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Simulation study on the ventilation effect of fractal ventilation
systems on room-type warehouse

LIN Jun,LIU Wei,LU Xin"

(School of Energy and Power Engineering, Nanjing University of Science and Technology, Nanjing 210094, China)

Abstract ; [ Objectives ] In order to solve the problem of poor ventilation areas of grain pile,the effect of the fractal structure on the
ventilation uniformity in the ventilation process was explored. [ Methods ] A porous medium ( sand ) packing wrapped non-uniform
section ventilation pipeline ventilation system was proposed. The relevant parameters of fractal structure were obtained by the
minimum flow resistance optimization method of rectangular unit configuration. Combining the fractal branch pipelines designed
according to the optimization parameters with the non-uniform section ventilation pipelines,a porous medium packing wrapped non-
uniform section pipelines and fractal structure ventilation system was proposed. The grain type was selected as rice,and the porous
medium material of the packing zone was selected as sand. The ventilation and cooling simulation of the two ventilation systems was
carried out. The study simulated the cooling process of the granary with an initial temperature of 300 K and cold inlet air with a
constant temperature of 293 K. The ventilation time lasted for 7.5 days. The ventilation velocity field , temperature field of the two
ventilation systems were compared and verified. [ Results ] In the non-fractal ventilation system, most of the poor ventilation areas
were in the packing zone,and the ventilation intensity of the grain pile was guaranteed. However, the strong ventilation and strong
cooling areas were concentrated near and above the ventilation pipelines, and the cooling uniformity was not good. In the fractal
ventilation system,the poor ventilation areas were suppressed under the ventilation pipelines and the fractal branch pipelines. From
the velocity field, the ventilation uniformity and the cooling uniformity in the grain pile were better, and the maximum temperature
difference was reduced from 2.8 K to 1.3 K. From the ventilation uniformity index, the ventilation uniformity of the fractal ventilation
system was good ,and exponent of uniformity was 0.919. [ Conclusions ] The sand packing zone could help the grain pile avoid most of
the poor ventilation areas. The fractal structure could effectively enhance the ventilation intensity in the weak ventilation areas of the
velocity field,and the temperature field had excellent effect in improving the uniformity of cooling.

Keywords : ventilation system ;numerical simulation ;porous media packing;fractal structure
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The symbols X and Y in the diagram are the horizontal and vertical coordinate values of the granary respectively.
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Table 1 Geometric parameters of minimum flow resistance fractal element when channel permeability is unrestricted

51 T LK i K SIE TS £3ES
i-level unit element Width length ratio Width Length Area ratio of adjacent elements Pressure drop
0 2C61/2 21/2661/4 2*1/26(1)/4 _ 1/2C61/2
1 (ZCO/CI)I/Z 21/2(:(1)/4 C(;l/AC{/Z (2C])1/2 (ZCOCI)*I/Z
) (2€,/€,) 2 20542 V2 ¢ VAL 2(C,/Cy) " (2€,C,)72
i>2 (2C,.,/C) "> 22CVAC2 =024 12 2(€,/C, )" (2¢,,¢,)""?
Note: C; =Kiqoi.

R2 SMBTILASH

Table 2 Geometric parameters of fractal elements

HILAFK Element name F&/m Width {/m Length I8 EHA2/m Diameter
44 BT Main pipeline elements 5.0 22.9 0.4~0.6
— %3 BTG First-order fractal elements 3.2 5.0 0.3
TGS HIT Second-order fractal elements 0.80 3.20 0.15
Fe/NVHEFIE Minimum fractal elements 0.004 4 0.800 0 0.000 2
TE 1) I/ N B BROC R A I O N S YD BRFLIARIT , 7R/ A5 15 B A 5 2) R R soe T K 5 AR0E RER ST —3, AR AEAL

RS,
Note: 1) The minimum fractal unit can be omitted in the fractal structure because the size of the pipeline is similar to the sand pore;2) The width

and length of the main pipeline in the table are consistent with the size of the non-fractal system,not the fractal optimization size.
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Fig.3 Cross-section of granary under non-fractal ventilation system(a)and fractal ventilation system(b)

