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ABSTRACT

Generally, chicks hatch in a hatcheryare transferred to flat—floored barns immediately or
within a day to be raised until they are sold. However, chicks show high mortality
between hatchery and the 7h day, and improving on the raising conditions in early
stage would greatly decrease mortality and illnesses to produce healthier poultry. The
ultimate goal of this study was to develop a chick incubator in a cage of five columns
and two rows to be transportable on roads. The ventilation system aims at delivering
fresh air evenly to all chicks in the cages and discharging contaminants from the belts
for manure management. These are important factors for the balanced growth of chicks
and a lower rate of illnesses. Through the field experiment and the CFD simulation,
the thermal uniformity and stability were very excellent while the air temperature and
humidity were controlled very well. The difference of the averaged air temperatures at
all the cages was only 04C while 32.1C, 32.1C, 32.6C, and 32.57C, respectively for
C-1, C-2, C-3, and C-4. The averaged relative humicities at the locations were 71.3%,
71.5%, 72.1%, and 68.2%, respectively.
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WA Yo ey o] AT

F3= w;x [} x(sina— fxcos a)
A7IM, Fs; AAPEE [kel, wp ; belt o A% (kg/m), 4 5 BAHHS] Zol(m), o BAF
ZY %= f; roller 9 3] Fwpz A 2o T,

belte] o]¢ko] & A § takc-up THS FVMAIA A I o|Fx2AE Fokst). ojujeo] %

= Ha=
g skal, dukg o R roller AXAFAL 1/50 (2%) AHxe] o]

(¢}

F, £ belte] #x42o] 34 o
(catenary sag)e % AHo| vz s},
50 @

@ carrier = ; 4= 3 x [ox (006X + w,)

@ return = ; F4=%Q [pxw,



A71A, Fy ; 4233 kgl, I, ; carrier roller ¢ AX7+2A (m), I ; return roller®] A X

4 (m), v ; bolt ¢ &%= [m/minl, w;; belt ¢ A5 [kg/ml, @, +WF (t/hr) ot
(8) Belt ol 7}l A= Hujds el A=

D 43 conveyor 21 A9 ;

@ 7 A} conveyor ¢ A% ;
F2>F3+F4 O]ES, Fm:Flep'l'FZ
F2<F3+F4 o]ﬁ, Fm:Fp+F3+F4

o714, Fmax ; g [kel, Fp ; #5249 [kel, F2 ; o549 [kel, F3 ; A A4

[kgl, F4 ; #2749 kgl ot
4) Belt AMF A4

7} Belt AFY A A2 44
(1) HdE = Fmax)e] A==, th52d 9a) lem 99 8 HAA HAFAHS 24

o714, Td;, Bo HAANANFHE(kg/cm), B; belt & & Sf ; ¥F FHAbd &t

<HT FHAHHES
conveyor 4 ©°] 100m v %tk 500m v]®k 1,000m w] "+ 1,000m ©]%
dutA o7
E=FrotdE 14 13 12 steel cord
beltE A&

(2) Trough angle ¥ Z&7}=

pal
o
e

olod &k 1

d
o.
of

e — L

Ply 7} @ ow belte] AAA ol F7takaL, carriershe] xFol 9lo]




2 ply7F 2Fo W carrier shanktion-oll = 4-3] & 9}
ARE A 3

sl $19l0] Hr,

(3) Cover AF-FA 2 X7
Maker 9 A&

449

& B8

3te] belt]

£ o] &3t
o et dkel Av)ek EAE e A (WE44)
WEAde SddAe tas WHAA Folok gt
wiHE 4Are 27 HAAHAA T4
15 mm ©]3 100
15~50 mm °]3} 150
50~100 mm ©] s} 300
100~150 mm ©] 3} 400
150~250 mm ©°]3} 800
250~350 mm °]s} 1,000
o chute 9AE 2mE £5£ 92 31, chute A9xE= 0

tl. Pulley %73} ply

2k Ply =9 24

ol &=

o},

AEg belte] plysol #AIglol belte] 38§

 FS,

Bxo,

o714, Fmax ; 7= [kel,

g, ; belt o ply & 84
2 [cml], n ; ply & (ea) ©]t}.

