910 OENANE=EY B, A28H A8, pp. 910~920, 2004

o3 37 428 71 34Y

Iﬁ?_l*jl/él' I* %IS,?,.O#*' I

(=}

[= =]
20049 1€ 209 H, 20049 6€ 29 AAMER)

—~

Detailed Measurement of Heat/Mass Transfer in a Rotating
Two-Pass Duct (1)

- Effects of Rib Tubulators -

Kyung Min Kim, Sang In Kim, Yun Young Kim, Dong Ho Rhee and Hyung Hee Cho
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Abstract

The heat/mass transfer characteristics in a rotating two-pass duct with and without rib turbulators are
investigated in the present study. The square duct has a hydraulic diameter (D)) of 26.7 mm, and 1.5
mmx1.5 mm square 90%rib turbulators are attached on the leading and trailing walls. The pitch-to-rib
height ratio (p/e) is 10. The Reynolds number based on the hydraulic diameter is kept constant at
10,000 to exclude the Reynolds effect, and the rotation number is varied from 0.0 to 0.20. In the
smooth duct, the curvature of the 180%turn produces Dean vortices that enhance heat/mass transfer in
the post-turn region. When rib turbulators are installed, heat/mass transfer is augmented 2.5 times
higher than that of the smooth duct since the main flow is turbulated by reattaching and separating in
the vicinity of the duct surfaces. The duct rotation results in heat/mass transfer discrepancy so that
Sherwood number ratios are higher on the trailing surface in the first-pass and on the leading surface
in the second-pass. In the turning region, Dean vortices shown in the stationary case transform into
one large asymmetric vortex cell, and subsequent heat/mass transfer characteristics also change. As the
rotation number increases, the heat/mass transfer discrepancy enlarges.
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Fig. 1 Schematic view of experimental apparatus

t o dedAst HPstA 90°8.F F2
45°2 3¢ AAFHAL o DAt AFAT €
A E,—*g% 2F3 9 183 lacovides &
3 AsE AFgoMe WEHFFS LDAE o] &8t
o f2 Wi 2 STaRAAN FAHE o9Fe F
ZE 7zt 9A9 w FFEAoH, ole tEo

TLCE °|4&¢ 2dg AdZAE A&
Won 5,% Lee 573 Cho T/*'"& 7b2Eul
Ol EE ZASHY, Fluent® o] &3 FA Y
58 I#RE Ade FE5TFRE 1@,
At 9E Ry A-FAUL 41 xolg
EAAEYL ol g3t wHUATH EF YL
d 43Ye o]&3lA Z3)vl(aspect ratio, W/H)7t
0591 HEJA, wjEgd HE 70°82Ho] HAE
HEA g3udx HAAFTE whyo] sy, €

L flo

Ag 248 ATsc
Az d7se FFAY WL FAA FH
53 49e FUstel 230l g% £5 us

Ag st mE FTaHA &

BEE ¢ F & ARE FF52 dHoln.
AFdME FHHIE 1090 HEAA, e
Es} 90°gdo] AAd 9= oM Ay
AA A7 2 WFY Ta d2EAD
Aol s nZs o

Jlm o 1% e ) £ ot

FX o A¥EE Jebd
o AEAAE 2A %?T AR 2z F
AR g Yol AP A
FL Lee 59 2 Cho 5!V A= o] gk



912 A7 - AEA -

(a) Smooth duct

(b) 90°rib roughened duct

Fig. 2 Rib arrangement and geometry of ducts
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(b) 90°rib roughened duct

Fig. 3 The coordinate system
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Fig. 5 Contour plots of local sherwood number
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Fig. 6 Pitch-averaged sherwood number ratio

("Sh,/Shy) for the smooth duct
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