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Numerical Analysis of Developing Turbulent Flow in a Curved Pipe

Hitoshi SUGIYAMA?*® and Fuminobu FUJITA

*3 Graduate School of Engineering, Utsunomiya University,
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Numerical analysis has been performed for three-dimensional developing turbulent flow in a
curved pipe with contraction inlet by using an algebraic Reynolds stress model. Special attention is
paid for the developing turbulent flow in curved pipe under the condition that the intensity of
fluctuating velocity is low value at the inlet cross section of curved pipe. Such developing turbulent
flow plays an important role in several engineering fields as well as a fully developed turbulent flow.
In calculation, algebraic Reynolds stress model is adopted in order to predict preciously Reynolds
stresses and boundary fitted-coordinate system is introduced as the method for coordinate transfor-
mation to set boundary conditions along complicated shape of curved pipe. Calculated results are
compared with the experimental data in order to examine the validity of the presented numerical
method and turbulent model. As for the comparison of mean velocity, the calculated results are
relatively good agreement with the experimental data and are able to reproduce characteristic
features observed in developing turbulent flow. By contrast to the comparison result of mean
velocity, it is found that the present calculation has a tendency to overestimate the value of turbulent
energy in a curved pipe region. Adding to this, it is pointed out as a characteristic feature that the
region with high intensity is generated near inner wall region which phenomenon is also recognized
in mean flow field.

‘Key Words: Numerical Analysis, Turbulent Flow, Secondary Flow, Pipe Flow, Internal Flow,
Developing Flow, Algebraic Reynolds Stress Model

ZTOEBRRVEET 5 e8FHENB, 7, H

1.
" 2D BENELIIC T RO S < 12, 22 FEEI

S

g3 ) I, SEOMEEHEIZL &£ LD, BALH
a8, EXFANBE, CEKIGEER, BHEE FTFFEA
REREEB L BB I¥ONBTRS Z & 2 L
BB TERINIEELERERO—DOTH 3, [
Briciiss D ERARAICIE, EOH, FERAEHZ S
ELOMEFRICEY, COMOBEA 2HEHt T 52
RENDBREL, EOEH»SBEL I DELOWE
BEES N TWVwBED,

—7, i *EEICE2 &, WEKBLT LY
ERANCEL, FLOMEBRESNTHEDHE
EThHY, ThiZWL 2»rDHEK%RDIBRENTT 3
ZewEsbDEEINS, Flz i SLEEOIEN
FWEf L D ERTIRICB WTIR, EHNCS3BICE 3
FIE_XFihe, EEFMARMCLI VBRI S
2E_RFINED, ) BERMAEETSRIC THEL,

* FERIZAF 2001 4£7 A 30 .

*IER, FHERFAERIFHIREN(D 321-8585 FHEH
B 7-1-2).

*? FREAPAERLETHRE.

E-mail : sugiyama@cc.utsunomiya-u.ac.jp

BB EROMARECBR LI EBIBLTH S,
ZDEKRD S, WAFRGOHERIC L 28105 ) HBBAOD
REEHIOVWTLRKRDZ L ZH5TH 3,
EAEEHEEET 3 90° thos D BRI 25 E L
72 Humphrey-Whitelaw-Yee® @ B, #{E 4 D
NRERLELT, WO»DHERTHEBNEN TS
Chang-Humphrey-Modavi® ¢ 180° 1E A FZW T il 23
D ERRWNOELIER, —7, MEEE T 180° #iss D
TR EXR L LI Azzola-Humphrey®, & X U 90°
23D EEEG N L FHMICAIE L - - B R - £FO
DEBZ Y, D ERACRLIZB T 2HAZMEET
RTELEEERER TDH 3. — A, lacovides-
Launder-Loizou-Zhao® 2 IE 5 FEME £+ 5 180°
D EROAO LRSI ANBERD 6 fEO0EX%2E
THEGERERY, ELEHAEHEL TWwE, F/,
MARBFICEND/NS e — KT TR LB EOBIER
BB 2REZL DDOH 2B B T 5EFIFHAIH
Melling-Whitelaw? i X YV ESI N TV 528, EA

EHEEE T 5ERERTDHS.

