7} 9405 Al

4 5| £ hckang@kunsan.ac.kr



= 71-AL2|0f
7|0



-2 Ymety| Jfe

Sd4 Qu=| 24, 87 Ol g+ 2=
2011 2+8 O| 2 Ew

2008 2tL|0[O|H 24| 7= AtsAt HE

2003 0|2, 98, 52 £8| BS

2001 Int. J. Heat Transfer Eng. HX|

1993 o= ool &l =2 &%=}
IFEESCINEREIFEE —

HMA el 2822 7l 719

| 4 r PK
@zt & @@ s P < }11

S\J“/Co Al 11 Eg ] fd]ell |

CCCCCCCC
NNNNNNNN

HYUNDAI p—
Z//é Vg7 4 o ®
LG WHISEN A YORK PENN—%TE Jp

OOOOOOOOOO

1] e e
rPOSsSTEEOCH

PACIFICGLAS

S¥Y¥STEMS



A

=

o
1

% Al

US006644389B1

US 6,644,389 B1
Nov. 11, 2003

4 =87

heat transfer

a2 United States Patent
Kang et al.

(10) Patent No.:
@5) Date of Patent:

LG WHISEN

(54) FIN TUBE HEAT EXCHANGER 4715437 A+ 1271987 Tanakaetal
4723600 A * 2/1988 Yokoyama et al. 165/151
(75) Inventors: Hie-chan Kang, Kunsan (KR); 4TRIS A » 188 g ... st
M im, 832,117 A ! 0 et 165/1
oo-trwan Kinm, Pobang (KR) 4909319 A * 3/1990 Ishikawa et al. 165/151
& o 1, S, 5117902 A * 61992 Kusuharaet al. .
@) Assignee: ¥::nn5:ﬂ“j;;.:::i"‘:o:c':m ond 5,482,115 A * 1/1996 Ikeya et al.
Kyungsangbuk-do (KR) 5,660,230 A #1997 Obosu et al. ..
FOREIGN PATENT DOCUMENTS
(*) Notice:  Subject to any disclaimer, the term of this » ST A /SN 1O86
Ton ‘;‘s’;’(‘;“:‘;‘t‘:,z)f’“““ o35 1n 63259393 A+ 10/1988
(1) Appl. No:  09/936,M48 * cited by examiner
i Primary Examiner—Leonard Leo
(@) FCTFIed;  Apc 9, 199 (74) Attorney, Agent, or Firm - Leydig, Voit & Mayer, LTD
(86) PCTNo:  PCT/KR99/00172 » AbsTiiies
§371 (e,

(2), (4) Date:  Dec. 17, 2001
(87) PCT Pub. No.: WO00/53990
PCT Pub. Date: Sep. 14, 2000
(30) Foreign Application Priority Data
Mar. 9, 1999 (KR)

1) It CL7 ...
(52) US.CL ..
(58) Field of Search .

F28F 13/02; F28D 1/04
165/146; 165/151; 165/181
.. 165/151, 181,

165/146

(56) References Cited
U.S. PATENT DOCUMENTS

2038912 A * 4/1936 Summers

3,1 A * 5/1965 Oddy et al 165/151
A * 81973 Maudlin 165/181
A * 81977 Maudlin 165/181
A * 101979 5
A v 91987

Lo oroam

A fin tube heat exchanger includes plate-shaped clongated
fin members spaced at regular intervals, in parallel with one
another, Each fin member has a fin base, through-holes in
two rows in a longitudinal direction of the fin member, and
raised portions with legs. Heat exchanger tubes are inseried
into the through-holes. Each fin member has flat arcas at a
front and middle regions of « front half and a middle region
of a rear half. The raised portion disposed at & rear region of
the front half and a front region of the rear half has the legs
inclined by a predetermined angle with respect (0 a traverse
centerline which passes through the center of an adjacent
through-hole of the front row. The distance from the cen-
terline generally increases with a direction of airflow. A
larger volume of air can be dirccted toward the vicinity of
the tubes of the rear row. Each fin member has a front edge
and a rear edge. The front edge has protruding portions and
recessed portions and the rear edge has protruding portions
and recessed portions. The protruding portion of the front
edge substantially comresponds to the recessed portion of the
rear edge disposed on the same centerline.

14 Claims, 3 Drawing Sheets
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Hairs on the leaves of the water fern genus Salvinia are multicellular surface
structures. In (a) a water droplet on the upper leaf side of Salvinia biloba is shown.
(b,c) The crown-like morphology of the hairs of S. biloba (Koch et al. 2009).
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