1 4YA B APALE o 8% BAASY
@ AT

Ao AAEFES | BT
Design Standardization of Environmental ly-Validated
Swine Houses with Prototype Experimental Structures

AT71E

ok EUR e R R e



2
e
e

€ BINE “7HE 4384 2 AEAE 188 83453 =4 dAREY
o &g A7 AAL] AFRILMZ AEECH

1999. 10. 3I.

4 F 4: &z
4 F g: 84
4 7 4: 7294



1.4 5
b GEA 2 UYALE 088 B34FY BN RAESH
I d+ade wid 2t 53

2] vete] FEBVITE FATE FH2E oy 25 ZA4ME dont 33
ARRErE iyl 206 AR F7rekal k. 3 WIo(World Trade Organization) A
A9 FHo2 A3 BRI AHgs o] fd FAES £l A MEsIded,
o] =USL Y FHE FAA 71F A" gt FUEF FFo| 44drt.
FAZAH] Avte FE= =& ZHETES] A3, dd¥ A, AlRUsY] B2
HeolEm, AL YFEAF, AL TEe JAAG Bk opiier, AF4HI Sl 10kl ol
B FEEn MY Rd o2 Astd FA FeEo AgitAdo] etshrm vk,

AtH o2 FEL DHMZ A4S EAA FAYE 7Igste AFol A2
B, FE =89 T AA =FFAANE 2/3 AR ol27] Wi =4+
Bt - BRAN At FFH =8 EAE AT + A FL WAL EAMA
a9l AF3 #alel Art.

Ax e ekl FEEVIE =FE Aol ol wEd FEEA] A
FAol AT BokA i glon, 29 J19E i4ertE FHA22 AF9AM turnkey2
A gste] FFEA] AdAZ ] Foisin vk, £ A7 FrldAE A5 5
A3kA grtrisirele B FFA] R FVAAYR HAE adste] AR
i QT dAelth, e} o2 EALS] AL olEFHLE dEHLE AT F
o] g17] W&o} HPolA B EAPEC =&l wel FFEAY ARl FRS
o] dt}. ole o] ANF} AFe g Aojwrlsl AEHRAI] Wzl 7 it
ol 714ARTE qAgriL §A AFie FFEAE softwared 2.2 AHE 7lE
st Rtk ol THALE A EPH e whE MEIA (ventilation
engineering)S F-A18l 7] W&olc}.

o e 419 BAAARR ] AAE AA ] 4FGAS BERFAe] #A
%, €3, BE - 38y #73 Fol A0 B e Gl g olsls A



sFlojef st , FAH LR AR A PAHE AAT el £EFUES AT
A8t BAMY 2%, #5, 94 2 FE7A9 vE, FrIEES ERAEHTAE (air
flow patterns) o) AL Al ARE AsHor @dtt. ze} o8 ABATES
strte] FojAl o) E3FAFIE 7l (integration)S A °} ‘57}‘%" Qolr}.

IHEE E dFHE BAELE 25, §58 BFATE Qs 2419
AUEZ S AT + de rN2ES Adsie o 133 ":}°] ATt

F714% (air Mlow)S Aodor & #F¥+9 A EX 2 A78E 2F%=
2 A2 AAE o€ ¥este] YARAE xRy ok drk. A By, A
FMe e EHAR-FEHEFKS A8t 2=& Aosidt 7€ AF AN
Al EALY] 2RZAE HAAFANR AolstA F3td ZF7AW T A4
& =FA7IR At 2 BRE ol& FEFI] YA @] APA AL AE
of Algd AAelth. et} qEES] FAARA LD R AUV qF £ -
Ao S AL, A8H AFsHolt HA%HEe] gv FEAFH 4R @%uI‘iﬂiﬂ"‘—'ﬂ
ZAAR AN 2B} ARG FUAF 173 AR JMFe2 HETS Vvl SAE
St glo] gel §%sia vk, 2EER 2 d7e 9 uge] 7% "3’:}
AL 1, FYES UAE 5 Ao BEHEFR (awvirommentally- validated)
FZEALE] BriMNsAS FESHE W 234 53o] A,

215'4

M, A7 e 2 89

£ A7E 9% (prototyp) AAAE ol 3tel 2] Uete] e FFY EAAAe
HAEZRE A5t FAY FL ATNEL Thet L),

1. %2 ve} (Pd gA1e] 723 g 2 #r|Fee] 4T A8E FHsLA
% EY BEEE AY AL MNE 3L FRAES 1997d 19 ~49 Ao,
HEAY 19973 59 ~88 Atolo]l, FEFVE RRFF BEstd 24 F&, 87
2 ExAe g 3~-57kA 2 EREgen, £F54 E241F EAS /e A4
(& AE, K4, FESZEN), FEFEFET), €957 &) 5 987
ZMNE AAEE BIIRYE §45 vR - B4R

2. NEE EHARE A2 £ l’r?} 71%, A8 @ 2483 <) we A
gl 3 de], A7|A2g 2 IAA 5 FEshd ENE 105, AES 1007, &



AHFAL 200 TEE 98 AHEAE ALY AU B&£E53) AFedc.

3. A&H AFAGEA] BRET] RIS (temporal), 3313 (spatial) X9
FIA 8HA] 29 S T2l 7] 98t Smoke generatorol ©1% FU)H%F iR 2 A4
CCp7hefletel] ojgk REAF B2 S TENUT.

4. S EZRAFEXS] Q&S AT HH AL ED ] (computer simulation)
codel PHEONICSE tﬂb‘ao}"q 33U REEE (transient), FEZLIE (non-isothermal)
S 29T A AAUASEPA A BED] FoAdE AFEA FF 74
715 AT oE2M EEE A0 BV EEYIP) 7beste S Sl

5. B2F I7IAz=Y B A71egAs, FAA0 716 FHE 9T 4EdY
EAA AF5AEE TA47), T2 el P4dA &R 4 160~ 18043
of AAM 4FHAS HAsHATt.

6. 249 AAERENE Y8 AR KES (acrial enviroment) ERZYS
RE, #&), 3715538 2 7 (air speed), 383 AL (F371A), QA TS
E43900, dYAYE B BME ARE dF9eE A AEEES AT =
Are] BN A BESEALE FE8HATTH

7. EAFR 0] HRERA FE B, o9 94
AAH 2 EAAE pinpoindlr] 93+ A4S

rﬁa

v A7AE A3 3 e, €8 diwt a9
1. A7 s

7b. B3A%E A EEFHE AT A8AYEAE hET 2ol ALY d
FAZAYE PR en BT (Farrowing house) 9 ZFEA} (ursery house) o)A £
AR o2 dhile] By R AEye] BEHuE shie] Ewg, AEWE WY
EAZ ¥ R8s, B §A - HR-EA} (growing & fattening house) M cross
B7IA LS 487 HE) BAS) E& FAGD doly RAFHA STH.

p, BAR) §4 s wE HA9) #5E J4s T A5 F, A} A&
9 (5 T2aP)s B9 JEHEUE 2, A2, ALVE ERsGed, 98A
7 Alzde] st=dolg A D shellel, 94AP REDIF(TH00) a3 HF
Bl 400Hz, 128MB, 586 Pentim®Z FASIgen, 2392 Cw A2 HASIA



. B ALY E 2x vl EFYA A5t AL, FL, A2 £R{A
o] BARY @B A A28 F8o] JMed A2 BEHANG.

o}, @A AMAEE A (computer simalation) coded} PHEONICSE ¥ 3t 3%
FEEH (transient), FEZHE (mon-isothermal) 7%& £, A%, %A - B I
el 7188 235 7 H52AS input dataE P A A, IUIRF
ool ZAME A5 es) o] FAE, f&0 Arie xR AW e A8
code® ©183 F7lH-Ee] el R A7 F2 sl H8H JHAT} dE HL=2
o3 = rt.

g, detdoz Eguh EAIY Al RELE B Md(heating) ot 3
(cooling)el V_F Ao d4sta o}, F7 €U f& B¢, @i AFEAH(Y
AAN) e AUEEFA7} 10~15Ce oz}, 4FAFEAY dF A=l e 1~
5C2, Ba7F A9 Qo] ZHEALS AR @AEH A (heat stress)E B4 @ sk,
AL} 42 A9, Qukzg EALY AREE (relative humidity)s 22X Zo] 9%
9§ Hol ¥gtor}, FFEANE AAERE BT gAY 95t JRsEHF
¢ BAQel 0~7%2 AR FAFES AT ¢ AN YR FRY Ft2E A
At gAYl 10ppm ©18LE S EFEHHE FAFAT] WM& ASolt &4 - Wl
B9 ARle 9%E AAA SRedl, AW Rt skawEE pitd] Hed
A 24% A4} de ALz gEFEAct.

oh. 2 A ERERS ol8ste FuAlel #r1&E AR E W, 454
HEAL2] AL (inlet) 2] 74 2~3w/sE ERfo] MIPS(1990) A &-8te H Tl
A7 & (5 nYs)e HEANRon, EAM AR fEEelA 0.20/s A=} FAE &
717 AR L= olRoAL AZE &ttt

vk, AR GiEE Cenetic Algorithm)S 8% €314 Z2aWS oljstd 4
FAYPAL A9 B, 22, 2, Fe7ts, ARG BEERR, 4R
5o AAE BN AAAREE ARG F uirlde] £2E 2FIFER TSNS
o, TRIWRL w2 codingdtith. 2@l EAMRE AN x¥ e SEdAE
PC, G3b =239, AA, wi7]d, Motor, Inverter2 FAHERLH, AZE §9
£ Microsoft Visual Basic 6.0 91& o|§std Z2a8& FASAY.

2019/09/08 15 80- 8 B A/ M EY




2. AFAL] 7 )i
of A7l AME £7] uske] JIgZA R TEA FFAAANLD EEh
AEe} 997t glen, Ao }ei} g s At

A}, 71¢d - 248 39
) BEHeE AZY A 72 89 AW} AL AY) BoNLRY E
Z AANee #uE 5 A
2) 9% 43494 9% A2 83FF Az add g J2gd F94
ARez B9 EER AW Asd.
3) BEAME BAANZ A QAE FAND 4 gen, FE BFARA ol
A F%o] et

G A A &9

1) 37332 AFE EAN2YY EFEE A YAH L RBEd A9 o9 £
o olu)E EAMEAC e ZHE AP & Art.

2) A BTN 299 AEE =FEE AR Q8 ES 2T F Ao

3) BRAEE AR BPANLE ALz dFAld AuisA AFse loyalyd
wEE 5 2.

4) ¢2 U 2R 2e BEAFTY Az ALE FEILS g4
& 71d# # A4,

3. ATAEe] Ao Bl e A9
. gD 87A5Y EAN EE@rNsde ddRd Aeis] EE W
Nedeoz AastEs g,
3. iE B4R A0 BEA/INAEE FRFFANA AEA EVA,
4 WREALY BAAAReE RS wEshe Aol HAAT.
. ZPFFAG FYLE HEe @ A FEEHE AFHG ALY B
AA%Y BAL BAEEE A7 WA .

2016/06/05 15:50—5 @) X1 81 3/ 162 0}



SUMMARY

I . Title of the Study
Design Standardization of Environmentally-Validated Prototype Swine

Experimental Structure

IT . Background and Objectives of the Study

In recent years, The mmber of pig production farms has decreased by
25% with a simultaneous increase of growing pigs by 20%. With the
advent of World Trade Organization(WI0), Korean Ilivestock product
market is placed under an obligation to open its market to all foreign
products by 2001. More products are being imported because those
products from USA, Australia, New Zealand, and EU nations are much
cheaper than domestic products. Even pork is losing its
competitiveness with foreign products due to abrupt changes in market
price, high labor cost, and high dependency of raw feedstuff material
on foreign countries. In addition, high manure treatment cost which
amounts  to almost 10~15% of total production cost make swine
production less profitable.

To make matters worse, swine production facilities, more precisely,
swine houses in Korea have not been built based the standard
scientifically proven designs used in much of the rest of the world.
This results in an unique Korean swine production environment, which is
demonstrably less than ideal. The enviromment of pig houses can not be
maintained at optimm conditions, and the accumulation of heat,
moisture, and ammonia gas, dust, and pathogens has serious detrimental
effect on pig production and workers. There is a great opportunity for
automation of envirommental control system for swine production
structures and standardization with growth phases. With scientific
research and verification, there is the potential to provide a more
optimm environment for pigs and workers in enclosures.

The size and capacity of enclosed swine houses has significantly



increased in Korea in recent years due in part to the higher
productivity for reported these systems elsewhere. Some of them are
just fabricated at the production place with ready-made panels,
equipemts, devices from abroad in a turnkey way. Others just
constructed the swine houses with blueprints from general architect who
doesn't know livestock production in depth. All those houses are not
enviromeentally proven so many producers complain of their poor
performance, which is often attributed to difficulties of climate,
geography, and managerial environment in Korea. However many producers
are still a little reluctant to move to an enclosed swine house
although they become to realize the merits of the enclosed system over
the open side-wall curtain system.

Design of enviromental control system of swine house should relate
to growth phases and envirommental parameters which affect directly or
indirectly production efficiency. The thermal enviromental factors
includes temperature and hunidity, the biological and chemical
enviromental factors include harmful gases, dust, and pathogens, and
physical envirommental factors include air speed and their spatial
distibution. These parameters should be properly controlled to maintain
optimm environemnt for swine production. However it is impractical to
control these parameters by putting them all in a PLC siuply because
all these may not be needed for optimm environment and thus this
complex control system is not cost-effective.

Therefore the dual purposes of the research were to develop the
automatic control system for the most critical parameters, temperature
and humidity, and to suggest standard design of the production
structure adopting the automatic control system and the uniqueness of
pig production in Korea. Because air flow determines the magnitude and
distribution of temperature and humidity in a house, the relation of
performance of ventilation system and these parameters should be
investigated. In the field, a simple envirommental control system
regulated by time clock is popular but it fails to provide proper
thermal enviroment in a house. In many cases this is because the
control logic can not be responded to contemporary envirormental
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conditions of the house.

Therefore, it is necessary to develop a precision control system to
maintain optimun indoor environment for pigs and workers, and to
develop a standard design of enclosed swine structures enviromentally-
validated through field experiments, which comprise main objectives of
the study.

Il. Contents and Scope of the Research

The detailed contents of the research performed to standardize
ventilation system design by using a prototype swine house were as
follows:

1. Field survey was made to investigate the characteristics of
structural dimensions, ventilation system, and waste treatwent system
of the contemporary swine houses with growth phasel. in Korea, The raw
data were taken from 2~3 counties(Bf) which are comparatively active

centeral provinces(Gyonggi, Gangwon, Chungnam- buk) and from May
through August, 1997 in southern provinces (Chonnam - buk, Gyongnam -
k). The swine structures with growth phases for experiments were
designed for the model swine structures in Korea reflecting on the
analysis of the survey data to evaluate their indoor environemnt
including Darby nursery pig and growing pig houses at Jooksan, grand
parent stock house in Yonggwang NLCF, Won Pig Farm in Nonsan for
further field survey.

