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Experimental Study on the Characteristics of Heat and Mass Transfer on the

Teflon Coated Tubes
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Abstract

The heat and mass transfer on two kinds of tube surfaces (bare stainless steel tube and Teflon coated tube)

in steam-air mixture flow are experimentally studied to obtain design data for the heat exchanger of the latent
heat recovery from flue gas. In the test section, 3-tubes are horizontally installed, and steam-air mixture is
vertically flowed from the top to the bottom. The pitch between tubes is 67mm, the out-diameter of tube is
25.4mm, and the thickness is 1.2mm; blockage factor (cross sectional tube area over the cross sectional area
of the test section) is about 0.38. All of sensors and measurement systems (RTD, pressure sensor, flow-meter,
relative humidity sensor, etc.) are calibrated with certificated standard sensors and the uncertainty for the heat
transfer measurement is surveyed to have the uncertainty within 7%. As experimental results, overall heat
transfer coefficient of the Teflon (FEP) coated tube is degraded about 20% compared to bare stainless tube.
The degradation of overall heat transfer coefficient of Teflon coated tube comes from the additional heat
transfer resistance due to Teflon coating. Its magnitude of heat transfer resistance is comparable to the in-tube
heat transfer resistance. Nusselt and Sherwood numbers on Teflon (FEP) coated surface and bare stamless
steel surface are discussed in detail with the contact angles of the condensate.
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Table 1 Experimental condition

No. Tw Tai Woo va | RH
(C) ] (C) | (gke) | (m3/min) | (%)
1 8.0 70.0 80.0 3.72 37.06
2] 80 70.0 80.0 7.62 37.06
3] 80 70.0 80.0 15.00 37.06
4] 80 70.0 100.0 3.72 45.04
51 8.0 70.0 100.0 7.62 45.04
6 | 80 70.0 100.0 15.00 45.04
71 80 70.0 120.0 3.72 52.59
8| 80 70.0 120.0 7.62 52.59
9] 80 70.0 120.0 15.00 52.59

Table 2 Accuracy of the measurements after calibration

Items Accuracy
Temperature + 0.04°C
, Density + 03%
Cooling Water Specific Heat t 03%
Flowrate + 02%
Temperature + 0.04C
Water Vapor Concentration | +£0.23 ~ 032 g/k
Humid Air  [Total Pressure + 1.0%
Differential Pressure + 1.0%
Nozzle Diameter + 0.0 om
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Table 3 Uncertainty results of heat transfer rate for the water and the steam-air mixture side
Cooling Water Side Humid Air Side
Den | Flow Ugw | Inlet [ Qutlet| Outlet | Nozzle | Air Ugs
lex:?al No -sity | -rate Coo [ Twi [ Two | Qu /QQ“. Dry T.| Dry T.| wet T.|Diameter| -flow Q /(‘)}s Q Vol
kgm’| Ipm |[JkegK| ¢ ] T | W ]| % | ©C c C o |miminl W % | W] %
1 1003 § 4.07 | 4203 |7.93] 9.68 | 458 | 5.1 | 69.95] 66.01 | 50.00 40/50 374 | 12541 28 | 334 | 7.0
2 | 1003 [ 4.07 | 4203 [7.95[10.09] 570 | 4.2 | 69.97 | 67.46 | 49.14 | 40/70 7.64 | 189 2.8 { 381 | 64
3 | 1003 | 4.08 | 4203 17.92]10.66} 743 | 3.3 | 69.94 | 68.38 | 49.37 [40/50/100 1545 | 254 | 3.8 | 488 | 5.4
4 | 1003 |4.07] 4203 [7.95]| 9.86 | 503 | 4.8 | 6992 65.74| 52.50 | 40/50 374 | 120 29 | 383 | 6.4
STS 5 | 1003 ]| 4.07| 4203 [7.99|10.44} 658 | 3.9 | 6996 | 67.24 | 52.23 50/70 764 | 196 2.6 | 462 | 5.6
6 | 1003 | 4.09 | 4203 [7.98|11.25] 898 | 3.0 | 70.07 | 68.23 | 52.47 |40/50/100} 15.44 | 301 | 3.3 | 597 | 4.8
7 | 1003 | 4.08 | 4203 [7.94]10.00f 548 | 4.2 | 69.94 | 66.22 | 54.88 | 40/50 372 1107] 32 | 441 | 53
8 | 1003 | 4.09 | 4203 [7.95|10.60} 719 | 3.3 | 69.96 | 67.23 | 55.55 | 40/70 761 | 175] 2.7 | 544 | 45
9 {1003 | 4.08 | 4203 17.97|11.52] 977 | 2.7 | 69.98 | 68.21 | 55.32 {40/50/100] 15.44 | 276 | 3.4 | 701 | 4.0
1 11003 ]4.05] 4203 |7.97| 9491} 431 | 5.3 | 70.09 ] 66.70 | 49.61 40/50 3.71 91 37 | 340 | 6.8
2 | 1003 [ 4.08 | 4203 {7.98) 9.81 | 527 | 4.4 | 70.10 | 67.81 | 50.08 | 40/70 7.62 | 169] 3.1 | 358 | 6.6
3 | 1003 ]| 4.06 ] 4203 [7.96/10.19] 636 | 3.6 | 70.09 | 68.72 | 50.16 |40/50/100} 15.00 { 214 | 4.4 | 423 | 59
4 | 1003 | 4.11| 4203 {7.97] 9.53 | 451 | 5.1 | 70.06 | 66.80 | 54.09 | 40/50 3.74 79 | 42 | 372 | 6.3
T](::lfédlgN 5 | 1003 {4.11| 4203 |7.98] 991 | 557 | 4.1 | 70.06 | 67.83 | 54.23 50/70 752 [ 152 32 | 405 | 5.8
6 | 1003 } 4.13 | 4203 17.96]10.4Q] 709 | 3.3 | 70.08 | 68.71 | 54.24 [40/50/100} 15.09 | 207 | 4.4 | 302 | 5.0
7 | 1003 | 4.01 | 4203 |7.97]| 9.85| 528 | 4.3 | 70.06 | 66.65 | 56.31 40/50 3.73 81 4.1 | 447 | 5.1
8 | 1003 | 3.92) 4203 {7.99|10.32| 642 | 3.5 | 70.09 | 67.91 | 5597 | 40/70 764 | 139 34 | 504 | 4.6
9 | 1003 | 4.02 ] 4203 [7.95]{10.62] 753 | 3.0 | 70.09 | 68.83 | 56.21 [40/50/100] 15.06 | 168 | 4.8 | 585 | 4.2
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Fig. 13 Contact angles of the water drop on plates
composed of different materials
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Fig. 14 Photographs of steam condensate drops on the
tubes: (a) bare stainless steel tube, (b) Teflon
(FEP)-coated tube
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