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Heat Transfer and Fluid Flow Characteristics of
Recuperatorswith Oblique Wavy Walls

Kenichi MORIMOTO?, Yuji SUZUKI and Nobuhide KASAGI

*3 Department of Mechanical Engineering, The University of Tokyo,
7-3-1 Hongo, Bunkyo-ku, Tokyo, 113-8656 Japan

A series of direct numerical simulation in modeled counter-flow heat exchangers with oblique
wavy walls is made toward optimal shape design of recuperators. The effects of oblique angles and
amplitudes of the wavy walls are systematically examined, and the heat transfer and pressure loss
characteristics are investigated. The flow structures are drastically modified due to the counter-
rotating streamwise vortices induced by the wavy walls. By using optimal oblique angles and
amplitude of the wavy walls, significant heat transfer enhancement is achieved with relatively-
small pressure loss penalty. When thermal coupling of hot and cold fluid passages is considered,
the averaged Nusselt number can be larger than that for isothermal heated condition. This is due to
the dissimilarity between the velocity and thermal fields near the top and bottom walls. It is also
found that the secondary flow and the associated thermal fields strongly depend on the Reynolds

number.
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Fig. 1 Surface geometry of the passage with oblique wavy
walls and computational grids with a boundary fitted coordi-
nate system (Case 1, 2).

o

OCasel, 2
(1)

21
Yw, top = Yw, bottom = -A COSL—()C —-Z taHY) .
X

[0Case 3,4

Yo top = —A cosi—n(x - z tany)

X

@)

2m
Yw, bottom = -A COSL—(-X +2 tany)
X

0000y (=tan(L,/28) 000000 z000O0OO
O000000Casel, 2000000000000
000000000000 0Case3, 4000000
x00OOOOO00OO0O000000o 200000
000040000000000000000000
00MO000000000000000000 ™
000000000000000000000000
000000000000 000000000000
Casel,3[ 2a,c0000000000000000
00000000 Case 2,4 2b,d)0 0000000
0000000000000000000000

3. BUEEFE

goooboobooobooboobgoooboboo
1)00o00o0oooboooooboOobooon
2Q00ob0U0ooo0ooooooobooooooo
gooobooooooboboboOoooboob @©o
oooOo:pPr=071p000000O0COODDOOO
gooobooboboooboooboboooboobg
goooobooboobooboobooboon
gooooboobooboobooobooooon
000000000000000 SMACO®GOODO
goooobooboobooboooboobooon
O000oz200000000O0000000000
oboooboooobooobo200b0b0o0oooboon
oboooooobobozboobooooobboooogon
googon

-115-

@R : HOT GAS
" »:COLDAIR

RN

s
NNNY

Fig. 2 Configurations of the modeled counter-flow heat ex-
changers. (a) Case 1, (b) Case 2, (c) Case 3, (d) Case 4.
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Fig. 6 Effect of wave amplitudes on pressure loss and friction

Fig. 3 Pressure loss and friction drag versus the oblique angle.
(a) Case 1, 2, (b) Case 3, 4.
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Fig. 11 Isosurfaces of the second invariant of the deforma-

tion tensor (Q < -3.0) at= 6C: black, streamwise vorticity

Fig. 9 Wall shear stress vectors on the bottom wall projected @x < 0; gray,wx > 0.

onto thex-z plane. (ay=6C, (b)y=45.
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Fig. 10 Velocity vectors and iso-contours of the streamwise
velocity iny-z planes fory = 60°. The contour increment is
0.2x Uy. Refer to Fig. 11 for the streamwise positions of

Plane | - V.
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Fig. 12 Distribution of the wall shear stresses.
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Casel, (b) Case 2. Refer to Fig. 11 for the streamwise posi-

tions of Plane | and III.
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Fig. 19 Effect of Reynolds numbers on the average heat flux

of bottom and top walls (BT), and side walls (LR).
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