2. The prototype swine house was constructed and comprises three
bays with the growth phases(sow and litter, nursery pig, and growing
and fattening pig), in which can house 10 sows and their litters, 100
nursery pigs, and 200 growing and fattening pigs, respectively. The
structural and envirommental control system of each bay was carefully
designed to reflect the uniqueness of the climate conditions, local
geographical feature, and management practice in Korea based on the
analysis of  field survey and a year-long discussion with Prof.



Albright, Cornell University, USA, Drs. Phillips, Demmers at Silsoe
Research Institute, UK, for the design of livestock structures which
fits Korean climates and livestock production enviromment.

3. Visualization study was also performed to predict air flow
patterns and thermal enviromment in a house by smoke generator and to
confirm temperature distribution over the space by IR CCD camera.

4. Air flow patterns and air velocities were theoretically calculated
for 3 dimensional geometry with obstruction and buoyant flow by using
commercial code, PHOENICS. It would be a powerful tool for prediction
of air flow patterns and their velocity distribution for 3-dimensional,
unsteady state, non-isothermal flow in an enclosure. The calculated
flow patterns and thermal environment were in good accordance with the
observed ones. The PHOENICS can be used for simulation of air flow
patterns and their velocities over the space without experiments, which
makes it possible to design the ventilation system for arbitrary
geometries.

5. The ventilation system was designed and built in the prototype
swine house and experimented for six months in hot and cold weather to
evaluate ventilation efficiency and to eventually set up a standard
ventilation system and its optimm operation strategies at two extreme
weather conditions. Environmental parameters involving temperature,
humidity, NH3, and dust over space and time were measured for
evaluation.

6. Expert system was also develop to troubleshoot environmental
problems in a swine house, which is a powerful tool for narrowing down
the cause of the envirormental problems in an enclosures.

- 10 -



1Iv. Results, their Anticipated Effects, and Suggestions for
Easy-access to the Outcomes of the Study for Fields
Applications

1. Results of the Study

(1) It suggested the standard designs of the envirommental control
systems for sow and litter, nursery, growing and fattening houses,
which were proven environemtally sound through field experiments. The
standard bay of a farrowing and/or a nursery houses can be duplicated
in series upon the availablity of farm space and capacity. The standard
design for a growing and fattening house adopts cross-ventilation
system which provided better air mxing and the stable air flow.

(2) The visualization system was set up to explore the thermal
comfort of swine in a bay, which can provides information if they were
exposed to higher, moderate, or lower thermal environment. The visual
system includes IR CCD camera, visual treatment board of DIF(TH3100),
and IBM-compatible computer of 400MHz Intel Processor and 128MB RAM, of
which control logic was ooded with C+ language. The visualization
system can be a powerful tool because it makes possible to remotely
control the enviromment of a swine house, because Luman intervention
can lower swine prodction efficiency.

(3) The commercial computer simulation code, PHOENICS was modified to
predict air flow patterns and air velocities for three dimensional,
non-isothermal flow in an enclosure. Flow and geometric configurations
for swine houses were imposed to PHOENICS as boundary conditions. The
predicted air flow patterns and the air velocities fit very well with
the observed. The computer simulation can be another powerful tool for
design of envirormental control system of swine houses by knowing the
air flow patterns and the magnitude of the velocities over the space
without field experiments which cost a lot in terms of time and
expenses.

(4) Addtional heating and cooling may be needed even in an enclosed
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swine house for several hours in a day in hot sumer and cold winter.
Indoor air temperature of 10~15C was maintained in an enclosure
throughout whole winter and of 1T above outdoor air temperature in hot
sumier, while a temperature disfference was far larger between indoor
and outdoor in conventional swine house (a sided wall curtain house).
An enclosed growing and fattening house has much less thermal stress so
that the production efficiency has much higher than a conventional
house. Regarding humidity control, it is also easier to control
humidity in an enclosed swine house than a sided-wall house especially
in winter without lowering indoor temperature down. It was found that
NH3 concentration and dust in an enclosure highly relates to waste
management practice in the house.

(5) New concept of exhaust fan operation system was developed to
reduce noise level, 50~80 dcb for 50%~ 100% of fan capacity of 8 m¥/s
in enclosure with maintaining proper air velocity of 2—3 w/s at the
inlet and about 0.2 m/s at the height of fattening pigs. The vetilation
rate satisfys the suggested maximm rate of 5 m3s by MAWPS(1990) .

(6) Genetic algorithm was applied into thermal-visual program coded
with C+ language to develop the control logics for enviromment control
in enclosre by monitoring the fan spTed(rpm), based on the observed
data including body temperature of pigs, indoor temperature, humidity,
harmful gases, static pressure difference, air velocities. PLC system
equipped with thermal-visual program, personal computer, sensors,
exhaust fans, motor, inverter, and control logic were coded with
Microsoft Visual Basic 6.0.

2. Anticipated Effects by Performing the Research

The followings are the anticipated effects can acquired by performing

the research :

1) Technological and envirommental aspects:

(1) can acquire a standard design of enviromental control system for
swine structures with the growth phases which were enviromentally-
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validated.

(2) can develop powerful tool for prediction of air flow patterns and
for assess of thermal comfort in enclosure without performing field
experinents.

(3) can improve the pig productivity by providing optimum environment
to pigs by developing the precision control logics.

2) Economic and industrial aspects

(1) can save expenses to design swine house if they use a standard
blueprint of the swine houses with the growth phases

(2) can reduce labor-cost by automation of the enviromment control
system

(3) don't have to pay for foreign blueprint of swine structures by
developing integrated control system.

(4) improve swine production by envirommentally-validated control sy

stem to reduce disease outbreak in enclosure.

3. Suggestions for Easy-access to the Qutcomes of the Research for
Field Application

1) request to make an effort to adopt the blueprint developed as a
standard enviromment system in agreement with the Ministry of
Construction & Transportation and the Ministry of Agriculture and
Forest.

2) try to distribute blueprints of the enviromment control system
with growth phases through National Livestock Cooperatives Federation
(NLCF) and their districts.

3) try to build a demonstration swine house in Gyyongi province for
educational purpose.
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Bl 5.4x9.0x3.0  4.5(1.5) 10 u{tﬁ‘ :71];% g%%ﬂ?
AEA  4.6x9.0x3.0  4.51.5) 10 » 3;% 25}%&1 d/3A £ILERN
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S, 2021030 4505 19 o PHIGUATERENT
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1. 2734, 1999, INF olF Z2AXNHBA7ARL ] Astel FHEAA FFEHAAL
BA71 AR 3.

2. AAE. 1995, AT AANAF TAAP W8], YDGE 5YT. 106

3. o189, 1891, R4, B AFFAAE 2 71A9 AR 2AET. FUAVARET
A NEATRIA . pp 27-45.

4. ol®l4:, A A, P, AAE. 1992, A8 AESHANEANA 7. FAAY
A AIATFEIA . pp 433-440.

5. A3" . 1996. ABAE7I A HAAL AJAAH L AA2A 7. BANEE
AT A, 2(2):103-11C.

6. AEY. $30. A, AP, 124G, 1999. 7 it FEAY A2 T
Z R AR ZAL. BAANERAGE A, 5(1):1-16.

7. 29245, 1997. 7HEE BAREEARE
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Al 3 APAYALE ol 8T AFATLY

Ad A A

A4 $2 vt FEEFE LTFE F7HE FAHLE 19059 °1FE did 1R
ZageazA 33 ASEL7E aid 20 FohE ARER FES] R hEEa
Ark. olE 2 EARAC FWE FAAA ATde HE A 120844 ©A
200422 AZSAE AYC] FeIE Ateldl a2z AT A2 ZAHAAY
FAFY 5, 1999). A A5 A= AT st el s Yl
FatA vehiRE gAbel FYste st wE Y BAAIANLE] AW R
ol¢] BAAZ ¢ NFT FEeAL2E2 AFSAR/UT.

B AFNE Mgl sAT 245E5FC AA, 159 93 A9 (<2HE
3-1>FZ)) AFTAE 419 Z18EE FH R @7 l dg Ag @
Nede] #7188 L 83 & WAL, A4 AAE Qs 22 L7 ohvi
FAEE, FUGE, AL (GRS F2 £X 3% @44 we HAA AFS
43Tt

A2d A 2 g
1. 49710 4 A2

YPAFAEL ALUE BP0 $EFERY FHRFL) APEANA 14
(F371), 19989 1149 169 ~ 1999d 49 13Y, 22}(%1‘171) 19993 59 138 ~94
09)2 kel AN

2. A4g4A

AFAHEAE <2 3-1>3F Zo] ZAo] 30m, & 122 AA, AXSAG. A=F
o] AYE Aol tux Z 4.0, REH Aol Gux & 5.4um ol en, F4 - HF
B Z 12x ol 2mE AEHPen, dE L 9B FIRES A5 =
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(4%, AW, §4 - HS Do) S0me] HI2 AARE AT

3. £FE

E Age} 3Ad AAE FAxF (Landrace X Yerkshire X Duroc) 224, Z317] 9]
AEL 19989 Hrtgd AR Aoz PF 1493 BEILSAL, FA7AE (4
4 U)o FEAFL 5.5k 2005F FAE AEHANA oF 25kg7tA AET
F, B4 S0l QAFA 110kgAFEAA AFREITE. FUAET AXE AL
o WRsa deuhE 4% 542 FASATT.

4. ARG g

BAAO N2H 582 HrlEr] Asd A5E AYYFEAY R4 Egd
<Y 3-258 oo, AFAN ALY URE A, AE, SARSELE e
ol Qem, Exel AZIE MPS(1990)M AReL e RLAHoZ AdLS §
grt. ABFAE AEAIE AAFAE 48020, S FAFAE e
AlRE FARSE Fo53t).

10

'I"‘Iﬂ
“”*W mmmmmm ) e
T ":— I..
i Aol ]
Qi S S
" w 'j;
/ ‘ m-u i)
A - 1
REc :
j*
R S 1y
,,,[‘ Qv of

ey

<2y 3-1> AFAHEA AY 2 =
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<2q 3-2> AFAPEA Y=

Eaul e AEALY] A9 <a¥ 3-33 gol AR Ed4Y v)E (Flastic nat)
2, 8A - H8AH(<2Y 3-4> FR)e EE ZEFR (partially concrete slat) 2.2,
EuAes Bh BAX GESH))NA= e, Je Agdel, 4 R A3
#Aele kAo E8h AA At

w1

- . -
d

g = =,
—_—a

R ———

<29 33> APREAS] Fahay vieh
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3% 34> §4 - NSEY TER Mg

5. 3A%E 2 P

AVAY A=W SE(<2Y 3-5FFs>)= HMWIE (longitudinal secticn) k
(200cn), & (120em), F(60m)ZE #HEH(cross section) & M(&EYTHeZEH
100cm), H (450cm), # (800cm)®] 2770 &3 71&, ZEe 5 % 2070 A< o
308rtt} S27HA]7] Medel 1512)2 4872 A (NEC3500) 2 A& AsHA 3}t W
2] 52 WK (static pressure), YEUo} 7t2e] BEE EAMRIA Prograng ©]
438 Waol we} FAEATE.

EETES T 2 ] ad

29 35> ABYN SRS 394
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<a® 3-6>, <2 3-7> FA - HREW] 2AAFHS vhehd Aok, AR 127
A B &3 Q7 F (slot inlet) S DA hotwiredtHE (KANGMAX Model 6210)8
o] &8t F-&g &A%t LR o308 vl A FHES FHrt.

-
[| 13 8 Al . i
> — — |

2 il -.-}I | = L &

| | E

| - ; il B
= N E - ‘

<29 3-7> %4 - H&EA ZHUA
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7y, Bt A S8
<28 3-8>2 EWF 120~ 1Ckg AFel ENES ZEWT 154 dH3d 1999
d 8 279%H 109 159747 (oF 733) 434Y g 2FE4 89S 9

Ak,

<E 3-1> BRAY ALY

% 2

gkA

-

AT

on(L) X4.6m(W) x3.0m(ZHi, D), FEHL H) 4.5m
: A FEE®) 1.5

B ohA}A) & ;

ERAAL o Byl : n(l)x0.8 m(p)

o Pit Zo} : 45cm

O WRIES: IF/ZEWI0EY=10F
o A%F : 120~ 140kg/5 (12704 AF)

EHEgR

<19 3-8 BEUEY R A4e
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1}, Bae] @729

Bobgel R A7A20E dAS) Astd JEASE 20 AVIFHS 2
o] WiZ|FER® 235t <E 3-2-9 Zo] FA, FB, FC. FD& o2 39}, E39
2719 $EHS FWHE7] et EE AEEAI|DE sircco® (2200m'/hr
o) AAsReH, 47199 §FE AN 3o BVIEES 4FeAed, FA
A g E7He e INI(ANEF G600 E FaEdct. @AVIA LY 5E&2
AEE A 84 209¢e] EAANE dEH 22 e,

<E 3-2> ¥ute] AYefd BN 74
!

Y AL B AP
2 MEAIVHE + |
A7H o grasy | SR | "
RE AEEINHE + &4

FA BB /TR

| ARBE | gze gu eziz| g "
_£34
O | RE/BE | oo o | e |
' ] EE AEIANHEE + | 334878
B | REBE | azw de exqir| e "

1) FA A7|A &5

FAR7I A1 2H 0] B7175<2¥ -2 Z[EA o2 7Y sg I €F 47
F2 99 e A4 A9 i7d R Azagd] g 2ed AE BHESR
58 B9, TRAENA =&AAH BE AR RN 25t WiZIFES H vk,
<E 1.3 FA Sl7|A 2] BG4 EXE vekd Foltk, ARz A 25 4
A8 B9 (negative pressure) 22 YFH S A7) BUE E SHE HER
A E B0 5L <E -39 Zol AN FEAR 0.21~0.6Mn/s, FI
(HE S2AF 7.73~10.9 n/s®] FEE vERYLH, 97Y sl AT &
& 1.6dw/s~3.21n/s2 yEFEoLl, ZEw] Y e @ FEel dFel WAA
230 A 22F ue} AR Wl 2)ste] wWiylH Ak, £ AR F&4E FF
Mzlfe A9 A, 39 B FAHA ZAAtk. £ 28 81~82db TE
o2 the ANz9i FAEH e dzide] AR whe 259 Aol uEhA
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orolrl. ERRAE A A wWE 25 2YF A 25.9T, AAWIIHN AH 26.5T
2 ZA5o 2 AAH2R LA

<E 3-3> FA9] AgA ) (29 : n/s)
2 = A ‘ % =
AZ [ 22 | $5 | AZ | A& | 5 | A5 | 5= | ¥5_
¥ | 0.21] 0.55 | 6.34 | 0.23 [ 0.22 | 0.45_| 0.24_| 0.67_| 0.43_
== | 7.83 | 0.64 | 1C.9 | 7.88 | - a. 4'3 9 G‘l 7 73 0 98 | 8.72_
3} 1.64 | 3.21 174 | 1.35 | 2.76 | 1. 53 | 1.69 | 1. 64 | 1.78
o= 82.8db 80.9db 81.7db|
& | |%.5C 26.2C 25.9C i
ZRAAA : -4 : AFLEZRH 8m AA, - F : AERIIHE 52 10m AH,

- 3): e Z2RE d0m A A)

Gt

f//’z‘//f/j.‘ 7

SP——

<2¥ 3-¢ FA #7A 289 dFF7]R7F

2) FB B7|A A

B 7| A2 2] F7]9%<2q 3-162 78 3a Ay 477 71%%517] o
Bz 89y B7E &31d foz w7sEE 5o Jt}. <X 3-4-% FB @VINE
o] ZAGLEE 2 AR= ARE EbA Aol EHhl FUHENL FEEEE
~3,

R

Z27|GEL AJRAA (.12~0.3W/s, FFAAT.68~
/52 EHAS AT, B3 TMNE A AEEIHES)
AR L AFHE Ao e}, ARBIHEE T4
g Sote] B2 A7t sFEstE Ro) AR HoE} vtk AS& 82~83dbEM FAR
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t} ozt Al vbElxten (82.6dh), SEE FAAPET oF 1T AR A vElgA
T 29l FRAA AN wE Aol A &gkrt.

