 1 TG B R A it
i TSR AR AT A o CAS T 5 M) AT BROG AR 1R 5
B TT R0 7 155K A 48R A B s il S S5 R H A
PSR DG 42 o B L S B OR AR R T A R R
ARHE 2 [ AR S A 5 o At 3B SR T 4 A R L
B T A 0 A 2 3 SRS L 3l AT B R o A
Sy TR BRAE 2 L W R R

L5 TR b R AR R SR 2 D i R 8D 45

T3 TR B SR 3 T fluent FAF A9 AT BRAKFR 1 647 R
i R GELEME TR .
d
Tlpv o, vr=0 (D

Koo, FWMEIE/ (kg « m™7) 5 7 24 Wy 3 i 5
TV NI R A/ (m e s 1) 50 I E], SR
TR

VvV - )
Oy Z+VP7PfF+/lQHV Vv (2)

A PO SR RS B 5K/ Pas Ol B iR
PRI B J) 5 pe WA B SR E/ (Pa » ) BERE T
i (2 FLA B BRSP4 R ) SR A2 )

aT
([OCP)eH ¥+v * (V{O(CPIT):V ° (ke([vT)

(3

(0¢) i =0,00¢ 0 T 0105 4)
Ko, W/« kg '« K DT RiE/K.p,
AMEEE/ (kg « m ") ok AABNE T RE/ (W
em '« K .0 HARMALBE, 0, R AR E K
2.
WETTRE
d(pC)
Jt
KHF.C RKFWE/(kmol » m *) ;D HKHES
AR ARE/ (m® «s 1)
FRUE b —e PRAL,
it it 2 BE 7 B (R DT

+T s (VpO) =V + (D vC)  (5)

3«k>+v-<kvr:(+@)v-vk+
Ey Or O1 M o

Pk_‘O[S (6)
K.k Ml S RE; e, MK R0, WA
B se Mim SIREFER R/ Vo s P M i 8l 8 A B30 i I
REEFERCR T (e D) .

d u,

E(p;e)JrV . (pfsV)Z(qu;)V . VerZ*

(C,P,—C,pie) <)
ug=utu bk g=k,tucy/or
D(\H=D+ur/6c,ulzcﬂp(/zz/e

KLf.e=1.5(l)"6;,=1.0,06,=1.0,0,=1.0,

5.=1.3.C,=0.09.C, =1.44,C, =1, 92,1 =

€))

1

0.16R, *.e=C\"k""/I.R,=pvd/u,P,=p,[2
(7« O+ (VP IR, HEWE.d HKITHLE.
1.2 SANHREBERBEWEL
FE T2 BR i T M A% Bl AR bE Sl Z LA B R A
S BRI R 5K 4 5B Z AL A B A G
PATE S F AR M 1 5 B AR 22 2200 T PR BH ) 3R 8K
S ALBRA R 5, —MEAE CFD fj B el A M 3 4 J&
PG AL Ry Z2 AL A AR A o (A OB A T AL B, BT
G2 A TR T 42 22 FL A T I A B i 3 [ R Y [
B RIS IR AR A 2N TS 5 5 8)
A fige 9 75 2 R A B ST 3 3 A R D B S T
AU 1) 06 ZR AR SIOR il AR DG S 4801 B
A ZANTS 50 TR, 2 L XS ) R S
22 ) A LA E SR
Apl=av’+bv 9

. 1 . ” . ;
:—ttEF' ’a:Cz ?{OAH’CZ jﬂ’l‘ﬁ‘ﬁmﬁ%ﬁav j‘j%Y}ﬁ

B An KRR b= "2 e L B L

FR B ABADU JBOAL TR 9 A BE X 1 0 IR 8 )
T3 GAE AR A At 2 45T 1) ) 2R BOBO R



%3

FIEHT 45 HE T CFD ARM T4 Bk XS Bt Al BT 5 R s 40 227

T W i DA T MR s AR A 0 U Bl X Ry B
151, kg 77 (5 T WA B3 e JF A AT R TR Ak o R T KR
TR EEK 2. 08 m. 58 1.6 m. & 1. 03 m; &K
B 1.08 m. 58 0.6 m.J£0.026 m, HI7HHLA
MBRI LI 1, 2% S F 50 LA ¢ BR 1, A% Kl 43
75 2R 7S R 3SR 1 3 I ek AR A (L 2)

'[/77

B1 HEEREMAM R

Fig. 1 Flow field and wood model in computational domain
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Fig. 2 Grid generation model of computing domain

