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Numerical Analysis of Turbulent Flow Developing
in a 30/60 Degree Right Triangular Duct

Hitoshi SUGIYAMA, Mitsunobu AKIYAMA,
Daisuke HITOMI and Yasunori SHINOHARA

Numerical data are reported for turbulent flow developing in a right traiangular duct with
internal angles of 60 and 30 deg. An overwhelming number of numerical and experimental studies
on noncircular ducts have dealt with ducts that contain one or more symmetry planes. In contrast,
this duct has no symmetry planes. In the calculation, an algebraic Reynolds stress model was adopted
in order to predict anisotropic turbulence precisely, and a boundary fitted coordinate system was
introduced as the method of coordinate transformation. Calculated results were compared with
experimental data measured by a hot-wire anemomenter. As a result of the comparison of the two
results, it was found that the present method could reproduce the characteristic features of
streamwise mean velocity and Reynolds stresses. The present method also predicted secondary flow
of the second kind which was generated by anisotropic turbulence, whereas the experimental analysis
failed to show the distribution of the secondary flow as a result of scattered data. By evaluating the
production terms of streamwise normal stress, it was clarified that the distorted contours of
streamwise normal stress toward the corner were generated not by secondary flow of the second kind
but by production terms of its normal stress. Although it is said in general that distorted contours
are responsible for Reynolds-stress-driven secondary flow, this is not true in the case of streamwise
normal stress.

Key Words: Numerical Analysis, Secondary Flow, Turbulent Flow, Right Triangular Duct,
Reynolds Stress Model, Boundary-Fitted Coordinate System

LD ZRFENIIKRE L ZOWHEN Y — V2B aE
5 ERBSMIL. Aly-Trupp-Gerrard® i3 1E
CAEMEER 2SR E L, TSR HE
LTw3, ETFATEOSE,» o bIEMEHEERN

1. #&

FEHEHEEE T 2ESERE, £ OLESF
THHAESNDZELD TR, HIRDI ZAhsn Dk

OFEKD HMELIRRL TV S, FIZ TS B
M ORFENDOERIZ, ZOBORNE2HHD
JAERRTH S, ZOZRFNBIESIIOR LD A
BRENBEIBE RN ZZOERBELRICL,
HhoEFEAHLVFRINL L LD, fLlieT
NOBEFRNIS E LTI E TH L OEER & BUEMN
WHREINT D,

COE 2B ORFNICE T S LRI E LTI, &
< #¥ Nikuradse" W S V| EI LT3, £ 72
Brundrett -Bains'®, Gessner -Jones®, Melling -
Whitelaw'® & 13 IE S WS B % S RICEHAIES R %
H|EL TWB, 2542 Fujita 59 3l E2HE L7285
HOFRTHES AU 2 HE L, HEEORF

* BESZAE 1996 45 13 21 L.
3, FESETACEILEE (8321 e TR 2753).
* EAEACEBE.

DEFEECHET 20 OhOWENZENTEY,
Trupp-Azad?® ZIEZARRCES S - ERERRN
DFNERRIZ, Seal® FEHER ORI T 5 2 B
MCEMAWHEE2E T 2EEREE L RNE 2SR
17, Kacker® HEBANCERE 2RO TEE
L EBARENRCEFTH2To T3, JDE2
B RENIIIEMREEE O 2 —Fich» > TS
Cripa—FHEhE bREND, EEHESORBRIOD
o — FERHSIERE KN T X v, PHETEERA O
NEMRICL -V F v 7T —HEE & v BE X
BT AEFEEZRIEL, B2 B REAOEE,
FORERPTHRAMEETRL, TOHREREL—ER
BizlnET 3 2 e kAT,