vl Belt o] AFYFIEAIHH
- Maker catalog

Bz

e 9Fg mAA Bk,

0.5m o]&t= ghr},

[kg/cm - plyl, B ; belt €]

o] belt &34



vk Belt & F7¢F FALME
(1) Belte] F7 ; t
t=t +t+(txn—0.3) [mm]
(2) @14 old belt o FA ; w
w, =[ (t; +1x1.2+ wy<n]*xB [kg/m]

o714, n ; ply ¥ [eal, tl ; belt A cover ¢ 57 [mm], t2 ; belt 3t cover 2 F7
[mml, B ; belt ¢ % [m], t3 % w0

ts B wo ¢ %k (rubber belt)

blet =7 | wo [kg/m?l | t3 [mml] belt =7 | wo [kg/m’] | t3 [mml]
ND#50 1.25 0.90 VN#100 1.25 0.95
NN#100 1.15 0.80 VN#150(160) 1.25 1.00

NN#150(160) 1.20 0.95 VN#200 1.35 1.10

NN#200 1.25 1.00 VN#250 1.45 1.20
NN#250 1.35 1.10 VN#300 1.60 1.40
NN#300 1.55 1.15 VN#350 1.80 1.50
NN#350 1.70 1.40 CC#50 1.70 1.10
NN#400 1.90 1.50 CC#60 1.80 1.20

Ab. Pulley 9] 44

(1) Drive pulley 7 ; d

d=12.8x 4@ [mm]

o714, P ; motor & 22%% (kw), n; =9 3 A+ (rpm)



(2) Tail, take—up, band 2 snub pulley ¢ =7-& moment o FE3

o] W= 3}
5) Coupling®] A7

7}. Fluid coupling

(1) A+&"9 ; concave curve’} S+ conveyor % 75kw o|Ae] TEEHE JHA =
conveyordl] A&

(2) A4 5 motoret 7HE7] Afolo] A X

(3) X &2 ; conveyord 7]EA A torqueE Y&stA 7] skl AL

. Gear coupling
(1) AH& 9 ;5 fluid couplingS AFE8HA & 2
(2) AAF2 ; motore} FH&7]e] AAE

(3) AAHH
P:JQ(B&&
¢ n

1714, P ; motor®] &% [kw], s ; BAAS (2F1.9), n ; motore] 3] A<= [rpm]o]t}.

t}. Chain coupling
(1) AXFAx ; #4719 drive pulley 2F2] A Ao Al&
(2) A

’

v
"= mp lrpml

o714, T ; AL torque [kg-ml], P ; AEFs&HF [kwl, s ; +AE (2F2.0), v ; beltd
£ [m/min], D ; drive pulley® 27 [m] ©]t}.

d

6) Back stop %

Foted T A == A S belte] & motor7t A HAE W ZHbE ] Tl
oste] belt7h GHH= AS WA, 5719 gES 9] 98kl FFE AL conveyor



v} 9 A torquedl A& ; TB

TBZPS_Q(Pl‘|'PZ)XH;Z,L3 XS [kg-ml]

o1714, P3 ; A N-etE 9 [kwl, P1 ; #53s&9 [kwl, P2 ; #3559 [kwl, e; A%

) __ v
#Hag (9F 08), n; &5 3AF [rpml, 7”7 p (v belté] &%= m/min), s ; <t
(e}

F 1.5~2.0)

B
L S S ) e B e R
(1) cam clutch type (32,000 kg-m 7}A] AF&)
- BS type : A&3d&
- Mg-R type : 1153 d&
(2) band brake type (500 kg-m 7}A] AF-&)
(3) ratchet type (600 kg-m 7}A] ARE)
7 ) Take-up A

7h AR 9)H 2 head pulley Zol X3},

g EF

(1) screw take—up ; conveyor ¢ Zo] 30m ©]3&}o] A&

t}. stroke o Z2A ; s

(1) =4 conveyor take-up ;

s=0.025<L+B [ml]
o714, L ; conveyor Z°] [m], B ; belt ¢] & [m] °]t}.

