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A Study on the Heat Transfer Characteristics of Swirling Flow

in a Circular Sectioned 180° Bend with Uniform Heat Flux

Lee Sang Bae, Kwon Ki Rin and Chang Tae Hyun
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An experiment was performed to local heat transfer coefficient and Nusselt number in the

circular duct of 180° bend for Re= 6x10% 8x10* and 1x10° at swirling flow and non-swirling

flow conditions. The test tube with circular section was made by stainless which has curvature

ratio 9.4, The wall of test tube was heated directly by electrical power to 3.51 kW and swirling

motion of air was produced by a tangential inlet to the pipe axis at the 180 degree. Measurements

of local wall temperatures and bulk mean temperature of air are made at four circumferential

positions in the 16 stations. The wall tempteratures show particularly reduced distribution curve

at bend for non-swirling flow but this effect does not appear for swirling flow. Nusselt number

distributions for swirling flow which was calculated from the measured wall and bulk tempera-

tures were higher than that of non-swirling flow. Average Nusselt number of swirling flow
increased about 90~ 100% than that of non-swirling flow whole through the test tube. The Nu/
Nups values at the station of 90° for non-swirling flow and swirling flow are respectively about

2.5 and 4.8 at Re= 6x10*. Also that is good agreement with Said’s result for non-swirling flow.
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1) Test tube ($54.5)

2) Steel tube 9) Multi-pitot tube
3) Flexible hose 10) Inclined manometer
4) Turbo fan 1) Thermocouple (K-type)

5) Motor (220V X 10HP)
6) R.P.M. controller
7) Pitot tube

13) Insuiation

8) Electronic manometer

12) Thermometer(HR2500)

15) Copper connector

16) Lead wire(930)

17) Voltage regulator(20kW)
18) Swirl generator

19) Swirl chamber

20) Stainless tube ($54.5)

14) Measureing hole(93)

Fig. 1 Schematic diagram of experimental apparatus
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Fig. 2 Photograph of test tube
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Table 1 Specification of test tube

Material - SUS 304
Tube Outside mm 60.5
diameter Inside mm |  54.5
Straight section m 6
Bend radius (R) mm 255
Curvature ratio(Rc) - 9.4
Heat flux kW 3.51
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Fig. 3 Schematic diagram of the inlet section
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Table 2 Measurement sections of temperature

Te) A3FE ARTEA 619
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Table 3 Measurement positions of bulk tempera-

Test tube No. of Nondimensional ture
test section distance (x/D) Measure|0~0.5~1.5~3.5~6.5~11.5~18.5~27.25
1 10D point | (wall) (center)
Upstr: -6D Int 1
pstream 2 6 mevalos 1 2 3 5 7 875
3 -2D [mm]
4 0°
5 30° % A4LE 24 b vuene sge 4
6 60° YA, E7 chEAle] 647 LV EAL
Bend 7 90° Aol FA st Pz #H3 ol FFH
8 120° ahell B} 2.3kw 3% olwlolu] 1 o]Alo] Ew 7k
9 150° < #akx ook
10 180°
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12 3D Mtz S Sobo] AWpel g AF A
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14 10D 3} o] A AR 4 9lch
15 16 D
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Fig. 5 Cross section of test tube
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Fig. 6 Wall temperature profiles along the test tube
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Table 4 Increased ratio of Nusselt number at
given flow conditions

Heat .
Flow | Reynolds | transfer ?l::l: iatrlo of
condition | number | coefficient umber | mncrease
[Nu] [%]
[h]
6x10* 74 151 -
Non-
) 8 x10* 88 181 -
swirl
1x10° 106 218 -
6x10* 142 291 93
Swirl
8% 1¢* 176 363 100
L/D=0
1x10° 214 440 102
6x10* 104 215 42
Swirl
8x10* 146 300 66
L/D=17
1x10° 175 360 66
6x10* 103 22 40
Swirl
8x10* 139 287 59
L/D=14
1x10° 180 371 70
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