PLED & 2 wIEMEIMEER B3 2 REREMT I,
HRHE SN TR TIORRERD, W 2»
OXNHEAET 2 H2WAEZ MR E L 2 ERENELT

NII-Electronic Library Service



I f = T 06 T B N oD L B M O AT 825

WELZHELLFIERES A TuRY, ZOB&ELS
Hurst-Rapley®? 2 A 30, 60°x BT 2 E A=A
TEMTEE B % N R BRI T v A VXIS
SO X ORI EERE L T3, FErCeWE
BREERT 22 L, BLEEE RS < BEL R
TTHS ) HREHOEELMEKT L L kb, f
METNVEFMT A5 206, 25 UL NHE*S
BOIEFEHEEROITHAIEETH 2 2 L 515
MLTw3

—h, BL2ERENEENOES L D ER R
NDZEXDERETNVEMONB» S, L Oho
BEBB BB HEG SN Twvw 20003 U hs U B T
DI S bR 2 & £ 2 WER LN L 28z
RENTWEWEDITH B,

# CCTEMFRIZ BV Tid, Hurst-Rapley™ Ol f
ZAEKEEE T 2ERENRE L OHERER LS
ERTLEROBNFE, BT T VOZYE IO
THE T 5 LRI, ZOWMEBIEEIZ DL THREL
Fi-eMB%E282 2 L 2AME T 5, Hurst » DEE
TRE 2 B RN OFE 2R T W 5 g 3R S
NTHRVY, BEAZBENEOSE, 73—+~
5 =X O RGNS 3 EATO T — F LT THAE
TR2RTTHE. 25 Lk RN % R T ik
I DFHT 2 LHNAEETH S5 b ERFICHESET 2
BUERRHTWBE L T, BERRHORENE S nis i
BEER M BB L, 5LEE 7 i, REG
NETFNVEROTERET 5,

2. &2 =

¢, ¢z cf, o, f, o, & 0, Y RBER
Dy I KIERE
SL/Xy) @ BEOBE %R R
EiEEIRALF—
L Rt g
b ENEE
Re:vA /VZXE =UsDuly
wat; VA NVRIGH
Us o7 7R E B R 4y
Us * ria R o 57 5 1 S35 1
U* : VB
X © BRI & TOIMBFRM
X: 17 T TA A
Sy 70A YA —DFNIEE
e I ALHuR
v BRI GRE
75 LS - O3 A FHEE

o EE
3. B W F &

31 FEMEEER HENR L L Hurst-
Rapley"V O RERZEBEMIMEK, BER*K 1 I1RT
ERRET AR I BN A 60, 30, W0DEH=ATE
REBL, IEEBRR &L UTANERZRED 67 15124
HIHZRIERI T2, BHARZROCKIOEX %
NZEN 128, Tdmm TH Y, ZOWEBKICHFRE %
B0 ERFHEL TV, ERIFRCIIELRE
v, BEHOKE L D 25 mm LFREICHY T 3
B CREREPE RS, ELORFR M3 B % Bg eI &
DEIEL TR2, LA /0 ABURARFHE 1 W H A 3
WMHRNIHEE, KITEREZHOEET22X10°TH

BEREERARS X 8 RAA 2 ZnEFh
Xo, XsHliEFEZEL T3,

32 LM/ NXnhExFERX v /v Xin

HEEGBROBERIRRAD L S ITRE N3,
Dg%= (u llk"a-XQ"WL Ui g)L( )
A ) el

8;1);(21; + p((')‘jkui‘i“gz'kuj)}

Oui Quy
> A e (1)

BEFEOBI, FBCEE L 225008 0O A,

SUREGUE IFHOWBCETH 5, kDEFNLT
i, TS DEEEBL TETFTAMEEIT-> T b,
HFE, EOHEEZ D L L BRI LER LD,
Rodi""EflzBHL €7 b EITo 0, E5ICETF
MED D Z TRCHIE E 2 2 S - O3 »4EEHE, &
ST ZEDEBIZDOWBTIIEL 21/ L. FDH
Hi, B BT B BRI D W TR BRI W TEESR L

74

X2 [unit:mm]

Fig.1 Right triangular duct and definition of cordinate
system

NII-Electronic Library Service



826 EAZARKEERN O REERN

Table 1 Modelling of the pressure-strain correlation
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Fig.4 Calculated results of the secondary flow of the
second kind
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