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Manufacturing of High-Performance Double Layered Tube with
Corrugated Internal Pattern via the Hydroforming Process
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Abstract

The purpose of this study was to investigate an innovative hydroforming process for the cost-effective manufacturing of
double layered tube with circumferentially corrugated patterns. Conventional double pipe heat exchanger has relatively poor
heat transfer efficiency because of the limited contact area resulting from the concentrically arranged simple cylindrical
structure. As a promising alternative to enhance heat transfer efficiency, double layered tube with corrugated internal pattern
was considered in this study. To fabricate corrugated inner tube, innovative tube hydroforming system was developed. The
customized loading paths were established using the simulated forming pressure and contracting stroke at various bar
diameters. Experimentally obtained cross-sectional profiles were analyzed to evaluate the reliability and applicability of the
hydroformed tube with various patterns. The results demonstrate that the proposed hydroforming process can be a feasible
alternative for manufacturing high-performance double-tube heat exchangers.
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Fig. 2 Sequence of hydroforming process for double layered tube with corrugated internal pattern: (a) tube
positioning, (b) stage 1 forming, (c) stage 2 forming, and (d) calibration stage
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Fig. 3 Mesh model of double layered tube for
hydroforming process simulation
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Table 2 Material properties of outer and inner tubes

Tube Outer tube Inner tube
Yield stress, MPa 333 371
Tensile strength, MPa 1127 1289
Elongation, % 44.6 49.9
Young’s modulus, GPa 193 193
Poisson’s ratio 0.29 0.29
Density, kg/m® 8,000 8,000
Friction coefficient 0.05 0.05
SRFHg YREH Atole] HE AWS Fell]
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Calibration stage
Stage 2 forming
Stage 1 forming

Ahy
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Initial inner tube
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Fig. 4 Geometric model for determination of forming
pressure at each stage

o
-
L
<

2
B
A,

o
k)
kD

N

oN. ot
X

oft

=

lo
oy
o

it

3
rlr
Mo
4
[N
B

2,
>

ol
o
32
N0
I

«

5()2] 197

=
S o 1
rlr z fo
-
N,
o,
o,

LN

ol
-

o
=

>
o

o

fu
Es
=

'S

of

I

o

i

2 = 9
N

— B2 B

=2
o o

o 4
ee
rlo

1)
o

iy
o B ob ox N Pt g

4
it
0
Jm
ol
=
e
0
R
>
o
2

ML oot B ot )
(g -

=
lo
)
-z
o
i _IE
o,
s
B
X
o
[N
o|N
N
> st
Y

ne

ol

e N
,l}_r

o T
uit)

oY

& 2dE
8
Bar diameter
7+ —=— 3 mm
—e— 4 mm
6 —A— 5 mm
5F
£ 27 MPa
E 41 -+ 31 MPa
% 3F — 34 MPa
2F
. oo 00-0-0-0-0-0-6-0-0-0-0-0-0-0
N PO
0 20 40 60 80 100
Internal pressure, MPa
(@)
8
Bar diameter
7F ——3mm
—e— 4 mm
6F —5mm - Y
5F
£ A
€ 4t
o sl ] 63 MPa
N 70 MPa
2f > 77 MPa
I AAI‘J.
O P 1 1 I
0 20 40 60 80 100
Internal pressure, MPa
(b)
100 1.3
—= Contact stress
90F 1/l {11.1
g le (i le> e le—> e
= 80f 4\» /% /'4\\> - 40.9
: la VN ( la r la )
1]
3 70 ( ) N NN o7 =
» ot o/ / _/ S
g 60 _Contact surface los
=
8 sof {03
40 L . L L 0.1
10 20 30 40

Additional pressure, %

(©)

Fig. 5 Determination of forming pressure at each stage:
(a) stage 1 forming, (b) stage 2 forming, and (c)
calibration stage
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Fig. 8 Loading paths for manufacturing of double
layered tube with corrugated pattern
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