FEAR L0 KR GE , o A [ A 2 P EA T 70T o DA 4—a vl AT, 2% 2 i) 8 IAT 0 38 32 A 0 e P ]
WNaTH2 h kB, P X-16.5 S8 T B8 B O T, 0 5245 38 18 XU I e ELAS =0 38 B2 G
T A DI, #5022 T P X400 DR T LA 2 T 5 TR X — 12,7 e U4 s R T X~ 19, Jit PR 3038 2 T
A 2o BEURHEE B AN (7], 221 A PO BELAR O, 70 368 30 B 30 DX ) 3 XU J32 T e Aol LA A, i X 3k
86 28— (L R A UL ] A

THT X=12.7 R DI KU B2 7 A B 1 50 (B PN T D7 77 KU B2 55 X, A A B L i KUSE
TS AL P BE AL B WAL 170 7 12 B (18] 4-b) 5 1 X—16.5, 5 18 PR DX Jul il KU K, {H 7 5 0k}

a - b FE(mes™)
0.14 Velocity

1.000
0.100
0.030
0.027

F0.024
0.021
0.018
0.015
0.012
0.009
0.006
0.003
0.000

0.12 -

A = I =y

0.08

— %127 0.009 )
0.06 - -——-- X-16.5; T
004 X-19 :
0.02 7

000 | | | | | | | J ?9033 L N N 1 : s N L |; ﬁ;O
0 1 2 3 4 5 6 7 8 0 10 20
E)/d - Time Y/m

¢ HE/(mes™) d HE/(m-s™)
Velocity Velocity

1.000 ] 1.000
0.100 i 0.100
0.027 ] 0.027

£ 0.024 R‘\ 1 0.024
0.021 0.009 1 0.021

I 0018 15
0.015 1
0.012 1

HEE/(m-s™) Velocity

A E/m Granary height

0.015
0.012
0.009
0.006
0.003
0.000

J#/m Granary height
J¥/m Granary height

0.018
0.009

0.006 =1y
0.003 1
0.000 0 10 20

Y/m Y/m
4 FEHHEBRRZSEARDE@EIETL (a) URETE X-12.7(b) . X-16.5(c) F1 X-19(d) IHEH T

Fig.4 Average velocity variation(a)and velocity distribution in longitudinal section of X-12.7(b) ,

=
=

e

e

X-16.5(c) and X-19(d) under non-fractal ventilation system



553 4 AR, 4 I IR GEx i i WU ORI 5 617

J2 2 A AL R 30 XL 0 B S T i, D DR 5 A T Ak 7 22 AL A S FL BR &5 4 R — 35, B AR b 3 R, X
TMELATIL I, S5 2R E L IR LAY 7 B A 3 XU B 40 A 5 T X —12.7 AL, 6 T & P 138 XUTE
il CUBLR 0] Ly 308 DR 3 88 (BT d—c ) 5 T X— 19, KR 3 X duf il XU 43 A St o () K ) /), 55 1
X—12.7 FH3E , AFEDREZ HhoCs 55 W Jy 38 X3 XU /INTE 0.03 mes™, R TH X—19 S 75 38 XU B ) 45
P T, 3 RS ) R 8 2T L A ELHRT TR S v o S8 Ry 2 B WO DX oy 3 el (1Rl 4-dD)

FEATIE I R SE , X AR R A R B 2 B R T 400 . PR BT S—a W, DR A3 38 38 52 4%, 8 B [ Py s XU
TR BNTA , 05T 38 KR SRR 13l G B e 5 Ak e 8 A ik, 4624 45 h e A R Bk E . SR
R GEAH L, B s KU A B BT R R S8 B R sl S | 59 BOE 4 e he 6 4 A XL
LEN

O3 T SCAE T i AR O DX Sk i AU S T KU A, T X - 12.7 S 40 A3 S v IR R BN A5 (B 2%
Gy AR , 0 I DX a3 X B 245 RN JRBE A ) 0 k555, R e il XUk R et (181 5=D) 5 1T X -
16.5 HHHITHEE R 0.012 mes™ I FFEZ AT 5 XUEAR /M E0 R G/, U6 A T 1F XU 23 T 8 38 A 3803 0
YUK 5-c) ;1 X-19 S L6 S5 X—12.7 FLL, 28078 308 38 XUIsEA/E A R, B0RHX 138 XU
55 DX ) 38 XUAE R, AR DX el XU B e i X —12.7 (&1 5-d) o sk L, 70 B 38 XUEs # X 48 9
HERGEEA T, Bt KA 3405 | 5 B4 X, SR TR 8 XUR GEAH L, A AR AR 6 DX 3l Ui i

