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A Study on Three-Dimensionality of Turbulent Heat Transfer in a Channel
(Eduction of Coherent Structures by a Conditional Sampling Technique)

Koji MATSUBARA*, Mutsuo KOBAYASHI,
Takahiro SAKAI and Hitoshi SUTO

* Dept. of Mechanical and Production Engineering, Niigata University,
Ikarashi 2-nocho 8050, Niigata, Niigata, 950-2181 Japan

Coherent structures near the wall (y*<60) in a turbulent channel flow were educed by a condi-
tional sampling technique from the DNS data for two kinds of temperature fields: (2) the uniform
heat flux assigned on the two walls (UHF) and (b) the constant spanwise mean temperature
gradient imposed on the working fluid (STG). Attention was paid for roles of the quasi-streamwise
vortex in heat transfer mechanisms. Flow and temperature fields around the quasi-streamwise
vortex have basically two-dimensional structure. In the case of UHF, temperature fluctuation is high
at right-and left-sides of the vortex core where the rotating flow motion due to the vortex has a wall-
normal component. In STG, large value of the temperature fluctuation was observed at the top-and
bottom-sides of the vortical structure where flow in the spanwise direction is conspicuous. In both
cases, gradients of the time-mean temperature and the temperature fluctuation in the same direction
have opposite signs since excessive temperature is transported by the vortical flow motion in the
azimuthal direction with respect to the vortex axis. Therefore, temperature distribution for UHF
and that for STG have azimuthally phase difference of about 90 degree, and they are almost similar
in shape. Destruction (correlation between pressure and temperature gradient) of wall-normal
turbulent heat flux and that of spanwise component are based on similar mechanisms. They are
caused by the rotating motion of the vortex by which, near the center axis of the vortex, pressure
fluctuation takes negative value and the gradient of temperature fluctuation becomes inverted for
that of the mean temperature.
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(b) spanwisce temperature gradient

Fig. 1 Computational domain and coordinate system.

Table 1 Computational conditions.

Re 150

Pr 0.71
L/o 7.85
L/6 3.14

Grid points 64 x 61 x 64

Ax* 18.4

Ay* 1.03-9.51

Az* 7.36

At 0.06
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Fig. 2 Second invariant of deformation tensor in the range of
0<y*<60, white blobs indicates - A" >0.02.
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(a) top view

(b) side view
Fig.3 M0 <u; > /dx;)for SP, white blob indicates -A">0.004.

(a) top view

(b) side view
Fig.4 Md <u; >/dx,)for SN, white blob indicates - A" >0.004.
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= (0.6, 2.4, 1.8)
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-120 0 < 120

(c) z=0, contour levels = (0.32, -1.3, 0.64)
Fig. 5 Contours of <u*> for SP.
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(b) z=0, contour levels = (0.34, -1.4, 0.68)
Fig. 6 Contours of <p*> for SP.
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-120 0 < 120

(c) z=0, contour levels = (0.34, -0.68, 1.4)
Fig. 7 Contours of <8 *> for SP in UHF.
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(a) x=0, contour levels = (3.0, -3.0, 12)
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(c) z=0, contour levels = (2.8, -2.8, 11)
Fig. 8 Contours of <8 "> for SP in STG.
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Table 2 Production and destuction of turbulent heat flux.
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heat flux production Destruction
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[« « aa - NNv e ]
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-70 0 z 70

(a) <u™><0 ">, contour levels = (1.8, 7.0, 0.0)

0 i
-70 0 + 70

R A

(c) <w*><8*>, contour levels = (0.44, -0.44, 1.8)
Fig. 9 Coherent heat flux for SP in UHF at x=0.
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(c) <w*"><8 ">, contour levels = (2.6, -2.6, 10)
Fig. 10 Coherent heat flux for SP in STG at x=0.
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(a) -<u*><v*> 0 T /9 y*-<v'><8 *>d§/dy*,
contour levels = (0.22, -0.72, 0.0)

60 _ Ut~

-70 0 - 70
(b) <p">d<6 ">/dx", contour levels = (0.006, 0.0, 0.024)
Fig. 11 Production and destruction of coherent streamwise heat

flux for SP in UHF at x=0.
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(b) <p™> 9 <0*>/ d y*, contour levels = (0.044, -0.18, 0.044)

Fig. 12 Production and destruction of coherent wall-normal heat
flux for SP in UHF at x=0.
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(a) -<w*>2dF /dz*, contour levels = (0.18, 0.18, 0.72)
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(b) <p*> 3 <0 >/ 4 z*, contour levels = (0.28, -1.1, 0.0)
Fig. 13 Production and destruction of coherent spanwise heat
flux for SP in STG at x=0.
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0, <ws>HKE72RES ETHAICHEESEDE 7 2
oM [ 13(a)], HEITEF LI TEETHS [ 13(0)).
L7his T, HEREBEENZENTNEIEL L IZRIOBTT
ERTBIEICDONTIE, ZO2HMEFERTHS. UHF
L STG FiCR N EEBORUMENSHERINS LD
12, ZOBEOEFLE TORKKEDHEIL, UHF 28

V% BETR [ MEATR O IR & RO BBICE DN THD,

BOEERIC K B IREL SIREEE O
ThH5.
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6. ¥#E

BEH & — RIS INEA L 72 358 (UHF) & A /S > ARl —E IR
EIOEZ25AEEBACTG)DF v FIVELRIZHT S DNS
DRERNS, FHEMNEY S TIVEICL > THEL ZHHRA
@EW%H&W%@%@@%%&L B OIS &
Bl BoNZHMREEEDDE, KOLDITHS.
(1) #Eidi ;tz/kyc%m%mf&ﬁa“é. MERNET TIIE D
LENIATH O, EH I DEICEK > THREK T OEERES)
XY BRI IMAESR T ENS.
(2) UHF & STG QWA T, MAEBICHITSIRENMIE
WENMRERKIC2RKTNTH S, RELET, UHF T
IREE ) EEEE S REE R 2 T S iF L E DR &
HEITKEL, STG TIHA/NCHREEEMNEE &7251R
RO BElE FRITAE V. BOEEEEIC L 237

EENRICE ST, UHF & STG OWTNOHFEITHFIIR
EIORERAUHMORELEZSERIEORSZ LS.
D& DIT, UHF & STG BT BIRESMIIEHFIIK
9 0 EDMHEAZEDN, AWICIFFHEYUTHS. Z0X
SR ORBIIRIE, UHF & STG IZBWTHWIERT %
y, z AFEXRERRD 2 RO HICBHFEET 5.

(3) UHF I yi'sﬁ'éél.;(m*n(mi@()tﬂjim&EgﬁLjfﬁ
FRAY, STG I B BN D A/ > HIRRR S D E Rk & THE (F
B SEHEEE) ASSEEEEI, ERINCRET S.
Thbhb, ERITBNEETHEETH D, HEITRHPLH
THEETHS.

(4) BEREHEE A/ HEOELFREGFR O HLOERIZ
BIFBEEIT, WINHBOBEER I L B EELERE
EEOM Z S EALICERT 5.

KEFFE DY DR BT, TTHBRFEEE - 71)IE
EAMNS TERIEEZL TRV, UTEHOR
ERT.
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