< 3-4> FF9] 49 2w (29 @ w/s)
Gl % 3

MAAE A AR AR A AR A AR R
& | 012 631 027 [ ¢l ] 0.127] 0.35 | 0.14 | 0.287| €.20_
F | 831 | 027 | 10.7 | 7.88 | 0.31 | 9.96 | 7.68 | 0.38 | 8.74_
3t 1.44 | .85 | 1.42 | 1.95 [ 0.28 | 1.27 | 1.52 [ 1.32 | 2.13

& 82.1db 81.8db 82.6db

2 = 25.8C 25.1TC 25.1T

i ,f}_//'

<a¥ 3-10> FERANAN 2D AEF 7] /5

3) FC @7\A 2%

2E AEErHES) QP A Y YUIFR K98 IV ARULE W)
A8A & FCEAI AL AEFrSE L <2 3-11>, FLEEE <¥E 3-531 2
£}.

<E 3-5>0]4 B vie} Zo] 2] Ho o8] HEE FHM €942 ¥V *
&5 EqAAe] Fr52S #F ¢ As 2 A AgARANAM F019 &
HEA &42 5 AU 0.13~11.9 w/g). T} AEATDENH e FEHLE
Evhye) RE 2dn)d AR g 3719 £E2E HOE /s oIFLR AR ¥
vEbgth. 2ol ALe §9F AR AFurigel &S AR 22 ¥
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gton (82.4db) E7H WiV|WoE ZH4E 282 o e FFIATH(E0.3d) . 2
2 Egu SRAAZELE Aol UehiA ggted WA= ZIsATH (25.1~25.
8C).

<E 3-5> FCol 49 43 (¢4 : w/s)
2 = ) A ) ) s ) _ ER )
ESESEAEOESEAESN %E T 5&_
% | 0.13]6.50 | 0.87 [ ¢.15 [ 0.19 | 1.24_| 0.17_| 0.81 | €.25_
F [ 7.49 | €19 | 116 | 7.7 [ 0.36 | 9.70_| 7.23_| 0.36 | 8.87_
&} 1.76 | 2.37 1.22 1.714 | 0.42 0.48 1.75 1.01 | 4.56
el 82.4db 80.5db 80.3db
2 = 25.8C 25.1TC 25.1TC

b--l.k_ "__ z
A z - =
[N ~pirre=
e o R RRTT  T
i

L=
o

G

\

<28 3-11> (B 2E 4&SF7NFF

4) FD @71/ &4

B2E AEHEd J7E 49 ¥ QTR 499 e AFE £ E78
Wzlde s w7sA & A A 2 JEF7REL <2Y 3-12>, FEEET
¥ 3-6-31 et

Eqh) 27]94e @A @il 92e) g (siroco fan)ol o3 HEE FHN &

E 542 tte Aa"gas AA Zolrk A ket (0.130/s~9.43n/5) . :LHM
2w w7la 2wyl d 2o wiy]9e el A 4L AFSE tREAL
(FA, FB, FCA2%) Bk G2 A Jekite}. (82.7 ~84.9dk) . =2 rﬂz{]i 7
Asgict. (25.7~26.2T).

oL
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<E 3-6> FD°] A9 7As}

(&9 w/s)

2 & : A Z » * ]
A% [ 2z | 92 | AZ [ BE | & | A5 | By | $&
& | 034 053] 0.35 | .24 | 0.13 | 0.42 | 0.13_| 0.32_| .28
F | 820|025 | 108 7.88| 054 | 943 | 7.48 | 0.39 | 8.82
3t 1.92 [ ¢.727| 1.53 [ 2.12 [ 0.37 | 0.40 | 1.10 [ 0.65 | 1.53
E & 84.2db 82.7db 84.9db
T = 26.2C 26.2C 25.7C
GL

<2Y 3-12> HA7IA2E J&5F71H%
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2. AYRAEALY B4

7t ARAEY ALSEA

<28 3-13>2 =93 Il 149B (5~Tkg) AES FERT 1IKFE LAEA
1908 119 1995 H 129 1847A (F 4534 AF4Y AEHe] BEEHEES
Festget. AERS] AFLE(2~26T)FAE st w=H2ZEEH 60cm -l
620w R25& 1078 X8ty BL2383r}.

<E 3-7> REAS] AHSEE

" ZHEAL(B)
o (L) *4.6n(W) X3.00(FWL, D), AL () 4.6n
; ABEE®) 1.50
AEAA R o 2xyol : gu(l)X0.8 n(p)
o Pit o} : 45m
CAES: SF/AEROER/EA2EA 1807
AERE oAF ¢ 5~Tke/F (149%)

<39 3-13> AW T 3=
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b, AEe] #7)A 2

AEALS] BIIA2Ee GuHAFEAN FAR FUIEEC] Jgsle BIIANEDE
MARES «F 3-8>31 Zol dA AT

<H 3-8> AEAL B7IA 2 A

BNED | 5y AR %R BER @@2%
Mo | e | EEIS AR maaze | agwnw | x
o | s | SEIH BT waaze (@9 ase| A
N | RE | gl | 93RFUE [297E AW~

SAFez wfyIMe AFNA #AF BEE AAS AT JudES & A
AR Wol EQTFY M BET} E&o] HoA BIIALE NE AFUdelA A
AANZATE. <FE J-8o]M} Zo], EAN FHEFFE R WA 0.076 £ 0.079 n/s =
NB, NCRT} HF f&ol) gREAME dojZitt.

<E 3-9> NA9] &R

78 T 2 =T
EE R A AR N
F [ c.11 | 0.05 [ 0.5 [ €13 [ 0.12 [ €.17_| 0.08_| G.1_| C.12_
Z [ .03 | 0.04 [ 0.04 | €.05 | 0.02_| 0.02_| 0.07_| 0.4_| €.07_
3} ¢.a3 0.03 0.03 | ¢.c2 [ 0.03 | c.a1 0.02 c.C7 C.C3

Hizl W U7 0.63w/s, Y& /s,

1) NB #71A] 288

JEHOZ NFE <E 3-10>014 F&9 dj7]Me] 2 A Fedol 4R w
7 9t 2moA R (conditioned)d FINE EAF WIEHE Fde] £XYTE F
o gAY, AyAAel AldATHe AR FAARHAAM #EH Wl A&
W7 F =2 Ack. 30cn(H) X360m (L) 270 ERPNFE €29 A Asto
AAEE QA9Hez 238 4 AES Utk <aF 3-14-% K89 JFI7IER
=& e Rolth. FEREL C.11mko)n] HAE 0.08p2AH NARTHE AL
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b A2 A f&o) BASA G FER yio)

<X 3-10> B9} GSEE
%) il 2 3
78— ! _
A& | B2z | 92 | A% | E& z | = | 2& =

a.1 ¢.15 | 0.13 | 0.13 | 0.16 | 0.14 C.1 0.32 | 0.08

0.04 | C.11 0.15 | 0.05 | 0.¢6 | 0.15 | €.c8 | 0.26 | 0.11

Qb Lot | o

0.02 | ¢.c6 | 0.03 ¢.3 0.C3 | 0.G3 C.1 ¢.03 | 0.03

MW 47 0.39w/s, Y71EE 1.20/5,

<«
b <« .
-:r*ilt-ﬂ ) ’ < ! At
y&t - * Y, ¢ <’ | o
v € ! =
[ | E
Gl i
v ! S Y B O b S S AR A Sy’ e 3 L et flaly S S 2t g Pl
“ . ’
et

<% 3-14> NB9] 714 37|88 %

2) NC 7N &H

718 ez NC= Nt FLRAAAAE Bl 015t Frl1f%c] 49T, <R 3-11>
Mgt Bo] AP A FE (conditiored)d F71E EALEA ol AT A
ZUAYHEE Bio SR, %28 g e WH=E St <2
3-15>%= N9 AAF/EBEE VER Aojtt. FEREL 1.87mb22 NANBRET} E
A FA etk ARYEE AT L FH AYHRE fE0] HAE VAL TUEE
ENFE AL uigAsA vk, ot famelde 42 0.2~0.3ubol oj28 AHA
F&n FuiAor FAd¢ BEXE B
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<® 3-11> N9 29 A9, n/s 1.87£2.99

= 2 Z F
w = = 2 .5 o
Az | 2z z | gz [ 2= z | 82 [ 2z | 2=

3 7.8 | 0.12 | 7.64 | 7.43 | C.20 | 6.36 | 7.36 | C.32 | 7.27
¢ 0.16 | 0.18 | 0.49 | 0.45 | €.03 | 6.71 | 0.48 | C.10 | 1.51
s} 0.13 | 0.07 | Q.17 | 0.12 | €.04 | 0.23 | 0.21 c.25 | .69

BB e st s ‘1 J
ErEEr———— 2| \
r H:i 4 2_: 4 :’q Fob BN |
ﬁmﬁm 3 <« « &'J
gé 'v p " E | ‘!‘.Lw
I [ C
G.L

<a¥ 3-15> NC2] & 37|58

. REAY] AFAEAY

AEo] P4 (19e8d 119 79 ~129 20Q)R FeolM BI|A&H, NB, NCo wh
g AUaRe Wokskr) dstd REAN FAKE, &, &, ¢RUt BE, 4
FAFEE 58 EAMEAT. ZFL <28 3-59 Zo| Fn% EXIAA AEAE
E3S HESES 33T,

1) NB A7 A
7B A7
119 199 AEo] 49 o1%9) Arles) HAHL& ¥HAE -6.6~4.9T, HiLaL
1.2~14.6CE 97129 HA= o 5.1~14.4CE vehfgic). o wie IWV=2 9
o7t AolriztozmA Wi @] LxAyl vehiAg, ddol ¢4 EAAE
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Rzte] RZREQRoRE FRFLE} FAE & AT

v} FVEEEE

JBAoZ NBo W FrIEE BEE 24A7RAF~3F)l A A ¥4
A ERZ] wge] 1249 999 FU1EE REEAS At HEHLE <X 3-12>
of VERITE. Hi7IW 5 QAR A% 2R & JT Z2RHF dold, A
dele 1949 Ax B/FE4.13 wi/win g FAFES FAT. <E 3129 2
o] RAEPNA FFEBL A9 AANHAA Fort, AAHIELS] AFUARE obH 9
FAEEE (0.3~C.4 ws2 AASNIAR, KH 1.20(FF) Ev A=A (HHeE
26 20em o) ZFEOINE ANF R il FAFA Golrt. ol TIEALE
Az FY5E Fr1el EE5F @monentun)o] HolA FINAESL MEA LFH H
27 Moz osidct. AW FF A& WAL €.12+0. 16up2 viEpRkT}. AT
AEAS] B3 APFA AE] Exdide] FUiFHLz Ay| WfEgd Al gt
&7 ARFE FASE @, B8 ALA A A4 o) gdet, IAVAe 2
Rz A AEr}l A,

<& 3-12> B F71&=EX, n/s

=3 [ 2d [ 3@ | 49 | s | 6@ | 7 g gl | 109
% 1035]0.27]0.33] 0.31 ] 0.29]0.41] 0.20 [ 0.3¢ | 0.37 | 0.42
= |oo04|lco3lact| 002002003 002 0.0 | 0.02] 0.3
G 0 0 0 0 0 0 0 0 0 0

HiZ1 AT 0.39w/s, W71 97l 12078,

t}) SEEY

ABHoz Npoll h3t REEZE AQLPIIB AR (1F~3F) B4 2EEE
g WAt 271&ES) A2 Al $REA viehls] dEel <E 3137 gl
32490 Fad 129 9¥9 2EREE EHLE ehldol. AFAEEN 2=
ExE Ao 24~30Ce] BEE nYled, HELEi AXE 26.50+1.95C=
Vet =, 23HY ol AEE o 4T, FAANFAME 26C W, °lF
FES AdAMAE o 30C WAR IFAES A% ALWE FANIG. olFALE
B2g 9std B dhle] AR 60Me] EL%H vl Jione] RE2WEE ZE
W] A stgct. R AuEe 2194F 10974A] (249%)E o 8.3kwhZ 35
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199, 2kw/day7t AR ot, YA 10Qe1FREH 3F Y FEAAAS RIVES
AAE st 2uAHL oF GkwhZ, SHE 1dkw/day?t LRF AT,

<# 3-13> ==X, T

ZAAA] 14 | 29 [ 39 | 49 [ 59 [ 6@ | 7 | 8d | 99 [ 0¥

& 24.1123.9|24.3| 23.8 | 24.3 | 24.2 | 24.0 | 24.4 | 24.5 | 24.2

K 26.3| 26.5| 26.5 | 26.7 | 26.2 | 26.7 | 27.2 | 26.3 | 26.3 | 26.4

3} 289|29.1|28.7|29.2|28.7 | 28.5| 28.3| 28.5 | 28.9| 28.5
%) 5

9719] #EEAE 7139 2d ulet AR 56~81%E FASANLH, EA}IH
o] $EE ok Ax AT £F &, H~68% FES FAML AUT. A2 =
EE oddArt AAE & d= HAE E’l‘-"*/\]ﬁ"‘]' AlZto] A EFE AR 2 X
Ak WEel TFF Fl2 Q59 94 209 FHAE FEIHEY #FHA
th. ALAdE BASLEZEL AT Ml (hwidifying), A3 Fle W2 AE
9% fnifte] WRSEE E2AX} WLy ez Perdn.