a 0.100 - b . HE/(m-sT)
N e mmmm e Z Velocity
Z 5 1.000
3 0.080 - — X-12.7/non-fractal ; 2 0.100
§ —— X-16.5/non-fractal ; ) 0.030
- 0.060 | —— X-19/non-fractal ; g 0.027
" -~ X-12.7/fractal; s B ggg‘l‘
g 0.040 - - = X-16.5/fractal ; 0018
= == X-19/fractal g 0.015
B 0.020) = Boon
| I = 0009

0.000 ! ! ! ! ! ! ! ] @ 0.006
0.003

o 1 2 3 4 5 6 7 8 = 0000

Hf[E]/d - Time
c . HUE/mesT) d . HE/(mesT)

<= Velocity <= Velocity

-%D 1.000 ‘%D 1.000

< 0.100 <= 0.100

2 0.030 [ 0.030

s 0.027 ] 0.027

s 0.024 s 0.024

o} 0.021 O 0021

0.018 0.018

£ 0.015 £ 0.015

Y 0.012 bl 0.012

IE 0.009 IE 0.009

0.006 0.006

ﬁ 0.003 ﬁﬁ 0.003

< 0.000 < 0.000

Y/m
5 ARBERRGNEDEEEZWN (a) AREE X-12.7(b) X-16.5(c) 1 X-19(d) EEH T
Fig. 5 Average velocity variation(a)and velocity distribution in longitudinal section of X-12.7(b),
X-16.5(c)and X-19(d) under fractal ventilation system
212 MEEEBEEES WE 6 R,k Y=11.43(Y-11.43) . Y=5(Y-5) . Y=2(Y-2) i & X-Z # Ik
JE 23 PR BEAT 20 A, 3 St R R A 1] T A 1] 308 KA R 3 0 DX A [ T B T o T 308 KU T XA
S F AR A B, AR A 5 A el KR )R R A 25 S, e T R 37 3 A R D0 T S S PR T
DA R GEiE KB
WA 6-a fr7n, = THDE KGR EAEL) 2 h ISR . 11 Y -2 XU AR, T Y - 11.43 58 R s ),
AT T XU RS SRR X S T R R DR XU S 2 Y 2, XU AT
AR BB HBOR 3R WG 5 T Y -5 A T X s s B A o KT Y- 11,43, 10 Y-5 FiE N
AR T I Y- 11.43 518 Y~ 11.43 4 T DS SO 1 B 7, 5 XS PR R XD X o0 e o 58 5 41K
TH , TS U 5 3 KU P 3 DX 3 e /N T = 4 T AR R 1 XU AR, T Y — 11,43 3 XU
e/
M 6=b RIRD T Y —2 A5 B 58 B SR (B AR T 5 AR I8 T v ] DX 3 3 A g X, D A
S M HP R 118 52 1) S5 XIS | T FOWOIAE DX KR DX 788 ) 5 2 v A DX PR B e XA v O



618 [T U S A = = 847 %

BEGN 1 FE 23 HOA 1.5 m, /N TAEAR 2 B BE R —F (2.5 m) , R RE DCI5E XU 5 T ARG A s it 2 B
s HTH Y-2 358 P, TS XK B 6 Sl X, #EE 6—c i, TH Y -5 38 XU G A1 E XUEE B
5ER, 300 PRV AT 50 A 3 A (B DX A T Y —2 5 6 T 4 A DX 3 2 7 7 o S e AR o 8 /N1 Y -2,
A ST Y-2 AT, 7R 6—d H T Y- 11.43 451850 8 BN T Y =5, (H X R 3 XU
FESR T 10 Y-5, @ T4 S X Iz SR ) B o 7, A2 DX B/, AR TR Y—-11.43 518 Y-5
I 300 RS 3 O g 3 DR A B A AT TR Y — 2 R R A7 7 3 X353 DX i, 0 P A DXL 0 Xl 3 X
TR

a 0.030
2
g 0.025 F b JHE/(mes™)
- )
— = Velocity
L L e yo. E = 1.000
— -23 m B 0100
"» 0.015F ---- Y-5; rE <= 0.030
o e Y-11.43 W g Tl
£ 0.010 =] 0.021
— = 8 0.018
= A |
# 0005 0.009
0.000 I I I I I I I ] 888?
0 1 2 3 4 5 6 7 8 0000
ffl)/d  Time

