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SUMMARY

The NATM method, which is widely applied in tunnel construction,
uses explosives to dig through the rocks. In this process, tunnel
construction place is filled with noxious gases and dusts. Traditionally,
dump trucks are used to emit the excavated material in many tunnel
construction places. But, exhaust gas of dump truck pollutes the air in
working place. Therefore, 1t 1S required an additional ventilation
equipments to improve the quality of air in tunnel construction places.

This research suggests a Pneumatic Capsule Pipeline, PCP, which can
be used as a means of transportation and ventilation. In the PCP system,
a capsule moves in pipeline by pressure difference caused by a blower.
With this capsule, it can be used as transportation equipment. And with
internal flow of pipeline, PCP system can be used as ventilation
equipment, too.

Since PCP system can substitute dump trucks and ventilation
equipments, its energy efficiency 1S expected to be superior than
conventional method, dump trucks and ventilation equipment.

In research process, conceptual design, performance analysis, economic

feasibility assessment, and system workability will be performed.
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Tk Haol Hulde] H2E of oo it JRE FuRY] 2 AH A|AH] o
stel A2 FAsIE St
I% 8, 9 Henry Liu AA7-%lo] F3st A|AES] AQ oyAef tfst 4 Aol
150 40
0 Y
:z \ — L/L=001 &g g —L'1L=0.03
i —LiL=002 ‘
110 LiL=003 a——
TN | I e e
;32 | \%& 10
400 10 20 30 40 50 00 10 20 30 40 50
Throughput (MTY) Throughput (MTY)
a9 8 FEetdlAY £ odA % 9 3FeRlelAe] £ oA
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gz YHe EAHO] Q= El(Energy Intensiveness) s @9 A2 3l&Eo] ot
9 A" o]t BRE sk AUAEMN tha o] Fojln

ETI Lo
B h L
P, . FEeo]l 2R oy, 7, ¢ 34 5% (million ton per year), L : A& (mile)
XFE o|FH e e o TdZoA stao] T7HETFE AAFY a84do] &
M & g dvh w3k LY/LS 52 Aol tiH] pipeline?] o2 A oxw &7

AW DA A5E 29 HEAol AFES & 5 9k

. BIA} A wE = (Texas Transportation Institute) [6]

BlARL gl M= pipeline WS olEsts FEFwolets HollA PCP Al A~H
ARSI 2 unitel]l ARAIA Q1 EE A& Wigstal vk Aol 2 A didaks A
ol7b dth. Z#vt %+ CFD tool?! STARCDE &3l 3zxkd F4el dist #3314 4
I 7IRke = pipeline®] AH& AAGdG= Held 2 Ao A7ETFH FARE HS

700 —
Clearance from T op of Tunnel | Clearance from Side of Tunnel
| 0.25m 0.25m
- - - 0.5m - - - 0.5m
— -o0. — -0.75m
z 0.75m stoo -\ .
g g "
[m] =] b
= = 1%,
z @
E E o —
g 3
3 & 400 —
400 L I A 1 300 — T T
93 05 0.8 1.0 1.3 1.5 0.3 0.5 0.8 1.0 1.3 1.5
Clearance from Side of Tunnel, m Clearancefromfop of Tunnel, m

1% 10 &3 pipeline Atele] Agle] w& A

2% 109 H5S units} pipeline®] AF Abol] Agje] we Yol AEsH @Y
A5E BAG Zolm, 1% 109 S22 units} pipelined] =¥ W Aolg] Aglo] u}
2 Az A8ats FLAFE BAY Lotk A4F A pipelined} unit Afoe] 7
Zo] Fhgtel whet @ejo] Aast: ARE FAL + Yt

gAs wEFY ATUAS unit AR EHAL e Yol B AT A
PCP A28l tha Aol7} ek et 349 @akel ojg £A84 Ans Ao
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D= 25 1/7
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8 : Blockage ratio, V; ! capsule velocity, W : capsule width
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6 : Blockage ratio, § : Thickness of boundary layer
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2(1— B)* 4

K;,; - loss of pressure, NV : number of capsule
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5 S8l AAES & 5Ado] AlZte] wel WslelA| ¢ steady systemd} Al A~ELE]
+8& 5Ao] Al7te] upe} Wsteli= AlAED AFel st transient system wA1S 8
e
steady systeme] thsh 32 UF HA&Ee S% W FAV dA st 7P AR
o] AU pipeline Wi-of o]F3stal e A& 71 WA gtk M-S S8l AF
43513tk Carsten 732 o] Ag dAH O R AAEVE 83517] fs] ZQ=E dh=
o FdEHE FHAT. I8 16¢ Y AHEA Fxo] Sy 2D AARC] A
A5S A% 2 SUES vay go] RdHssit

ApA = mApOA(l - —V)

m P3O JNF, Ap, : Shut—off pressure , V @ Pipeline W +%2 %
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pV? GLWS, +f,)
+
pPAC,
f © Pipeline®] wkaA4=, L, D : Pipeline?] Zo] 3 vz
G GYAN TG capsule §95, W Capsule? F-7

Required Thrust = ApA = A(l-i— f;)

o,

I8 155 B FEAYEOR RHEE AlAHE AARES 93 oF £uEy A
o7 R HAZ oF £UH F Al F FUE AEsjol S 4 5 ). o]
of thsle] transient system A& FHI A3} F wH T U =2 4HE AR ok
S & 4 lQlTh AHbH o2 PCP A|AHAM = AZE AEo] FdEW 7]E9] olF
ste e 57 dA8 oz A Yr g S Hed olels g3s 1y

250

200

180

NO. OF UNIT PUMPS
{N SERIES

o0 — P s
e NO. OF cARs -———> B
IN PIPELINE

DRIVING THRUST IN LB.

CONSTANTS
D = 36 IN. .
L = 3166 FT. —
5=+ 0.01
1, = 0.03

- W = 400 LB, —1

Cp = 80

bpg = 6.36 psf

v, = 222 fps

p=0.0023 SLUGS/FT3 |

| CRITICAL
VELOCITY

| l [ l l

o 10 20 a0 40
AIR VELOCITY, V, IN fps

19 15 AJ2~" EX =54 (Required thrust at steady flow)

19 162 system A &ol W3 transient system Ao 3t A EH HE3H
_"

[e] pal
Y 2 AAE Ase 2% a7 4y AA ol E F BT vk
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AIR VELOCITY IN fps
8 8 8 g
| [ 1

8
L
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. . CRITICAL VELOCITY B 2 ‘ ‘ l

——— —— —— FROMSTEADY FLOW —— —— —— ———— - ‘ I | ‘

I J ! | L - el I R O
a 100 200 300 400 500 600 700 ! 800 00 1000
TIME IN SECONDS &

4

TG 3 ; 4 z : 2 LA g LhAAAEAAEAALE A zt';
" ememeine 5P P! [ ¢ O S O T S Y + b
CAR NO. 1 2 3 4 5 8 8 10 11 12 13 14 15 16 17 18 19 Zﬁ

N

20

FiG.4. AIR VELOCITY (G™! = 35 sec.) \

19 16 s U 559 &% W3k (Unsteady flow)

o

% o
ru> L

A T 2" W FHo = 7] PCP A A" st A W A3k 7] 2o 9]
AH) 9] 33} o]Foi= YIZEHo| theto g AL E QT o]F PCP Al AHY U3
= SuLEE PCP A]A~Ho] st

r

3k
pis

7} 7] PCP A &89 283} Aby)
(1) Hamburg, =<

Hamburgoll A+ 1962~1973 Ato] A= o2RE 7|39 714] 9] wYd g
PCP A&®EE AR&sich sto] =l A A ste]l wif=o] Zdo] 1.6m, 7
0.45m9 &S o]43td o 30~36km/h7FA] Fa sk 4= Qdtha 3o}, = A
&3k o]zl 1.8kmeoll Eote & vz d7gle] A PCP A|A®ES AFE-5FAA

> oy ko

(2) Tibilisi, Gerogia, Russia

g Aloke]l  TibilisiolAE 19719 A4 1.02me Aol 3ES gAste] &%
30~50km/hZ 3t&S =5t DA Agls 2.1kmell @3 o 171 Ak 6719
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(4) Tula, Russia
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1.22m= °F 49km7HA o2 4 ATk (L™ 17)

(5) Romania
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A e b5E AES 3 Adstel AT 5 Ah(21Y 18)

= PN

13 18

(2) Muroran, Japan

A& Daifukuo A AFE-3F PCP A AHIQL Airapide EA7|@A A AHEEE PCP Al AH]
ﬂumpvﬁaﬁﬂ@%%%alﬂhﬂH&%q o] AlxFlE shtel A& F 500ke
AAE 5 Alem 1okmuts "ol AdE 58 = A3tk (2d 19)

Airapid PCP and capsule(Muroran)

(3) o}7]vt HYE FAF €4, Japan

WAl Qe A Ak ASet o

S 4= ol ol7ln} By BAF AgelAe] A8
Aol ek, 19979 o] 8.3kme] o|vl EYS BARsh: Aol AA 8 ok WY &
GO PCP AXUE SN, WEE 27 HololE clfolsln 32T Yol
o @ F oMEEE o Mee B4} @ROoRYE 3km "ol dump site7hd] £

73k
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(b 3k ¥ 6
TR
A dmy | = | HB Y WY | = | = ot ah
| /e A 2|
2213 1.0M4 13 27) : 1.0M
1xt £32|E ) )
= cral = | ZXBIMx = 2%} SHOTCERTE EfA
— | ROCK-BOLTING | =  FORE-PILING = ci2etzzx
= A 3 EZ|E EtL(ChSo & el 24t ZMREY £ICE °f SAIEY)
TR
ot AEy | = | HB Y Y | = | = ot Ehy
|/ X 2|
=212 1.0MY 23 =Z) : 2.0M
X &38| E ) .
= cral = | ZxBIME | = 2% SHOTCERTE EHA
= ROCK-BOLTING | = os ezEz
= A £3EZ|E Et(ChSoEel 24t ZMFEY £ICE °f SAIEY)
(3) 13] Wbl me} wgshs W) B3 9 7
(&9 - m’)
HakE A A B A C A
1 329.77 306.86 335.87
2 329.77 306.86 335.82
3 192.49 176.84 195.89
4 147.82 134.13 199.62
5 119.50 111.56 121.53
6 99.576 94.00 101.28
E 2 ARE AR A e ARE)
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£ 9 HY 14012 74
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A B d A ANHow of 5Row gt k.

