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Numerical Analysis of Three-Dimensional Turbulent Structure
in a Periodically-Ribbed Channel

Hitoshi SUGIYAMA, Mitsunobu AKIYAMA,
Ken YANAGISAWA and Takayuki SATO

This paper presents a numerical analysis to investigate three-dimensional turbulent structure
and fluid flow behavior in a rectangular channel flow with streamwise-periodic ribs mounted on
facing walls. In the calculation, an algebraic Reynolds stress model together with boundary-fitted
coordinate system is applied to a periodically ribbed channel in order to solve the accelerated,
separated and recirculating flows. The calculated results are compared with the experimental results
available to examine the validity of the present method. As a result of this calculation, it was found
that the present method predicted well the distributions of mean flow velocity and reattachment
length. Moreover, the calculated results of turbulent energy and shear stress are in good agreement
with the experimental data. Although it seems that the convection term of the Reynolds stress
equation has an effect on the distributions of Reynolds stresses in this periodically ribbed channel
flow, an algebraic Reynolds stress model, in which convection and diffusion terms are transformed
from the differential form to algebraic form, predicts the experimental results of Reynolds stresses
with little discrepancy. As regards the secondary flow, calculated flow patterns differ with the
experimental results. In calculation, large variations of secondary flow direction are predicted along
the streamwise direction whereas the experimental results show an unchanged flow pattern in both
regions with and without recirculating flow.

Key Words: Numerical Analysis, Turbulent Flow, Separation, Periodically Ribbed, Reynolds
Stress Model, Boundary-Fitted Coordinate System
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Fig. 12 Calculated results of secondary flow vectors

KELWTE, EhoichEyd ERRSEELDDY

oo, a3 —FHICED D T b EIRHICIE

RTw3, E5THO Xi/H=2012T, ZXfihix
KELEL, 2O AHM%ERKEUBBHERICHE D D K
FhokmEekr i s Locks, 25 LR2#8E
BROEE, EHZO5BCLIBEIAI LD LR
Fans, XS THOBMNESOBCHYET 2
X\ /H=34 T, EEEICA>» S TREIEES L,
0%, X\/H=57OWEICE-> THEL, &R
W BRI D OEBHAER T 5. Xi(/H=7.0 OfI
BN BEEFINCHBEL, ZOHIER
DEFET 2720, “KENIFOHEABEERELE
FULERICE S ERFRDSSEEICb I D KR E R 5.
O, HEBREEOMO _REABEE IR > TE
REnTBY, BENTH 5 HsBFREBE Hind
#®2 I OEOEMF S ER CEHE L 2B
Fh~eBRBIZLODEFEZS>NS, X,=1373D, T
BREOBEBENED SN D, EBRHOFCHLT 2 Xi=
300D, T, W2E I RFinH 2 - FHIRAD S h,
FOAF—, EEE VHESBEBRMICAEREN S X
TRk B R ZOBORNICHLE]
EHroBE 2D, H50VIRHOBEDO KN ES
EFRIL B3, BEHEOHSMBO G SN T WS,

— 6] —

NII-Electronic Library Service



1740 RSO IE MR S BE 5 H 3 2 ZXCERA O SLF SN

UECRTERIE, 295 L BREE AT FEIL
FRILEL L 2R L TV,

IR LEBRER Y, K12 RTHE”GRE
F—MECTHET 2L, KELRELZZ bbb
5, EBRFEREO CBBEBICHY TS Xi/H=201tB
WTIE, BEICHD Y TR E, a—FEichE» D
ZRBNDBET B NS — S ERL TV A 13
B SR EL, FOMBEETZLOD
By — BT 2l kwn, ZOERICBIT
LB Ny — 03, HEO X\/H=5THHEOBR L
BOUEL T 208, FRO & 5 CHEO KT EH
BRESEMLL, AI—ZXFih/ 88 — v 2EFT 2 2
Eidrewn,

5 ¥ L)

IEAMTE %A T 50 S BE % FHRYI L - EHE
FEWNELI 2 RIS, REUSHET NV, BLUBERES
B EHOTEOHEEHEILTEEOBEIT21T-
7z, BEFTESR1E, Liou-Wu-Chang® 2384 L 7 EB&
HREHET LI OUTORKRESET.

(1) FETFHRIIERARA, 8L OCREFEFY
WIS EHAR 2 LB BRI FRIT 208, EHHAEE
DA, EHOAIE L D BN B TEET 5.
Ihid, BEICE> D TRENCERT S,

(2) BEfEAR FRICT XI/H=35+202Th
20X, FTETIE Xi/H=35 L BIFICZF DB
EFHIL T3,

(3) EFEANF— AWML wus DBRKME
3, HEEREROBMELMIBE LD LT, 8@ &
DEENTBEEICBO TR D ONLH, HEICBWTYH
COMEAEEHEL LTV,

(4) FFRECTIRWAUE, 3 BN, TR
HIBEFEBCTEORNAAERLS 2035, &

MEZRRIHEZ B9 20, EBOZRIENIZ, 13 < BRI
W TEZDORB Y — v 2ELE3 82T EnL,
HEERCERR NN - RRLT,

(5) XD LI I BEEEE A, HHOE
BUEATER2OIEEARERSIc BT Y, BT
J1EF VG HEHEIFICV A 2 VSNBSS 2 FRlT
5 ENARETH 5,

X [

(1) Walsh, M. J., AIAA Paper, 82-0169(1982).

(2) BREHFE - BRE- FHHE AR BT F-CHB, B, 52-482,
B(1986), 3491-3497

(3) HEHFE - BRE - LHAL - HIEE, #3%, 53-1429, B
(1987), 2370-2376.

(4) Liou, T.-M., Wu, Y.-Y and Chang, Y., Trans. ASME, J.
Fluids Eng., 115(1993), 109-114.

(5) Liou, T. M. and Kao, C.-F., Trans. ASME, J. Fluids
Eng., 110(1988), 373-37y

(6) Liou, T.-M., Chang, Y. and Hwang, D.-W., Trans.
ASME, ]. Fluids Eng., 112(1990), 302-310.

(7) Drain, L.E. and Martin, S., Proc. Int. Conf. Laser
Anemometry- Adv. Appl., (1985), 99 112.

(8) Fil#y « BOIENE - FAAITAT - FHK - 5%, 85, 59
-561, B(1993), 1502-1509.

(9) R21LEg - BULLHE - AAI36T - FHE - &%, #5R, 59
-561, B(1993), 1510-1517

(10) Demuren, A.O. and Rodi, W., J. Fluid Mech., 140
(1984), 189 222

(11) FFEFIEGE - VR - ZIFRE, MR, 50-449, B(1984),
257 264.

(12)  Fusegi, T., Proc. ASME/JSME Thermal Eng. Conf.,
(1995), 327 334.

(13) Fedemski, T.R., Proc. 2nd Int. Symp. Transport
Phenomena Turbulent Flow, (1987), 867-880.

(14)  Liou, T. M., Hwang, J.-J. and Chen, S.-H., Int. /. Heat
Mass Transf., 36(1993), 507-517.

(15) #2118y - BUIK M - AR EIT. &R, 56-531, B(1990),
3328 3335.
Rodi, W., Z. Angew. Math. Mech., 56(1976), 219-221.

(A7) Iy - Balixhs - FHE - FEFRE 8%, 57-539, B
(1991), 2269 2276.

— 62 —

NII-Electronic Library Service