¢ HE(m-s")  d HEE/(mes”)
= Velocit 2 Velocit
= 4 = y
= ST o 58 L
B 2 0.030 i 2 0.030
T 0.027 T 0.027
VS B e & g 0.024
i g $: g
RIM TRl IeIAlE = 5 0.015 x5 0.015
] ! TN : © 0.012 © 0.012
0,009 0.009
5 1%
X/m 0,000 0.000

6 EHHERRFEEABEDETL(a) AREE Y-2(b) . Y-5(c)F1 Y-11.43(d) EE S
Fig. 6 Average velocity variation(a)and velocity distribution in cross section of Y-2(b) ,
Y-5(c¢)and Y-11.43(d) under non-fractal ventilation system
TEP T—a v 238 =R i WIS S R 8 KR G822 5 35, 3 2% 3 XA i oty 2 7 S0 J5 AR TH o 3
AP AR TET Y 2 3 XU G FAARR T Y =5 e X R T e, TR Y — 1143 368 XU 3 DU A g, e
SHETE ARG Y-2.Y=5.Y~11.43 B0 SIECAE L i/ R R BRI, R 25 Bk 7
JERE A JEHGRAE — I Hon, ik WAl B A SE |, IR BIRSE f5 Z 2wl ), fy 18 7-b a] 1, #
Y-11.43 253 — o0 hots 72348 st XA IR T Y - 11.43 38 KU fin_EAS7E DO R BEROR
TE R GETH Y-11.43 58 NI IE L R TAE MY R GE, B —% o4, T Y -5 038 XU B2 A 21— 5 1
SR VAT Ahe X B 55, LA TE RIS — S TR BT A i I, 8 PN B B AR, T — 40 53 R BT 3
SR XA THA BRSO B Y -2 B3N TR (B A 73 T8 S8 1S 9 0 R, 38 XU 358 IX 5 il 7R 3l

a 0.030
g 00257 b HE/(mes”)

— = Velocity

O ().020 o R R S SRS RIS S < n =) '§D
i .+ —— Y-2/non-fractal; — - = Y-2/fractal; N W7 W .]E( 'E §900
" 0.015F —— Y-5/non-fractal; - = Y-5/fractal; I > 8:8%9
: —— Y-11.43/non-fractal; - -- - Y-11.43/fractal o0ts 5 g o0
£ 0.010 ’ bl 0.018

= U ™ S
B G 1o 1] s s ol i o s oo B () = (5 001
2 0005 e e
¥ 0 5 10 15 20 25 30 35 3003
0.000 I I I I I I I | 0.000

o 1 2 3 4 5 6 71 8 Xfm
fsffE]/d - Time
¢ J10 o & sy d 10 o & HEms)

0O T g oh - Velocity E [ob - Velocity
2 1.000 ; 2 1.000
s s B | e b
B g 0.024 B g 0.024
SR EIEE-- I B = 2 i
n " n n " : rivwrars fl NG 8:8{% RG] 8185
0 5 10 15 20 25 30 35 8;§8§ §:§§%
X/m 8000 X'm 0000

B7 SEERFFEEEOBEEHETE(a) AREE Y-2(b) Y-5(c) 1 Y-11.43(d) EES T
Fig.7 Average velocity variation(a)and velocity distribution in cross section of Y-2(b) ,
Y-5(c)and Y-11.43(d) under fractal ventilation system



CERE AR, 55 T8 IXR G b7 A 18 XA R BN 5T 619

05 ARE T AR HEE KT, B 7-c o T Y -5 BUREHX A5 28 T8 SAT, A7 R0 i am KU B T R SECRE X A
TR 55 X, AR IR B 34 0 P ) g 3t 3 KU e A B T, TR 7—d R T Y - 11.43 AT =048 3 XU
S8R, AR DX Sl XIS S AR B 5 A AR T IR B, T REAT A0 5 ) T 3 XU B B T AR M
A DX 350 388 XU 50 R A7 7 R AR X 6 A DX JXVRE 77, T A 1 XU T X 38k, R I 3 X5 175
14 B
22 WEREGST

