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Effects of circumferentially-varying heating condition on large-scale structure in turbulence
mixed-convection flow in a horizontal pipe
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We performed LESs by using an open source CFD code, OpenFOAM to examine effects of non-homogeneous heat
condition on large-scale structures of mixed-convection turbulent flows in a horizontal pipe for Ri =0.45 — 4.5.
Two-point correlations of streamwise velocity fluctuations in the streamwise direction suggested that such
non-homogeneous heat conditions yield two-layer structures in the near-wall and the logarithmic regions, and such
two-layer structures significantly change large-scale structures: wavy-like fluid motions become dominant with the
enhancement of stable stratification in a layer of the near-wall and the logarithmic regions.

1. % 8

AT E G T COMENELIROEEWEEOFIAIL, ¥
7ElE & & BIRBEa RL 2RI FHER A D i L OO E)
JEBHEE DR L@ 72 XIS REE U 7= TR B S b B
BThHD. LnLans, BHEMROOZ IHRESZ Xy v
AN T L F DRGSR L L TR, B L
T HIAFHRAREE CORLIFRE SN D, AFFFETIE, FIENEL
TROBHSRA 2 LIS O— > CH DHTIANC R 5 KR HEE
ONZERL L2, JEAMFE RN T O E NI
YAt 52l 2 LES 25T L=,

2. FEXR - FiE - &4

FHRIZIE, OpenFOAM  (buoyantBoussinesq PimpleFoam) % FHu >
720, ZETEAB LONSGS BT /U, ENENEERY, Abe®
WZEDbDEMWTZ, 177 &G OEEICIE PISO EAEH L
72 BEERS/CIE 2 YOREEE backEuler, ZEMIEERRICIE 2 YRAEEE LD
PO ETRIR U7, WA IAICEE, KORBHEEO O -5y 72 el
P X (FEHARR D100 15) AR LTZ. BERSGARE LT, BE
FERFFED & [R) U8 S RN 2 A1 G- LTz b 0O & —RREMH Y
a5 LI2b D0 2 iz gl L=, Re =360, Pr=0.7 & L,
ATBEHORIEL Ri=045, 09, 27, 45) Zxigé Uiz, BHERSE
D LESO & [FREE DR FREE (= 1.1) ZF%E LT

3. R B
X1, 212, BETEHEE ¢=3) BLORHEGER ¢+=150) 12

BB EHFIABREED 2 SRRSO T i s T
JEAJFIANCERIME B ) CHAE L7 120 A COfEREHRLL
= BEEEEERIC ISV T RUBROBENN & & $12, RoiRsEsh) gEs &
725, IERRINEGR T CIE, AR U TR S0R FREEIC
T BT & P RIEE RS A& & BNRIET 5. R
W, Ri BN KHIHERE D A r— VAR T 5. —RRIIER
ST, TR S ORKIEDS, B HIRZEER Ri=4.5 12
EVATD. FEFRIEG T T, FREORMER &% Ri=2.7
THERTE 5. S DLIZLTER Ri=4.5 T, BELERESIER LT
eSS E 7 O —EROEHT TR S 5.
INDHOFERMNS, ACTFRENIERSERRI R S b K
HIEHEEIZIT 5, I IMROBTEL Ri EOEN) 12X HReE
DIEHRF KO OZRIC KR B IE—RNEGA DR B A PR T X

. ZOX DT, FEARNBGHT X D0 THRU VATERR
J& LG9 NLTERUE & DIRIED IR EHEE ST,

BEXH

(1) Antoranz A etal., Int J Heat Fluid Flow 55 (2015) 45.
2 RIS, TR SE A2 74 (2018) 1 493.

(3) Monty JPetal., J Fluids Mech 589 (2007) 147.

@ PEE, BAMEIFSHRSCE B 72(2006) 2909.
(5) AbeK, Int J Heat Fluid Flow 29 (2013) 42.

1.00

—— Casel: Re,360, Pr0.7, Ri;0.45 = Casel: Re360, Pr0.7, Ri:0.45

0.75 —— Case2: Re;360, Pr0.7, Ri:0.90 | —— Case2: Re:360, Pr0.7, Ri:0.90
. —— Case3: Re360, Pr0.7, Ri:2.70, —— Case3: Re360, Pr0.7, Ri:2.70

Cased: Re;360, Pr0.7, Ri:4.50 Cased: Re

Pr0.7, Ri:4.50

-0.50
AzZIR AzJR
(a) uniform (b) circumferentially varying

Fig. 1 Two-point correlation of streamwise-velocity fluctuations in
near-wall region (+* = 3) for streamwise-direction under uniform, (a) and
circumferentially varying, (b), heating condition.
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Fig. 2 Two-point correlation of streamwise-velocity fluctuations in
logarithmic region (" = 150) for streamwise-direction under uniform, (a)

and circumferentially varying, (b), heating condition.
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