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Abstract: Based on the geometric model and experimental data of the pilot air cushion furnace at
Northeastern University, a fluid-structure coupling model was established to investigate the
factors affecting strip floating morphology in the air cushion furnace. The results show that the
model can accurately simulate the floating morphology of copper strips in air cushion furnace
under different influencing factors. Air cushion pressure, strip tension, and strip thickness are the
main influencing factors of strip floating morphology: the deformation of the strip will decrease
or increase significantly when the air cushion pressures above and below the strip surface are
changed. When the tension of thin strip is doubled, the maximum deformation near the lower and
upper nozzles of the strip is reduced to 1/2 of the original value. When the thickness of the strip
increases by 0.5 mm, the maximum deformation of the strip decreases significantly under the
same surface air cushion pressure. The temperature in the air cushion furnace is a secondary
factor. The furnace temperature is different, but the air cushion pressures on the surface and
under the strip are the same, and the strip deformation is approximately the same. The numerical
simulation provides a new method and idea for studying the deformation mechanism of strip
suspension in air cushion furnaces.

Key words: fluid-structure coupling model; air cushion pressure; floating morphology; strip
tension; strip thickness
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- AR AT B0 5 5 PR+ A Rt o

Y1 g=9.8 m-s7, {5; T ZHli 57 J7 [l 2 A4 0 18 34 Sy [

At SESH, 53— UL SR AT B S A 1 ph

T

Zﬂ—IY
L]
X

6 REMEAKE
Fig. 6 Fluid-structure interaction model
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Fig. 7 Second and third groups of pressure distribution affect the deformation of strip to simulate the results
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Fig. 8 First group of strip tension affects the simulation results of strip deformation
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Fig. 9 Simulation results of the influence of strip thickness on strip deformation in groups 1, 3 and 4
(a)—0.5 mm; (b)—1.0 mm; (c)—1.5 mm.
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R R YER =X U Z ey
AR IS I S Y R R I A A R BT LR ,
= e gt s T A T R T Sl R M LR
RIS TR AR BRI 2 S A B S ) figzﬁgggggm#“‘ e
ERIBAENG A A 0 X R =
HE K SRS S B SR TR A IR TR O 1) G R I 5K D0 T LA A 1 AR TR L R R
WSy /1 T b T
WMREL A RRTRVRIR R )RR LA Tl X TR A b A NI R i A TE TR A

JEE SR R F PR RN 2 A5 B SRR S ma AUE

FOARTE | AT LI B A R A 3R
AU AT LB A A0 R AR R S 3 ek

Al A A S [ B9 R e B, DASRAR A [ 415 b1

miEgE
BPRE I T L

PSR e R AT LA S G M 3 TC A [l b R
(HEARFFIA 5 b T Y A 22 AR

Al o S A A T 2 T AR

LA 5T LA b B2 X AOE (52, a) L
XPASHP NI B SE PR AR P R T HE S L A, Xt
T 9% 500 mm JEE 1 mm BH B, 7SR —A4
L ASECT KRR AW AR sl R AR K
AT, AT DL R R A T I A R R
U b R ERTE B ERET DUME RS R AP
TRIFIEAS , NI ARAS 5 o it AR Sl b1 7 i

4 45 ik

1) $E AR T 0] DI s il s p AR I | it
AR e 8 A ELF R AS  A A R L 30 4 )
it AR 7 360.887 2,244.543 3 Pa, i b
T b R R K AR I 10 10.055 mm; 2%
RIS EHE 150500 191.599 8,52.427 51 Pa,
AT | W B B AT 55300 R 6.703 4,
1.117 2 mm.

2) A5 R 5K T AT LA R A R AR
i X T8 0.5 mm 4 44, o B 5K 07 43 )i
i F=1,2 14 N-mm™, 5 b 1928 & 23 Bl 45 7 b4
K RGN, I AR R R Y 1/2.

3) YAl B R EE AT LA A B NV I i FEA
[ N 1 TR YA A B X Sl N K 7 B U 85
H2K0.5,1.0,1.5 mm B, Fifi 5415 A4 )5 B B 38 hn , iy
AR AR T 2 i 25 300

4) Yk R B 00 AR T AT B A R ) AR
POFIR R R 27, 600 °C , {8 HAT I AU AR ] (19 S
IR, 2B S Tl AR TS AR, X A A
T T MR R A W 58 45 SR o] AR H

[ERTEZR:

SE

[ 1] M2 A% S0R SOl 7w S BE R 2 7 b i

L] A @b S EaT 5k, 2009, 30(4) : 38-41.
(Tian Jun-tao. Application of air-cushion continual
annealing furnace in production of high precision copper
strip [J]. Nonferrous Metals Engineering & Research,
2009, 30(4): 38-41.)