s7bat Hopel ERe] meh i Aolsk wASI Yon fa
2 4g melstel A9 Ak of

TR CO(m?/kg) NOx(m*/kg) 2]
Ayt tholuymlol E 8.0 x 107 1.5 x 107 CO > NOx
71E} tholyputeol E 11.0 x 1077 2.5 x 107 CO > NOx

of 4 & of 5.0 X 107 1.0 x 1077 CO > NOx
o] e Fof 2.5 x 107 1.5 x 107 CO > NOx
1 Z ok(Finex) 9.0 x 107 17.0 x 107 CO < NOx
ANFO 30.0 x 107 20.0 x 107 CO > NOx

E 3 Wbl ALgEHE Eek 8 sk wEY v
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299
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U EY
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39 E .
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71 & o] 52 u) 4 260 0.8 0.4~0.5 2 208.0 T =
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A 1,692 -

I 4 AT A8 37|

_26_



B! s
—_
Gy =1
>
£ o
Slo181818(18]8
NI
o ) l ~ \ ) )
ﬂﬂo
3 ~ |l o o
~ —
H
=l
= | 3F
|| |||y | W
~ —~ —~ jars
NI NI NI NI :.:
Mo | B | ® | ™ % =
TRl I I T gl
~
| W
el

22

o 3n
x° " o
30 =N o T
N o No :in e
— _ ~ o
~ 0 :.L T e
~3 5 W 9 iy + T W
Ho Jo do e e o | i =
~ W= | T
ﬁE m‘h ui ﬂ_ol ~o == ﬂ_1m 0o ﬂo ‘UE ‘IFL
~ o X = ~ -— o)
TR | PP @ : o
o ~ =% | M R . S
et A} =% = oy T | o o
Ho = | % o ﬁ T | o o)
R A o [ RN |
| m A K| RR Ty | ww T
o o | X o W X | g W W T
,UF — ,ml N | — = M_l — ‘V ~
il Za on o BN _ Xo o N R N N XN
e S B 3 i | e R
z To | TR w £Y T}
W R GG I - B T g
N2 L Jo | N 0T T | — o ==
= N o oy Do [N <N MR
o W 2N [y N N E Ho ® | o T
mmk TN o E]AT -y 11& djo LT B
<~ o <~ = |w X 4 G2 i R 4 7| % o
o T o= < R < Hlo o T Hy < & |z N
! 2 r B g 0
xR T g g B e ST
) TN ME (RN T T R|T
NEPTRINERRNX|EE X |\-WW
M RT N B[R FT M |(& 2 F M| T T
| | | | | | | | | | | | | | | |
olo
—_
)A
T _
ou z
wE o N < ~
~ ~ ~ —1
o o = = h
. U;A
do c
~
o

.A
Ho
Iy

-—

o)

B

i

=
;ﬁ

_27_



(9) Dump sited] &

g ARl dump site® WEY = 4 WES AL Thed W 27
HHog i AAshs A7t v ST 9ZEYS ) o HES wEss 4
F ol&e] Aol (7] wiiel AEE Thsd HEHI S MES Aa AAT
T Slou gho]Zejls Fal o]Eshs PCP AIARY] e dho]Zejle] File] A7
Ba o kel /o (2 21)

HXE mjo|=tel HXE

a% 21 9 E8 3 PCP A28 Dump site $-& H 1l
Az EY] BS(Left) A wiEstd PCP A =82 3 -9-(Right)
T golzel FHel A A= el gl

“

o]

CP AzEel A% 717 o)ge

I P
& AeE SAEH. (29 22) olgd A5 agehr] fsiAgE &
E

o o rlU

o] Ay s
-] portalZFAl = PCP &S %3 ©]%3ta portalol A dump siteZMAE HEZEY
F3l o]t Weks iy slok st




L A

A}

(i

2 Ao oA diE FAEFE oAdE o] fs HE AN Ads T o3
2 A dsel & AexAtes Tt 24 A gtk Agde] &9 Ul ¥
7] A Astz 1% 2HLE SAska lon B Ao el Ao ® st U
t}.

Dump siteo|X] HEZE=o] ¥y stat A A% @/ sl obr F7star AT
A olelgt Abal At A wid EAstaL ok (2H 23) E=F T X E §)
2 Qs =3k 2] A s o sskar ATk o] thsk ¥ oHe=w 1Y
2k Mol E B S 2F7] SEl sk 8717 o] Fo A ok AbHIClA A stk
A, aga YrEY olF Al H7|I7FARE QlaE TR thEke] Exlo] fdnkE A, |
2EE oo wE w3 Mo E S7 A Aof gdHIL ojfuE A 5 ] R
of dig vekst gde FHE F AUAh

_29_



O AdeExArt 23 4 439

w BE AR AR EE TR/ ols Zehold HEEHYS LTt o= A

o A7 U

R I iR 4 AT 2T eth
3% Sigsicr
xa sttt 10
Hgoltt 3
AAskA ek 4
A3 kA Frt 0

« HY 2 FAF HY 0 3719 Aol ol Fmeta gZEIUA?

) =] s}t 0
g W@ Holr} 0
HZolt} 6
Za EdAsg 5
o] EHst} 10

= HY BAF AR o FaE |

[d

Egs g of 7] Aol o= Fr #d

30
i

dA3s Fddc 8 =0l =2ama
Za dEAE A 2o 10
HFo|t} 2
HE2 A 1
A5 AA 0

s gmEEoR MEE WYL RobFi AAFe JAPEE oln Fuekn YrIu

ges @ 2 mee 5 v
23 9@t 8 -
HFo|th 9
g@stA ot 2
A48 A o 0

_30_



Far

_31_

H wr
‘OI il
CREA
_
G R
=1 T
- s
]%l M_i EO o
,H O‘.._H ﬂj
oF Fo M 7
L3 X Mo ™
B T me
—_ o Rg
o wpoM_
]o_, el o|
e nh ==
- i S
T o
1 %o oy &
~ do T o
< o Xl w
< G ©.
o o0 o o)) ™ R o T wlo ||~ o
~ T o o
~ %
~~ B =) N
i W . A
Ho —_
o | e 3
5.0 o R = ) ,q_OI = my -
A~ e, |TRE R i = | T o | N
< Mo | |l =0 om0 || BT
AT | BT ole | < P g | | | P S
L Y b o I N R I
m | || T TR o || F |
iy F | ok Moo R ®
| X
| | | | n

1=

Az

AA HY FAF Aol A
L Hazgrt A7 2 Qo)

2.4. 7]
]

PR

o




FEAZE = Ao & o] A + A=A ZF(oading time) +

3}x}A| 7F (unloading time)

O dAldzr e Adgle] k7] 93k A=k o+ AHA

ZeFe] ¢ o= YGEAIZF ) GEZEZ O 871 A
G Eg o £3d7+A = A2FAIZF(oading time)

s Aelbed v

O HWg Ag A3 Ak

% F7] 1 PCP Al=dlol] Abg3la 9l %
% MolF : AA HY FA 13 Fdst= A

PCP &9 FAEE7F T7tetd S71d 5 1577] AAE 3o B8 = o A%
(&) & 7 FFastA ok o47]eA 1577] Alagolgt Folxl hgo] BYF 13 &5
sHe 2 gt 1F7] A& edd] Maw it g (FLEL, #e)9 5
7V AAaEE AL A 2 el Ho Ak b RdekeEd 2R s AgE
Z7kekA Bk eugule) A ARSd 157 eFnor MYe B uE ¥ 4 9
B e YuEn oE 5o A4 100m°e WYL wiEsk=t 10m® A wES 5 9



T HEXEg0o] Jvd WEXEHL FHy 104 o) Q= A on o] 107}t &
gl e Ao ARSEE ot
=xdol7F soluA WA wEg e wjE Algto] FrbskAl €k ey ol wet A
(He)s A = wEge] wjEAgte] va s dn. F3EE7 S
HH 1ge AFEE) o] A & AT 7 e WY F9rF Skl He A5 1
o] Fxakel mE MY A Ao A FX FrisH Ao (2" 24)
20fF T IaT]
- "I % L |r|m||-flr
2af |11 ui. |
- ’|1|J| [
27F .s’llfn.
2 26f ;|”.'["'
% 25 I|!:“||
E - |r
5 24F || 30(km/h)
2 E : 50(km/h)
o 23F ‘
e [ |
22 |
21f |
2-:-I.I..1-.l.-l--l-
4] 20 40 60 80 100
Distance(km)
a9 24 FASE Wste] mE A4 WEA A 2e
(2) AA 9
38; |||.|||I||!||IH||I|IIII II||],. " " ” """""""""""""""""""""""""""""""""
’||I'||
36 | |||
‘_3’.. 34f ;
E s
D | IIII'II
g 32f I ]'”
T [ ||||
s T
o- ]
& il il .
28 3(m)
F i 3.5(m)
28 4[m ]
T T SRR L
0 20 40 B0 80 100
Distance(km)
9% 25 AARe we A4 WAL A se

_38_



1ohe] A (AE) T AAT £ AE AALI} oA HE AA
Ao s AFAED 57 drdA A o) F Fa) A

kA mgshsd BeR S Ak gasl Grk =8 FR550 A48
A4 F37h Foldthd wel Az Bk AT 5 9l gl F7eA Hef A
I owE A Azke] ZastAl Rk (19 25)

o 2 rr
ATy C /N

(

PN

A ORE) o =& Aol FolsAl W AR A Ad & Q7
doh a8 Rg AFEE) 9 A Ad s A
Al

=
4o o Wy muss 4 g% 5 drh(aY 26) =3 #5770 P

| [ 0000 L LLLRLLEEL A L AR AR, AR !
L ||||||||,‘||||:|!: T U
b S
1P

.|||

il |||i||
36 IH

{0 L T A RV
||||I ||II|I|II !||II|I-'I|!|I !|'I"I|l-|'l'I--"'ll||||" . e -
LAY If
1l T

L
I

Required time(hricycle)
L
L] hJ
1 l T T

28 t = 2(min)
- t=1.8(min)
26l t=1.5(min)
1 T | I T | 1
0 20 40 80 a0 100

Distance(km)

a9 26 £50Ae) WE YA AT A8



A= AT Q7] witolth e B FAF Aol dbF o R AMgete HYR
te A ¥3)7F 3.5mY)PE ny 3o PCP A& AT o) BUs st
ol fEld Aot} i Hulde] Wx] At FuE gAste] 3.5m’) e o 2
By E w2A st e 7}%@;} Aoz gokEth v gujde] Abxl Au=
FAHE A9 Ala" AAbdrt 2 abgE ddss S1E 4 leEE Yx dAAxRA
ogx Akd AARIZ 3.5(m’) o7 A8t
(2) FAEHE

