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Analysis of Flow Characteristics of Forced Ventilated
Pre—drying Facility for Mandarin

J. K. Kwon H. S Yoon H. Jeong H.D. Lee S H Lee J,P. Moon

Uniform and rapid pre-drying of mandarin is important to improve the storage quality. The aim of this study was to
suggest the basic design of forced ventilated pre-drying facility for mandarin by thermal flow analysis using computational
fluid dynamics software (FLUENT 6.2). Developed CFD simulation model was verified by comparison with experimental
data. Airflows and temperature distributions in the five conceptional designs including existing ordinary temperature storage
rooms were analyzed and appropriate basic design was determined. Analysis of the effect of arrangement of windows and
exhaust fans on thermal flow in facility was carried out for more detailed design. The results of this investigation showed
that the predicted airflow velocity by CFD simulation showed a good agreement with the measured value and optimum
design condition for simulated forced ventilated pre-drying facility of mandarin has two exhaust fans and two windows on
both sidewalls and cover on loaded mandarin.

Keywords : Airflow, CFD (Computational Fluid Dynamics), Forced ventilation, Heat transfer, Pre-drying

1. M2 & 9 Bk AL 715 9 R0 AREAS 25
© HFe Y 259, 2494, AAe=E 5 ek
ol wle) A% Al A FOIR AL Bl WAl ol el g 23 Bo1EEe B, 4 £ A
W 3] Spole], AR AR Bl @rgol A4F B WAL 2ol Alo] b5 A0 tpREy, $A8
o] HoE-S AR 7P & a]loltk o9} e AEA g o= 371 AT e AAel Y 55 Y S
o Ashz 8 7 Add i S Sl A 9l AR wede] BT 4 Qluh Al A A ols W
oh gh ATES] 2AE LU ORE A AR 9 9T MRAES B BNk A8 ug A 5
FaolA 29 Tk A, A o A i welM vl mlEEHo|R® HT s Bl 7)xso
A 9] oA B el AAAEEE ol88ko] AeelEE A s o AP AE FARA R ForM Y B 4
3o 9lo] AAEA ] Ayl wAlsty 9o e AR Ak ALdE =58 F Jx AA-A19 SN computational  fluid
Aol g AnlE o] gslo] 2l&8ka Y% oj7d& 4 dynamics, CFD)o] Tht Lofoll] &g+ glrk
A Bt ok R0 Ae AN NS T BRE AT} FFE ) el w59
71At019] 4 "l BRAEL i difell SEsnE & oflME dAXEd ARaE AE 5E FHCE CFDE
Bl o] BEE AR T4 e 7P 2 QR o189 ARE A AT FEa ol FAlelth Aol

This work was financially supported by Agricultural R&D Promotion Center(ARPC). The article was submitted for publication on 2010-10-05,
reviewed on 2010-10-22 and approved for publication by the editorial board of KSAM on 2010-11-02. The authors are Jin Kyung Kwon, Research
Scientist, Hong Sun Yun, Senior Research Scientist, Hoon Jeong, Research Scientist, Hyun Dong Lee, Research Scientist, Sung Hyoun Lee, Senior
Research Scientist, and Jong Pil Moon, Research Scientist, National Academy of Agricultural Science, RDA. Suwon, 441-707, Korea; Fax:
+81-31-290-1840; E-mail: <cen55@korea.kr>

393



W SEA Y2 AN 85 o

49] 719~ Okushima 5(1989)0] CFD7} #}¢18l7] £2419] &
s A oR 5T  5S WEl o|F CFDE o] &
st 24 w7 A1 thekatAl KsElo] ek A o
ZE AFZ Wang 5(1988)F Van Gerwen 5(1990)°]
Phoenics T =& o]-&3te] #2433 Yo] Afi-as oS53t
9101, Hoang 5(2000)2 CFX FEZ o] gato] vl A%
o} Aol Sl A Adare] sl 71RaAs Al
o 2 =4=)9} B wsleIck Chourasia 5(2007)-2 FLUENT
FEF o]gste] AAgaL o ghake] WzkEAdel wjx=
28] Ato]z=gl wfjde] kel tisl] RIS skt
Moureh 5(2002):> 2 2] ZHEE HAsH W zAHo] el
o3l FLUENTE ©]-&-st A3 A& F33siolom, 1 A}
£ LDV &5y 54 Ay}l vlwsigich o)dy 2ol
CFD= dofAl oyt sike Adal, 76 A3 59 Ife
gAof] ghis] A go] glom AFA| et Hlw, ASE F
3 1 fr8Ado] ERlEar gl

2 AT 542 7 A2 Al A8 7hsst AAlE
Z oA A AEl] tjall FLUENT A& T S(FLUENT 6.2,
ANSYS. USA 2005)2 2g30] d94% S=x]34S =803}
i, o] Eall 71, wiz|He] 91X, e Fell digk A7