W #EH B3
27) AEARRY £33 A9 ZAHA P (0.008 ng/m') IF AFFEA
okzke] EBRlo] AEFHUTH(C.C47 mg/m'). o] AL AN BTl 0.3~25.6 mg/m'®]
AR 7 Fo5le] ke duAQ 3o vmstd 433 FEF FEolt. 4=
Vot skt 3% APFEAC 1~1.5 1g/1& veb] A2 53y #4e ¢
g Hojgltl. ol EAlL A&FO 7|& 2¥EFC] AFHY AR ¥E YHE 1
A &of & Aotk

2) NC BINAN &

7h) F7&EEEE
ZEH ez N e F7EE BEEXE AAE/L AAHUF~65) A 34
7 ERLEY) wlEo] NBet vhERUIAR <E 3-14>9 129 159 3VIEE EEXE UE
Hoz S}, wrlde WS AL Br14FE(4.130M) S FAFES AT
b250me] BF YANELE HWEF R AFNFo2 (FHOZRE 50mA 2E10
cn B 7F) ¢ 50m BF 1A7F BESR BEH RYFII7 SASHES AT
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<E 3-14>, <29 3-1659 Zo] 4 FARAEA A F715E L HE AFol )
FAERE 1.0~1.3 /s, L.2t(FENAZNAE 050609, AEAD (W2 F
B 2(em o[W)olME £27 A9 AASA gakt. FIAES] £R7} w/sAEC|}
$550] Lato] o mEA Yot ¢ 2.5 FA WTANE A £=7F FA
SR ekgrel. AU WERES D HaE 0.5320.47mp2 Ve SAT A HiZId
ol AAL gPoEA HEAZTIN F7HES BENA 0.1~C.20/5s AR FA8
o ol &g AL E FEE Bast ot

<¥E 3-14> NC B7|EEEE, /s

=ANA | 19 2 [ 3 [ a4 | s [ 6w | 7 | 8A | ¢ | 109
2+ 1.02 ] 1.04] 1.12] t.11 | 113 [1.c7] 1.21 [ 1.33] 1.08 | 1.08
= 043|040 | cas8| ¢.52 | 0.54(0.47] 0.46 | 0.52] 0.49 | 0. 44
8} 0.01| ¢o |c.c1| 0.0 |oo1]|oc1| 0.0 | 0.0 | C.O| C.O

M7l Ader 0.5%20/s, vi7ld Wi7IEE 2. 12078

) 2=8%

NEHoz No tig SREEE NB% vhAZAE HAEIR (@R ~65) 4 dA
EAn) 28R 9 @il BrlExg @A R A SLsA vehirl W& <
B 2-12>9 To] 432 ~6F 51 7173 129 17149 SEEEE YRFH2E e
ALt. <FE 3-157 Zo] 49 FAREANA SET ANHoZ 4~20C2 JF2
Lo} AAs 26.5£1.95C2 velyirt. &, AFHE ojA R & 4T, F
DAFAHNE 26THE, olFAES] AmAME o 29T WR olFAES AT A
2B SAFHNULL. olFAE B2 Astd EF shue] FH 600MA H2T2 4
g A} 905 Ewo] And AAL 9 ¢kwhZ, 3HF 144kw/day7t SEFH AT

S e ALE FEAN 7120 PR GAAE do] 2094 oJFoE=E AE
d QoM Ee Rzgde] BasAtl, EAREA dEAET 5L AFAAR £UE

2S, GE4e AT EY F A& AR 474t

- 64 -

ZO10/09/08 15:50-8H KRB/ &0



<R 3-15> 228¥1:, C

29X 14 [ 28 [ 3¢ [ 4 [ 54 | 6d [ 74 | 8 | 9@ | 109
| 24.1 | 23.9 [24.3| 23.8|24.3[ 242|240 [ 244|245 24.2
F | 263|265 265 26.7 |26.2[26.7|27.2[263|263] 26.4
3 | 289 291 [28.7[2c2|28.7|28.5]|290.3|28.5]289] 28.5

1129 1194 4¥xs;

9718 A FE : 0.7C & 10%, EE : 4.5C & 64%, A 5%

t}) sheky B4
AEAN B£AL 4FFNE (0.042 mg/m'), AFFEA (129 279)e %39
ERo] AESArH(C.068 mg/m'). 1AL Folo] Fer} A4 Folg & Afde &

A9 Fol Wobdg o # on, B Y A9 B3 F, AES FANt ¢

£5o] meh B 98 F W) WEC A 2L FFXANNA FAE s
g}, griel shaE ARFRA (124 279)° 3 ng/1& tFehR] ZAEFWlA 7h

2:9] gFol Fytete Aoz #AAUL. FAT AL EAL AFHA JIE
29gdo] AFHY YA FE Auz usor & RAelck. NCo} HFAF S NBET}
1~3% 1] A5]o] AEo] FAHAUYLAE, Fr1joh} AR ] BE Fo| AA F7t
A ekstrl. ole AiEoz Mol #rlE&ol NBRT) FEG L2 oAt

7. AdE AEH BN 2He) 5d FATEY

AEo] 914 (16083 119 19¥ ~1999d 149 189)H el A B7IAI2=%, KB, NC
o me AEFS W) 95tg FEAY FUEE, SE, #5, gEVIL ¥
g EXEUT. AL <a¥ 3-5% o] Fu% EXAA AL B3& UE
3 EZ s},

1) &f1 ASA 2345 4440

19089 119199 ~ 129 18U 7ARA 8] AEAL] A28 AH5E& AR Aie <o
9-16>,<2%) 3-17-7 @rh. <28 3-16-7% Tol AP77 §&¢ gRI22 A 6.
3~ AI 14.6T BAQen, Y 2x9 Fole WWCHAFE oAAE (14LF)°l
AEeE 47 e BHhle) 9xel FriA9e] Aole ARLEE KA o
H9 AE77F W BSE (6200 ol 83std sesigir}t. RE2FE e 2 9



Henpy CE Ash} B R 1‘:_]‘-%41_‘7{30’; %0]’ A5 A-291 22~20CH# A
sl A7 LB FARAG .

i few-ee
X
|
- 1§
Y . " -
X .- -+ .
? © . - L i £ ‘
B o5 e ey " v - ' . .
ﬁ = LS P . J
= A -' \." . r A f.a s
Bl A e N -
L ] -
Y
lf’ " A e - i i 4.
" s 24 12/4 12:9 124 14
_ilayiw;n hidny )
Im Wovimin gutdoor tesp, @ Hivpn astdoot (e, ‘L'.:'l-l,\-'- ewloa Il':r-.l
<29 2-16> 4PAESR ALd FAA =43
W0
= r * s ’ »
\ : .
# f - ) . ‘f' h | Ay /} .
QS 0 \ § L 4 .'-. » L . ¥ v (]
f'g & X ( .t LV s 7 ) "'-.h"_"‘i'j.f'"""--' 3
;F; = v S ."u
z 5 i
40
s
2 %
X
12
0 1 - * - - - D - " - - . ba - — . i S i - - - A
1519 11584 11/% L2 128 1214

Daylrmonttday}
| —e— Average oLtdoor telative humifRy —e— Ave1ags dood relative hurmidey ]

<2 3-17> AEW] FAA =3l

A7 Bt R APEEE <2 3-1704 BE vk o] 46~91%2 Fi
A 4ANAEE Hlde APEAL R FAFEE §5~68% FAR FASA AL
3¢ g AAEF=N (EC~8CN)E FRISHATT.

- 66 -

2019/09/05 1550~ ¢ Q8 W/ E



<2 3-18>2 AEAEFe] FriALEe A% FHkE (PR FEE ¥
g AR2A, AFRAEAE 0.2-2.5pUAdA A dAFez HE5E
20ppm (MABS, 1990) Rt} ¢ WA ZFH fdizta EAE vERA g3ttt 1A
2 olg AENA WMEHAE ExFo & AR FACIAATL, EAY JH2E B
AFo] AL AR WAL 4 JeBE ALH YAF 7IAEHe] doriop & Aol
e},

% 3.6

:‘:_; 3 L ] |

g"‘fs loooo-o" e

5 ° rEree e T e pune

LR PRSP psusaws

g i el penuey

g0 pesasy

B T O e
1" 1y 1124 29 1244 12:3 12414

=
<2® 318> A9 A=W AAA dRvie} s

2) ¥ AEA EAPE AEEH

<2 310k B3 AER] AP S99 SEEEE e LR 959
ATl 10.5~33.6CL2 ¥slZo] Ash} EAPIRE 2729 9%S AA
WA ga FPLEUAE FAsG. £ ¥ 9¥ARHE WEA] fRTEel
ANHoZ FobA 33.6T7F FE EAhREE 20CTE FASACH. o ddL
HA gdoz A% AEe] BALE olsfsfof Frt.

#2 RAEALZ] YA 97]e] FEEAE 51~-8NE SAFFAH («2¥ 3-20>
BZY, BAMR FEE 0~T1% $FL2 % 10% A= Ao/t AU}, 28 &
o] £ FAWNAY 60~80% FAHAQ} Aol AAgrE AR wWE EE
& 2712 914 2093ReEE 87 Fobele A%E BAG. a2 FF AEAE
FE2E2 A% WREHE 43240 YAEFY E48 & U 488 AR
ojsfdArt. B3 97 11ek AgAL AzseE IR FERAE AT =EHE A7
d AR AL 2asie}.

- 67 -



Retative Humidity(%
Wy s83d8R8S

p
L=

s f S e ety .
- e o=
r eee B, ¥ -2 . 2 1 !
. " M
- ‘-'
— m [ S . e oS n I
™ .- e, » ey
. Pocy o . -
‘w '-.. o -
S22 wes 62 &7 H12 W
[y v vy
e A T oULGDES Lo, < Mirenum ouldtos lorng, -~ Avernge xdoor lu'(;_l
<2 3-19> 33 APAERS] FANF =W}
("
| - .
‘a' . ; - -
.-l..I.I.-:?:' ..‘ll l._.l.:.,.'
- b » N “ . v
. g N ~
1] F— —b A i 3 + 4 T B— L P - 1 | W — i - £ i * i
s 2% 62 &7 &2 (et
G (rrroniy/chay )

[~ Average ourdoor relatne hunicty -w~ Aversge indcor ralative hurnidty |

<29 3-20> @ AGAEG] FAH g W

<y 32158 37 AYAEA] Feska (G0 FEE BHY AN2A,
ARRERL 45540 Ao st FAF22 FrUole] BEE FIStRE
2.3~5.3pmel A SRS AgErte 1~2ppn AE FRAT FAFOE YT
B2l 20pm OMPS, 1960) 2 et B4 A ek}, gl EAS A%, gRYcH T
s NEe &elAMEs) s LA WA Qe AR BEso FF olE BT
%9 #AE F9E Ba7} A

- 68 -



Lone

anuation of NHppm)

a3 LIS
Thas (et lu ddak )

I.-O—l'l. “Josed pig house ]

<29 321> FAREAS] FEi]} FE W




3. AFPKA - HBALY] @73

b 8% - vl &AL AL RS

g =5

o

HEA}

p
o 120 (L) X20mW) X 3.0m(Z¥ 3L, D), w25 (H) 4.5m ;
5 = AE-EZ(B) 1.5m
F/3 v FAL A Y o ZEWO 1 20m(L)X1.1. In(p)
o Pit Z@o} : 45cm, G0cm
o AES: 9~ ICF/GEW*1SE T/ EAL=1665
S o A% : 25~ 3Cke/F

U, 84 - uREALY] 87N &H

«2F 3-2250] M9} Zo] AHSAQHSEAE F7NAE FAAZE O FSH
% W7 @ ¥BW LRUATA Q¥ FLIRAN2Y @ YYEA 2TH AH
20cm x 2.000e] BAY &E2AATF @GEE) A9 BE ¥oho] A¥AN d@Y o
EE Bda] shpe] WoE H2 5000, At 28,800 WM 5 wildez TS 3l
. @129 P AEE €277 E FAS on, <a¥ 3285 2] §
Aoe Q7)o LEE o7l A9 $5& AAMF(clockwise) 22 FE37] A3Ho
baffleg ARNA AW A5HEE dgen, d2de FAFE5S MAANFLRE &
=37 43ty ZWo) asA AW AeseE d.

Rt Rl

<2¥ 3-22> {AH KA FA1Q7T BAE

- 70 -

2019/06/05 15:50- 2 A XS /A EO



<39 5258 FPIM AXTNI5E ekl Aos, PlT &TA F2es 9

4 37 AWL stzdd FEde 229sTE HduH, ol
3245 Qth. ol AL ol SHiFE FA§E0) EAIEE BRAE A§ilsE B

R =t oI is 3

ol ¢}

A 1amis G5Tmis.

A 008w

i g earvs W D oemis " 0.08mis WO OMvs CBamis B [

', B ]
| |@ 0.372ws 0.04mis ® (. 04m G12mis G20ms

B Tt
Yrau ey

<27 3-24> FR &4 - HFEA FEEE

24U EAe] 2d BN AR AGEEN OFEHS 428

<3y 3-25-=
£2907]| e} 4 FEIAANED-DFEH ] A 488cmm

ERUNTF-0 FEH
%9 D sl B3l W7l Asde ek Aol ol AW AEEE

i

<29 3-265} 2t}

-7 -

2019/09/058 13808 W QR I/ S0



ADDanis 202ws

& 0.03n's

N pofws  B004ns 0.91wve M I :

e o.uanr ,_ § 0300vs| 0.56nv's ;
LI“ ‘.L |I o N '
, Farageta .a'...u;'._..-.'..;'..g.:.-. .

<% 3-26> 8H2 /A - HIZEA FEEX

<19 3-26-¢ AEF 892199 AWK FAKEE el A2 AA AF
Eolox /9 %=

3§ Weg Z787(24am)E Q¢ W Y/NTFE Edd BYeE
WES(1990) 1 A 28 A7) F9d $Solatn ¢ m/sHois AQAT, B 2
EAFRA 2o ekttt wEd REEE ¥Q FHde E¥We AAAAA 74

AR & RolBE 39 /YY) gH2E AP AR AdR

e

o] B} Mg F&%%
o}, gPEANAE Byl AANAHQ] F719 EFol ebt} smoke generatorg ©]83HY

-7 -

2019/0¢/05 15808 # NH /W EO



BHES A8 & B3 EAR I @ EFso] AR eE #U7 AU

<Y 3-21>L FR KA - HHAS LENZE Vel o2 49 F9 9
Brlee AALER -12.5~1.7CEA, &M mEe) BEFEs #dd AX 9
AL2 A% LA AR AUEg 22T nAA £H& € 5 Aok, 2=
2 I &7 KAE FS, F7b heol Wasit, gaid B d7qME 27
£A71(3F) B 6200 REHOZ 23 2 A 20CHAE FASACE.

2%
hadgy .

20 e
Addbdbhdbh, o b, Ak Ak
15 - L T ket e

4 r Noq i ¥ ™

Tamperatura( D}
@ w»
»
*
'Y
pe
*
o “
: .
-
-
m.\‘
/_)
.'v\.
.~

<10 | Mgy
\"-15 S S S U T WA WY VI W W S S i bbb b ded i Ao b A L A S A )
1.7 L FR YO PR 14 122 421 2 2/6 21y UG

Dayfrmonthiday)

—~— Muximum cutdnor temp., —= Minmum outdont temp.
e fly @2AQ0 HIOOL L&rugy

<2y 3-27> B2 APEAS] AR 4%

KA AR B2z 1 A A5, 27 3FEQANE 20~23CTE FAFHA
on], olf A& AW/ & F M2 FELE ALBVES FLART. IF
ol EREE EAMRAMS] FHi@rl B AMANLHY JBE £ FMEE FC
g A7, AYLEE 15~17CE AA8d §2 &4 - HIKES] AF7He SEY A
&89}k, <y 3-26-2 ER QAAES AL AR AT F T4 HKHEAS
2xwstE Uebd Aoltk. 4971 ¢ EAR LEx HA -1C~FHAL 18T
2§32 2E WAz WF 12T ol28 /UL B¢ 0o SRERF] '
skeb. e} gRrexe 2 ¥IZdr E7sn AULEE M~9CE FX8H
H&E9] &AM &ol 7H&AA.