29 FRELETE wEE wMEFS FEe FUF AasEE ds oA el

i =

Henry Liu® d7-[1]¢°] EE}E
&3t Al E HEIROE

Mol FAELEE 50km/h = i

T 7bsd Aow dddEn AA AAE AE A FEEEE WAET 4

HU o
o

(3) &% 17

oF 8~10m’e] WP A WZEHY AL PR oF 58 P ey,
o] A% AVZHE ok 43] FE AASA "k AA 2E 35miow AYHE A5
YoEes AR BEE

AAZEE olsh wste] oF 13 ehgte] shsavl, 712
o

}\O]_
HE S WEZsr] feiMe &3

)
:
2
—
\]
)
—
oo
M
oX,
b
il
2
o,
i
2
o
o
ot
O

TR gxeg PCP A 2H]
Al AR () 8 .
F &5 (km/h) 20 50
’F2FAI T (min) 5 1.7

¥ 8 7F WEZED AY % PCP A2He AAZxA v

_35_



T A o
R R o o
ooy iz W =
G x P
—_
RN E W 2T ol
oo T wl o B|¥ = 2 k!
B of 3 a|  ® AR < o)
JFE - 2 .
moE W rlm X Tl g = £)
o T o~ T | ) o
2o ) T~ " w 8o _
B R R L o q T
ok o T OAr Hl|o o X A EL
TR = " o |7 Y 2 m w
.JEI Jo - < "X OB 0T AV K I <n
~~ —~
£ X wﬂ_u . N _/n_ 5 )
Fesfs Te | [ : :
T & =1 wﬂe @ Jm.ru Mﬁ <
~y o) < _ .L i\
™ ‘OI ) O O#E ﬂ ‘W-_ ~o 1_._A|O 8o \‘W
AN T o £} e
~~ )
H_i oln — ‘ml —_
™ o T g@o Mﬂ 0 Ao i o = v d]”
~ B L % WO oo o | T . 0
ooy Ty o < | T o %
By e B = LU B0 B o
O ™ .Y o|J 0ot of S = B - 0
A e T ol A N R ] I o <©
=y o= N <0 Bl Ex° ~ < #
dﬁ ol o) N g 2 O = ~ il 70 )
G ) R T W o ®
olo N AT = o] oo
Sl B ow | g ~ I
X 0| /T =o ~X
T — = T BT < wH = =
) 0 ~ N — H
O_L ) DN
TP o TF T |W X N - o
Zx_n_ ,m./l,._ ) JZIL -~ | | | | | 8o AWE
— T e o =1
N =) - quy " DN
.5 O o
o om U — o =
W OR A =

2t
a}

Ay

o

)

Fohuet

o
RS

HH

o =ojuir},

3

_‘I
_36_



Jo

%
)
TR

0y

).

g1e] FA3

by

O stol

o] 7juk glo] AFEE 4= Utk Iy PR ANEL FAHoRE I

L
a1

AR = 37 el

n.._A!O
or
;O.#

9

O dd Be =& &4719

F71 wEel =AA g Tk el A

°©

Al
o

o

]

]
7] olel9H o] A 3 vlg =z £2)7) (TBM, Tunnel Boring Machine)

°©

Q

o

A
A

T

1

g, °l

T—
T

]_

fite)

1

3}7]

& Abg

o] o] TBM

o]

H} o
HA X

=
=

st

¢

2]

o

@
F=d Fd 10m/s

°

ghlrtt ¢

Ava

slo] ol

&
7ol

z+

L

R

Zhalo] A}
15 vl
20m/s o]4ke] %o

o]g
=] 8k
=

)

%

T

pu

1t

=2

)

SRl
&S

=]

&t

¢}
&

2~
T8

fuA

17 Aol whe

1

[e:
o} o]y} A o)

o

=
1

T

O AAel A

TBM
A EREL7}

olefe] I §lo] ol
9

kA

e}

) gol

X
T

—_—

SENESE

il
o

2 AL

S|
=

Rl %74 9]

ol

tA = PCP Al

g5

BE AR A A

]

_37_



a, B =xlel weh Aehs FHE FH B‘-JE} :Laiﬂi xlﬂoﬂ 1% 6}71 A
AP stolebel e Abgehs ol ¥ Fuh 28 AHAE o]zl el A4F fes
AFEE £ SIAWE, ol A HEdt sto]xekel Atold] Wi % Hojrme| A v
D AAE ded AstE 98 ¢ v

w3 AA S Alstol ZAI7E "k @A wHEFel 7P de] AR E e |
ZEH A4 kit d dFelA 20km/hE 9A XIEF Hof Stk 9EZEHLS #
A FEE 7T 7] vl @ el we R - BAY wEs 58 F jlonw
o] HEwto gL FWslrh. 18y PCP Ali%ﬂ% Heds A4 w7 A &

7] el A Aad F
fith o] ddror A2 &
A d faes AAS

T

AN
Aol © §RE Aeolet & 5 gk

1
&,
N
N
m
[kl
i
ﬂd
2,
=

}. Wheel type?] A4
PCP AA~dle] Hg3st 4= Q= vl 2 A3} é%?—} Q] . o]
f3star k. ofel dis] "=e Henry Liu A3

2
Attt PCP Al 2819 mpq)= oA g
o)t}

AL Az FAel o8 AAAL Teju o] o] HRe o
EAS wFerolo] @ wele] a4 theat ol AR H

P mHRERlol Y TEA T

_38_



A 9] Yoshinobu Morikawa Q7L 15-Elo]ojo] T3t A2 AF=S =33 u}
Atk [12] dRbA o w defxl 75 A4S

R =N + R

& @ friction coefficient, N; normal force, R, : friction of wheel bearing

o7 FAECL ol gisk A¥ZA AF A} friction coefficient £} o] & oA o] wlz
g Ry X 107 Zo] A=t
Wheel No. £ R, [N]
1 0.0325 0.203
2 0.0249 0.484
3 0.0345 0.284
4 0.0412 0.282

¥ 10 28& 53 45 A2 A4 24 (Yoshinobu Morikawa ¢1-+%1)
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A rectangular shape & 9 A& aerodynamic

1
shape &, AFHF 9 U5 aerodynamic &ol et A4 A4 2ds =3

Y 29 3xd FAbel disk AxF A, FS55H Rectangular shape &, AT 2 Fu|fo

3+ Aerodynamic shape <, AF5 Aerodynamic shape

T3 o SujRe) 8t aerodynamic shape Fi<ol st 344 zto]t}.
FujRo A B Q= fEo] dolixZekl Ale] FIHE X} dHEPE st glow 1
Y 309 FF3 o] AFH EoA 2 Hhg] gojo] ¥
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pressure: -4500 -4000 -3500 -3000 -2500 -20000 -1500 -1000 -500 pressure; -5000 -4500 -4000 -3500 -3000 -2500 -2000 -1500 -1000 -500
g% 30 AFE 9 SH R Aerodynamic shapedl digh s|AAx}, b U
Streamline(F=) 2 ¥9 48 X (5-5)
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PCP AAHE] a8 S XA 9 gpo]x el ML Alo] Q]
Ad (blockage ratio) & & 9&S v|XA @}t 12y o] blockage ratio®} A|AE &
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F;T = *S;(pL_pR) + f 26}2%10(,“_ V;)|’U/— I/i’Pridx_fnmign—’_migi = mia’i

V= V" 4a,At

13 2

T = x?_l + V.At

2

F, . net force acting on capsule i

S, . cross—section area of capsule 1

pr . pressure acting on capsule rear cross—section
Pr . pressure acting on capsule head cross—section
u . air velocity

V; : speed of moving capsule i

G : skin friction coefficient of body of capsule 1

T . rear coordinate of capsule 1

Ty . head coordinate of capsule i

f : friction coefficient due to capsule weight

9n . n—directional gravity acceleration

g; . i—directional gravity acceleration

m, : mass of capsule i

a . acceleration of capsule i

x; . absolute coordinate of capsule head

At : time step size

Pr; . perimeter of capsule 1

Pr,dz @ surface area of capsule i on which friction force acted
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Si=
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Nturlro( Bp
j=1\ 0T
W,
13y, 95
= V.
Si;p ' ox
1 8
- Cr,+ C
51;< fri fsp
Nturb
1(op
P W 2R
j=1 M\ 0T
q

1
'y z)?P(U_

Vi)lu= VP,V

—44—-

p=(y=1)pe
o =
p pu
pu|, E= pu2+p
PEy pet—l—p)

: Suction % Blowing Fanell 2]t
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0
A Nosrbo
|| Gl = 3G+ €y ) ol Vi Vi g+ (22
N, 88 Nourto
%;[—p Vg —(Crat wa,z‘)%ﬂ(“_ Vi)lu— Vi|P'“7:V7;} +u;1 %(g—i)ﬁq
1714
0 . air density
U : air velocity
P ! pressure
e . internal energy
e . total energy et:e+%uz+gz
q . heat source per volume
S . effective cross—section area
S : cross—section area of capsule i
C} ¢ skin friction coefficient of pipe wall
G, : skin friction coefficient of body of capsule i
Gp. : additional friction coefficient of head/tail of capsule i
Pr . perimeter of pipe cross—section
Pr, : perimeter of capsule i
V. . speed of moving capsule 1
9 . control volume
X . control surface
N, . number of capsule in pipeline
N, rto * number of Fan/Booster in pipeline
9, . x—directional gravity acceleration

(3p/3$)j : momentum per volume obtained from Fan/Booster j

n; . shaft efficiency of Fan/Booster j
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(1) stolzZerel Wt 2 kel Ay
1 o fL 1 5
APreqtuired = gpv f + 510 |14 (nmlet + Noutlet + nmpsule)
f ¢ friction coefficient, L, D : length and diameter of pipeline
Nintet > Mouttet » TNeapsute - 108S coefficient for each component
spolehele] Ui R HUYS A9 FAu ol EAT & ek WA oLkl
o] 5o 9%t friction factor, o]z e}elo] Zo] w oy Ao o] A= Q7
et gae) 94, vl Leele FATIM £UL nestel Yt 2T FUYS
Agaor gt e olF S A fExdoRd EFEU] AUE e
=3
O & =14
pipeline diameter D
flow condition T =
1.5m 1.7m 2.0m
p 1.225(kg/m?)
m 1.8x 10 *(m?/s) Re, 1.53e6 1.74e6 2.04e6
14 15(m/s)
%11 FYY A 9% fERd

