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Research on heat transfer and flow resistance performance

of trefoil expansion tube
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Abstract: An experimental apparatus was established to study the heat transfer and flow resistance characteristic of
trefoil expansion tube. Based on the experimental results the reliability of the computational model was verified
and the performance of trefoil tubes with different structure parameters was investigated by FLUENT software. The
simulation results show due to the special spiral shape the flow pattern is presented as three dimensional
longitudinal helical flow. The secondary flow which is perpendicular to the main stream is formed in the tube and
it is mainly distributed in the three expansion areas. The generation of secondary flow promotes the fluid radical
mixture and increases the disturbance of boundary layer thus enhances the heat transfer. The heat transfer and
resistance factor increase with twisted pitch and inscribed circle diameter decreasing reduce first and then increase
with transitional arc diameter decreasing.
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Fig. 1  Flow sheet of single tube test system
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Fig.2  Sketch of trefoil expansion tube

1.2
K
K=Q/(AAT,) (1)
1 1 . b d  d
K _ai * )\ dm+a0du (2)
0 W; A, m’; AT,
Kio; «a
W/(m’> *K);d d, d,6 b .
N mm; A
W/(m < K) .
( Wilson) a
o (3)
Nui o
d
Nu, == (3)
d, =4A./C (4)
d, mm; C mmo
_p Lo
f
2Apd
= (5)
plu
vl mm; u m/s; p
kg/m’,
fi =nRe"
ﬁ o
Nu, fi
8.5% 6.8%
1.3
( DittusBoelter) ( Blasius)
10%

o

o

p=40mm D=5 mm d=2 mm L =800 mm



¢« 19 »

o (6) —(7)
. (6) \(7)
Nu, =0. 071Re" ™ Pr** (6) 4 .
f=0.238Re > (7)
Nu f 4.5% 5.2%
2 o
2.1 3501
9. 52 mm x 300f =k ()
¢ —eo—Realizable k- & 51
0.5 mm o 250
7 _ 200
=
1. 150
1 100%
Table 1~ Structure parameters of trefoil expansion tubes 50 F
0 L L L L J
P/mm 10 15 20 325 30 35
D/mm d/mm Re/10
# 5 2 40 (a) Nu Re
#2 5 2 60 0.065 -
#3 5 2 80 —=—3L(7)
i _ g B
#4 5 4 40 0.060" —e— Realizable k- & f Y
#5 4 2 40
#6 5 6 40 “~ 0.055
#7 7 2 40
0.050
GAMBIT
Cooper 0.045 \ \ ‘ ‘ ‘
10 15 20 25 30 35
12 Re/10°
y* =30 o 3 (b)f  Re
4
’ Fig.4  Comparison of performance between numerical
results with experimental results
2.3
5 Re=10"
3
Fig.3 Sketch of the grid system
' EeE="NER
SIMPLE Realizable k= s
° Fig.5 Stream traces of spirally trefoil expansion tube
2.2

o 6 5"

i antd Hittp: //imiy. cbpt. cnki. net -——-——-



*20 - 2017

45 8

N | | | (.

0.02 0.14 0.26 0.38 0.50 0.62 0.74 m/s

6

Fig. 6 Secondary flow distribution of outlet
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Fig.7 Relationship between secondary flow distribution

with distance away from wall
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Fig. 10  Influence of transitional arc diameter on
performance of trefoil tube
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