- 73 -



L
20 a.l . O
™ . & J
5 15 4\ Wb Non b r’ tatagdd SV,
- L A ! \ IlI . I'
g 18 | r s ¥ L‘l\ o LI - .’.
L] Lo i
s % " A ; " ‘.'.'n d "
. a N T AWAAE
L b p-.f N/ "aa j. 4 \'- " " N
b L] L] L - -
N .
¥
p L i " PRSI U3 S G S T 207 0 W W T S 1O O S 2o
2 ¥ ¥ K] A Lc) F23 N A£2 At
Dlavaunetty davy
[ Manbmum vubdoor tirsp -~ Mumun vutdon i _—e— Awiaae adior lews. |

(23]
8 - .I
; [
¥ " *sa a s ..l.". . v Fe \
- - - . -, L] ]
Em i -.' . -t HI&.'H-""G-'}_..“--L‘- I.
2 @ ! " \ \ Ean
§ . P . i o \ {J b
¢ *
v 2 + ) . v \.’
L
L d
jod]
14
G PREFUEE VP WEPUUIY WU SIS B e e e— S PR T PR T PR A S S S Aow b boa o b .= b ‘-
17 1432 [Rats v 1:2¢ 21 36 71 P10
Daylametli/day)
: —eo ANELEE satdior retabivy bomidily - Sverage {mdoor celat ive llum-lu_-l

<29 320> $R AWEA - HISEAS] JAFE A%

2R A9/ % 98 58 <2y 320004 BE bieh Zo] 43~86% FH
NA GASYH, YFEFEE 68% oldtt. ¢ vk ALHL AR AZS
7] B 457 AUA LR Wol TFY] I T Aol wEsn vk, o
B AR S EALEES F2 $3] FTol AHEAS JHFES 59~76% H 9
of §ASg e}, AR 2EALE FEEA gods FE2& A0 7 AT $2
&R ) Aol A4S, B £ e AFEAANN B3, dEe] A4 ¢=
FAE AAHo2 A 243 29 E et

- T4 -

2019/09/05 15:50- 8@ K # /= E 0



b6

= M L]
% v [
= 12 \ L
2 L L [ 4
=zt -~ |
N 5 .’ [ ] ]
) [ ase®
% : " '-l‘l-ul'.
% 4 mn=
§ 3 l-l'..."
0 [V TV S VU W W WY W W——— e B B PR R S T S S I B s
7 yiz £ | B¥ed 126 11 29 2 215

Daytseathiday}
|~«|««£nvlosed big hmxsrl

<2 3-30> AE &4 - HREAS] AAAH M3 TR HE

<% 3-30-2 B2 948 &4 - HSEA dRVcle] ¥E URE B4 ABR
A, ABEAE 1.3~12.7 ppr2A QiEQ AU EE 2A8A Sk, 2t &
A7 43R FET A% T2 48 HAAFAE AT & atkg AF
A ekmUo} o] sHFFHLE FohlE A(1Y Y JE)E ¢ F A
o, omujele] o] wre BAFAoIsel AAE =z H & East k. wEA
zg7)e steete grLvise) WiEs A @717k Aot

(b EA718 Aoids

aY 332 BA7) SAHSALS] LEWE UEY A2 4970 F¢ 9
Hrlee AA 18.1T AL 33.5C9 HAF fA%Ren, 4 2= Aol VE
0CAFE Zolrk ¢ ol 204AE vieh} Fdrcks &o] viehgA T, SN
A&HAE SAES] F AF2E vAE 9%L I/

BFEAS Aol DA AFAAE AA A Edse EFE £FVE
oale Aol ol AMHARY Ro) AHBoATE, UPA APL Bl AET A
o BAAAE & ALNE FYNKE PP 87 AL F AL ¢ 7
ALt EF Ay B LEAorte /N4 aHT ERANE € 3
Se RIS RT} 1~2C AE W 287} golE AAE AFHMA FHE 3
o] A& EFEAL v} £E FPsa FrHAAT

- 75 -

2016/00/05 15 60-F A NS /U E 0



Tomperonae{ )

Fofatbrn husnid vt

a8
|

&% ‘ M .. &
w W hygeeats g A e R L WL
- ",,..";.' v,

| '.".'.M' ' ]
2 .lq.w l.l'.!.i u annan_yts
i% |
16l
ol
o N . ————— M S—
6125 1% 245 s w4 a4 #:34

Liay frenthday}
[—-0-~ Saxlrene oufdoon tongs, M Ketnam autdom temrgy -t Axeiage Indoat tnme. |
<2®) 3-31> A K4 - NFEALS] FAA L=

%
x| '..‘. . .
&N e * [*

) " A ".\-i "'\ Y '."-"s.'-%- P

wo el B e » Lo "

60 ‘ L g
L

|
X

{}.-_1[!--‘!]—‘{|-nllln-lill-tll|-01Il-<!il--il--|.t.lll.||.l|--|l
4% E@ TR0 M 7 T T B4 &% Bt 38 &%
Dy Tt h/day ¢

|~M~&Wrr;...- outdoor relative husidity @~ iyversge indoor eolative fwsaidil ‘

<29 3-32> 3P {4 - HSEA] AAA Joigs 83

EA7 AFAR B9 ARAANEFEE <2 3-3290A4 B nieh gol 56~97%

W9 WM #A siQen, FRFWEFEE 0% olUYct. 45E9) FFEAE AF
M9 AALEFE T2 A EAMEE #7171 &30l €A% € # AA,
AR EALS] FUEEE SA47INE 68%, H&7IE 72% AN RAAJA=H, o
AL Aol F5F A EFol Trisy] GEIAT FAHE 71TFL SAR
29 HEE AR FHE §ASATE. )AL EEF} A4 AAEF A A4

- 76 -



A5Bo] AT Zue] RAso] i, L] 5t BANRE FEZUE 9
Be] AEAGA Fo] EAMREE o] Jte BB Fe 2P F1F &
S8 9o ma 3 FAd SR &7t AR 2RAUTHL BYH $E
2 XIFE A% B2 Az 34 g A

R | A
2 d Yo
X o
Ew - " . \,
§ o \
T: & » " " a a
s . " L
el
K Ll
[
N
¢
25 718 (28 B4

Pay{meul l/dayt

I ~ e losed pig houge I

<29 3-3% 3E AY &4 - I EAS] BAE N3 BE W

A9 <2 3-332 TA7|9 FRAGEALS} QKA Br\A 26 A 7
ARG FEE BT NI, YYEAE 4.3~12.2ppillel {AH
o] AH oS #E&5EQ 20ppr (MPS, 1990)) BT} Yol &R A7t AAAH LR o F
ol AT}, RAHSEAIE B3] 79 239< 7P ¢GRio} Rl vl AL ¥
o &ele] WiE S st & AW, o 3 pmel BE ANE HAKTD. g EA
el 874 (h2) A e Sxuds 43¢ Bdo doki waH ATt

- 77 -

2019/069/08 1550

@A/ E S



42 AE

B d3e et 249 71Eeg g 0dd ERE EAEARE v
zZ Aed AW B2L£FEERGA A%Y Ak ALY BFAA A= Hsg
AP HAHALE o)g3atq AAANABE Hrhshr]) 43t sE95Ae, A4, A=
TR A Aste a8t gt .

1. Agst 2gde A 433 A2l $FoR Hop RE RAMY F7}
AQ Feoltk YW e 77k BaE AR WRHAol, F74AQL EHolt W]
9L FAgde AYEAe] WRSTHS} 15T 2 o 9RsA vebted, Hstd
QukR Y EA(PAAN T d87ee HWHA0~15TAFYL AFHLE AA7) dEd
AA7F 291} A2 4P 2EHLE FREA 94 E &2 o2 dEHAG.

2. AW 429 3¢ AUEEE i EANe 225 Zo| AR 9T Bl ¥
B oulde] %o FEwislyl Belx: FFEAE QAEFE TF gEAC 29 6
0~70%2 AAFEE +A%AT.

3. el slae ARH BAY BEFE oldE FASAI] WEA ANt
FAHZEAME A AFee BRde 9%S AAA S L= AEHNL
8, etRijo} 7}29 AAE pit ¥ AAAYG BA Ye A2 AEHAUT.

4. BAA BALY] 22 A7FAM AAARLE We FARVER SRS W
2~3n/s% vERNO] MAPS(199C)o) M L78te At @7 & (Gw/s)S WEANRLH, &
Ay A e AEFZRAME .28 AR RAFS @77 ERFHLR i dY
Bt

i

Fued

1. K. Sallvik., K. Walberg. 1984. The Effects of Air Velocity and Temperature
on the Behavicur and growth of Pigs. JAER. (30):305-312.

2. MWPS. 19€0. Mechanical wwntilating systens for livestack housirg, MAPS-32,
Midwest. Flan, Iowa State University, Awes.

3. A%, $29). AW, AW, THF. 1999, $°) v FEAY EAS T

Z 2 BRAREA. ZAANRBRAEA . 5(1). 1-16,

- 78 -



A 4% BRNF Z209 HE

Ad A A
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ANER S AFRE AL AXER] AN B oprje}k FEolZhe B4 FHAA
BA, A e SAANA ¢ Fas.

dutA o2 EX}o] ARG L ANFe 2L £38 873 € BE - AEH B39
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kt + HK = FK + vtS - ¢

Q714 , H=(ku)s+ (kv)y+ (kw)z={ (JUK) & (IVK) n+ (JWK) T}/T

F= (vtks/ o3+ (vtky/ o)y (vika/ 0)2

VS= Vvt {Usir2vyir 2w+ (UyHVI) o4 (W03 ) 2+ (vaems) 0}
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gh) 24hE AR (¢)

et+ HE = FE + ¢ig v S/k-cie i/k {4.4)
714, HE=(cu)» (e v)v(ew)i={(JUE) L+ (IVE) n+ (W E) r}/T
FE=(vtes>/o)m(viey/ o) (viez/ o)z
o) k- FHRAT
vi=kliet=cDki/e (4.5)
<¥ 4. I> 3FE8 Y
(b C1 C2 ol o2 ot
a.09 1.44 1.92 1.0 1.3 0.9
<E 4. 2> AA 35 vielle AE/AA 2
<7 &> <9 =]>
X,y W 23R 3 A4Y)
T .on, § AL E
U, v, w X, y, z %o SR
Uu,VvV,W u, v, w2 Jui&s
p B (p+2/3K)
k R oA
€ ofAA] BrEER
vt FH4AF
<A A L .
at, j t=i ,n=j ,¢=ko @EEe] o]Akgk
on A7k step 9 gk
el @sHA A9 iterations
ox,0Oy, 05, OC: x, y, w, tof g ArE
Og, Or, 0% T, n, ¢ o N WAl
ot AXARGF AE
ox, Oy, Oz X, y, z9%F AL
(o , o) WS ¥A
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2. Calculation schene A% 2 EEBAL (discretization) A4 ERXAL

A (4.1) ~ (4.5) 9] B 7317 918ke] ol B MY A A 22 AF3}7] At {AAHA
(finitevolumemetheds) & o1 8-3te] 4, &4k, ¢ WHERKE 4 (1.6)~(4.10)
3} Zo]l hybrid scheme &2 ©]413}8 3 k.

7t) &¥olisty
MEUp L= YR L (S P P ) NGOR eePag )

,.’.‘

® 1
NonOP e Py DL+ {80 gy <P yy)

-+

%
N l,i(gp e 1 Pai) NP gt Pij )L

: %
(NGCP oo ) + N CP e «Pigg )

o

%
“‘!i- 1(‘&? i P DLy + {}‘iJ‘* 1P e oP g4 1)

4

i %
NiCP Lt P t Rij("P ey« PipLly - D/NY]

J{L (i 1+ LS5+ LBy of LaWij) (4.6)

A7A, S = [Tt Gy} TRt Bydi /2
Bij= [+ ‘\y*)}i‘j‘* T+ V)5 5130/ 2

}‘i,j: [{!(%x“x-*’ Ey“y)}l’j]"l

() & =it
& )
[} T nll )
(1.j) =N [aT
s -
| ® =it
5= =+ E=i+2

<2y 4.2> BAEIE) £=EEE AT Albdomain
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W) SEs] fEER

Sy L ‘u et [{' “u Lt l;rl.j}’lqt

) {(J%,PH vy L (8P uz)“}”‘_d

+ ORX s 125 RXi wayt 8K io SXip 10T

IURXUG, + RXUG,. ,/+ SXUY, i+ SXUY,; (}/J,;+ 1/<t] 4.7)
R L 1[ (- LI IR SR AN

(AR e (A Ty,

+ URY i ya5- RY i ya it SYijuun- SY 5 10l 3l

I[HRYV G, ;+ RYVG, ;+ SYVY, # SYVY; JT;+ U] (4.8)

t}) k REER{b4

£k jr-T= 4k jrabe [ (- 8K ki 1)/ A tki el (QRix)/Z §-QRi-1e [+QSi ja.2
-QSi §-12)/ (3 30 1)+ v Ui 1Si jrad- £ i jt-11/ [{RG J4RG: -1 jSYi j4SYi §-1}/
(JijoN+1/At] 4.9)

#) e RERER

le igr=Le igede[( Qe il e 1 r)/ At-Ei jealszs (BRIl j-FRi-Le J+ESi J#1r2-BSi § 1)/ (
JiZoecile igriv 1 Sigr1/ ki grl-cl( e ije-0)2/ ki jrad ]/ [{RG: j+RGi-1 j+&Yi +§Yi j
A} (i 6 2 -clv U Si -1/ Gilki Jradvet L e [t/ BT 1)+ 1A t] (4.10)

3. 4 solution algarithm A9

B A7AAS FEEUFE A BT SEAE u v, v} EE, IREAA KR
e ool | Z+7h Ao A & HHIR (convection tern) , 41 (diffusion term) R A4
8} (source term) &2 4 (4.11)7 22 g9 A0y rlegAgH o2 E9Y ¢ Atk
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o) £ Al o] YukA S {of B AP A& 3L AAAR JFNA AL &+
@ AolAA Pl #atedd A @.1H)7F 2L BEABETEAE deth.

ap QPZ 4g QE"’ GWQW"' ay QN"' ag Qs"‘ ar 6?1‘4' dp QB‘*’ b (3.11)

4714 2% A% thedt 2ol AsE.

ag= DnA (Pe) ap= DWA (Pw)

ay= DnA (Pn) as= DSA(PS)

ar= D A(Py) ag= Dyd (Py) (4.12)
ap= aE‘I" auy+ GN+ ﬂs+ a;—+ (lB+ b (4.13)
b= (Js o~ Jswt Jsa- JIsst Jse- Jsp)t Sy (4.14)

o] Aol H A% a ERA S oA AAF AT AAAFN AP east, west,
narth, scuth, top 2 hottamo] 912 @ AAAF & AN S0, LA #F AIAH 9
east, west , north, south, top 2 bottond & WERATE. & 4.1)0A J 2R EHX
(secondary flux) ZA Ao A 2] vl A m o] ojsted viehte EHLE =3 S 45
ol wgt AR AN AL Ferdn}. 4 (4.12)014 Pecletl PE 4 (4.15)%
2ol it g tife] A7IE oAt

pP,= F, D, pP,= F,/D,
pP,= F,iD, P,= F, D,
Pf: F,/‘D, Pb= Fb’,Db (4.15)

A7 F 2 D 247 dFe] A7l R G4 conductance® tHEHACEH.
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A (4.12)1 4 §5AR)E F% (pover law) 24 & AH-3E Z$ Peclett o] FT2A
2] (4.16) 7 Zo] EFHAr}.