O m}& A<= (Friction coefficient) 2] 24

pipeline®] AAHEE fFo] FAdel o8] A = wpEgo] ME th=4 o} o]
AE& 1Es7] 3% friction coefficient® Moody's diagrams F3 ZAH o= AA
"ok (29 33)

material condition e(mm) uncertainity(%)
steel commercial 3.0 +30
smooth 0.04 +60
concrete
rough 2.0 *+50

% 12 Moody's diagram< Z%3&7] 93 AlAEE9 roughness



Moody Diagram

0.1 R 1 T R i i
0.09 |- SR Lotttk e e e e e b e T S L RN S
0.08 ! Transition Region
0.07 - (.05
= (.04
{}05 """""""""" : 01}3
005 [t AR e T e T e i = (0,02
B L s e e T S S e e e e e = 0.015 =
0.04 |- - 5
3 4001
+~ i =
én_m ------------- = 0005 <
H il I 5 g
.§ Lammﬁ Flow| | 0.002 é
_‘*§ 002 Hrrrs L e i e T e s s e IR N S 0 0 D SR = 0.001 ';U
5 i 3 g
LC}O st Material _ 5x10 ’,8
BT onssiane 1 2x10-%
Skl 101 2
. Gh:u.a‘.PInsaic_Pcrxmx QO02s .1{]—559'
001 || oment, I e e P
| Steel. martar lived 0l -
i z:c"-::-nllr::::]urllurl'utwl 3;;3 il S = | o 10~*
1| Waer mains, ald . H’s ------ Friction Factor = 2L AP |1 :, — ::.". 1] 5x10~¢
= : : — )l o Smooth Pipe : 10-5
10’ 10° 10’ 10° 10’ 10°
Reynolds Number, Re = ”%
2% 33 Moody's diagram
¥ 139 yERF B} Q= roughnessE 7|59 % relative roughness e& A& sl
%9 reynolds numberE #%3}9] friction factor®s A3t} tfhe-& zF A& AF
¥ friction coefficient®] t}.
pipeline diameter 1.5m 1.7m 2.0m
reynolds number 1.53e6 1.74e6 2.04e6
steel 2.00e-3 1.76e-3 1.50e-3
relative smooth 2.67¢-5 2.35¢-5 2.00e-5
roughness concrete
(e/D)
rough concrete 1.33e-3 1.18e-3 1.00e-3
steel 0.0250 0.0225 0.0190
friction coeffcient smooth 0.0114 0.0113 0.0113
concrete
(f)
rough concrete 0.0217 0.0181 0.0130
%13 7 spolzekel A whAAS A A
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O 2F 59 A
9] Pa(N/m?)
pipeline diameter 1.5m 1.7m 2.0m
steel 2779.219 2306.333 1791.563
required pressure smooth 1529.719 1398.392 1260.984
difference concrete
(L=1km)
rough concrete 2476.031 1949.642 1378.125
% 14 87 54" A Ai(gle)Z el de] 1kme| 4 5)
pipeline diameter 1.5m 1.7m 2.0m
steel 5076.094 4130.322 3100.781
required pressure smooth 9577.094 9314.439 2039.625
difference concrete
(L=2km)
rough concrete 4469.719 3416.939 2273.906

F 15 &7 o9 ARt Adak(ghol =l deo] 2kme| 4-5)

o7 54" AA A3 do)zakelo] QAL smooth concrete’} 7HE 98 o=
Bordnh AAkE e g tiste] blower? Adseo]l F/E v e FASTHY
AAE R diEl e B 3 162 o] PCP AlAEle] A8 5 gle JoR ddHs F
49 FuEs 42T + AU

pipeline diameter 1.5m 1.7m 2.0m
GAF-#10SS O
A 5o GAF-#11SS O
1 H o
airfoil fan GAF-#12SS O O
(225mmAq)
GAF-#13SS O O O
GAF-#14SS O O O
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pipeline diameter

o
5

1.7m

2.0m

FE Y
airfoil fan

(220mmAq)

GAF-#7DS

GAF-#8DS

GAF-#9DS

GAF-#10DS

GAF-#11DS

GAF-#12DS

GAF-#13DS

GAF-#14DS

Ojl0l0|0|0 |0

OO0l 0|0 |0

# 16 39 FH

do |O|O|O]O|O]0O0|0]0

Sy
N
N

MODEL GAF=£10S88
| WHEEL DIA | 1520mm| TIP SPEED =0.079xRPM Qutlet Dim’| 1525x1200 | outlet Area 1.83m?
Capacity | i | 45mnAq a Aq q a | 120mmAq| 135mmAd | 150mmAq | 165mmAq | 189mmAG | 195mmAq | 210mmAq | 25mmAa
iy (m/sec) |RPM | Bkw | RPM | Bkw | RPM | Bkw | RPM| Bkw | RPM| Bkw | RPM | Bkw | RPM| Bkw | RPM | Bkw | RPM | Blw | RPM | Blw | RPM | Bkw | RPM| Blkow | RPM | Blow
568 8 509 384 |5 39 | 433 [7 23
B852,8 5,94 403 |6 50 | 444 (8 37 | 487 10,48
746,44 6,80 425 |7,76 | 462 (9,78 | 498 |11,83| 535 14,23 573 |16.84
8402 7.65 451 |9,32 | 485 11,50 519 13,87| 550 (16,21 | 582 |18.68| 618 |21,41| 648 (24,28
8340 851 477 |11,05| 51t 13,54 541 [15,96| 571 [18,53| 599 |21,11 | 629 |23,82 657 (26 65687 (29,64 717 |32,99 747 |36,46
10278 936 504 |13,02| 537 15,75 565 [18,29| 593 (21,03| 620 |23,79| 646 |26,63 673 |28 69700 (32,79 726 |35 87| 754 39,26 779 |22,58 BOT |46 47
1121,6 10,21 532 |15,20| 563 18,17 | 591 (20,99 618 (23.93| 644 |26,05| 669 29,97 684 [33.16( 717 |36,24| 741 |39,47| 765 (42,77 790 |46.30 814 (4974839 |53,51
12154 1n.o7 558 [17.41| 590 |20,84 618 24,03 644 |27,16| 669 |30,36 692 [33.48 715 (36,71 (739 |40,22| 760 (43 42| 7TBZ |46,93| 805 |50.54 827 |54,10(850 |57.90
1309,2 11,92 B18 |23 81| 6846 27,45 670 (30,61 684 |33,89 717 |37.40 740 (40,97 761 |44,38 7R3 |48,04 803 |51,48(824 (55,25 B44 58 95(B65 62,78
1403,0 12,78 44 |26,77| 672 {30,71| 698 |34 62 721 [38,15| 743 |41,71| 765 [45 44| 786 |49,15| 806 (52,83 826 |56,50( 846 |60 46 865 (84 26|884 68,20
1488.8 13,63 700 34,52 724 |38,48) 748 |42, 81| 770 |46 44 791 (50,33( 811 |54,16| B31 |58,14| 850 |62 06 BE2 |66,10| 888 (7019|806 [74 19
1590.6 14,49 728 (38,64 752 |42.91| 75 |47,27| 797 |51,54| 818 |55,71| 837 |59,84 856 |83, 72| 875 |G7,94| 833 72,08/ 911 |76,32|929 [BO 65
16844 15,34 779 (47 46| BOZ |52 13| B24 56,87 B44 61,21 | 864 |65,65 883 (70,03 501 [74,34| M3 |78,77| 936 (83,08 853 87,51
1778.2 16,19 807 |52 53| 829 (57,30 BSY (62,35 B72 |67.43|B91 (7201|209 78,45( 927 [B81,05| 9245 |B5.80 961 (9014|978 [94.87
18720 17.05 857 63,04 B7B |68,17| 898 |73.20| M8 |78,67| 936 83,49 954 (88,38 971 |93.16| 988 |98,081004[102.8
19658 i7.80 206 (74,860 926 |BO,0H 945 (85 46 963 |90 80 981 |96,12| 898 1012 | 1014106, [ 1O30[111,2
20596 18,76 934 |81,43| 953 |86,90 977 (92,62 820 |98, 25 1008(104,1| 1025|109 6| 1041 (114,8 [ 1057 [120,2
21534 1861 981 |94 45| 999 [100,2| 1017 106,1| 1035[112,3 | 1052|118,3 | 1068|124, 0| 1084 (1227
22472 2047 10271108,5| 1045(114,7 [ 1082 [120 8| 1079 (127,2 | 1095[133,3
23410 21,32 1073|238/ 1082129.8
a9 34 FHY FRF AFTE d(GAF-#10SS)
olgi3t FHY TR 5 FToA FAEY HAASEE WAL F 9l blowergs &
olx 7] 98l v 2 Y TAE FAsk S s T. (1™ 35)

A ZA S A
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AEAE portalel AT FF7)0] 3} AES AFNH SHOR B
ohoolBd AEe o2 AAE B g% L ABSA = A Az ¢
Ay AL TE AGL @As pERY ATelN Ags ARAY 45T

VEL

14

12

12

10

orism oo
=1, m, .
/ q ; y D=2.0(m) | /\ D=2.0(m)
| / B /
L / //\ / /& [ 12| / )
r ﬂ\ ) ///\ [ //A [ r // V, v YAl /| 'y
I Y / J // / f / | / ,/\1/ / PN / N /
-l / | " / If o/ [ / [
S L |/ |
o | / f / m / / / /
L V‘ 1 / ‘\ | | > o ‘// / /
| | | / / | o/
o | e
o r o
J 4 ;
L1 . | 77\ 1 T L Iiwi L L TR 7] Ll — ; 1 _ TR IR ] L Ll
0 200 400 600 800 1000 0 100 200 300 400 500
GAF-13SS GAF-10SS
D=1.5(m) D=1.5(m)
D=1.7(m) D=1.7(m)
D=2.0(m) L D=2.0(m)
/ i /
/ \/ , A 1af A\/ |/ A A
_ // . %Y /AL/\ Y Iy - ) VA" v
I / (e e / i / s [
{/ [/ / [/ WL |/ / 4 "// [
i / / d ‘/,"/ ~T X [ AT // : / "N ‘// | /JJ T /"/
L/ | // //‘ / / / 1ok I // (/’ ) [/ /// //
i // / / / > &L //// / i/ /
/ -
6 -_
» ne
L1 L ; T T . TR TR 7I ﬁ TR | : rb oyl
0 100 200 300 400 500 0 100 200 T 300 400 500
GAF-11S8S GAF-125S