(2) screw take-up

< Screw take-up>

conveyor Z©°] (m) 6 ©]3s} 6~12 12~18 18~24 24~30

stroke (mm) 225 395 450 760 900




2}. weight ¢ 24
(1) take-up A& A=A

3k H 9] bel
(2) screw take-up ¢ #FF S5l

o] oF 2ufe] FA7F F Qs
0?“1 gravity take-up ¢ #&& AEFo = 3t}
(3) gravity take-up 9| st&

[e)

R

Az golo wel =5 T = concrete box & Sht}
Q) Z+¥ idlerd] X+ X|7HZ
< ZbE idler o EAXTAD>
carrier idler ' - ' impact
belt % return idler | training idler e
7<1.6 7> 1.6 e
400 1,350
3,000 10,000 ~15,000 | 200~300
450 1,350 1,200
500~700 1,200
300~400
750 15,000 ~ 20,000
2,700
800~900 1,200 1,000
1,000 400 ~500
20,000
1,200 ©]%+ 1,000 2,400
9) Belte] +4
Belte] =92 conveyord Zo], belt % 2 ZF pulley®] 27|19 covernF9 e ¥ =
A, 183 2+ idlerd] 1A LAxA 9 RbE] TR S st AAbsih
T AL
Q,= QK [ton
o714, Qt ; WEFWE [ton], Q ; WE%EF [ton], K ; WE&2 A
10) g3lde] 44 2 wEarA
7F WEFA AL



wxy
Fe R 1)
o714, g ; FE7t4E%E (9.8 m/sec?), R ; head pulley ¢ 9733 belt F749 & [m] o]tk
T8 Fe
F=uxsina (2)

4 (D3} @ Aelel Bl PPz HHHEE

WU _ yxsina
xR
b v, weba
9
sina= R
T3 h = ;

h=Rxsina=ﬁ
g



A, x=oxt, yzéxgxﬁ olm, o]Ee] #AE AtEd, 1

i

e

=

=

2~
& 7 3

o

HHE o] Y3kA A (working point)S &

Mo

R e mE gwE e A
L

a8 WEIA wE HkE YEkx| o] ALk
L=PRxcosa+xxsine , H=y+x<cosa+(R—h) °1™, webA

y=H+h—R—xxcosa

iy v
_1 _ ot

Y= 2 Xgth_ 2><1)2
=H+h—R—x< cosa

b fck 9 A g geea

(L )y +esaa—(H+h=R=0 5 55,
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el
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14,
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X
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<A Ao WE shear droop ratio>

A=A sheer droop ratio

7F(0.10%C) AF A 50
/) 83 |k A 38
7F(0.20%C) AF A 40
/) B3 |k A 38
74(0.30%C) 4F A 33
/) 83 kA 22
T4 743 30

@ (@Y burrs dutd oz 3 FAY 10%°])stE FASHY, burret clearance®te] 34 <
A clearance’} 18%Z Yo burr’t ZA HE B3-S et

1}, Clearance

@ Clearance”} 72 t‘ﬂ 7o
o] A-tol= '} ﬁ o] 0101‘/]’“1, P = vy Ao 27047 H A

A o] plate A A7} ﬁ%“ﬂii Ho
@ Clearance’} #& 7
s

Cracke] olZd+= A
< Wy Ho] Tdvtd YERdT

® Clearance’} A &3k 249
A3l cracke] dFAMAow Al =™ F ) shear droop, burr® EA7F FElsta, by
o] 7} o1l A= At}

[e)
o
Aebdo] ARA Ha, dddoly burr7b BA ©rk 3, shear droope] ®olx| i elibz &

gadte 4 2

o

clearances] #e TAFTARE AP} T, aelm AF FUE, 34 Fol gl A
o, duHoE MABA AL B % AU B ATNAE 35~4%2 ATk



<Clearance® A&X(&9:%xt/one—-side cutting edge)>

gt £ EE =HA

A A Qu Bey) wi Zulg} ] | ag%_ T ubg
%%
= 2~ 4~8
o 2-5 5~10
ey -8 8~13
A TH 5~6 712
‘lh'il—/;\—%LY_ BT-EIL 4~5 6’”10
—}—\‘Eﬂ?_]‘j/ﬂ—é%L 3~6 711

el
2
jlis4
&

= clearance® #Al staz, A A= FAL 6~10%, Ak

@O A A7)

Py
S= A [kg/mm2]

o714, Pmax; HWsts [kgl, A; 2WA [mm2]elt) dubd oz AuAg S&= A=
A HA=( 0, )9 80%E At = S=0.80, = 3t}

N
=
e
o
ol

o
-

P= kxS [ke]

o714, 15 Ad 4do] [mm], t; FFA [mml, S ; A& AEA3 [keg/mm2] ©|t}.



