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O Investigate Reynolds and Prandtl number dependence of the Nusselt number n = 0.1 and 0.7, are shown for (a) fixed Pr = 1 varying Repp, and in (b) fixed Rep, = 1.77 X 10* varying Pr. The empirical correlation (dotted line) [6]

for Prandtl numbers close to unity and another empirical correlation (dashed line) [7] for Prandtl numbers much lower than unity are given for comparison.
0 Understand the role of spanwise curvature on the heat transfer in annular pipe flow

(a) 110 (b) 60,
: : . o! —— Nug= —10.61 (=0 +1)2 +51.29 3 == Nup= =415 (-n+1)*+12.79
¢ Use One-dimensional turbulence (ODT) as a standalone tool to simulate turbulent flow 1004 ’ ) 501 | e Nu = 1 _
. — = 1_ . Nu;j=1.12 (5 — 1)+ 12.79
90! | Nu;=2.18 (5 —1)+51.29 ! n
o o Nu; o Ny 401 } -
Method . 807 & DNS ' ODT ’ . ‘\ opt = Nu
= o 08 A Nug A Nu, <30 A Nu,
: : : : : S ’ \ = \
One-dimensional turbulence (ODT) model [1] is a dimensionally reduced flow model that = e 2
. ey . 60_ \\\"-._ \\\
can be economically utilized as a stand-alone tool. ODT offers full-scale resolution of -2 6 e Qo 20 1
. . . . - TRk | TS e
the instantaneous velocity and temperature profile along a 1D radial coordinate [2] by >0 A a—hmo AT T TR 10 R — e S S
. . . . | ‘H p— _1*“* _____ —_—
modeling the advecﬂon terms u.smg 7} st.ochz}stlc process. | | | 40 & Pr=0.71 Pr = 0.025
Here, we consider pressure-driven (Poiseuille flow) annular pipe flow with no-slip and 30 S 0 —_——————
. : : : 0.0 0.1 0.2 0.3 0.4 05 0.6 0.7 0.8 0.9 1.0 0.0 0.1 0.2 0.3 04 05 0.6 0.7 0.8 09 1.0
constant heat flux boundary conditions on the inner and outer cylindrical walls. The n n
governing equations can be written as [3,4,5] :

Figure 6: Local Nusselt number Nu;/, = g—h% lr=r; 1o At the cylindrical inner and outer wall, respectively, for Prandtl number (a) Pr = 0.71 and
% + Zt £, 5(1: — te) — 1 i (TV %) _1ar 51i (1> (b) Pr = 0.025, bulk Reynolds number Repy, = 1.77 X 10* and various radius ratios 7). Available reference DNS data [5] is given.
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¢ Bulk Nu increases monotonically with increasing Pr and Repy, .
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ror dx 0 ODT agrees well with empirical correlations (<5% for high Repp, <10% for Pr = 1).

where u;(i = x,7,8) is the cylindrical components of the model-resolved instantaneous velocity vector, © the 0 Nu at the inner cylinder wall is systematically higher than at the outer wall ; the disparity increases as 1) decreases.
perturbation temperature relative to the axially increasing mean wall temperature Ty, due to dT,,/dx is constant, t, 0 Wall curvature remains important even at Rep, = 10°, influencing both bulk and local heat transfer.

the stochastically sampled times of eddy events affecting the velocity and scalar by €, and €g, and §(t — t,) is the

Dirac delta function. Eddy events are modeled by spatial mappings in the form ot radial 1-D.
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Figure 2: (a) Schematic of the annular pipe flow configuration with the wedge-like radially oriented ODT domain (line) is sketched. No-slip and constant . f 0.3 q°° .................
heat flux boundary conditions are prescribed at the annulus walls. Instantaneous temperature profiles at different simulation times for Prandtl number o
—R: + | .
(b) Pr = 0.71 and () Pr = 0.025, bulk Reynolds number Repy, = ~2e—R0Ub — 1 77 x 10% and radius ratios n = R;/R, = 0.1 . H = (R, — R;) / 2. 20 G021 .
v i v ef(m)=0.06In(n) + 0.37
0.1 —= Kg* Prt, where kg =0.39 and Pry=0.95
Mean temperature profile and thermal boundary layers 15 N L
+ 0.0 0.2 0.4 0.6 0.8 1.0
1.4 |© 1
1 1.2 9] (C) i - Di(n) = 16.86 1 +9.67 1
O ODT accurately predicts mean temperature profiles and the ' c R
o 1 o
1.0 25 - .
thermal law-of-the-wall for Pr = 0.71 . 5 +o e
Qa0 e
€os8{y /i '~ ! »¥» e~/ s o °
0 Low Pr (0.025) leads to heat transfer dominated by thermal © DNS , 15 R
@ 0.6 0 —= T 1y P T
. ° . . . . Pr — 0_71 0 1 2 3 4 e
diffusion, with profiles close to the conductive solution. ' 10 10 },OJ, 10 10 10 o1 10°
0.411 ODT n
O Wall curvature creates thinner inner-wall and thicker outer- 0.2 — Pr=0.71 Figure 7: (a) Boundary layer profiles of the mean perturbation temperature over the cylindrical inner wall for Rep, = 1.77 X 10%, 10° and 10° (shading
| —— Pr=0.025 of lines from light to dark) investigating Pr = 0.71 and 0.025, respectively, for the fixed radius ratio n = 0.1 . Radius ratio dependence of the profile
wall thermal boundar y layer S. 0.0/ | . | | | | parameter (b) & and (c) D; obtained by fitting the analytical expressions to the ODT simulation results in the vicinity of the cylindrical inner wall.
0.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00
0

Outer-wall profiles follow the planar law-of-the-wall, while (r=Ri)/H

0 Wall-curvature coefficients vary systematically with radius ratio 77, approaching the planar law-of-the-wall as 7 — 1.
Figure 3: Mean perturbation temperature profiles

inner-wall curvature causes significant deviations.

normalized by bulk mean temperature By, = I T}(;)(Cj)(:;:dr 0 Increasing Repy strengthens the logarithmic thermal layer, with a distinct log region emerging for low Prandtl
Reference DNS data [5] is given. number Pr = 0.025 at high Reynolds numbers.
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