_51_



D=1.5(m)
D=1.7(m)
. D=2.0(m)
16| A\ A ) )
[ / /VV, // //\ //:~\w //\\4
- //, // /\,{// o/ P %
12 | Iy Iy a Iy /,/ / /
- “// / / /// // {‘J // { /
o 1or |/ |/ |/ I/ //
S )c‘/ |/ / |/ /
L / // ‘//
8; ‘4/
oy
e—r
af ]
e T SR ST S
0 100 200 T 300 200 500
GAF-14SS
% 36 HEDE airfoil Mol the+ Ax At
G5y airfoil Hel st 34 Az
D=1.5(m) D=1.5(m)
D=1.7(m) D=1.7(m)
| 2 D=2.0(m) L ) D=2.0(m)
A A L
/ﬂ\// /\/ \// \\ /‘\//V \ /\/ i /\ ) y A
or [l | ot N M
= Ty NSNS
Ll A TN AT
L/ o [ L/ / [/ / / f /
- 4 L/ N [ [/
[/ g sl |/ / / /
> > / /
of- | -
|
I 6—[/
b ) i
I 4-] |
I T IETTI NI T RSRE | :I\‘\\|7\\\\lewiiwlwwwwlww\\]
0 100 200 T 300 400 500 0 100 200 N 300 200 500
GAF-7DS GAF-8DS
D=1.5(m) D=1.5(m)
D=1.7(m) D=1.7(m)
D=2.0(m) - D=2.0(m)
/\ A 16| /\ ;
uE Y L WA Iy : //X/ 1AL A f
2P S I/ [ | - |/ [ I/
/ / / / I [/ / [/ /
I/ I/ / I/ oy '/ f I/
i /] [/ / L [/ [/
- |/ iy |/ |/ 0k )/ / y I/
R |/ I/ |/ w 0 // / I/
> i / / > / I /
il ‘ / / sf |/ / / /
J i ///
6l e—(
4 4
F e e T a :ljwwl‘lewl‘wlwwl
0 100 200 : 300 200 500 0 100 200 . 300 200 500
GAF-9DS GAF-10DS

_52_



D=1.5(m) D=1.5(m)
D=1.7(m) D=1.7(m)
1 D=2.0(m) ) D=2.0(m)
b _ //,ﬁ\i A A A | ’/’\k” A /
14f / J'/\V"/’l \ /\/l | /‘/ % I [/ /\/’/ //\/; / /’«\//’
i / 17 / [/ - / / / J |/ / /
i ‘/ / //’ / /’// / / 15 // / / r// / {
121 / / I/ [ | I/ [/ [/ [/
| 1/ [/ { / I/ / / |/ / /
- / / ¥ //// F /‘/ / {/ / {/ / /, /
| |/ /1 / | / |
1 10 / /// I ‘// - i /“/‘/ \// // //
m o[ I I/ TR / | |
>t I/ / i > / // /J '/
| )/ / | / 101 K / / / i
) o
6 B L/
i 5k
4 B |
[ ¥
[T R ETATIE S SR | [ R R S R |
0 100 200 T 300 400 500 0 100 200 T 300 400 500
GAF-11DS GAF-12DS
D=1.5(m) D=1.5(m)
D=1.7(m) D=1.7(m)
D=2.0(m) o D=2.0(m)
/\ 20
// A A -
/ / \ A A /
i /c" /V / \5/ //\/ I /A\ / /\/ ,/\\(/
- / r/ / [ B [ [/ /
s A A A , Mmoo
3 / / / [/ / [/ /
// ’/ // / (// / /,“ // 15 // / {/ / // /
[/ [/ i I/ | /
/f‘// I Il f, / : i f// // /
= L] /(/ i I/ = | i ( !/
w I / / |/ w { M/ /
> 10k /’ I/ /‘ I/ > F it / i
[ | / / 10} / i /
[ / i / /
[/ f
5F sk
T S S R S I S R A
0 100 200 T 300 400 500 0 100 200 T 300 400 500
GAF-13DS GAF-14DS

H ©

a9 37 4293 airfoil WMol ok AAF A3t

=4
»
O-
e
offt
a8
o,
r)«
o

O stolzatel el o

919 airfoil MES] thate] AL AF FAEEZ 7
x Aol st 48 7Hsd blowers ¥
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Pipeline diameter 1.5m 1.7m 2.0m

GAF-#10SS 38.4 35.2 29.8

L GAF-#11SS 39.9 37.0 31.8
SEDL

airfoil fan GAF-#12SS 44.3 41.1 35.4
(225mmAq)

GAF-#13SS 49.2 44.6 37.7

GAF-#14SS 49.1 44.9 39.3

GAF-#7DS 35.1 31.2 25.8

GAF-#8DS 38.8 37.0 32.5

GAF-#9DS 44.6 41.4 36.4

FENE GAF-#10DS 47.6 44.4 39.1
airfoil fan

(220mmAq) GAF-#11DS 46.7 448 40.1

GAF-#12DS 53.6 50.1 43.7

GAF-#13DS 52.1 49.9 44.7

GAF-#14DS 55.9 53.4 47.7

17 599 2 szl EAFe] wE BF FASE(ES : km/h)

o] stojzetle]l thsEA Ao thdh 7HE blower? ARl (BHP, W)E vlus| HE%

om HFAHoR AFEE 5 3l blowers Bt £k

— GAF-13SS(1.5m)

- GAF-14sS(1.5m)
14E+08F  __ GAF-12DS(1.5m)

I GAF-12DS(1.7m)

|  — GAF-13DS(1.5m)
128408 GAF-13DS(1.7m)

- GAF-14DS(1.5m) s
Ocwsf GAF-14DS(1.7m) s

. GAF-14DS(2.0m) -
= i >
5 - A
§E+O7 B e
c i A
e+o7 | s
507 A
T - -
o =
4E+07 |
2e+07 |

P ‘ ‘ ‘ ] w w L 1

0 200 400
T

1% 38 718 blowerd &XoYA Hlu
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pipeline?] o] 27 1.5(m) 1.7(m) 2.0(m)

blower GAF-13SS GAF-12DS GAF-14DS

¥ 18 "ol gl A7 XA E blower

2.7. NdA2ARE
7F AA A28 A A
(1) Accelerating branch

HY UHZ xdste golzelels 27 7H5730E v 22 FHE IEAARNe
ZAQSFATE 21H-9] loading stationollA] Tpo]xzjel B2 JAEo] o]%3}e] accelerating
branch ¢t & ZIQlsA] ® T} accelerating brancholi= check valveZ} Ax|E o] Sl
Aol AakA =W o] valveZt €]l FEo] valves AWM HH A &34 €t}
check valve ©o]% EAsk= Aol o8l & 7] 7F53H = a1, o]l blowerel] ¢
3l B9 5] bl o8l HAX|7A] o]ssHAl Hrt.

accelerating brancht o]z}l 07 FA LR &3 railZ TAAEA Ho} o]#dt 74
< ozl o® FASkE ¢ valve | =2 FAR Sheo] F4d=E 5 lo] A|AH

o] Al 280l wrbse A BT 5 Q7] wEelvh (¥ 40)

b 5(m) | 9.8(m) |

-l
Turbo fan 15(m) Il Tunnel length !

1% 39 Accelerating branch A
Valveﬁ HAE g80 me ngf g

€, >

Turbo fan

29 40 BAK @A el A" 8] A

=)
et
ol
o
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(2) Decelerating branch

5% decelerating branch® FAlo]t}l. blowerel] 9l A A F=42o o=t
Wed AFE HIetA Hed 5 desh vkel go] e=ukz] HARS F3j ol F
Atk o] ¥ Yr|E %I+ unloading stationo] T=2Z3EHA H W stopperel] 9
&3] AlsstA drh o]F A& AAES unloading station dFF-ol ti7]stal &

dump truckel 3Fx}shA]l ).

2 H

9

-

Stopper

T Valve

3.2(m)
R i, S—
- g

Turbo fan

1% 41 Decelerating branch T4

o 42 " a1y 3 e 9

rectangular shape 1< (Left) @ aerodynamic shape 3<% (Right)

o] ¥ 42 27 SumitomoAtel A BARA WERY AN AHEH A%
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3.7(m)

719] 43 Rectangular shape < A4

1.23(m) 3.7(m)

[
o
S
I
2y
-
-z
5E
i
=)
-z

o] )3t Aerodynamic shape & 4

2.8. A|AEl B 3¢ st
7} Al2~E BA o FE QS

479 A7 149 BEYe AgsHor g4 sl Zege] @

Y
2
N
P
ot
in)
dlo
1o
b

AEAH oz o]lxgelo] AAR (junction) MM+ HHFHEH
s+ %7 (Coupling Condition)©] ¥¢] AFg5 o] gt}

(D Mass conservation at junction : Y] lim(pUs), =0.
i x>0+
@ Single pressure at junction : p; =p,.

@ Pressure loss along streamline (kk) : P =0 iy

ANA, (kk)e E7H r ZHE B p 2 EE2E §4, B9 U FE =
junctionC.ZH¥ Hwek Ay, = dEE&AS e
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olggst AL junctionolH +&F 43528 (momentum interaction)o] w3t =2
A S Bgstr] fstel FA kol mE B &A1 (loss coefficient) & AFE-3l]
of &tn], AetxAo7RE E7]%(branch or pipe)?d AAZXZAE A7) 93lo] wkEA
2bs eFETh gSo], EAAT it Aol dEA e AFAQL E A
junction types A&t HFT F5d AAE W 999 junction—branch Z3el| of
sto] EAAGo tigt o] & S fFEshe A2 wlg o AEA A o
Al d7] o

olzist AEFZAQ  AH7INES]  junctionZ &H (node—based junction coupling
method) 8] @S Hekstr] fste] 2 AFelA= GIM(Ghost Junction Method) &
ARGt T3 junctionel X AT = Sl ¥ =A< EEAE diAsH] 9l
scaling functionS ARE3}3it}.