BAAST k
0.63
0.45
0.30
0.64

0.50

0.45
0.40

FFA [mm] o]t}

k>

47 9 [kel, t;
<A HAGA S

(kg - m]
1) 0.2%C 7}+A]
) 0.1%C 7+A

A4 2

(

k<Pt

1,
T

AAA BAASF P

71M, k ;

—
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4

3
}

) 0.4%C °]
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< AgHA g Folwd 3 7 F AL
A A o 51 7] oF E -t}
Xﬂ&f&]/\]— -H]‘ = ?l’j_];o}\ ‘il“ [ T © '—EILO] ﬁ
AWEZ| =o] | Zo] | THA |[ASTFF| AE2EH A
B.D 40 45 50 2,000 4 500 10
F.A 50 41 50 2,500 6(5) 416.7(500) 8.3(10)
SP 60 40 45 2,700 6(5) 450(540) 10(12)
FT 50.6 45 47.4 2,398 6(5) 399.7(480) 8.4(10.1)
SM 50 44 51.5 2,075 6(5) 429.2(515) 8.3(10)
50 46.8 46.8 2,340 6(5) 390(468) 8.3(10)
40 42 42 1,680 4 420 10
ETC
51 45 45 2,295 5 459 10.2
49 50 50 2,450 5 490 9.8
WA A o] mZFEI ZAA ALEY FHESY 2MAE A AEE olHlg FAMY ALt
<3 2
USA STANDARD CEE STANDARD
™ % (cm) 49 49
zo](cm) 50 50
o] (cm) 38 43
AL 7 S
uheE 2] (cm®/4) 350 490
A & LLEA D] A A
B FAF FAANE AF3 Al AolA F3L 120cmx80cmx40cmE 7| F o2 A
Aol#e] A zhuto] 2 dWtH oz Frix] JH F olddy S HEYOR FHo] glon}
SEVEA s 5 2 dvsle] B 3o Ay ow Fr|f4e a5 Wl

A ek SPEYTRI vk
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Al 14. Introduction

20049 1295 7l o R &, 5l F AbSrhElae= 101,693,000 01 L Foll oF 46.8%
7F A AT (SSLL 2003). AAF7HE 7lEste] AL 7bee F 36507 Aol
AAA 2= 176,0007FF o] &}, 4dd 7} vlulste], 30 ~ 5059 505 oS A}
st ZhteE 47 27.8%9F 70.1%7F S7bete] SAAMEel A v sEY st AS
T AR SAAe dEgste] mE HARARAHY FaAdol UFHIL oA, o m
gt AJds Aol B e rEa ot 44 de] 83 $yet N4z A sl Al
AT 7F o] Foj A A eFol SA9] A el ool ®el Sth. dWrH o=
o} T 2 1Y ol AXE FAAA FsF W7hA AMSSHA
&, F oF 7TUAA EL HARES Hola QlojA o] Al7|dl A}
84S AAsTE HAey AWadEs Folu ¢S AR FELS AN 5 9l

(Reece, 1982; Xin, 1992).

ol¥l F 4W7|re] AFE Tote HFHOoR 2AF AFHlolEE MEstaal sk, o] 9
A8 A¥prototyped =Ro|A & = 12 a8l 69 2€ AoAE 7[Eow
AA LA e o] R E A 2d7 2AF oy RS 93 7]

o i it n® fo

=
°
N
-

= FATe <
go FIFEHAE HAFH Algdold Ve ol&ste] FAE ARSI T AAAT
& afetaat dv. AAS7| e oty wdd A % AHTAes o7 AT
2% adlolth. Aw7AA 9 ZExdATAM M T HH4L folA AdHdE vIETxEsE)
oAzt AlelAel A= Aol dAdsHA A TVIE FHEEL FA AEAE WE
TORFH eHdEol A wMEE F A=F AV FE2E JEst= Aol Al
28 7|2t RS F7) 9] A 2R 9 ) xAToAE Al A Wolal sl @l
te 7Hdetedl s g AlEdolds Ao, o8 AaES ol &t uYd
3 = ?Jske]

