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(Comparative study between TVD and MOC methods for the analysis of Unsteady
compressible flow in pipe network)
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Yeung-Seob Shin, Jong-Youb Sah

Pipe network analysis is analyze all of it about pressure and volume flow rate through that are 7ipeline,
junction, regulator and valve etc. In this study is compare TVD with MOC method for analysis of
unsteady compressible flow in pipelines. Then, we calculated unsteady compressible

flow for pipe network that periodic volume flow rate conditions.
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3l Flux® 2(2)9} Zo] &t} van Leer S A48 slope limeter® T3}
= 4 (37 2.

U, +F(U), =S(U)

0 (1
{ p2u 2C;pu )
U= pu s F= pu +p , S: ——D_____pgslna
E u(E + p) 0
where, C, : skin friction coeff =§
=~(F i) ‘ l @

n+—
2

where, (x : wave strength, l eigen values, K i : eigen vectors
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2.2 MOC
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2.3 At junction
Junction® A& continuity eqn.°] W&, Junction® JZd wjde] oA ¢
o] B3l 71 oA Eqn(8)= go] JeEhfgle.

®

30 =P =...=P

=2 QPi * zQout =0, Pjunction N Ppl p2 pn

Junction

3. 4%
3.1 TVD %ol dig wj#e AL

Shock tube ®AE AM&3tAch vhEe] gl @Y wj@olA Fig.l (@9 ZHAA o
o) 1%, £3 ¥, R X9 X E Fig.1(b)9 HLLC method, Fig.1 (c)¥] Roe
method, Fig.1 (b))% (c)¢] 4402 FAE Riemann solverolthdte] E.F.Toro Z3([10]
o vm & A F 49X g& ¥ 5 Aok

1.0

.

-

pr=10 & =00050 pz=0125
vz =075  fmy =0.2000 uz=00
rr=10 rr=01

(a) Problem definition

1.1 - 15 — 1.1 . 15 _/_
06} { 07f : a6t {07F
0.0 N -0, S 0,0 L -0 L
0,0 05 1.0 0,0 0.5 1.0 0,0 05 1,0 0.0 05 1.0
Density (2) Velocity (U} Density (£) Velocity (1)
1.1 T 3.6 T+ 1.1 - 36 —T
06} {27t : o6t {21} ]
0.0 N 1.8 L 00 L 1.9 L
0.0 0s 1.0 0,0 05 10 0.0 05 1.0 0.0 0,5 10
Presswe (D) Internal Brawgy (8 ) Presswe (P) Dternal Bnawgy (0 )
(b) HLLC method (c) Roe method

Fig. 1. 1 order without friction term
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L =15934n
D =0.6398n
e =0.046mm(commerciasteel)

p =0.625><1.2"%l3 (air) =0.75"%l \

ky ( ky
3 3
=71atmx075-L1. =53.25ky =1 atmx0.75-L1 =0.75ky
p latm n p latm nt
A u =o.0%3c B:{ u =o.o%ec
p =Tlamx1013202% =7,193720Pa p =lamx1013265% =101320Pa
latm latm

(a) Problem definition

......

o0 000
Oistance (m) Distance (m)

(b) Density (c) Velocity

ecilic Intemat Energy

Spi

(d) Pressure (e) Internal energy

Fig. 2 1 order with friction term
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3.2 MOC Wilo] Wzl A%
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Pressure B.C. Periodic Flowrate B.C.

P(0,t)= P, =4.912MPa

O(L,0)= f(t) m*[sec

L=10°[m] Z=095 T=278]K] c=3000m/sec]

D=06[m] s=06 t, =48] p,=073kg/m’]
J=20 f=0003

(a) Problem definition

Flowrate (m*/sec) Pressure (MPa)

5.2
110
48 -
90
44
70
40 |
50
30 36 7
10 [ 3.2 J
L 1 L1 1 1 L I T T T T
0.0 04 0.8 12 1.6 0.0 0.4 0.8 12 16
times (x10° sec) times (x10° sec)
(b) Flow rate B.C. (c) Pressure result at end of pipeline

-~ : Referenced result (A.J. Osiadacz)
® : Calculate result by using MOC

Fig. 3. Single pipeline analysis using MOC
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TVD 9 MOCHW$eol that f3Fo] Hojd Belro 4F& vla 39dch. TVD gL
Roed] o] 71238t van Leer & AMS-3IATH

Fig 4.(c)ellA Yelt Aol ej@de] Adol deidE TVDS MOCO W2
AHEE HYE Aolg FA FSE B 5 Aok

L

Pressure B.C. Periodic Flowrate B.C.

P(0,1) = P, =50(Kg / cm®]
Q,(L.t) = f(t) m'[sec
L=10°[m] Z=10365 T=273[K] c=426[m/sec]
D=0.727[m] s=06 =48] p =073kg/m’]
€ =0.046 mm (commercial steel) Ax =5000[m]

(a) Problem definition

Flowrate (Nm3/sec) Pressure(kg/cm3)
60 % 50
49
40 ag F
{ a7 t
20
/ 46
0 L L L 45 1 1 1
1] 0.4 0.8 1.2 1.6 0 0.4 0.8 1.2 1.6
Time(+1E5 sec) Time(+1ES sec)
(b) Flow rate B.C. (c) Pressure result at end of pipeline

-- 1 MOC wm . TVD

Fig. 4. Single pipeline using MOC
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(a) Actual pipe network (2000. 4) (b) Virtual pipe network (Coming 2002)
Fig 5. MOCell 9J&t A3 7k sjad A%
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4. A€ 2 F¥¥ A¥Y

B A7oNE WP A7 28 F vALYH F24 $50] yg TVDY MOC
Wgol diste] wmatgch =@ AA MBTL o= Fo %225 DR(Down
stream Regulator), Valve & REYst F713¢ AAxA Wao ug M@y A
Ao F%3t Y Alole] RAE 4 TIWL VB AA AR b uBe) H&
AA Adks] Hekeh Bl Mg ¢ deeldE TVD wolu MOC o) 8 2
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