(1) spo]zelel AARFoA 9 F3hA A
Y 4590 e AAY Aol sbgel AlAAE A5AY T 9o, o

|
AR A A A S Sl ghost junction cell? At A &Ho gt = w2
o3 o] A Ao R B 4=

Equivalent

(a)

O Ghost junction cell
1 £ Neighbor cell

(b)

1% 45 Imaginary ghost junction cell

0Q__ _3y

(3
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p pU

pu pul+n,p

Q=|pv| F=|poUtnp (2)
pw pwU+np
€t (pet —i—p)U

U=n$u+nyv+nzw, N= (n ny,n) , p:(y—l)pe—’ypc, a:\/%(p—i-pc) 3)

A7 U, N & Qe a(&is # a4s ddst

S2o weElth V & 73 AjAR e 27z

ALgSIE O 18 45(0) e ehITh R, 4
K 3 894 AESol 910 MEoR T40)

Q
A ghost junction cel

HholM e &

I Q24 (pipe element) F%5< 1299 5EAS zta glonz o]o st 1344

Euler W42 o533 2t}

Va—QZ—(sv o —s L F 1)—i-HV: R (5)
ot \irg ity g ity
p pU
Q=|pU| | F=| pU+p (6)
Ct (P€t+p)U

017]}‘1, p, U, p, e, s, V< !
AA A e] 715 dERATE F AW
T g 2,

_ TwPrAa:-i—p(s St 1)+mgn )
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T AEAES aEElor st Junction®l A H]?}EEJ}E AS Abgsty, 73S
1219 S RHIEAE AFEsiT. AE5E AEH ol AoA e E8 A HFIEZER LA A 9
xdoRE 4 F dow, FAAZE dAe o]%x BV AAXTOE ARGHT o
o, AIE o] AA EAAA HES fs] A (R8) &% Ao od) 1249 FRFEA=
W gksfo] ARg-ghrt

0
3d
gz f/3)d
£y, = 5 S §Z+n S T f5) (8)
50 i
PE
3d

A(B) & FAZYr] HEYHL
thomeb, SR £ mdel] g S M_M
Eldflo] 2ol M o] A Ee

IR NEC R
HF Al © 7 HLE] QlE|H|o

Eal
oz ®este] eshd b} 2ok

. M+|M)( tx+ty )AU;

n, —l—ny

A7ZIN, M=U,/a. 2 (99 +HY FH WHAl g2 QEFHo|Ad FHQ FEAF9]
zpol] ok Aol A (10) 2 F %= Joukowsky? Water—hammer WA 23 7SS

PN
a9l

Ap=—paAU (10)

Uy =U
\U, =U - GAU

J+1)’ J J+1

105

H | X
R:L 0 L'R

J+172)° J+1/2 107 =

=

Reconstruction

: o
= 10'|- : O-

; : S
: 0 x 0 x 10°
S i I

RAL | LiR REL | LiR

. , -1 1 1
G+1/2) J+1/2 G+1/2) 12 10] TR TR <
(a)

Mach
(b)

19 46 (a) Reconstruction (b) The effect of scaling function
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9" 3 A AR S I o] Ao A HlEE Al E TRk FAAE F
st = Q. o5 59, 19 46l 90° counter—dividing configurationS A
R Af, A& A x B SRAE ue A Fake 00] HAT, QIS o] AdeA
= T4 49 ar1eF 22 @S %
Hrf, o] ehdo] QIE H o] AofA Y s} =22 @42 Godunov AlFe] fr3hA 4]
A71H& ARgetEA AA s = d-7ol EAeA He & 5 Ak we
A, A Zo] Ajkst s Ele] XAl A= FETFol 7HEe A RS ARE ST
Zolm olgt x4 FAE 3l oto 7

A ekt et.

b5 ¥ 22 scaling functions

’ 5:{1:1f0utflow (11)
0:else

_[|1AT]
G=§ » min ,1

2l (11) 9] scaling functionS 4} (9)9] ¥ A WA o] HL3A v 7Zo] 4
g ettt 249 rekstE fs) 2xkd HuAlE AFESI

t,+1
Ap+p|AUn|AUn=—pa(M+|M)( z Ty

1+M nx+ny

A Ze e wEgstr] flekel 19 460 YERH A X
interface®] 9% (junction W3 07 Fo= il
2+ Feyst SEWEe or dE F 9y, E

4129 #Ae $5F Bxd WP AR AALY BEE A4
GIMo] R&RolA o 3% 5T F Ju® Lee T @ @ ~AYY 5 5
2 19 ras REe et

o2

counter—combining A% YERE Folt dbd AAAd

& BARE 2 % At

K Ap
= K'(M) _ ,(,),(&,1) (13)
51 AP 06

AZIAM, 1A "2 A2 olE#= AvIEHh (,j)v dolE i o o= ;i I FAS

epdt.

(3) 8l 229 A5 % vl
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oAz ge A3 9 pla g o ® MOCE AFE3sFth MOCE A a7 2] o
A UlF FoR AASY FAERT 21 7HYste] {5 i aS Al A
WA R destete] xdske FA 7o T 3 HEH o disiA e 7159 2A
ZIqke]l A 24AS AFE-E

o]z A" W FAT A Al fFA8 FE5H s gid s sEs dEE] 9
gl e FlolZrt AdE AdE AARS B4 tide® At Y vol=zet
Ao 7t dho]x @ 4e] Zol: 1000m, 7] §4< 1m/solv &7 To]Z Q49
g do] AR dolZ @40 @A ] 1/22 FA3] A ES A U %
7] B el st g MEE 5538 Hdste] 54 HAAAT FAY v
v g Adel thet 1A sEvks Aoz uwdly] & ¥Y wpEAFE AASROH
A& SAAFE GIMo] EAbeheE o] &3k MOCel whgsto] sdd 3ol a4
s9s vlasictt

[e)

r%m

Courant number®] ¢ WHE A4S sk
Courant numberZ} 191 o]AFAQ1 =7 sl A

A Hs HolFlen 0.95%0 A+ ]

Foll o3t 7IAA oyAe] F o]l GIMEY wE FX 2 7hsta gl tSo] 0.59]
5k9] Courant numberE AH&E A% Fx5/d0] Ivhste] 17 47 (a)ol Bl ZAH
FAT FlE A4S JEZ dEsta vk WA E 2440
MOC? Agx5 HA3s7] $13] Courant numberE 19 7}7k

o
R
SEE BAS A2HE T v Qo] AkrAoR A8 & 9

‘{

400 Huueueaas CFL=0.1

GJm
o7l means MOC, CFL=0.1 g
MOC, CFL=05 -
b MOC, CFL=09 ;
; MOC, CFL=0.95
......... MOC, CFL=1.0

25 28 27 28 2% 30
Sec Sec

(a) (b)

13 47 Cournat numbero] W3k WA= HW @ Az=5

(a) Head trace with MOC (b) Energy tracec

Tog Ao W gdAel e AR 24 FRSE AR del= e
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A ARG S Bl 1" 48 (a)olld GIME AAA7]e] B #dd el disl wizt
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U A AE A A

Mee A B e MeEe A 4

L NExE | 2o A=Y L VLT | Ao A9
(km/h) (kw) (km/h) (kw)
GAF-#7DS 28.90 41.75 GAF-#7DS 25.38 40.99
GAF-#8DS 32.97 52.54 GAF-#8DS 29.25 48.17
GAF-#9DS 41.05 80.54 GAF-#9DS 33.53 72.38
GAF-#10DS 49.76 132.35 GAF-#10DS 38.44 116.48
GAF-#11DS 57.92 212.69 GAF-#11DS 42.88 183.58
GAF-#12DS 64.88 325.07 GAF-#12DS 46.72 276.55
GAF-#13DS 69.88 442.11 GAF-#13DS 49.51 378.32
GAF-#14DS 75.21 617.71 GAF-#14DS 52.67 539.09

3E 19 =31 do] 1kmel High 34 A

3195 B =% dol7b 1kmel A% w3t fang AFEstegt: 3] AES o
SAA T UAES FAT F gk 22 sHdE AREetogE MEs AAS Aee
uptelo] o AojAow FEeE AStHY fan §FS STMNVIE A& olsSH s
S7HA oy AulE 8eted BoE s U7t SUksHA wh

HEHS ek &L 45 WS A3 23S
T JEEE | xf A% T NEEE | af A¥%
(km/h) (kw) (km/h) (kw)
GAF-#7DS 27.91 40.96 GAF-#7DS, A4 31.43 82.90
GAF-#8DS 31.69 51.62 GAF-#8DS, 24 35.40 98.49
GAF-#9DS 39.41 78.83 GAF-#9DS 29.36 68.73
¥ 20 23 Ze] 1.5kmel tig &4 A

#® 207 =3 4ol 1.5kmell wish sl Aot wigS AAE B9 #7DS, #8DS
= AEY olF5ETE Hadte] AAAAQ AA" 8ol BUbsd 73% 7F Ayl
olF aldstr] M= TS 9 AeEFES dRT £ UEs #9DSE AREsHAY
#7DS, #8DSE AEE AAstd FFAR] AlAE 80 7}%3}@_
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e A 2 AT g AR A
T NEE | re AgY T NEsE | so Agw

(km/h) (kw) (km/h) (kw)
GAF-#7DS 28.91 82.35 GAF-#7DS, 24 26.58 41.11
GAF-#8DS 32.95 97.54 GAF-#8DS, 24 30.46 50.90
GAF-#9DS 38.96 147.62 GAF-#9DS, &4 37.30 77.84
GAF-#10DS 44.98 129.80 GAF-#10DS 30.44 110.34
GAF-#11DS 52.13 207.82 GAF-#11DS 35.96 177.34
GAF-#12DS 58.18 308.11 GAF-#12DS 40.70 268.95
GAF-#13DS 62.59 411.18 GAF-#13DS 44.06 369.57
GAF-#14DS 67.64 571.44 GAF-#14DS 48.17 527.38

% 21 2% Zo] 2kmol W3 A Az

E 21% o] X Aozt 2kmel =Sl HW #9DSE A ER Adsof AAHS
BAOE ol A F as IR1E g AUk % 228 B =3 o)t 2.5kmel =
A =W # T Y FeoEE AR FEst FEHE A9 e B
ATH
HEg HAetA] e 7S HEs A4 49
T NFEE | 28 AYB T e | o Ade
(km/h) (kw) (km/h) (kw)
GAF-#7DS 25.60 41.27 GAF-#7DS, 24 Failed -
GAF-#8DS 29.03 50.26 GAF-#8DS, 24 29.69 95.97
GAF-#9DS 35.32 77.30 GAF-#9DS, A4 35.85 143.86
GAF-#10DS 42.41 128.95 | GAF-#10DS, 24 42.68 231.68
GAF-#11DS 48.99 203.87 GAF-#11DS 31.73 175.53
GAF-#12DS 54.53 300.25 GAF-#12DS 36.84 266.70
GAF-#13DS 58.68 400.21 GAF-#13DS 40.21 351.35
GAF-#14DS 63.37 564.34 GAF-#14DS 43.36 517.63