[ 2] JRWEHD, bR G & PRI SR 7 22 A sk

BEHLLLI] B m TH A, 2011, 39(7): 29-32.
(Su Xiao-li, Wang Ye-ke. Domestic largest air cushion
furnace in continuous solution heat treatment line for
aluminum alloy strip [J]. Light Alloy Fabrication
Technology, 2011, 39(7): 29-32.)

[3] Tk | lr] Tk, 1986(4): 5.

(Gan Zhi-cheng. Air cushion furnace [J]. Industrial
Heating, 1986(4): 5.)

[4] BRCHE, frdemn, xI4ERC, 45 R @ o b1 1% 234

b BRI N SR B Ty R A BEIE (] R R AR BE A AR
1987, 18(2): 145-150, 230.
(Chen Wen-xiu, He Ying-he, Liu Fei-shi, et al. A study of
gas dynamics process in air cushion furnace of continuous
heat treatment for metal plate-strip [J]. Journal of Central
South University (Science and Technology) , 1987, 18(2):
145-150, 230.)

[ 5] Chang Y B, Moretti P M. Aerodynamic characteristics of
pressure-pad air bars [J]. Journal of Applied Mechanics,
2000, 67(1) : 256-277.

[ 6 ] Ozmen Y. Confined impinging twin air jets at high Reynolds
numbers [J]. Experimental Thermal and Fluid Science,
2011, 35(2): 355-363.

[ 7] Kathuria V, Ruhl S, Kaushik N, et al. An experimental
investigation of the hover and forward speed aerodynamic
characteristics of several tracked air cushion vehicle
(TACV) models[J]. Industrial Crops and Products, 2012,
46(3): 274-283.

[ 8 ] Hall J K, Kristoffersen Y. The R/H Sabvabaa: a research

hovercraft for marine geophysical work in the most



32

AR FFR(A RAFR)

% 46 %

[9]

[10]

[11]

[12]

inaccessible area of the Arctic Ocean [J]. The Leading
Edge, 2009, 28(8): 932-935.

e, EHE, Edh, AR SCH AR BT A BUR PR A 5T
] BAESMTHA, 2012, 41(3): 45-48.

(Hou Shuai, Wang Chao, Wang Kun, et al, Study on heat
transfer characteristics of slot nozzle in air cushion furnace
[J]. Light Alloy Fabrication Technology, 2012, 41(3) : 45—
48.)

Hou S, LiY, Wang Z D, et al. Study on floating force and
heat transfer of circular nozzle in air cushion furnace [J].
Industrial Furnace,2012,35( 1) : 1-4.

TN, RET, BRCE, A RGBT R 1A
ERT]. &R AL R, 2017, 42(1): 171-174.

(Wang Zhan-jun, Zhang Xiao-yu, Li Xian-jun, et al.
Numerical simulation of flow field in air-cushion annealing
furnace[J]. Heat Treatment of Metals, 2017, 42(1): 171-
174.)

Hao Y J, Bai X J . Large deformation of elastic beam thin
plate in transverse flow [J]. Chinese Journal of Applied

[13]

[14]

[15]

[16]

Mechanics, 2009, 26(2): 304-307.

PN ISR S 35 AT b d TGN (S0 I i DR | A A
SIMTLT] HLARGEREE , 2011, 33(5): 690-695.

(Song Xiao-juan, Bai Xiang-zhong. Analysis on the small
deformation of a thin arched shell in fluid [J]. Journal of
Mechanical Strength, 2011, 33(5): 690-695.)

SRR, gL SR R R S R AR P AT S 5%
HilT]. AR S 2, 2007, 24(5): 47-52.

(Zhou Xiao-li, Bai Xiang-zhong. Analysis on the
deformation and internal force of an elastic thin cylindrical
shell in fluid [J]. Engineering Mechanics, 2007, 24 (5) :
47-52.)

Cho H K. Flow-induced vibration of a web floating over a
pressure-pad air bar [D]. Stillwater: Oklahoma State
University, 2005.

Moretti P M. Lateral deflections of webs in air-flotation
ovens [J]. Journal of Applied Mechanics, 2004, 71 (3) :
314-320.