7

—171—

NII-Electronic Library Service



it &

1136 s DN E

f

it fote BTT A
IL %X P T

o
<

25 LI-FgeREIC b - CTHME - FE® 13, dhasy
MAEENRCEBELEFHINS O — IR REIHEE
T3HNY, HBVERAOLSTATIHEECOVL
T, FOEFHABRE R U, HIE I I BRIEET
RO SEE, EEEESMEFTRIL, Y
FERBAROBIFEREIICB T 2 HADRKEB/BIDOWT
EELTWw3, #56DEEBRDEFE, that o HERIC—
BEROSTAT % 2 ToBhEXEERE I,
1.73 f& & lacovides 5©® @ 6 fF L LB L THBIEHCE
v, FIRFCEE S OEEROFE, ) HEAORC—
B2 BATDICHEREE2RT T 308, BAZHD
BERERICE D ZORORESEDRERELT 200
RFHLPICTZIE L TENCREEDHI2bDOLED
h3,

Z CTCAPIFE T, AR - BE® I L 5 ERENR
2, 5 LIRFZELFS AL E 7 & B O BIEBIT
THILRENET S, FMTRERIIEERE L LB LR
MFEOZYMERAT 2 L & b, oty AERHEK
A%, HHRHLA—EI2E T ELKMAEKR CES
2 IIBE ORI bITY, WEOFRZERCE T 2%
B EITS. FITCBLELRE 7 v ic 3RS €
Tk, EEEBRFECR, BAKEORESES %
BRBEEER R TR T 5.

2. b uiE

Co i EJIRE =(P—Peer)/(0U3/2)
D HEEE
Blilifizan¥—
P BEEIRE
Prer - EHEREETRE
R : it D E O EEEE
Re:vA4 V¥ =U,Dlv
Us, Us, Ur : ¢, 6, v HRIRHREITFHHEE
Us, Uo, Ur - P, 0, ¥ FTFIRFEIEELE)
wuu; D VA S VXIEH
U, : BTEN O EFiF FESSRE
e . ELIRBLR
v . ERETEREL
¢ DI A
6 BEAOM A EEE

3. B W F &

3-1 SHHENRER BhNRCULCAE-W
F® OEBREBRBHER, 25 FcEER 2K IR
7. AREST X, EEITKICER E B LBRITEEH I
T 240° B3 Y FHEBRAOREZSR 2ETHEIL 72, o

ERERD

DI EERE 104 mm, HiZEERE R=780 mm (HHZRH
B R/D=15)DREHE*ET2ERTH 5. 8l
25D A D EFE I A DL 252 mm, H O£ 104
mm, £& 180 mm DEWIMILLRIT SN T w3, EE
By A4 2 VX120 000 3R E L, AR T LI
DLBTHAET->TW S, ’

EBEREIN1CRT IO CERA AL ¢, HEAD
MAERAY: 6, ¥EHA%E » £ L, BHEESEES %
nEn Us, Us, Uy EEHET 3.

32 LA /ILXchEXFERX &{HrvA4/1rX
BN R ERECROERE D, Bifcbizo Tidv 4/
NWAGHEE SRR 2B IELE2EZLL, v/ VX
IEHEEABROBERRIUTOL S IRENS,

Du,—u,— _ U aUz
Dt ( ”kmx'*%”kmn)
b [ du: 8u,»>
+p<wn+ax-
_a;)a{k{ UiU;Ur — aauXuJ +_—(6Jku +8lku1)}
OUs OUs i,
—2v X, X, (1)

FREPEZOCHEL L RTAEETH I AISLOET
MEBSBLBEE %2, BUESTEE2ETT 53 2 THEEL
2 BEADOMNFE, HEE X L Tid Rodi® L%
BOuTEFNMEEITo %, ZOMEBE VEEAER
i, HOaRELoRERBERENE Z Lick Y E
HAmOERCHFS T 2. KA, M AR Tk
T eI YBEROHAEKGEEIEN AN H S L
WHOREENATE2DOUHEETH S, V1 / VAN
BEAHEROESN - 07 AEEEOE T AL REL

Fig.1 Schematic drawings of experimental apparatus
and definition of coordinate system
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Fig.2 Arrangement for computational mesh
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Fig.3 Comparison of axial distribution of wall static
pressure

—173—

NII-Electronic Library Service



1138 B 2% D 5 E B Bt 4v D F & 5L Ui B8

Prediction
o Exp.by Sudou et al.

¢ =180°

Fig.4 Comparison of circumferential distribution of wall static pressure
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Fig.5 Comparison of mean flow
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Fig.7 Comparison of velocity vectors of secondary flow
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Fig.9 Comparison of streamwise variation of cross-
sectional averages
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Fig.10 Difference of mean velocity between contraction pipe and straight pipe
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Fig.11 Difference of secondary flow vectors between contraction pipe and straight pipe
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