3 22 2% Zo] 2.5kmel| Wd A A}
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WS AAetA] B A WS AAg A S-
T AEEE | 48 AU o e
(km/h) (kw) (km/h) (kw)
GAF-#7DS 24.48 41.42 GAF-#7DS, 44 Failed -
GAF-#8DS 27.90 49.87 GAF-#8DS, 24 Failed -
GAF-#9DS 33.56 77.15 GAF-#9DS, 24 32.49 140.38
GAF-#10DS 39.94 127.35 GAF-#10DS, 24 39.49 227.35
GAF-#11DS 46.11 200.01 GAF-#11DS, 24 45.63 363.32
GAF-#12DS 51.30 293.58 GAF-#12DS 32.95 264.82
GAF-#13DS 55.25 393.39 GAF-#13DS 36.83 364.60
GAF-#14DS 59.59 559.28 GAF-#14DS 41.14 520.09
# 23 =3 4o] 3kmel gk &4 Az}
s AAsHA e A4S WS AAg -
o JEEE | s8 AU U NEEE | 2o AP
(km/h) (kw) (km/h) (kw)
GAF-#7DS 23.62 41.53 GAF-#7DS, 24 Failed -
GAF-#8DS 26.74 49.53 GAF-#8DS, A ¥ Failed -
GAF-#9DS 32.05 76.95 GAF-#9DS, 44 28.86 137.73
GAF-#10DS 37.86 125.89 GAF-#10DS, &4 36.32 224.69
GAF-#11DS 43.53 196.33 GAF-#11DS, 24 42.58 360.41
GAF-#12DS 48.47 288.18 GAF-#12DS 28.87 263.40
GAF-#13DS 52.12 390.28 GAF-#13DS 33.19 362.60
GAF-#14DS 56.28 555.11 GAF-#14DS 31.21 512.15

3 24 2% Zo] 3.5kmeol| W A A}
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WS AAetA] B A WS AAg A S-
T JEEE | ro AYY T NEEE | xo A2
(km/h) (kw) (km/h) (kw)
GAF-#7DS 22.78 41.64 GAF-#7DS, 44 Failed -
GAF-#8DS 25.75 49.28 GAF-#8DS, 24 Failed -
GAF-#9DS 30.55 76.52 GAF-#9DS, 24 Failed -
GAF-#10DS 35.95 124.18 GAF-#10DS, 24 33.20 222.80
GAF-#11DS 41.20 193.30 GAF-#11DS, 24 39.66 357.95
GAF-#12DS 45.93 284.40 GAF-#12DS 45.26 542.36
GAF-#13DS 49.40 387.79 GAF-#13DS 29.59 360.73
GAF-#14DS 53.44 551.79 GAF-#14DS 34.62 515.01
F 25 =3 4ol 4kmell gk &4 Az}
Mg AAsHA e A4S WS AAg -
T o) &= e dEw T oJEEE | A8 WY
(km/h) (kw) (km/h) (kw)
GAF-#7DS 21.98 41.62 GAF-#7DS, A4 Failed -
GAF-#8DS 24.75 49.19 GAF-#8DS, 44 Failed -
GAF-#9DS 29.23 75.79 GAF-#9DS, 44 Failed -
GAF-#10DS 34.23 122.44 GAF-#10DS, 24 30.12 221.39
GAF-#11DS 39.18 190.45 GAF-#11DS, 24 36.88 355.92
GAF-#12DS 43.61 282.58 GAF-#12DS, 44 42.59 539.80
GAF-#13DS 67.02 390.28 GAF-#13DS, 24 46.76 741.85
GAF-#14DS 52.37 555.11 GAF-#14DS 31.50 513.07

3 26 F7 Aol 4.5kmel thsk A Az
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WS AAetA] B A WS AAg A S-
T JEEE | ro AYY T NEEE | xo A2
(km/h) (kw) (km/h) (kw)
GAF-#7DS 21.18 41.50 GAF-#7DS, 44 Failed -
GAF-#8DS 23.80 49.16 GAF-#8DS, 24 Failed -
GAF-#9DS 28.06 75.18 GAF-#9DS, 24 Failed -
GAF-#10DS 32.76 120.99 GAF-#10DS, 24 33.47 221.39
GAF-#11DS 37.39 188.02 | GAF-#11DS, 43 34.28 353.87
GAF-#12DS 41.59 281.06 | GAF-#12DS, A4 40.10 537.45
GAF-#13DS 44.84 383.86 GAF-#13DS, 24 44.23 739.18
GAF-#14DS 48.66 546.50 GAF-#14DS, 24 49.10 1055.44
3 27 =3 4e] 5kmell tidt &4 Az
221 2ot Sk 71 fandl © AAEE AAHR) ALE 2go] 871
o AT WolAA fu. A= =3 dolrt Skm7kA EEEAl HW o]k fano®
Eod ddRe AAFY YA 80 w7kseAl €v 18 PR PCP AlIAHE
AAE =31 gaol AEatr] faiAe 58] =2 4 AeHe §EY e fan
= Abgafof & Zlojnt
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A4 H3 A 10m’Q HZEH A9 13 A4 74 F¥ 3.5m’el dAdzge
% 4ot AARUE B9 AAFo] & zzw 27
yonn 2 AL uaaa kel Bl EAISy] wWiEolth A4 %3 3.5m’d PCP A4
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2 HdzZgE oF 1~237 AAstd FH Zo7 oy v A Al{ka ol Hx
ko] ok 1R o7 715

(3) HEEH o]lx&H% 2 &AL

HyY U YXEZ] olxFH s A HUl 20km/hE HlouR] s WA H
of At AAl HE wjEAIZES AAstEd 71E A AR o] by S5 RS
t}. PCP A AES AlAEl BXAFEE 23 Aad 4 S5 290

o} AJAH 23 A7 AAE

(1) 1577] wi&E 9 35 42 AIZF ALt

HAd2H7F AZE AAglel 7hsshr] AE HoR ot WX EY W AEo] 134 H
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A= 3 HA QrEY (PAE)o] 2 HY &7 HY w474 13 S5
Aol 1527] wil& 42 g5 422 AlFko] H=d|, 7] A A A JXEgo] bt
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e A& A A& 5
Al ~ 300m 3 1000 ~ 1300m 7
300 ~ 500m 4 1300 ~ 1600m 8
500 ~ 700m 5 1600 ~ 4 9
700 ~ 1,000m 6 - -

71E BE AR OA AFEShe HEZERE ZF dAuit Sk WRjo] 2uH Ao
7F Tk ® 29¢ WEEY FAO] o dEX4 27 AZEY 3uFE AlFste] =31 A
2 1,000m Aol F27+4S 200m 72 o2 3k 1,000m Fol= 52745 300m
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nl. PCP Al AHEIS] AAA 4 &
(1) 28] dd=

PCP A% o) 55 AXE 28 A AN F 42T F Qe A
= FEych stelTarel Wl e ASIs] A% nE 2 =
YxEYs) QuE deld 2 Aot 9 Ao dyuE YEE 1/10 5

o1 =i

(A

T3 T fan? € AR HEZEH in] gt Ao vlE Aol vlEE T
= 3 7

Fan 2 Engine ¥ dd=aH4/9)

Fanl Fan?2 Fan3 Fan4 Fanb Fan6 Fan7 Fan8

53 79 120 170 250 270 300 320

¥ 30 PCP A]2=®lo] A}8-3k fan ¥ engine ¥ U=

PN

S\ A gl Mg Epabs ge) Aol
2 Abgshs Zlol E}E@ Ao ey, 1y
Al operd of sholmetele] 9 ArEE I
o).

PCP A|2:9¢] sfo]setele 7]
Fsste] Tzt ok A ¥4
PCP A2:8le] 7] &3] Ags
A% 71F GOE 1T 5 el

‘o T

£

PCP AAds &3t7] 93 A7Ae AA" Aes B89 g -

o)
LS o
st A & ok AEE, AT HE AEYE o

APt ALY 0TS BE 4
%313 go] Aelt glowl ¥ AT 7 Ade Ageze Bwe Agsitt
wE £ fan®] A7) AR 80%E Mgl A1g AL AFAT.

8% a5 (/kWh)
TR RAF | aER | waea | FER L ea
(7~89) 64) 9104 (11~29)
Al ok 44.40 44.40 44.40 44.40
Hde 1 | 5,720 F3r 111.30 76.40 63.70 76.10
a9} A4 76.40 63.70 76.40 91.40
A Al ok 39.90 39.90 39.90 39.90
Ae 1| 6,610 F2t 106.80 71.90 59.20 71.60
A 71.90 59.20 71.90 86.90
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8% 8= (d/kWh)
TR RE )| asR | waea | B gea
(7~89) 64) o~ 104) (11~29)
Al ok 43.70 43.70 43.70 43.70
Mdel 1| 5,280 F3t 107.50 74.00 61.50 73.60
a9} 4 74.00 61.50 74.00 88.00
B Aok 39.50 39.50 39.50 39.50
Ae I | 6,110 F7r 103.30 69.80 57.30 69.40
A 69.80 57.30 69.80 83.80

¥ 31 A¥F QFREFA7TAD

(3) 4zdH]
PCP Alzgle] ziul Zxldolel wAgle] @4 AAskn stolzeel 239l 41,

=
& AL 27 18, BHE E701M ARgshe HEEY 2o i *A7]AF 21
= o3 A48 €H

of. PCP Al2®l wpol kel 4 Qs ALY

PCP A 2"e AL T 7HE & 2= AAs= FE2Q dol=zele 7+ 4 o
s s S8l 7+ BHE ¢4 W 23 AdE Akl a3 g FARE
oA 71 Al&age] Hls 10% MAE AAde FRsty] 918 gol=zeiele] 4 s

Al
= UE 34 el BAde vlasty] 9% Ve wor AAsii

(D 7l HE &d4 4 =X Ay 24

ftlo

T =2 oY oW g™ An £PA% ® 329 gow, ofFe % wey
WAL 60m*7t EbEE Aow sdEch

30" ®F | 30~40 | 40~50 | 50~60 | 60~70 | 70~80 | 80~90 | 90~100 | 100°]/¢

Noa 19 41 53 70 21 2 12 2
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AR /A Ei“ %XV@OJOH ﬁ e slow F&%L‘ﬂr. o=
dAe e A 7= A
ARGt H2EE 2t WH?Oﬂ 73211*3 Eo}ﬂ Oiﬂﬂ% Ao o7 ﬂ7l Eolth o

WHow F/478 HY
0w 0% melste] 1% M SEAUE kb EEE Ao Je.r%zav}.

