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Abstract 

Direct numerical simulation of turbulent heat transfer in a plane Couette flow at Reynolds numbers of 3000 and 8600 

(based on the relative wall speed and the channel width) has been performed with emphasis on a large-scale turbulence 

structure (LSS). Two kinds of temperature boundary conditions are employed; one is the uniform heat flux heating 

(UHF) and the other is the constant temperature difference between the walls (CTD). A series of DNS has been carried 

out for several larger computational box sizes than those of existing DNS’s to examine their effect upon the LSS of the 

thermal field and the statistical quantities such as temperature variance. The differences caused by the boundary 

conditions of temperature field are discussed with respect to the LSS. For CTD, the LSS is remarkable in the outer 

region and is observed to be similar to that of the velocity field. Using the present largest box size of 96h×h×12.8h, the 

average streamwise and spanwise spacing of the LSS in both velocity and thermal fields are found to be λ
x
=32~48h and 

λ
z
= 2.1~2.5h, respectively. In addition, it is concluded that the box needs to be larger than the size of the LSS in order to 

assess the accurate statistics such as Nusselt number. 
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Table 2 Skin friction coefficient and Nusselt number 

defined by equations (7-9). 

UHF CTD

Re
w

Box size 

C
f

(×10
3

) Nu
b

Nu
t

Nu

3000 Large 9.59  8.87 11.28  6.19

3000[13] 6h×h×5h 9.9 - - 6.5 
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Medium 6.86 16.38 18.82 12.69

Large 6.90 16.52 18.99 12.85
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8600

XL 6.90 16.57 19.04 12.85

12000[14] 6h×h×h 6.69 - - 17.2 .

12800[17] 3.2h×h×1.6h 6.42 22.10 24.88 17.83
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Fig. 6 Contours of the two-dimensional two-point correlation coefficient as a function of spanwise and wall-normal 

separation, R
ij
(∆z, y, y’) defined by equation (10), for Re

w
=8600 (XL): (a) R

uu
, (b)R

uv
, (c, e) R

θθ
, (d, f) R

θv
; (c, d) for 

CTD, (e, f) for UHF. The location of the fixed correlation point is y’/h=0.244 (y’ 
+

=61). The solid contours denote 

positive correlation, and dashed contours negative. The contour increment is 0.04 (a, c, e) and 0.02 (b, d, f). 
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Fig. 7 Contours of the two-dimensional two-point correlation coefficient as a function of streamwise and 

wall-normal separation, R
ii
(∆x, y, y’) defined by equation (10), for Re

w
= 8600 (XL): (a) R

uu
, (b, c) R

θθ
; (b) 

for CTD, (c) for UHF. The location of the fixed correlation point is y’/h = 0.244 (y’
+

= 61). The solid 

contours denote positive correlation, and dashed contours negative. The contour increment is 0.04. 
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