AP) =4(P+ |- P, 0]
(3.16)
= Jo, (1- 0.1/PP°|+ [- P, 0]

4. #9) 7Y

B ARqME FAAL HEAR A FLALE) SRARE BT AstS
ol#fol Ao)H AAH (Residual), REHE AP e, 7 F& W5 st o254
2ol Aed YAA Fhol 10«018te] Egdd P A2 AFIUT.

Residual= >, |2anm* b- a, 8, (4.17)

all ‘domain

A7)A ok A¥kdS, al olAbsbgA A9 A%, b AT, 2L oFAAR p,
nbe 242t AdA AR AP AN AP E R

B A7 A 3390 2FEAS T4 FEHE 98 e gMe <2 4.35
Zo| 50 84 & systemaf linearized differential equations& ©1-8-3h< &xof gk
BE T E§ JESE (non-isothernal) BLKHEE 9T G &5 o1A] (turbulent
kinetic energy k) 8 9 ol o] iELE (its dissipatienrate: g )& ZPH L2 W5
%o +HHE T 9 B £APS oA
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<18 4.3> F7)H5% 2 SERBEE Q&N Ade=rle
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A3l AFJEAS] A FIN/KTF AS

JNEAo §A° 45 ANSE HAANZZINE 9= (WAL Phoenics g

1. S &F FEF BHFAS

A @rAzge) AR

& il &) RHEARE A2 TA7)6) B EFL2 A5k At g e
Aol 97 ent 3~ 4T AE Fo} AEAZ AW AFA ERS, AL BIE
FEA ol (BUEE 43) 357 A8 £ BD 990 g3t YA TEEH FH L2
ol 9 A HeE B7) 450l QL YolrkA] ot Eriol R Fol AYHAE A&
FEIQT . THEE R BN AE AAE AR BAHE AEE <H 4.0 2
AAzAE A8 2ARAY.

<H 4.3> 71518t AAZZA
g B A9 2 g
1 =% A7) 5.9m(w) X 12.6m(1) x 2.2n(h)

i o | o eRaEY 18 BEY = 207 5%
By QAAES + R AT | T T eAne 170 )

2% Hol 2.55mx 1.4m
=Y BEE 0cm
Pit 29} 60cm
- 87 -



S900mm  |eooomm,
# 21 4 L 4 14D0mm
N WL
£
] — . 167k XiE R e
: : T
N
-
1 [ e 1 6
| SRR
3 . ]
gl e A o1 2]

<3¥ 4.4> DWIEF AEA] FAARE L AL
1}) AEALS) AR A 28

T §F AEAL B2 20 2R S ARSI A3t <2¥ 4.5>9% Zo) HEREE
1m AR 100um x 2,000mm 2719] planar slot ARNE BE0] 29 F7]7F =
SZAFEE 59t 1E A2 AN $FS dAE L AFF7HEL <2 4.6:7
Zr}.

A aCmit

<29 4.5 DHI&F AEA] £2Y7TE 92 R 271
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v Ry e | .‘ﬁ];'. il | !
Bl o N
“ - -.“: E

A
==
&
A
—l8
2.700mm

[ . 4[ [ &7 | J 5131 20 I
Gl I P (S YRS S e, Sereen LESRN S | W { DOmm
T —— | s vt
LI LT L LN L7 L L 7Y soomm

o | 1500
by 12000
b 14 100mm “1,400mm |

a9 4.6 THISE FER] AQ 2 AFEN2D A 33T AF

) AEWe BR8Y R oled 4575}

<3 4.7>& 71E AEWe) 98 @riA 24 A FHEE FFEAT ASA
snoke generator@ ©l&3te] 7MAY Aolr}. ol clEHo2 HEIY] A <2H
4.8>3 o] chH|Ewe) Ak 2 ZHEY (pen) 9} 718H8HA 217], 471, W7l We] 27
9§ 52 1Y 71E9H FAZAE LR

<39 4.7> T RE AEHe] AFBIA2H] F7IREIA
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o .
/,,,-- / -
F / -
/ o = >1
S~ - o~
S K G S ~.
i q .-‘,-..'_'f - - ri' - - : -
'“Jc‘_ ™ -~ ‘\Ti. 5 = ~ TN
el s <A -
H\“‘t > . /
~ e o
- - .,.r'/ \‘—‘N.
— o= P
. ! -

<Y 4.8 HHIRF AEAS AZE A SSAA FAYH

(1) 371&=9] a71 2 22

71 Bl A% B71&E A BASHA G Bd, AFANAN2TE ALY
AEFL <2 4.90049 o] AEHIA 2% F 0.2w/s W2 F&o] FAFHA
B 580 MAFAYS S At £33 AE] BE 20~ 30l A 0.2~0.3n/52.2
A BT E S5, ol RAREW S B, U7FTI ) 2EFl FHA
2 BASY A=W £Xd Adet § 5 Atk

<2 4.9> tH§F AFAEYe] FNIERAS
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<23 4.10> HHRE AEHS] 2EE IS

(2) =7 &

71 2] W7 FE o 61.0%2, MY ER] 6EH 1.3% 5A vtekwth. ol=
sl71 &9 FUGES 53.7%) HEHA Exhlel Ao fFe mkEle ol FTEHE
wacl, AAFe2 pY W] AUEFEst 97 £3719 st e Ao Hop
A7 Ego] A NAHYL S L5 Att. N EBA LD} AP 2] B EE ADEN
= otxi)ole] HEo] EXA A =ayrk. /& B2l 3¢ RV FEE
AGE 2~5mg/19) BEZ YF 4.Ceg/ 1 E VR 6 Hlete], MFEFS 13 ppn ]
EX2 9F 2.0 ug/l B H7F £ 2.0ng/1 ot SATE

2. A& AP FINHEAS

RAAAE AL, ASA, &4 - HFEAY BAA2G ZEE BFEI) S
B Aeh BRLEgd AFEAE AZHc. o]F NEHOZ AEAE P
2 871959 YUE JlEHeE 2GR St BE AR AUt @)
270 Washt ol olsl AFAA welstgyl dEel BESA Fgith. <2¥
41158 RAEAS] FIGES sucke generatorE 7HABE Aold, <a¥ 4.12>% A

- 9] -



EYe ZEg FAoE fhAo)7] @Rl AZ 12T oBH2E qFF Ak, E
Mo BISE9 HY: A wiadgd. VLR o 8000MHI A AT A
o] §&2 <o 8.0ws, AANADZAME o 0.4n/s(P220mm plastic duct, ©50mm
1lhole, length 9m)& ZASIQen, ol&gtkE &% 7.8/s, 0.4u/s = H Zo)7h
glol 43 BN 2 AN AREZEaPL o8 AV JhedElE det

<28 4.12> A EALS] AZFNHF
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<E 4.4 AEAS) BAHE 2T, wis
PR v —— e
A% [ BE | 55 | A5 | Be [ 9= | A% | = | 95
% | 7.84 | 0.17 | 7.83 | 7.92 | 0.25_| 8.12 | 8.03_| 0.33_| 8.03_
F | 1.03 | 0227 114 | 1.33_| 043 | 1.21 | 1.27 | 0.44 | 1.43_
3} 0.43 | 0.¢9 | 0.37 | 0.52 | 0.08 | 0.47 [ 0.39 | 0.25 | 0.52

BFle4 2AAWN ¢250me] AT YPHEE GESR AFAHL2 (FHLR
2EH 50enlA 221087 ¢50m BF 1177 HES R BEF ] {43717 8t
B @ AW B7152L WE FAFolde FrEEE 7.0~8.081/5, 1.20(FF)
ARG E 0.5n/s 013, AEADR (B2 5E] 20em WR)NME C.2n/s°1%8 #A
s et

o] AWM Hol BAMIZ $YSIE VY £EE 2PEAQ FeHRE IVWNTF
9 9X e 2ol AA FHE S0, ALY NNLRL BER FHo] FLF
Bapsiojol g ¢ 4 glon, EARNS] & F/RYel PitdAM RS vt
(NH:, HS)o) Widol ° % Aok, WA FA1Ys) f&e A2 Hep 2 el
AT BA7ANEE 4FE 0T A&He
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A5 A EE D AN =TS o] &3 EALET
AR 2 F&

A2 A A

EA) ARRAL ¥R MM E R, §E, 7t&(FRVC 7)), FIEE
8 $5dH 5 ¥Rz Aojzie Aol wasit. a} A dFE EAe
ABE WAFLR SEAAR Aot Bis® dAeltt. B3 $AXE ARAPLH
(RQIAW) 7 f ¢ Fob YA o2 FERTIRIERE (Lower Critical Temperature) Bth
3C AL & AN AAY YA E¢ 2L AF=E At Ak A )
t}(Closes} Mount, 1981)<2% §-1 F&E»). €8 ARARA ] uled A EFRE = (ECT)
7t 2kl 4 k. ged B dFe 94 EARZUAAN &4 5 de dEd
0] AFAL YAoZ A, ANEe 24sax e, EAYW SEEXE
AN NG F olg BH5 FYAAN2EE FHSu FArt.

20— LR 68 IR

R e PR
1 | |
|

A1 ABT & wii
 Vaninll 1 it mai

i A s i
1a paid Wi H

WU @Gy
<2y 5-1> shA 9] @l
A7 o vedAE FEQLs dFEst, DARSHEA EANS] BAAAAE
d, B3 @rlAADe AEEE W4 224 FYPeE AYsE TR B, 59

AELSFE dste A5 29, #4024 2 9854 A9 Tol AAIANE
o7l st 4Tl PR ﬁﬁ-i FEo] A dAYEolt, o|F B3 A/EFLE FLHE
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257 A9 AARK 53598 Ao A A= oif AAHT («2¥5-2- B
Z), ol ZFFPWoz A AU AN gA 8. 7%= R5% Y] F¥ha
zaslo] vk, (<& 5-1> FE).

28 AAEEY) A9 Qigoz YA AWE JPPua @4 =H2 &
H5A gn RREs F¢ 2Ed20) A ) ehdd. oseR A58F BH
ohigh 4, B Aol A AP Fa § A8 2EdL 29& FAHE P
N7le =g dok dvk. R FEFIE TEVAH) EATE FATATL
2 HAses 3P0l e d, oA ¥ Ede FAFH L AgHeIct. wet
A Bl A% =, EA, FAVIAAR, AAAA T TEAL AUAA
Frts|olof k.

grlAsy
4

m LR

3% ~To

L B2 b1
%
aULBYE
M%

<29 5-2> FENN g 2B FH=

<E 5-1> F2 @AW ©g AT AHY HA)

2 % 4 ‘91 ‘g2 i<
A=A g 86.0 77.0 84.0
Foh 168.0 154.0 176.0
dlolA 24 AY 850.0 864.0 1,065.0
(HC, AL, TCE, PED)

i dA 1,553,0 1,538.0 1,523.0

b P o i | 2.8 3.8 3.8

= 3 7 3.1 3.3 3.6

LA S 328.0 339.0 350.0

71 & 46.0_ 7.5 9.0
A &) 3,036.9(22.3%)  3,026.6(24.1%) _ 3,252.4(23.7%)
A7 13,631 12,509 13,700

Fa) GUFE 1995. 59T
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A2d @87 % FN4ER% AR
1. 2%

<28 5-2501A vheld upgl go] sfR T F4UMES 0T e FRYALE
gt 5Coldty FFAASEANA FNELEL 9% olstE wkolF . Sakaist Nishines
(1992) & BBEQ DuwrocE g o143t 27 ¥ rAlAe 9IS LasAeH
257} 8T olstol At 24T oj Y 9] UBFAFL 602222 16~20TAo] ]
BXY H90] g00gel oF 6cxel AihA] ggo}, 2EE HF] E ¥ vl ¢ &
lt}. Kabuga$t Amnor (1992)F R3] 713 &=, Alzkel Wstel e} Axj2] 4
EFGAg A HHz ERsd @i ddzdcez FE bR (M 08:00~
12:00)Erhe 2% (P.M12:00~04:00)¢] Z%°] Esidcti RusAt.

Geerss} Dellaert = (1989) A QoA FhILAE} g 2= FE &
Asgded 40~5CkgS) AF L AT AL A4 2R} wet AASA HEsER
Mg HLHE7] A EAMN 2ER 20~2C22 FAY A& At
300, Lanbooy(1988) HALE T AF7ALl W 229 =9 FRAAE 4T
¥ A7, 2Efed U3 2E2 FRALE .95, FE FAAFE 0.T12
e} 288 Hx|e] 2EAAE FAAN gEs @r1e] Yo A7sAT.

1
95

30

35 |
80
75|

® - Growing Pigs

Productivity{%)

-5 0 -5 1Q & 15 20 24 3G 36

Ambient Temperature ~ Dry Bulb{degree C)

<2 §-3> @R =7 AR AL PR E IF
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2. 374529 FI)HF

Fee7l B89 RALERT ¥ W, FN&EES Frie & YEFINE
aA s FEENE FAA7A F6l, o A7lE $Ee HEe FAFVIRY 57
o} (vapor pressure difference)el ubg} ch2A viebdtt. Folenyl £52 ¥9
exut de u, FVNEEE F/AE, b AT BB EEHE UM
A wFAshl, F& dNAE 7EHA AFLEE % ASATI, B £E9
@2 YRaHNg AIANA AL FE SR

Auid oz aLAANME F/NLET FreHE S8 4ol AT d 43
S Aol Holih AeBANAE draftd Aol ot g plA o, n2e B9
sdete 23 F&52 JENE vekd £ Art.

Muehling#} Jensen(1971)& AE#H vlAFN{-F (drafe)d] #AE ZAVEI =
2 A5k, 259 AEL o)FAN F, #r1Fo] Z AN BzEdel A "l
FARE [draf) 7t R BAIA 2 Ao, REgd g B+E 2 AP
A kil wi1skoict.

<E 5-2> F7142 AAELE BA

T 2 < E(T) F & (uh) i %
- . lauver 3% EF
278 AL louver+B2ZE 9 A G5
120 ~T0ks) 10~32¢ 0.2-1.5 AGEAY T4
A (40~ 7€ ) ) _x
( 35T, 38T & ) AFE=AH 57t
21~35C, 35Rh% 0.C5-(.5 AbR 1%L, A 20% 1
~ , AR} Hl
2] (36 ~ 86kg) 21~35C, 35Rh% 0.5~1 C.5ms AR T Hfx

C.05ms A KT}
ZAg 9% BT

1~8% AE = C.3ub
Foed: AS g, LAR. SAEHA. 193,

Sainsbury (1979)% 1~8%9 AEE F714E7F 0.3n/sec o1 wE&EAIIA BE
2 ARadn AENHE Frl&Ee] Frlde AEHE UehilE AR RIS
or], Hond% Kelly S (1965) 10~32T8| B71&E) =&H 40~170ked] A<
AS FNLEEE 0.20/seco) M 1.5n/sec2 F7HA7IR @9 FAFET LAT AsL
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F&o Zg ADFAFe] FArE oW 35T 38T FPLEAME 7]
£5§ FUM71E dBEAFe] Addcta 3oAct.