(2) o]zl & ddim A4

sfolmajele] @ QiR E A s A9e AN BT olgg 2},

A A AIZHHr) o Qo rH(/Y)
71 Al =H PCP A 2~H] 71 Al =H PCP A 2=H]
27 10’ 2" 2,638,000 1,081,000

71l 71 A2g gl 10% AE A E wets] 5 stelxeR1e) 4 )
e € 9,6909/m=E M o] dugs e FAEA] disin FEHoR A4
k9l

AR PCP A28 Al 24 43

(1) =% AY 1lkm ¥4 Ay}

0% @

SRERERVES HeE A &8 AZHHr) o g iH(d/Y)
(m) Y e PCP A 2¥) SRR PCP A] 2=l
40 1”17 1’ 1,597,000 1,723,000
60 17 547 17 32 1,628,000 1,727,000
80 2 35 2 1,658,000 1,731,000
100 3" 7 2" 33 1,685,000 1,735,000
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O A=
A =808(H/YD) AAR(L/L) Al d 5 (2/9)
CEERE
(mg) ox EdY PCP U EY PCP O3y EY PCP
BEES | Aag | FEET D gag | FEES ] sy
40 57,000 9,000
60 88,000 13,000
600,000 700,000 940,000 | 1,014,000
80 118,000 17,000
100 145,000 21,000
(2) 24 A¥ 1.5km A4
OF &
ERERERCEY HE A2 A& QA ZHHr) of A A2 o 2H(d/Y)
(m’) Hx e PCP A 2:¥) EERCE PCP A 2=
40 17 17 2,089,000 2,112,000
60 17 37 17 3% 2,133,000 2,120,000
80 2" 10° A 2,176,000 2,126,000
100 27 40’ 27 35 2,215,000 2,133,000
O AR
AH=808(H/D) AAR(L/D) Al d = (2/9)
ERERNE
(m’) gz Eg PCP gz Eg PCP Hx =g PCP
EEH | azg | FEEH) Axg | FEEH A1
40 83,000 13,000
60 127,000 21,000
800,000 700,000 | 1,206,000 | 1,399,000
80 170,000 27,000
100 209,000 34,000
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(3) =21 A 2km 443

=

O 3

=
Eigg‘%zjl H%E—ﬂu '%1] ﬁ\——g—}\]ﬂ'(Hr) Oﬂ/\o]' _/,\__9_051]/1\_(%/?—_‘1)
(m?) gz EY PCP A]2-¥l Hx Eg PCP A 2-¥l
40 1" 7 1" 2,578,000 2,482,000
60 17 34 1" 40 2,638,000 2,495,000
80 27 2" 12! 2,695,000 2,508,000
100 27 23 2" 46' 2,745,000 2,522,000
O AF-a
)81 8(/Y) AN (/) A Ao 2(1/Y)
ERERR
(m’) U Edg PCP U EY PCP Ux EY PCP
H— — 1 }\]v/_\‘Eﬂ H— — 1 }\‘li@ H— — 1 }\]—/_:F‘qj]
40 105,000 27,000
60 165,000 40,000
1,000,000 | 700,000 1,473,000 | 1,755,000
80 222,000 53,000
100 272,000 67,000
(4) =% A 2.5km 2443
OF =
Ei%—i%ﬁﬁ H%Ejv ‘%1:4 —}J\—S—}\]Z}(Hr) Oﬂ)?:]' ig—d]ﬁ(%/%)
(m?) gz EY PCP A ~H H¥x =g PCP A 2-#l
40 1" 1" 2,840,000 2,888,000
60 1" 30 1" 34" 2,910,000 2,908,000
80 1" 55 2" 6' 2,981,000 2,928,000
100 2" 34" 2" 38' 3,045,000 2,948,000
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)81 &(A/Y) A1H) (/) o = (/)
EEREE
(m’) Hx Eg PCP Uy Eg PCP gx Eg PCP
40 133,000 40,000
60 203,000 60,000
1,100,000 | 700,000 | 1,607,000 | 2,148,000
80 274,000 80,000
100 338,000 100,000
(5) %71 A 3km FA2
OF &
Hg%‘jﬂ;ﬁl ‘ﬂf—z‘v ?ﬂ iﬁ/\]ﬁ‘(Hr) Oﬂ}b]' Z]\_B_Oﬂ),\_(%/%)
(m) gz Y PCP A28 g =g PCP A]2:H]
40 1" 1" 3,100,000 3,245,000
60 1" 26' 1" 32 3,183,000 3,274,000
80 2" 10 2" 3,268,000 3,302,000
100 2" 28’ 2" 32 3,342,000 3,330,000
O AF-F=
A 81 &(A/Y) 1H(/9) A s (/)
B gt A
(m®) - PCP = PCP o PCP
m %]__ Eiii /\]Z_\_Eﬂ %]_—_’: Eg—i }\]Z_\_Eé], %‘f_]‘. EE_J' }\]_}_\_Fﬂ
40 160,000 57,000
60 243,000 86,000
1,200,000 | 700,000 | 1,740,000 | 2,488,000
80 328,000 114,000
100 402,000 142,000
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(6) =% A 3.5km w4143}

OF =
Ei%’_g‘u\i;ﬁl H%E—ﬂu '%1] ﬁ\——g—}\]ﬂ'(Hr) Oﬂ/\o]' _/,\__9_051]/1\_(%/?—_‘1)
(m?) g Eg PCP A]2-¥l gy Ed PCP A 2-¥l
40 1" 1" 6' 3,358,000 3,602,000
60 1" 22 1" 40 3,455,000 3,632,000
80 2" 7 2" 13' 3,554,000 3,663,000
100 2" 23’ 2" 46' 3,640,000 3,694,000
O AR
)81 E(/Y) Az8)(h/d) A =2(/Y)
SRR
(m?) U Edg PCP U EY PCP Ux EY PCP
H— — 1 }\]v/_\‘Eﬂ H— — 1 }\]_}_\‘@ H— — 1 }\]_/_:Fé]'
40 185,000 61,000
60 282,000 91,000
1,300,000 | 700,000 1,873,000 | 2,841,000
80 381,000 122,000
100 467,000 153,000

(7) =21 A 4km 443

O% =

S WA 2] 2 A7) RPN R PS)
(m?) EE PCP A] -8 CECE PCP A] ¥
40 1 " 3,617,000 3,982,000
60 1" 44° 1" 38 3,730,000 4,023,000
80 2 2" 10' 3,840,000 4,064,000
100 on 17" 2" 43" 3,938,000 4,104,000
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O A&
]88 (/) AN (H/) Aol s(d/49)
Bl g e 2
(m”) . PCP . PCP - PCP
o jEE R ag |REEA | gay | REER] g0
40 211,000 | 82,000
60 324,000 | 123,000
1,400,000 | 700,000 | 2,006,000 | 3,200,000
80 434,000 | 164,000
100 532,000 | 204,000
(8) =% Ag 4.5km A4
0% %
Ei%:j‘a'ﬁ@ H.]E:]_' q‘:q —}J\—B—A]ZJ'(HY) Oﬂ)\o]‘ igoq]é_(%/%j)
(m?) g Eg PCP A 2=H g Ed PCP A 2=H
40 57' 1" 2 3,876,000 4,348,000
60 1" 42' 1" 34' 4,002,000 4,404,000
80 2" 2" 4,126,000 4,461,000
100 2" 39’ 2" 35' 4,238,000 4,514,000
O A&
] -&n8-(1/d) A (H/D) Fujd ol 5(4/4)
ERERSIGES
(m”) U =g PCP Oy EY PCP Oy e PCP
a— — 1 }\]igﬂ H— — 1 }\]./_Y:P%,] =— — 1 }\]_{:E‘ﬂ;,]
40 236,000 | 111,000
60 362,000 | 167,000
1,500,000 | 700,000 | 2,140,000 | 3,537,000
80 486,000 | 224,000
100 598,000 | 277,000
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(9) =% A Skm #4473}
oOF =
Hg%l}d;ﬁl ‘ﬂf—z‘v ?ﬂ ig-/\]ﬁ‘(Hr) Oﬂ}b]' Z]\_B_Oﬂ),\_(% %)
() gz =g PCP A 2=¥) gz =g PCP A2~
40 1 1" 7 4,135,000 4,773,000
60 1" 40' 1" 40' 4,275,000 4,836,000
80 1" 55' 2" 15' 4,412,000 4,899,000
100 2" 35' 2" 48' 4,536,000 4,962,000
O AFg=E
)81 & (/) AN (/L) A ddE(d/d)
IZR=R= s
(m®) - PCP o PCP o PCP
TUoEE e iy [¥EER gig | EEEE ] 02
40 262,000 | 127,000
60 402,000 | 190,000
1,600,000 | 700,000 | 2,273,000 | 3,946,000
80 539,000 | 253,000
100 663,000 | 316,000
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(10) A4 &4 23

O e FA2d Bl
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c - S I
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] b o L
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1800000 = 75 ‘215‘” 53I5 : “415‘ é 1800000 :wlsézls 53I5 - “415‘ é
Distance(km) Distance(km)
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3 3
c I < r
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g g B
° F o I
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15000007: “1!5” > ‘215‘” ;3I5 : “415“”;‘ 150000071"”1!5” é ‘zl.s‘” ;3I5 = “415‘ é
Distance(km) Distance(km)
T 54 BY WA BAY 24 A nw
v -
T4 54¢ HYE & Ad AAd E4 AdyE vlast Zlolv PCP AlAHo] 7|E A
= [T o = [e) = =] = o)
o] vl AAE S SRS gl 7R BHE @Fo] Frtetd S E Y
A,
Bl e A 40m® 60m” 80m” 100m”
) 1.63~2.36 1.33~2.73 1.21~3.02 1.12~3.26
A &R 7Hkm)
(0.83) (1.4) (1.81) (2.14)
o [e) o [e) <
ey =X AYsE g2 B (1km vIRh) 8 A9 PCP AJARE 7]E A A8 H] 8|
[e) S = =] ST O~
AL SR o ol V1% Axde] dujshs WEEY 47 A gl 1A
v g9l G ol ® SHelA AHshy] wiimelth. & 332 =3 A9 lkmelA e tol %
B W aE Zolt,
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