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Performance of Heat Exchangers with Single-Helical and Double-Helical Baffles

WANG Chen, SANG Zhi-fu
(School of Mechanical and Power Engineering, Nanjing University of Technology,
Nanjing 210009, China)

Abstract: The effects of baffle constructions on the shell-side performances of heat exchanger with
double-helical baffles were investigated, and the comparison of above performances with that of heat exchanger
with single-helical baffles were conducted. The shell-side heat transfer and flow resistance performances of heat
exchangers with single- and double-helical baffles consisted of 1/3 sectors and 1/4 sectors separately were
studied experimentally and by numerical simulation, respectively. The experimental results show that both the
shell-side heat transfer coefficients and pressure drops in the heat exchangers with single- and double-helical
baffles increase with the increase of the shell-side flow rate, and under the same shell-side flow rate, both the
shell-side heat transfer coefficients and pressure drops in the heat exchangers with double-helical baffles are
higher than that of heat exchanger with single-helical baffles. But accompanying the increase of the shell-side
flow rate, the shell-side combination property (the heat transfer coefficient per unit pressure drop) of the heat
exchanger with double-helical baffles accords with that of the heat exchanger with single-helical baffles. It
indicates that the double-helix structure could enhance the shell-side heat transfer performance of the heat
exchanger and does not reduce its combination property at the same time. Therefore the double-helix structure is
favorable to enhance the processing ability of the heat exchanger if the fluid transmission power allows. The
numerical simulation results show that, since in the same heat exchanger shell-side, the baffle numbers of the
double-helix structure is twice the baffle numbers of the single-helix structure, the double-helix structure has
stronger guiding effect, which causes the fluid flow in the shell-side to distribute more uniformly and have
strongly rotating movement.
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Fig.2 Structure of single-helix and double-helix



21 6 931
3
1-2
1
Table 1 Structure parameters of test samples
Name Size / Quantity
Shell OD/ wall thickness $159 mmx5 mm
1 2 Tube OD / wall thickness ¢ 19 mmx2 mm
3 Number of tubes(single pass) 16
Effective length of tube(single trip) 1300 mm
0.1 m>h! Arrangement of tubes regular triangle pitch
Central distance of tubes 25 mm
3 rr13.h_1 6.9 1’n3-h_1 Inlet/outlet nozzles OD / wall thickness 38 mmx4 mm
31 Total length of heat exchanger 1762 mm
55m™h
0.1 U 9.78 Pa
6
2 Hot water outlet Cool water outlet
Table 2 Structure parameters of different tube bundles C h Thermometer  Thermometer @ ﬁ
N Thread Number Helix / \
ame
interval / mm of baffles  angle . Heat egchanger . .
Single-helix with \ j
180 24 30°
quarter-sector helical baffles - (T) Thermometer
. Thermometer
Double-helix with 90 48 30° Valve X Valve
quarter-sector helical baffles Flowmeter H
i ix wi i Hot water inlet Valve
Single-helix with third-sector
¢ 160 18 30° Valve
helical baffles
Double-helix with third-sector 3
80 36 30° . . .
helical baffles Fig.3 Diagram for operating process
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( 1 ) (Zb) (3) 3600 |- —°— 1/3 sector helical baffles(single-helix)
—n— 1/3 sector helical baffles(double-helix)
ao [ —a— 1/4 sector helical baffles(single-helix) . .
4.2 3200 - —a— 1/4 sector helical baffles
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Fig.4 Heat transfer coefficients versus volume
flows for different tube bundles
3
3
Table 3 Percent of heat transfer coefficients for different tube bundles
Single-helix with Double-helix with Single-helix with Double-helix with
quarter-sector helical baffles quarter-sector helical baffles third-sector helical baffles third-sector helical baffles
100 974 ~105.9 100 1153 ~138
4.3
4
4
24— 1/3 sector helical baffles(single-helix) K . i
—a—1/3 sector helical baffles(double-helix) 08 L —a— 173 sector helical baffles(single-helix)
r . . . . —n— 1/3 sector helical baffles(double-helix)
—a— 1/4 sector helical baffles(single-helix) — . . .
20 —a— 1/4 sector helical baffles(double-helix) [ —a— 1/4 sector helical baffles(single-helix)
L T hell u X _Q.‘ —a— 1/4 sector helical baffles(double-helix)
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Fig.5 Pressure drops versus volume flows for Fig.6 Heat transfer coefficients versus volume flows
different tube bundles under unit pressure drop
4

Table 4 Percent of pressure drops for different tube bundles

Single-helix with quarter-sector

helical baffles

Double-helix with
quarter-sector helical baffles

Single-helix with
third-sector helical baffles

Double-helix with
third-sector helical baffles

100 103.3

~118.2

100

104.4 ~146.1

4.4
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Table 5 Percent of heat transfer coefficient under unit pressure drop for different tube bundles
Single-helix with Double-helix with Single-helix with Double-helix with
quarter-sector helical baffles quarter-sector helical baffles third-sector helical baffles third-sector helical baffles
100 87.2 ~102.5 100 91.7 ~119.6

5
51

CFD FLUENT Gambit
100 (Segregated) (Implicit) k-g

SIMPLE (Semi-Implicit Method for
Pressure-Linked Equation) (Second Order Upwind)
107
5.2
3 m-h
1748.37 W-m K™
2201.03 Pa 1957.03 W-m 2K 2181.33 Pa
11.9 1 1870.39
W-m>K"'  2602.11 Pa 2103.16 Wm ™K™' 2346.64 Pa 124 9.8
6
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Fig.7 Streamlines in shell side of heat exchanger
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Fig.8 Velocity vectors on cross-section

Fig.9 Velocity vectors of single-helix and double-helix

(b) Double-helix

(b) Double-helix
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