7|z WE R IUREsE R AV EEAS vuEAEdn. o AT E
4% CFD Z2Z 7138 Fluent CFD Version 6.00]$1 3, w4 2] o &=

S o] 839 tH(Fluent manual, 2002). ©] CFD Hlo]E & o] &3 7| a&A A4S 9389
Hi71dE 2 F71dE BARMSE ol &8sttt (Han et al, 2001).

A = A7IEd 5 ASEA S N st B =i AFEe] o] Fojx gk
b A AFSEANAS 1% BT woll HolA @il o Fo] oy FUFES
A3l ok 317] wio oy o] %ol AT Brown Brandl &, 1997; Choiniere 5, 1997,
Khankari &, 1997). o83 o] & SEaH7] f1ske] 1990t -E F 7] frEaA] i
S B3 ALY UGN AT et Al s gl

o

—

’

o

o 2

o
il
o

42 A%, 584 UHol g ol ME FAALY NP Aste] B RF, A
Wl 27k 5 BAzAL oego] Wol Qv o]F BARENNA Pe Boho] $alu}
o JlFel Agd BAA Ve W AATEAA Fol Fe Emat wo] @o] o Fol

A 3L 9lth(Lee, et al, 2002).



Al 274, Materials and methods

A2A 98 (Computational fluid dynamics)
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(RANS)¢]

Navier Stokes
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HAraeg 1L6x107m’s kg (1y)

=i 1.5X10_3m3s‘1kg0.75 (15)

Table 1 Structural specifications of the chick incubator and its ventilation rate
(CMH=m3/hr)

o 7] () o 27| (¢9))
AT H o] E E=o 3.6(m) 52 Z 0.8(m)
3ol e & 3.0(m) Ab5717E 5()
AlolA & 2(d) B AT 200+
. 10906.8CMH
3z 5,453.ACMH

71g&S el Y5t AU F717F S s Ao dAgle] €A% TR
XE Hole HHE 7IFAEHE st dAdEge] sy EH A AW AAE Vel g3k A
7t 271" QE $7]314=(Air change rate) =& $7] 8 (Ventilation rate)o]gfal 3kt &

7189 g Ao A4S 7HA W W5 A 74 (Nominal time constant, Un)2bal gkt
9ol =W YnHl 28m o] 2.8mel| 2

°l7F 10m¢l &3ts 7IEo 2 AMtS s, 54 V£ 28 $7]%9110906.77CMHE ©]

rlo >

gate] ANSATE o] F 919 Ao Yy
3
p=t o 7:84m 3) =0.007188195(hr) = 25.87750544(sec)
0 10906.77(m’ / hr) (16)

EATE 25.88sec7t AT ASHTE FEo] Htoew S AE flek ol ALt
S 3 w FEFS Auak(5453385CMH)S Wil Attt AlAbA ] AlFAdS Fleh]
sl I A e A EAE(LMAex)> w7 Y] F A A F A
(LMRsup)¥ L3t o] A2 g{EAdF (03 2= S aeste] CFDA R uigh



Table 2. Errors according to o1 &3 7] case¥ A4zt

&4 7] (25.88sec)
LMAx error LMRgup error
case 1 25.79 0.347759 25.94 -0.23184
case 2 25.79 0.347759 25.15 2.820711
case 3 25.74 0.540958 25.61 1.043277

Table 3. A& 7]F case® A4FQ A}

&4 7] (51.76sec)
LMAx error LMRgup error
case 1 51.58 0.347759 50.18 3.05255
case 2 51.26 0.965997 49.94 3.516229
case 3 51.59 0.328439 52.3 -1.04328

ol EellA HolF= nhel o] CFDAAMY 2xk= ol 35%¢<1 o= e o, A
o7 TE caseE ¥ Hudte] Case 290014 7F4 & oxp7F wtAE AR v Ao 35%°] o
=3t o9 ABREddA HAFRo], ol ATE ¢t AAlE CFDe A %7t F33
Evhar 7H4g sk