2 BFAREHFHERE

ES I N B R S 2 R W B 878 2 e A R R 7 e
PG AR H A 1) AR AL 3 L X — i P T
i A TR ARBF N AR 5 3R P B2 AU ) 2, 8l
AN TR AR I8 & K AR IR BB B T Uy BN
RYEI 75 K AR M R YA BT R R
HEAT B8 SRRV AL A IR IRE T (o,
vz =T, W EKEM(x,y,2,00=M,,¥]
WBAHXHEE H (2, y.2,0) = H, it 331 5 5O AR
M Z LA BN TR

BT R 5 R A Y B 2R i g AT BT
R simple L BGH G 1Y simplec 51 B AS
TR S TUCE. T8 A= SO w5 R R
DA, AT R AN T FE 48 % A F T R i 5 AR D A
BT B i i A, BRI E o A
M2 SR moistair (55 MK 28 IR & 30 AN
AW AR R, JF R A T A BCE b —e W7 FE AR
Y it VAR B L TE SO AT /K A JB i 0 5, J0 B T 328
PEbRMERETI DN RE . AR b R AR M i 2 4L
I BT, JF B R B ) & H v BE D &R BOR LB

R R PAME R i ARE o T, i b R
R ) LA R T R 4 ARORE TR L LR R BROA Y 3
DA% 2, T W DN A5 T 4 45 0 i Ak T VR SR R A
HERIIR 1L
3 B NBEH R O B b Y IE 2R
ESIEE Sk L
3.1 iRmigit

AR BRI v e BRSEBR A P AR A SR R T
A AR HE XS A HE KT B0 A0 8 B K 3 a8 il 32
HE T 1 o R0 000 3K — 3 2 5 ) AR A e T 4R
BRI LA 2 R A A BRI (A, R
AEXF R EE (B, it KU E 33 (C.D) . S WP i T
PR R RAROR I 2 DS F R D 7 000
5 AR5 B B[] P i ] R XU SO0 A A r s A X
B BE YT A s 2) B E b b AH R R B I8 B A AR (E
(PRER 3 A %8 r At ] . AR R i L 4 A
PR 28 S A 40 8 8 (19 2 80, 738 o 1E A2 iU, 4% 39
BN F R AR T 0 B R K 09 52 W % J5 256 1 8
S M SCHR[3 510, 12 1315 3K 45 AR M T 18 19 <3t
TN RE RO R M A OB M . AR JE 1 DL
&1, 1 1E 3SR R 2K L3R 2,

F1 AiEH
Table 1 Wood property table
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Table 2 Factor level table of orthogonal test

K
A/C B/ % C/(me+s " D/(me+s D
1 68 25 1 1
2 70 30 2 2
3 73 15 3 3
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Fig.3 Parameter setting diagram of simulation part and streamline diagram of drying flow field
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Table 3 Numerical simulation results of orthogonal test
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He5  /C /% J(mesTH/(mes™hH B (X617 1ts)
1 68 25 1 1 0.722 683. 1
270 30 2 1 0.675 476. 3
373 15 3 1 0.824 302.4
4 73 30 1 2 0.672 578.6
5 70 25 3 2 0.724 255. 1
6 68 15 2 2 0.822 434.5
768 30 3 3 0.674 257.4
8§ 70 15 1 3 0.824 379.3
9 73 25 2 3 0.724 436. 6
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Table 4 Visual analysis table of test (index 1)

A B C D
K1 2.218 2.170 2.218 2.221
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Fig. 4 Relationship between factors and central humidity difference
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Table 5 Visual analysis table of test (index 2)
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Fig.5 Time relation diagram of factors and extremum
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Fig. 6 Cloud chart of relative humidity change on middle surface
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Fig. 7 Cloud chart of temperature change on middle surface

A B C D
K1 1375 1374.8 1641 1461.8
K2 1110.7 1312.3 1347.4  1268.2
K3 1317.6 1116.2 814.9 1073.3
k1 458.3 458.3 547 487.3
k2 370. 2 437.4 449.1 422.7
k3 439.2 372.1 271.6 357.8
R, 88. 1 86. 2 275.4 129.5
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Table 6 Comparison results
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3 73 15 3 1 0. 824 302. 4
5 70 25 3 2 0.724 255.1
7 68 30 3 3 0.674 257.4
8 70 15 1 3 0. 824 379.3
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Fig. 8 Change chart of wood center moisture content
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Fig. 9 Temperature change chart of wood center
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