A 2.5 d J5 Z PR G 2 Fiul R GLIR ) & B 78 40, o B R B 0A ol 2 e e L 31w , LA IR
SEH LR AR B A R B A 2.5 d BRHRLEE == RIAVE b 20 3 2 A TR 5
221 NEEBEEBES W 8—a iR, 18 X-16.5 7610 XA #H 6 H B0 B IR, 1/ X-12.7 PR %
TWHEIESS 0.5 d, 1 X-19 WFEE X 1.5 d JFER AT R R A B, 0 X-12.7 f1 X-16.5 HEY
FEALL, B RTR BA AR e 1 1A, S (AR B U B 424040, Uhd I V94 1A DX 3 XL o T ok e, (L ]
T RE X S IR A 4 22 (T 8=b e ) 5 T X — 19 S5 2R 70 K M DX SR 570 43 A, ¥ WV Bk SRR 3 w3, 5 1
X-12.7 16 X-16.5 ZHEE K (FE 8-d) . HIRITHI> X I W Rk S A g | {HL 23T BE X 385 A0 445 1w ] [X.
WRR 2, T BN

a 300 r~c- b E K
e ™, — X-12.7 .20 Temperature
299 3

2 . ~ 2 300.0

g N X-16.5 3000

3 2981 N 2 ’

2, N X-19 g 299.0

g \ S 25

5 297 s 2980

. S o

< = Bin

iy .

270 2 B

% 2041 —— iz 2945

O Y ‘ <ﬂ %331(5)

001 2 3 4 5 6 7 8 E 2930

¢ 2 EK d 2 iEK

. %‘) Temperature . %‘0 Temperature

bl 2

2 299.0 z ! %ggﬁ(s)

3] 298’5 s o

s 298.0 s 2980

S L S L

2965 296.5

g 296.0 g 296.0

2 8o 2 Bx

by 294’5 g 2045

293.0

ViskeN

iiSen

Y/m
B8 NHEBRRGENEBEETN (a) UAREE X-12.7(b) X-16.5(¢) X-19(d) BEH %
Fig. 8 Average temperature variation(a)and temperature distribution in longitudinal section of X-12.7(b) ,
X-16.5(c)and X-19(d)under non-fractal ventilation system

WE 9-a fis, SRR G, 5B R G RR GO mIRREY S B ss,  X-19 5
T X—12.7 YRR 2 ™ [ 0w P, LR it 2zl 1 X19 51 X-16.5 Y25 A 80k b, = g ik
PHRPERIELT . A53TE RGEARRER R AR R G/, 4108 R G030 A 520 IR I R AR 8 R 5
Ma2 1 d, R JE S IE S5 F 4 etk X, B0 55538 KFE Z2F LAY T NI B BE 7 , 7R3 Jay 0 X ol IR A1 3 ki
XU T %R

SRR G L, I8 KR GRS S B A2 T, T X-12.7 51 X-19 5B X i
JEIA T B S LA AR B VR I T a1 B, UL AR 2 17 XSS R A R 38 ) PR T X - 19 B
1B =AY BI04 — S A A il UG 5, T DA S48 oy o7 R R R o B 8 (18 9-b d) . T X -
16.5 IR AALB /N, AR R R A AR (E 9-¢) . BAKRTE , L4/ T+ TR GO\ m iR R &)
PE |, a5 TR R 55 XA FTRAE
222 HEEEEREF WE 10-a s, [ Y-2 BT RS T Y-5 M Y-11.43,1/ Y-5
5T Y-11.43 LT, K KE 2/ 0.3 C,

SR 43 A B AR AR, AT XM XU RS T R o e 2 K AR A T IS B e i A e 3R
T, (HAEAHAR 2 AR X 22 ] DXL RE 1 w5, W RS CR N  ThT Y —2 A i XU 3 5 557, v e T T 12
FHA 2 18 (B 10-b) 51 Y=-5 51 Y-11.43 R EEFTHTAR BT 28 A AHE XIS (] 10-c.d) , B