Agricultural
products

(a) Case 1

: \ >\allets

Agricultural
products

(d) Case 4

(b) Case 2

Windows

AABSE BTN HH 2 BATE ol Axd A
& 9% 7124 AuE Ao Ak

2. CFD £A[elA

. oMY O HAILE

7 Aol A8 7hset
ARs] 8l 28 1o yeRd %
CFD AlE#oldE &8t dfrs dids Fadaiditt 19 |1
(a), (b)= AIFES -9 7 A2 A arelA] A&-sfar
U 71, v7Ise] vl EA A dane] A9 vz s
& 8%l ol AEEE ey We Al FAskar k.
1 CFD Alg#loldeolA= 71&E Adae] &8 7Fsids A
Edh= el F5e o] fiXol A w71 20E AE
SHitk 1§ 1 (a)9] Case 12 F5H Aol F717d0] AXA]
w3 47l Z3A) wll7] o] 470 AA|H FzolH, 19 1 (b)
9] Case 2= Casel 1ol F7lsto] b5 shtol 5713
A7} F7FE Fxoltk I8 1 (0)9] Case 32 A|FE2] o
5 A A A Agskar Sl WAoo R gl

oY

FAIES oz AlAmE
Ass sl el

oo

o

Exhaust

N
Pallets

Agricultural
products

(c) Case 3

Exhaust
fans

A= Pallets
-~ Agricultural
products

(e) Case 5

Fig. 1 Schematics of forced ventilated pre-drying facilities for analysis.

394



ahtol] 2702 E7)3 ) Wit S zA] ddE $jZo] o
A 2709) miEES 7 =, dhisE $Ede)] wiz) o)
AR Fzo|tk 19 1 (d)2) Case 4=

off 7135, vk Bwe] F7kzolof wi7|#s
ZF ke Case 17} 22] A7 wl7|= <1k Xﬂ Jal s &
7174 Asks BAE] S8l Abedth 17 1 (e)2] Case
A3k, FakE A

5+ Case 49} 717 wi7|9+A4e =
Folo) Ay BHE B2 31% AARleR 151
1o =

S1al AAlE el AHE Yol 33ke F4% 3o &
£ CaseSolM A% =17]3= 10000(L)*8000(W)x4500(H)
mm= FUsr, F7IHe §7 IR Sty A4 st
2 AR 0] 150 mme] FEE f]ef 1200(W)x1200(W)
x1200(H) mm2] E7]/Jo] =3t A=} Uol] A A=, 22
B AW, F9 399} 550 mm, 57} 200 mm HojA]
Al o] 2wk, FHYEZF 7HA 150 mme] 7x6 H]AZ E 847)
e EZ} Aarel dad AEE 7Pt

Reahzable k—e EEi_l =

FES HERE vgEA,
ankge v Ak

o(UD)  a(VDd)  o(Wd) >

v ey T ag VRS, (1)

9] AelA o= FEEE BEEES FEEA A5EE4,
Navier-Stokes "7 2], MX]%@@‘OHH 77y A%, 5
9] 3, QlEuE oujsitt U, V, Wi HE AR
olm] = gMHAE, g,= ZF REA A A, Sk

oluf=] 2] Adatolct. AA] 72 thaullA) R 2 (porous media
model)Z F &% F]3) O Navier-stokes B2 of] Frlw]+=
chyufA] o] -EekiAle Darcy-Forchheimer 2] o]
7|Zsto] v o] AolH.

7

__(# 1
S, == Evi + 025pvmagvi (2)

I otz FAE G BATAR, v, 45010
et eloliz27ea) ehpalel E1oh A9 Brgan 94

A(Ergun, 1952)¢] 7]1%3&to] tha3} o] vepd 5= gl

J. of Biosystems Eng. Vol. 35, No. 6.

2 35 (1—
=T @—ﬁp% 3)
A7|A D= 7R SAAFAGAA Y, = 7o)

AA FFER 7] 22 Yun 5(1995)9] 574 AnE 3
a3l 91 A 3)g S8l Ak AAAZAG(1/a) S}
AAGAGH )T HA =) md=o] Fgsisich £ 3
Mol g5 ¥7] 9 o] B9 AARAS ofeel
Table 13} 2¢] ZHz} epfiole}. 7H29] BA1%+= ASHRAE
FTE(1989)2, T/ 7] L5 AFE 119 304
Bat7lel #st 71 dolHE Agsioith E3 5714
case=2] A IEE FVEE T s Sl il
7NN A AAZA A S5 AAFHAo R maRE)

iy o

%

il

o,
ﬁ,

Table 1 Properties of air and mandarin

Properties (Unit) Values
Air
Atmospheric pressure (Pa) 101325
Acceleration of gravity (m/sz) 9.81
Density (kg/m’) 1.225
Specific heat (J/kgC) 1006
Thermal conductivity (W/m'C) 0.0242
Viscosity (kg/ms) 1.7894x10°
Mandarin
Diameter (m) 0.059
Density (kg/m’) 580
Specific heat (J/kgC) 3770
Thermal conductivity (W/mT) 0.58
Respiration heat (W/rn3) 20
Table 2 Boundary conditions
Parameters (Unit) Values
Exhaust air velocity (m/s) 6.0
Intake air temperature (C) 137
Inertial resistance factor (m™) 1000
Porous Viscous resistance factor (m'z) 484000
media Heat source (W/m’) 13.2
Porosity (%) 34
Wall Roof 5.0
heat flux | Side wall 3.0
(W/m2) | Bottom 3.0
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Fig. 2 Positions of velocity sensor
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Fig. 4 Streamlines in forced ventilated pre-drying facilities.
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Fig. 5 Average velocity and temperature in loaded mandarin domain.
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Fig. 7 Schematics of arrangement of windows and fans.
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