U SAREYES o8 4E8E AT

TGl 9EZF S W gle WE Mk 1/3 SARds Al o= el =
R e i S e [R B d B = é73§2i1 Hﬂ‘o}ﬂﬂ 3tz CFDE ]
AR s HSstaa telvh. #49) 5ollAE CFDREHA 2t &7] oA F7F3FaS &
43 Aol




Table 4. HH&7]12] 50% L o, 2+ 47|72 wj7] el M o) & 7]+

Q=50% (Diftuser angle 70)
Main inlet=2.69(m/s) Main outlet=2.74(m/s)
U(m/s) | A(m°) | CMH U(m/s) | A(m) | CMH
Inlet 1 0.43 0.0003 0.47 Outlet 1 0.08 0.0012 0.35
Inlet 2 0.40 0.0003 0.44 Outlet 2 0.12 0.0012 0.51
Inlet 3 0.38 0.0003 0.41 Outlet 3 0.11 0.0010 0.37
Inlet 4 0.37 0.0003 0.40 Outlet 4 0.14 0.0008 0.39
Inlet 5 0.39 0.0003 0.43 Outlet 5 0.16 0.0006 0.35
Inlet 6 0.51 0.0003 0.55 Outlet 6 0.38 0.0005 0.68
Total 2.69 Total 2.65
Table 5. ZtHgt7]2] 100% <L ®, 2 27]5-¢F wj7]Fol A o] & 7]
Q=100% (Diffuser angle 70)
Main inlet=5.36 Main outlet=5.47
U(m/s) | A(m’) | CMH U(m/s) | A(m’) | CMH
Inlet 1 0.88 0.0003 0.96 Outlet 1 0.17 0.0012 0.74
Inlet 2 0.82 0.0003 0.89 Outlet 2 0.24 0.0012 1.02
Inlet 3 0.78 0.0003 0.84 Outlet 3 0.22 0.0010 0.78
Inlet 4 0.73 0.0003 0.79 Outlet 4 0.29 0.0008 0.82
Inlet 5 0.78 0.0003 0.85 Outlet 5 0.33 0.0006 0.70
Inlet 6 0.95 0.0003 1.03 Outlet 6 0.67 0.0005 1.20
Total 5.35 Total 5.26

19 3o A Ho] FRol 100% 7] Al HARFS o]&ste] Zb wy|FelA AR TR
%o] Asslvu 7}As9S w, CFDe 7t
0.0%, 0.0%, L8121 222%=ZX, H 9.3%<9 22E el

v 7] ol A o] @ Ab= 4.8%, 11.4%,
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al7] flste] dAde] 47l AAE vFAe] A4 Ak Folnh. ol= Z Aol AT
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471l AAE HFAE ol&ste] ZF ol 97|l Hujg w U Hs PG4T
a2k ATk g UA w7l Z; ol AA AV|E FuA w="€Egrh. HdYE
o] 9o MY Yr|g LHES BT 3emE T U3HA AP RE 9471E& &89
Hojgk #dd FFS sV At TG AVl HFAE AASA. o= H[EY
E9 ¢r& Wl #dgh 4EEs Pk Blo] HAollon, CFDEA A% tiFx e 44
ZTEE 70 ~ 758 9 Ao YEldt

w71 & Sl AN gEqA ql fo] X 471 E 7HE AA eI vkl 7t
AdF= w775 719 A AlEstdth ol W 9F vt P B frdo] A
ste] MO RRE Eoov o] fadte d4S £4 5 doge ddHAG 7 7]
T F7IrEE A dAdsA wE7] fste] 2 JrIe wirlgre AvlE AR vEA
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12cm, 123 12cm® 2Hss FAS W 7B 2L TS BoAFIAY. dUIfrES
s

BAste] weth w3 £Hu7%e 4% 150mmE AR

T A7) (FHS]) o A7 (D)

QAFHl o] =0 3.6(m) T2 E 0.8(m)

QlFHolH = 3.0(m) AFE5 71 7F 5(4)

AolA & 2(4) HY AT 2004+
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