620 [T U S A = = 847 %

M, AR IR G H AR R (E e A XS rh e 3 R S B (91 75 X3, AN B A 44 1)
T3] X 38 20000 AR L, ¥4 60 DX Ti) 8 vl X o 51 Sl I, o 22 Bl XK LT B

b REK
a - Temperature
° 300 =g —— X-12.7/non-fractal; 1) ;ggg
3 299 —— X-16.5/non-fractal ; 'g 299.0
s 208 |- —— X-19/non-fractal ; E, 298.5
2 - = X-12.7/fractal; g 280
E 297r - = X-16.5/fractal; g 570
= 206 - = X-19/fractal G] 296.5
v 296.0
2 o5 L & 2955
) bt 295.0
ZE 204 |- iE W
203 | | | | — Tl ﬁ 293.5
0 1 2 3 4 5 6 7 8 = T 230
WfE]/d - Time
c REK d K
Temperature Temperature
= 300.0 = 300.0
20 299.5 = 299.5
2 299.0 2 299.0
298.5 298.5
E’ 2980 E‘ 298.0
g 297.5 £ 297.5
s 297.0 s 297.0
O 296.5 &) 296.5
296.0 296.0
E 2955 £ 2955
N 295.0 i 295.0
% 294.5 L‘é 294.5
294.0 294.0
Sl 2035 N 2935
= 293.0 = 293.0
Y/m Y/m

B9 HEERRZEHNEDHEEHETN (a) UREE X-12.7(b) X-16.5(c) 1 X-19(d) iBEH T
Fig. 9 Average temperature variation(a)and temperature distribution in longitudinal section of X-12.7(b) ,
X-16.5(c)and X-19(d) under fractal ventilation system

a 300
15 —_ V.. 5
5 299 Y25 b K
< ---- Y-5; Temperature
B
g 208 F NNU Y-11.43 = %ggg
§ 297 £E W
L 2z N3
o IE 2 2965
295 @ g W
) z & M3
®
204 AN S Ei
293 | | 1 1 === | 293.0
0 1 2 3 4 5 6 7 8
fiffa]/d  Time
¢ TREE/K d HRIE/K
Temperature Temperature
s s
- : . .
= X = X
5 R ned B
2 2975 w2 2975
2970 2970
= 296.5 5 fE 2 296.5
] 2960 5 2060
s 295’5 DI 295’5
g 2050 g 2030
5 i 25 Wi
o 2035 50 o 2935
20310 2930
X/m X/m

10 EFHBRAGEEHEIEETL (a) AREE Y-2(b) Y-5(c)# Y-11.43(d) REN T
Fig. 10 Average temperature variation( a)and temperature distribution in cross section of Y-2(b),

Y-5(c¢)and Y-11.43(d) under non-fractal ventilation system

WP 11-a Fr7R , 7338 KRG8 — 0 il B R 2/ TR BB R S8, WY - 11.43 2 5 18 XU
() — G o R ) PO T T Y -5 520 AR, T Y -2 5 Bl — 2o b A B — e BT SO Y -2
5 HAR 2 IR 22 BRI 2/ T 0.7 °C, UL ] RO IR

B 11=b T Y =2 Y BRI T J7 R0 DXl B8 e ik UL JE | il B2 S (H 2R BOPAT T X b, i
B I el DA R B 5 11 11— b T Y =5 B2 A (2R BR 7 i KU 07 R B o™, AR X Bk
BT RS Dy DX T A e 2 XU 5 ] 11 —d T Y - 10,43 SR RS R MR S R B i 2K
SR TRV R IX SR AT R . SR A B o I S KR O PR TR AR L AT e AR R TR O 1) B LA 3
PR RR A 8 XU I BT e, PRURR A BE TR BEAE S 298,15 K ARG Ik B DX dnf Ut e A8 B O G4