Zimernar¥ Snetsinger (1976)E BT FoifErl dskeln}, F7IHE}F 27~35T
o @Al x=&W 36~86ks AFHAN Q& AR B F7&E7F 0.050/seclA
0.50/sec2 Z7b8tE 2Rl #AAESE 1% A48k, ANFe) 2% Frtste BHE
e, B7EEE 0.50/secold 1.0n/sec® © F7FA7IA 0.5n/sec?] FIIEE
A4 w&d AX e} vlasted YAEHLS F4Ld) 0.050/sect) F7IEE BN
Hr} d3EAgol oF 0% AdErtn Rasct.

<E 525914 F71&ES RGN BAE QT FUIEEC W& T
A%, 43¢, AadAFo] gaAe e ¢ £ e WieEd o we &
Aol 4R FILEE §AGE AL JHE] A4 Fd e FE ALR
Nidigzle

A3 E7H5 7HAs

Wk wieh Zol FUHEFL BRUSEY EX AFAA qEL JEE A
AAGAE JEEA] @A 2" 2@ FrRSEH SMRETE @rIANLE
ESEA B oh)et BEE HAMME o¢ $235cl. Swoke generater (FOG 2001,
Capacity;15¢ /win, 0.2kg/cn)& ©1 88 E7Ae) AF7AASE <a2¥ 5-8:74 2ol
RES AEUENA FRYoE ¥ f&o] FEFS € F Ath.

<29 §-3> Evby B (Snoke generatcr) F71F 7HAI3)
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B3] £9A9] B71971F (2,2000/hr Q) S ZEW) MEHEE o835t 99
<2¥ 5- >old AP BRES 2@rld) TAA FE FE4E AT A0, @
A AE SR (10em AR)NA /s~ Lnss Abole] BR f&el ol AFE A
of Bgale] ERIEWAN FA@745 ANHE AL FFE £ AW AMEHEE
o] Q718 AFE £YTE /IR G AEF €,6000M) %] w7l st 7% 20
2%(83) A/he)o) AF7F 43 WEAAT.

<2Y 5-4> AW AF FVIHF G

<ad 5.6 RAEPS AT FI)HEF A AL el AR AEES ¥
719171 ¢xe @AW 0220mm plastic duct®& B3 EAL F7le AF 500m
(1lhole) & £5t9 AEFNE $A9A Ho) Ak, EF F9d F7ie 247H A
718 (HADNR7] 660CMH)0) °5te &ghia oz WEHA Hek. ol BUINAEANA
A% AYL ¢ A, plastic ductd] T2l Ye 50m FFIA H2LE F&5S 7~
gnr/s2 B <29 5-49 Zol ATE AR B FFIA 2w A=W 3
BoA] G&o] BREE ¢ = k. EF R =4F dFE EWU] B7A
Ao} ot ARE EYTH Hrlde] DAPPF(ELR)2R MM e £
Pl A el AR (BEAF G2 2AE] S8R A7) FFo] FEAUT. <13
o Eqnye 099 FIE ARTrG AAFNLE HM WEE & Jdon € 7
= Aolt. B3 9748 A%E Q7Y Hirdel fsid ¢ 234 WAE
o} 5 (123 /i) AE7 £8F 0] 4gd 580 Vet
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'l!“lh T !
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...,-. -4
I-au

el 4 .-.IIUIIIIUUIII“'.

<2 5-5 {4 - HIREY AF FVwE JMIFH

<2 §5-5% 2 FVNYAFA AR K4 - HFERS] AT FIFRE SMAH
A4S vEld Aoz %4 - HKEW IVYVE ¥F IFSH (slot inlet;25m
X2n)& Biel ol Fre Y4B MESHE ue EHUE Sl <29 5-5%
Ze ARE FAHAUA sAMH VERSWAY P> FAE @il
(28,8000M) 9 913te] S oz WEHA drh. o=@ BI/INAAN EF 27
& @ BV, FZ slotd B89 Eoj2% FEL I~5w/sE <Y 5-53 @l EF
g N7 A3, Zwde] 2aRA e JrTdAE Suride] 739 IPRT
' 459 sNwAel AA vEgt. a2 AFE AL 9NAL B Ael B
B2 (AT 97 18 02F) FSHAA U2 A7 F EATIEE)IN E
#5o] 8& Zuu)sd oI5t &S ATHERF 158 /hr) . B3] EXH FIHE
qAel AR fLo| WwaA) e, B ANS F B £ - WRES
AN AAHAME AR 8] FAFLL2 oFHAYEH, AL F IV Eael
de Fe Asde AL ¢ F AU
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PRI ERDRRER

EAnR 2R3 e AR P%o) L uXEE (Geers et al. 1991) CCD7HHF}
ok BN 2H (<2 5.G:R2)S o]Rsld Q& FFENE A =F3UL.

B o 7 B

o [Slol8)

0 [@Bla
PAOE | 1 i

BHINgT -
T 0 |

[ e ] [vawnm )
{ fave = l__l';“_‘l
{
{

coee | [ zoom |
: | [ svraoan |

<2 5-6>. ANGF BB AT Loy =207

1. F4dx gae= ()

SAA @a12E (genetic algorithn:GA)ol 9@ B4 Ex A3 g0 Sd-l
oolA H4ne] FHol that YA (expolration)¥ BS5F AR |8 (exploitation)
o] zsst Fasith. =Y AR LAY o§e J&e] TaAE
(hill-clinbing) 7+ FAvske), mlAlel ool o Fdo] FzdsF ALY
(random search)7 Z-& EA4g vhehiA "r. s oA ® F 7HAY A& Egl
AlE 4 Qe AMHAL GaSolck, oE Aosy] AF Wrdle 4 AL
gort Zad A AAE AAMTY A7) (pepulatien size : M), RHNFE
(Prahability cf Crossover :EC), S@™ol #& (Prohability of Mutation:EM) ojt}.

Autg ez PCet BNO] ol AW, Lwe)Ee] DHeHS FIAIIRE AszT]
of AREI} & GAFTRE B o FASAR, FA j&THE A2
R ooln AR L BE RE T o] FHAFITYAA fERE FJE | A
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Ae $34E Asteqes zF4E + A, PC & M) grol Zodd, wne 54
7 w2 @lge] vhebdick, @, AT 7] Mol Ao s Al EAT
AZES AF 4 Aot ALY iAol we 42 A A HE T
Aol ¥ APAL WEs At A6} AT AV7F 28 AF g =29
T F8L ot NG8%H ALNLE Bol AR @tk o] £ A% YNYE
& Y QEAA FE A#F AARY A& Ase PES A 4F5% de
Aol @pge] go wel tpac,

a8 B dPedME <a¥ 5.73 @ol #AALRNFE FEVITFY EC
WA, AAE ¢4 QA s, B AF SEE QASEF AU
#4Ae AAEL D Camera, RS232(%+ Cemputer® FA8H <a¥ 5-7>3% 2ol
A2rde Aol sgen, GA4AT HSE DIF(THIW0 =gl AgHAed,
TH3100 A+E<E 5-355F board AFFE<E 5-4-9 Zon, AMS-d AFE|S 400Hz,
128M, 586 Pentiuno] AF&SIAc).

Standard Configurntion

---------------------------------------------------

DtF
NETe -
o — | OPT SOFF ‘
™I
B v [ mee

<2 5-8 JAAT A2 FAHE
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<¥ 5-3> Betector Unic AMY

MCDEE NUMBER

TH31CCMR

Tenp Measurement Range | =

S50~ 266TC

Temperature Resclution

= (.08C (for blackbody at 30°C)
« (.02 at S/N

Measurement Accuracy

= +0.5% range full scale

Spectral Response

» 8 to 13 @ (half value widch)

Detector Type

» HgCdTe (Mercury cadmium telluride)

Metkad of Coaling

= dLiquid nitrogen cooling type 1

Rarizental Resoluticn

* 344 Flenents/Line(1.5 nrad)

Number of Scanning Lines| =

239 Lines

Field of View

» 30T Herizental X 28.5 Vertical

Frane Tine

= (.8 Secends

Focussing Distance

» 20em to infinity

Optical zoom

» X1 to X5 zooning

A/D Resalution

= 12 bits

Tenperature

« Operating Temperature: (0C to 40T
» Storage Terperature :-20C to 50T

Power Consunpticn

= Apprex. 15 Watts

(Approx.)

Detector Dimensicns

« 192(W) X 15C (H) X 176 (D) mn

<¥ 5-4> image processing board AFF

DIF Board type TH31-315(IBM PC conpatihle)

A/D resolution

12 bits, Accuracy:+1/2 1SB

S/N inprevenent

Averaging for up to 16 frames(by hardware)

Standard accessary

Date copture program

Cperating enviroment

temperature: 5 to 45T
humidity: 10 to 80%RH
(without dew condersaticn)

Storage temperature

-20 to 60T

Pawer scurce

+5V(40CmA, from PC pewer source)
+12V(2CmA, from external power scurce)

Fower censumption

Apprax. 2.5W

Dimensions

Approx. 338 (W) X 107 (L) > 25 (H)um
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2. A Azpe] A5AY

7. AREAS] 87 2H

AEA ARu K EA

<29 5.8 QEAEA R FANEEA NPAA

<28 5.8 ABA 2 FAHLEAS WRAZE JEd o2 AEAE
5.60W)x0m (L) x4.50 (1)) ol FF AFo] eked AES 10078F A0,
A8 MBS 95t 29 HEE (6200/3100) & A8, S@Ue AREES A8t
rh, 2ali AF kg AFAE AAAF BE ALFS AR wet BeEss
JIMZ B39, Edhle] AARVL(14.1300)E FEIFRC. FRHIFAE
120 (W) x20m (L) %4 .5n (H) &2 7 26kg@F o] SAES st A3k, 271 &
AEe] FAEDN WELEE FA8] 989 AL RAAZ 2T (197
/6208, 288kw/day) & AAstd Fvk. AE R KA BFLE WARE #23e}7]
93kl (D Canera® A3kl AP e AFE ) ARz FFAFo2 AN
LEANHNE RBH 5 JYED JAGANLDS AL AZZIR AR 27
i & thd T4 (KANOVAX, Multichannel Anemcmaster Model €242)& o]-§-3l4
A8 §458 28 RS232E ol g5t Xk Zo) DBl FHEUTE.

W}, 297 R nE

1) A=Ewe] g3
AFe Wy fe) 5o Exhje 2E0|E oj§3d 4¥E AMFR2H,

2019/04/05 1502 K



Aol A9 DA K 1.5n0] AW SzAAMd 2] FAE 2=
AR e T MW $2& 2SN EEREEHE 20T ol FHE UT ol
a9 5-10>, EEAH (A7 25T AF; 18CTAF)<2Y 5.9, HEYA (0T o1
&4 22T °o14)<ay 5-11>2 7FEst] ZA1HtE.

<2¥ 5-10> A& o} A& 9 _-ﬁ;,qH%;“

- 105 -



<2% 5-11> il w29 =g

<E 5-55004 ABALS] LEWAS ARLE AN we ZAY PSP ore
Aesl MsE BARTA AR Aaw (@ Z2aB)S ol L Bhe
g5zt

<E 5-8 A0 QT EHAE

g8 TR EIE =3
A2 (T) 21.3 24.9 29.2
FlFE %) 61.2 58.7 56.6
RIS REE (T) 26.9 23.1 28.4
f4 (n/s) €.13 C.C8 0.¢2
AR FE (mg/nd) 0.7 1.2 2.6
NH3 5 X (ppn) 1.4 2.1 2.7

a9 5-125E FE DA AL 0f BT olAME BEsA FAYE e
Wi gen, B3 Agde] e 22§ 49 Bd ZEJME 2CE vehila 2
A ZEIRS] EE 24.2C~27.CCE viEhisl AR Feizt T = Atk ol
AL B BAHLEE REFHOZE Aol vEhln AR AFETL F, =W
e SEgR e olste EAMERAS 2RE & A20, o Zol F&9 Aslt
A9 B0 LEWstE AN 2ERYY e AEPFE EHEAT.
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[ICHZ: THI00E, TMP

HI 4 RO EDSS
Lk

BRELE]
LD
Aga

<3 5-13> 1Y W] A SERE % AE A
<3 5132 AEAS] @Al 1LY A9 FH L LEEIXE FFLE UE
3 Aoz EWUdM 74 W Aol adl@ez 2EE & BT FAHANLH,

BEE ol o)A 38CE viehle], A AES] A%E e AASATE. <=2
Y 51belMe Bol BT otlel AWE Wain, AREE EH BET WHAF
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oz g5l e 59 AFE Rt WA AFIPL ol B V5L AA
2 29 ned Adge BEE 4 dod, oAw AL K@LLAE THT
Eao] gAY 94 WReE AN Aade FEAAG.

CICHI: TH3IW0003, TMP

<2 514> A o) Ay SEEE 2 AE FAAE

<2 5-14-E AEAS] B0 ALY Ao FH 2 2EREEE YR v
W Aoz ERudN HeS w2 g £EE BTE JVEIQAAT, W7ide =
Z7le) e BALES AR pAPL B25S 47 ol APL 2Ee °
6C2 ZAHQATE. ol Bo| KEY W, FEL g Zo] thEE AXLR T4
A s N2 2g AAAA SEE 23S FAAS ARLLE AL sk
e ASS 2.

—

2) %4 - MEER s
E 5-6o1A §AA] eEdsis BALE A9 0t SAY BEAA e

Ao Wae Az 7t AL (8 22aW)E o8 d& dte
okt el
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<& 56> &4 - HHER BRI

e TR b ER
A2 (T) 13.7 18.2 24.5
Bllg= &) 62.6 67.3 71.2
=12 () 12.3 17.5 22.8

& W/s) 0.74 €.43 0.21
A2 (mg/ns) 4.8 5.4 6.3
NH3 5% (ppm) 4.3 5.2 6.7

<% 5-152 SAAZ JARA 55 o] 4L vekd Aes @3 Hed

299 e By SEE a~e ARIA 18~2CT2 FAAAT. B <2
9 61659 A9 G olgt LEB¥ e} JAAFS AHEE FHLold drHE F
£o] 0.1~ 0.2w/s AARE ZEY (pen) FFNA FAL AFE 4 &+ Ak o=
2x 9oz g 29 &, FVEE T o8 a9 Rgs A 4¥LR
el AN As, AEAEE AE A, VAL oFF FTY A= BYAYTH
56 84 MBES BAuezd

|
wage NON ELLO CHDINE
raa [LEE ]

el

=

l

|

1

-;‘L-\ qui{llmm

) | ——

L

e — e - - s
e S —a

<2F 5-15> AL FAHKES] SEEE R FAAF
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<29 5-16> 2eY W9 S - MKEA ZERS] SEEE 2 FAAS

<% 5-16>2 {A7] o] FE vEbd oz @) 2L B4l AL
t Euhjo] 2ALEE BT 26CE ZFAYE. 2ot 4FAS) = HstE B
i X 2eAg 4¥933del 1989 AL At F3d nede ¢
Art. &9 Aol RTAEZ 4AA AT FHEL &7 B5TH P2 MHE
QA o] Wl Wuk ohjat, FASE Fuel F WA et <2¥ 516>
A ®E uret gol HAE EWAA WA Ao Hot neYE & 7 At

Asd 24 E

B ATE Fgexd g #4709 AF 2 LEELE pYAASE FFHe=
e A2 BRANALRE FEeA ATt AT ANE fokad bt Lot

| ARUAY By, AW, 84 - HEEYY] AT o8¢ F/REIAE
BaEsion, o2 A% BrlNsde BT AFE + AT

2. AAeEd WE AAY ATS HPE B ASY F AN N (s
=zod)e B¢ ASYHE HE, HE, EEBFOT BN

a. gRz) Axde) S HM oD s, 9Re RDIF(THII0)
rda AFZEHE 400Hz, 128N, 586 FentiumZ FAFER e, 22 aPL (v AR
Aadgled, 28779 wilE 44 GudEe A0t
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4.

