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Abstract: Numerical simulation on heat transfer performance and turbulent flow characteristics in tube-side
was researched based on the Fluent for spiral grooved tubes with 16 different structural parameters and a
smooth tube, with water as the working medium. The enhanced heat transfer mechanism of spiral grooved
tubes was revealed. Influence laws of heat transfer and flow resistance performance created by groove depth e,
pitch p, groove width b and Re were also analyzed systematically. Simulated results show that under the con-
dition of turbulent flow, under the same Re, b and p, Nusselt numble Nu and resistance coefficient f'increased
along with the increasing of e. Under the same Re, e and b, Nu and f decreased along with the increasing of p.
Under the same Re, e and p, Nu and f decreased along with the increasing of . Under the same e, p and b, Nu
increased but f decreased along with the increasing of Re. The nusselt numble of spiral grooved tubes, with
deeper groove depth and smaller pitch and width, could be up to twice as the smooth tube, but the resistance
coefficient might be 10 times as the smooth one at the same time.

Keywords: spiral grooved tube; numerical simulation; enhanced heat transfer mechanism; heat transfer per-
formance; flow resistance performance; structural parameters
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Figure 1. Spiral grooved tube structure
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Table 1. Specifications of spiral grooved tubes
1. BIEEERRE
5  emm pmm bmm eDi p/Di blp  ple
1-1 0.12 24 1.2 0.02 04 05 20
1-2 0.18 2.4 1.2 0.03 0.4 0.5 133
1-3 0.24 24 1.2 0.04 04 05 10
1-4 0.30 2.4 1.2 0.05 0.4 0.5 8
1-5 0.36 24 1.2 0.06 04 05 6.7
1-6 0.42 2.4 1.2 0.07 0.4 0.5 5.7
2-1 0.30 24 1.2 0.05 04 05 8
2-2 0.30 3.0 1.2 0.05 0.5 0.4 10
2-3 0.30 3.6 1.2 0.05 06 033 12
2-4 0.30 4.5 1.2 0.05 0.75 027 15
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2-5 0.30 6.0 1.2 0.05 1 0.2 20
26 030 75 12 005 125 016 25
3-1 0.30 3.0 0.9 0.05 0.5 0.3 10
32030 30 15 005 05 05 10
3-3 0.30 3.0 1.8 0.05 0.5 0.6 10
34030 30 21 005 05 07 10
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(a) Smooth tube

(b) Spiral grooved tube

Figure 2. Numerical calculation model
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Table 2. Material properties
2. FRIESE
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S RIFE IKITAEA 5
B p (Kg/m') 7930 965.3
SHRAMA (W /(m-k)) 152 0.68
LA Cp (J/(Kg-K)) 460 4208
FHEE p (mPa-s) 0.3149
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3.1 Fluent 3R -EUE R0 69 7] S 1L IE

h T IRAIE fluent FAFEUE B A 5E0E, ARSCR
FH 55 BB [R) 25 4 JUST (R 635 A T4 P BHL T R 34
BB ZE, IR a5 B AT L
5o 2% 3 OBETE 10000 < Re < 60000 F, HfEtisl 44
SN BB AR LA i, H e B R 5
BB AL 1 Blasius A, /= 0.3164Re™™ {14455,
BN AR S & 1 Dittus-Boelter A 3

o = 0.023§Re°'8 Pro ).

Table 3. Numerical simulation results with theoretical comparison
list of smooth tube

3. AERERULERGERERE—RR

Re(x10") 1 2 3 4 5 6

S f 0.0316  0.0266  0.024  0.0224  0.0212  0.0202
B f 0.0307  0.0254  0.0231  0.0217  0.0207  0.0199

WE%) 285 -4.35 -3.63 314 250 -1.50
HiE Nu 50.4 87 1199 1509 1797  207.9
HL Nu 48.6 86 119.7 151.7 182.1 211.9
RFE%) 357 115 -0.17 0.53 1.34 1.92
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Figure 4. Pressure distributions in spiral grooved tube
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Figure 5. Pressure distributions in crossprofile

5. BiEEERAEEN S B A



2010 The Second China Energy Scientist Forum

L LI L L w

SRR R R R e
HAA HHHHHHHQHHHHHHHHHHHH

R

Figure 6. Temperature distributions in crossprofile
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Figure 7. Curve: Nu-Re with the change of groove depth
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Figure 8. Curve: f-Re with the change of groove depth
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Figure 9. Curve: Nu-Re with the change of pitch
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Figure 10. Curve: f-Re with the change of pitch
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Figure 11. Curve: Nu-Re with the change of groove width
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Figure 12. Curve: f~-Re with the change of groove width
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