553 4 AR, 4 I IR GEx i i WU ORI 5 621

a 300 Rg. —— Y-2/non-fractal; b /K
I s —— Y-5/non-fractal ; Temperature
g 2% N —— Y-11.43/non-fractal; = R 303
5 2981 S - = Y-2/fractal; 110 8% ggég
S -+ = Y-5/fractal; Q X
E 2971 T, == Y-11.43/fractal % g‘ %gé:g
v 200 ‘ o QB
& o) =& Qi
;g\g_ 204 |- 2930
293 e ‘
0 1 2 3 4 5 6 7 8
ffE)/d  Time
¢ IR d K
Temperature Temperature
300.0
2 w2
o> B3 1 2 B35
&g 223 &g 3920
® £ 2905 E 3040
; : n n . n n rararers o 2039 \ - i i ‘ ‘ A i © 293’3
0 5 10 15 20 25 30 35 230 0 5 10 15 2 25 30 35 23
X/m X/m
11 AHRERRGEEBEHERETN (a) UREE Y-2(b) . Y-5(c)# Y-11.43(d) BES T
Fig. 11 Average temperature variation(a)and temperature distribution in cross section of Y-2(b),
Y-5(c)and Y-11.43(d) under fractal ventilation system
3 EEHSESH
SRy Sk U () 4 T8 388 X ZR G0 X6 R 3 3 R R 43 AT i 355 , |E
SR 18 18
PR FERR AR ST 7 J2 W e, 35S 2 D a5 A7 TR M RS 18 .l B " d
BN 1.2 m, JiAx 6 RIS R 4 50 2.0.3.0,4.0,5.0,6.0,  Eb© ’ )
7.0 m, e R A B R 0.2 m, BEMMAE N 13 2 z
R ) L] <
A ST ST SRR 01 MR AT 4 vk NI BE B R B 2 E
W 1.0 m, AR HE B A BRI 12, A S, :
3 XU R 490 D308 3 AR e Ry o8 B AR IS REEURE SR T — d0om 18 m J0m §
TGP AL 2 FhE R R G 38 KR Y AP R 10 ©
15 m -t b KU 2 R 58 0N R B 2 A TR, VR A 4 12 EMmHRE
T3 XU 2R G R [R) 3 IR T 8 XU 1 5 Fig. 12 Layout of observation points

IR 2 38 KR 50 i ke s R T I IE1 435108 2 F1 45 b, W R RIES SO i — 3%, e B X 2.5 d
(60 h) AUARHEVE Ay XA 5] HE IR IE T 42
K Weltens 25128 ¢ 57 i ¥ 5 8 550 ( exponent of uniformity, EOU ) T8 | Xk 3 8 XUk B 1547
AT AL AN SIPEVAN R
r—l—; z (v,_v) (6)

no-i )

A ISR, A O~ 1 Y5 Bl R, BRI 1 U PR PN A 8 3 28 50 MR AT 5 o, Sy 285 MR T 1 P 5 3
(mes™) 5o WSS T AR 2 I AL S U (mes™ ) sn WA A8,

AT W 5 BORE AT SEME 51 A WAL ( degree of deviation, DOD)YEHS%  BUETLHEI N 0~ 1, #kiZiT
O T W IBURE (B it 2 B/, WIS R ey, T A R

P V(v-v)?
v

Aot BRI = 3, o, S U RHERE R FIT A9

P EAE RT3 Uron , MRHETE 1.2~2.0 m 5 B2 DX, MR HE P Ram XU S) PR Bcse IR, 156 BH 1kt s B IX 35,
RIS 1 — P TR BE R T 2.0 m 5, 3l RIS SIS O AR T B/ IMBEL R T 0.84, BB B2 K T 2.0 m

(7)



622 [EZI S S A NI S 841

DX IR M 3 A8 ) M R4 S XU S . B SNIBORE S T 08 38 7, 80 I BBORE A O K, (75
O3 IE R Gl I S AR ECT B BN RN E XU T 20 I3 KR e il K S MR BUK TH B2 AR B B I R 42
{8, BR8N SR TH AR5 i 138 I 21 1, 2 A 1 KU T SF 38 EOU 43 51135 3 0.919.,0.900, #44k
A% BE A AE AR A, e K AR B B 5 S ROF- SRS B R BRAE 15 m’ - ' - W XU A0 TR R &8, 43 3ol
0.151 5 0.061 , BB AF 1522 FLVFIE Bl 2 PN, U B o B WAl L JBORE vl 5 B A o

3 TEEREREEREESSEITEER

Table 3 Calculation results of uniformity of ventilation speed for grain piles with different air supply volumes
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