SR A2de o oot ERYE A AL, AL, neo2 EFT

EARY @A ALde] 8ol tsE AR BUHAY.

ZasEd

1.

D

o]

1

~J

[{e]

10
11
12
13

Bond, T. E., H. Heitwan, Jr., and C. F. Kelly. 1965. Effects of increased
air velocities cn heat and neisture loss and grawth of swine. TRANSACTIONS
of the ASAE 8(2) : 167~169.

Close, W. H. and L. E. Mount. 1981. The clinatic requirements cf the
pigs .Frvirenmental aspects of housing for animal production. Ed. J. Al
Clark.

Geers,R., B. Dellaert, V. CeedSeels, A. Hoogerbrugge, E. Vravken, F. Maes,
D. Berckmans, 1989, An assessment of optimal air temperatures in pig
houses by the quantificaticn af kehavioural and health-related problems
Aninal preduction., 48 : 571-578

Kabuga, J. D and S. Y. Annor, 1992, A ncte cn the developrent of behaviour
of intensively managed piglets in the hurid tropics Animal production, 54
1 157-159

. Lembooy, E. 1988, Road transport of pigs over a lang distance: sowe

aspects of behaviour, temperature and humidity during transport and scne
effects ¢f the last two factars Animal production., 46 : 257-263

Muehling, A. J. 1971. Gases and adcrs from stered swine wastes. J. Anin.
Sei. 3€(4) : 526~531.

Sainsbury, B. W. David and Jobn, R. Hill. 1979. The health of pigs.

Sakai, T., M. Nishing, M. Hamakawa, C.-S. Yoon and T. Thirapatsakun, 1992,
A note on the effects of envircmental temperature on live-weight gain
during fattening of pigs Animal production, 54 : 147-149

AAE. 1995. A AAAY TPt W, 4PFE 592, 106.
247 . Ao B4R, 1993, AW}

ol g 9791, A F7AH APE FFAT. 1995 FAARIT LA
ol 41 . EANY W AE Aol A7, 1991, EPAFS 12

%017 2119, 7HEYUPA R BEEAL. 1995 ARG AT M.
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A 67 FARAAG ARIA 2 T4

A M

A8 AR BYE 5 WA S EoklA AEE Wddd 2 VFS
ZRFEZ 37 A5t AEI A2Ee Bo) ol gt dl, AEV ALE BAE
ko] AETIEC] AR Q& AEA AN FEe AFHL o8 £ U=F EHQT
3, o] AAL WFLE »AH FEARE AA A9 ABFLE AANFoEA A
B ALERHENA AEANQ Ao} B2 AFSE A4E FFH ZRIaYelHa
BAE & k.

2284 AANLHE ARA B ARWEE 2] AHNE AEesre o
F AP ANL Lo syl BE FR Aol F& AQANAT o1 A&
3 A AE gl U Aotk BF ol& 295 AsAe ¥ 4¥E, #
) 2 Azo] Eslejol sht HAFez gz A2 A ALAAAT
NRES E&A0E £9 - 77 - 298 & AR ALHY AL E2& & 7
Ae AE7F Al2tgo] Basit}.

afEE E AfdAl ZA@AA ARANLEE FEHHY] AT WREEA
AAPEEF T SEAAE ARy AAG=EE ALeRn, HAYS S
uet SEANE ARH Fe AT AaDe ALSHA. £ AAde) A7 R
AL olgen} ngA AR dAPLE ALd ANHFL, AAE BEE AF
2 4 ARZ = o A 239e A, &, #e& EAE A2 dde=
agdoz &9 - 54 - REF Aol APol BE& AddAAe] FPAA 248
AARQ] BHoz 43 - ATt A FAND A ALPL22EH WAE
ANARAJQAA e ZARFA ] AALG] g HAFE AAgdE AQ 2ok A
A AL FeHeR 298 F A== destads ALsHAct

Ol Y3t 4, NVE \FE, €49, B&o Jl A HER 83 WS 8
B f49 NE BFALE Tk 88 2) G AZFF duAEH A2 3
8 guase FLd AFASAY nodel®l FF L AETF AL A Holx
Ade =9 BE474 AsAAN2BE TSR St
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27 Ao G¢ngF

EAF 139 @3¢ Z¥Ae Aojshy] #8 dudEel ARYAT Bt <Y
6-15 LiERE ATt @o] BEALIA @84 Azlel o)@ AT BF, L&, §E, 371
&5, A%, dmiel 9 AW F2E o dWrAe AS2AT} 71T
A Fe= TG

<2 §-1> 718 g EFe) FEE

A3E @A A A7 H et
1 A4"S g 2 sl
B QoM - 9 2xozay #¥ANE £ /YT 4349

EAE AA,AZEE A £ et 2 BFAAAN2DE THSLA AAE
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NEIEA vEhbe BA Ade) o484 P dAYLE AEANLDBE TR
3t Apstnzt st 3 EAlA 2AsE AAFE R GEU ol 7tie] TR
7t AR 2 DG A nAE TS 2AE FHER AHY B4 BEANENE
& olEEgcl. o)EF ANES Decision TreeF = TL5E Knowledge Based
F&sgen AEs7 ZAdd Knowledge Fase?l BEYE Fdsict. A&7t
Az 744 HAHQ Knowledge Base?] WS ol ALzst Ad $3A7
Al Z)Agel uhel sl AXa 2o g 284 F F AA dvh

AE7 Axde] ALe 7330 AHE4RE 948 3% AY ss #el AUs
71&9] AE7} Al2d AL =79 A7 A28 4 (Expert System Shell)E ©]-83F
= s} LiSE, C S31 g8 Z2afgdolg AMEstd FEZIAEE Kuowledge
BaseZtAl AR ZAsE T kA W a6 & 5 Aok Aage FA4E AAS
i Knowledge Base & T&3he DAL AE A48 4E A8stE ROl A&
| Age] 2a5E AR =g 438 AR £ v A2 EHA A9 F,
E2AOE AHE TEHY 5 den ANFLE 2AF FEVIH] AR A A
AE 242 olgdl Yae AE FEE 7 IA Bt

E AFoHEe AE7 A2" ALETE Smart FlenentsE AAsIReH, ole
ALRAL AT MEEE ([Leveloprent Mode)sd ABBZFE AT HIRE
(Runtine Mode) 2 PASo glck. AEBANME Knowledge Base 7&F R @A
AR Nad FEE A8 74F AWlsol AT, APBFANAE HLEZB A
T%3A  Knowledge Base 55 B8 + At}

Spart Elements®) 283 £33 r}g3) k.

@ FAFHAN AAAF 7S EFT YA If/Then FH 22 NS A
A F2F 2 i, HolH o} AT A AEE o|§dtd AHHlellE
AT F Ae 7S Za A

@ C, Fatran, Cobel S t}¥at ojet F&o] 715ste, dBASEIN, Lotus 1-2-3,
X gy ASCT HAE widd AFFHeR AR Pl FHedtct.

® #HE B 2 EFAE 28 75E EF A F ded 4§87 FE
71zo] AEAoR A YHrt.

@ RGN AP $fE2aYs} T@ol sMesinl, rlEd Fdd delEH el
2ARE 47 ol€% £ A7) MR A& =23 7% T 7 AT
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AE7 A2¥ B3 98 714 ANEE GeE AV lefok &, e F
g ZHE /A QoH A 99 qet FERANE A9 AT+ Aok
g}, Y 2e e zEadon} e Zzadd Aoz 293 Aert AsR
she] Ao] sbesok frh. oleig AL JEe] FAY =2 S%E A=Y
S FZE o 7HY ZAG A0t} o]H8E FolFE Debuggerst Editor 501 o
# 714 Jlse ZFa dod Ase, ARl Bel& Al WindowMenu F4
& AT CGraphic Library® 7589 B8 EWS AMSE & olok @t A
F AR A2 EFE JE7 7EE B HIA dFe ZRAPSR AME
Wy, 38 B4 232 7% 5% 7IRFLR Ava dojer @t

2. AEIIA 28 At &
7}. knowledge Base 7%

AT NAUME T2 9% =TEAM Smart Elevents® 018319 Decision
TreeZ5E] Knewledge Base® TESIen 1 AL &7} ).

Ruleg A AloE Chject, Class, Property?} dem °lES 47 Ohject
Fditer, Class Editor, Property Editcr® o]-&8te] @ESit}. o188 A Ruled 7
Ao FAAAES WA BHEO2M Rule?] T2& WA ALShil, EF Rules UH
e ARNA 24E 4 dE LFE HAE & JA Ao

Ohjects AER, 93, Bx, ARE 2w 59t go| $As BESHAL o
= o A9 7% ZE BBt} (lassE HI53 EAE 2e OhjectEd IF
AMoled, Class® TS AW EC 23 e EA4& Adte shid F2M AS
At} Aninalol@ki Classe Birdi} Mammal ©)@}= Rrl AR AQ EFEL Aodse
Subclass® EFAA = Ark. Property #ELEE Swring, Integer, Float,
Boolean, Data, Time So] qtk. Bold A}g2 Snart ElerentsolXE Valuedhs
Property® AFstE d olE AHER7t Classth Objectsl]l oW Preperty= §-38HA]
oIgLe A 9o] AEHoT Alido] RajstE zleltt. o] u] Value PropertyE O
A Aol ubet String, Integer, Fleat, Beclean, Data, Tine 59 F8& ASA2
2 oA Hbrc}.

ol&7) ¥F= Class, Okject, Prepertys o@ Eokel A4 g vkl 5 A& EF

A FZE ATHFU, oA L4ES ol 45 Rule BECH Ruled ZARE



(Lift Hand Side Conditicns), HPHEE  (Right Hand Side action), Hypothesis
(Boolean) o] Al HE2.2 o]Fo)Hr}.

v}, User Interface 7'

MicrosoftAb2] Visual Basic Z2198-g o] &3t Windews 95 BF MM %] 7}
%% User Interface® MEstArt. User Interface AAA F3& & AFL A8
A9l WoAE A st YA LAE Foled FA7] WEe AH AEA7 A
2% 998 ARTE A38uE AHEStd B8 A9RES solrt.

<% 6-6>2 Visual Basic Z2adez AAd HAEA AAde AAse
A8 A 2¥9] User Interface st@oltt. 2:2%84Mg &e)d 2o AZH = @l
EAel 247 Fee] BEXASMEE AN F¢ ¢FF FEEA Y 1 EHY
el WAAAL, g0 Aed AAATE. 28 g AR AR FEAR
HEL FE2d z2aY AUE 2HF7] 4% dARAS R, $AWEE T2
W Z2g@77 JehA Sk, olAsHeR o]% & EHUSHA A v AFF
2 QES MASNYL, Sy HPoR olF WEE FHSE ZU|AUSE FE
ol7bAl Rk, ®3 ‘FTg HES F=U HEJ Ax=Hol FESES AT

2]

. 9%

ot
41

AA o) AEEFE BEAM 87 &, AAAL S @53 Z2aWL o838 A2
9] ge] o3 AR o] FeAE ERAALn], FE ALHA AR #d] WES
7 g2 UE A2ZAYHE EF3UCE

7, &%, Fii7le 2 F= AF

2 AA (-type)s EAISE 2, EXAEY AZd 4388, EAhire @
AANAA el FHAE FA% ooz EABFUAA Fl2) FAd e v
o2 HJEdEe AQS A9t &, F, &9 37 Al BXIHAcH. A &=
B Ze BRUNADE JF 1~2T9] FolE Holy] MES EAACIE 37l A
e Rol HAF Lavk A
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b, Brl&Ee] AS

F714&% AA (KNCHAX, Nedel CO62)E #%-oAM o2t F7)9] &7t E4hIZ
ol 5171 Wi EARE ARYIF AAsAeH, EANEE F717F
ol 2E Y717 EARRR] FIEE AP A9zt HASYct. 53] 3719
28 Age wel 244 £A0) tEr] dged, e 498 3YT At &
A9l B EEE dE&stq dAstdol it AZALS ALFHo|YeH, AR
30E HF 2.2 FCol A5 71E33TE.

Joalk

up, 71 ="

NEdes SEAMNE FHo2 EARFW) LEURE BANE NALEE
Pl il @A (0~5V 2 ZRSES EAACIE TS B2 DCAGE Astite
24 HASERE ARFoE 228 & JES FAvk. adn drlde EAerEHA
A8 Asr] A5 PN A AZE B AgSAct. Wslde AFe X
6-2¢F &},

<E 6-2> w79} AL

3 = A%
Required pawer 11kw (2,8800MM, 38CV, 60Hz)
Diameter 1,25Chm
Irput votage DC 0~&V
Maximum speed of revolution 1750rpm
Manual setting range 0~ 1C0%
Autcratic setting range 0~ 1C0%

A4 AoAr 279 A

1. st=9o] 2 z-E st

@BAA] AAHE <29 ¢-259 <2 6-3>3 Zol FAAHUA2H, A35}4 CCD
Camera® A5l RS232(E 25 gl 4000z, 128MB, 586 Fentium PC 3}
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o2 EAnRY SEAFHE BFS] EAMNY BAL AR £ Ae EARZAA
Z2a%e AAsgch. A 5(1998)2 $7) viete] AFY EALAEE BT
Aed SAY REEAd AdE AHs 4FA AYS AR Al A
4 ANE 25, FRUd, /&R, 3F, dRUl, FEAAZ ABERALH, &
Ao B 24 1AFA EiEgen, EAUSE #8728 nHstd 3 A@E AR

o ZR3A.
| -mﬁ
=

rI

<% G-7> Data logging A%

paasme | [(mezmane |
v v

l Dara smalyer Olver J
a2 | R%¢m$|
—

| KIM?‘“I“ bawl :;[F__“—Oli_l
= [Cresax )

A

| QI\IEO&?S!{I

<19 6-8> AR AJ&E FAE

EARAL Aolsy] A AAde Med FURFANA A WE W60~
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1,500m X< L[;1,700mm)E ©)&3sgon, £3 A4 AT WS dXste 53
2% 9o 2 P(E B39 Aojsigden wirlf4sEs BAA 245 g bt
FoR IC AYE 0~5V GAAM ARFHez 24 7hest=s
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