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Discussion on structure optimization technology of primary
air preheater in a waste power plant

QU Wenlong
( Wethai Environmental Renewable Energy Co. ,Lid. ,Weihai 264200, China)
Abstract; In view of the problems existing in the traditional primary air preheater, two—stage heating
was adopted for the preheater,and the traditional split structure was changed into integral molding.The
results show that the reformed integral preheater runs stably.The corrosion problem caused by water ero-
sion is eliminated.The leakage of serpentine pipeline and water main pipe is reduced.The service life of
the equipment is extended.The electrical consumption of primary air blower is reduced by 17.2 kW per

hour,and the annual steam consumption is reduced by 7 568.64 t.The economic benefits are obvious.
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Process Conditions Outside Tubeside
Fluid name
Fluid condition Sens. Gas Cond. Vapor
Total flow rate (kg/s) ¥ 24.333 " 1.331
Weight fraction vapor, In/Out N 1.0000 ¥ 1.0000 = 1.0000 " 0.0000
Temperature, In/Out (Deg C) " 5.00 " 150.00 " 300.00 = 90.00
Skin temperature, Min/Max (Deg C) " 55.01 " 208.44 " 60.88 216.37
Pressure, Inlet/Outlet (kPa) "  107.30 7 106.85 " 1081.3 1058.4
Pressure drop, Total/Allow (kPa)|(kPa) " 0.448 " 0.000 " 22904 0.000
Midpoint velocity (m/s) v 5.87 7.94
- In/Out (m/s) " 17.69 i 7.79e-2
Heat transfer safety factor (--) " 1.0000 = 1.0000
Fouling (m2-K/W) §.000344 = 0.000172
Exchanger Performance
Outside film coef (W/m 2-K) " 51.44 Actual U (W/m2-K) "™ 38.619
Tubeside film coef (W/m2-K) " 2500.3 Required U (W/m2-K) " 36.753
Clean coef (W/m2-K) " 41.897 Area (m2)" 1058.6
Hot regime Cond. Vapor Overdesign (%) " 5.08
Cold regime Sens. Gas Tube Geometry
EMTD (Deg C) 92.2 Tube type High-finned
Duty (MegaWatts) 3.586 Tube OD (mm)” 25.000
Unit Geometry Tube ID (mm)"” 19.000
Bays in parallel per unit v 1 Length (m) v 2.660
Bundles parallel per bay " 1 Area ratio(out/in) )" 9.7757
Extended area (m2) " 1058.6 Layout Staggered
Bare area (m2) T 157.94 Trans pitch (mm) 110.00
Bundle width (m) " 2.325 Long pitch (mm)"” 50.000
Nozzle Inlet Outlet Number of passes )" 12
Number () " 17 1 Number of rows )" 36
Diameter (mm) 7202727 202.72 Tubecount )" 756
Velocity (m/s) ¥ 979" 431e-2 Tubecount Odd/Even () 21/ 21
R-V-8Q (kg/m-s2) T40369" 1.78 Material Carbon steel
Pressure drop (kPa) ¥ 02227 0.000 Fin Geometry
Fan Geometry Type Circular
No/bay =) Fins/length (fin/meter)” 167.0
Fan ring type Fin root (mm) 25.000
Diameter (m) " 0.000 Height (mm)"” 12.500
Ratio, Fan/bundle face area (--) " 0.0000 Base thickness (mm)"” 1.000
Driver power (kW) v 0.00 Over fin (mm)” 50.000
Tip clearance (mm) " 0.000 Efficiency (%) " 83.2
Efficiency (%) v 0.0000 Area ratio (fin/bare) )" 7.4295
Airside Velocities Actual Standard Material Carbon steel
Face (m/s) ¥ 293 Thermal Resistance, %
Maximum (m/s) ¥  4.44 Air v 75.08
Flow (100 m3/min) " 10.860 Tube v 15.10
\elocity pressure (Pa) ¥ 0.00 Fouling v 7.82
Bundle pressure drop (Pa) ¥ 448.17 Metal al 1.99
Bundle flow fraction (--) " 1.000 Bond d 0.00
Bundle ¥100.00 Airside Pressure Drop, % Louvers i 0.00
Ground clearance T  0.00 Fan guard i 0.00 Hail screen il 0.00
Fan ring " 0.00 Fan area blockage " 0.00 Steam coil " 0.00
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Process Conditions Outside Tubeside
Fluid name
Fluid condition Sens. Gas Cond. Vapor
Total flow rate (kg/s) ¥ 24333 r 0.776
Weight fraction vapor, In/Out " 1.0000 " 1.0000 " 1.0000 r 0.0000
Temperature, InfOut (Deg C) ¥ 150.00 " 220.00 " 385.00 " 220.06
Skin temperature, Min/Max (Deg C) " 20283 " 268.36 " 210.19 275.71
Pressure, Inlet/Outlet (kPa) ¥ 10730 " 106.73 " 23500 2345.0
Pressure drop, Total/Allow kPa)|(Pa) " 0ses | " 0000 | 7 5040 0.000
Midpoint velocity (m/s) " 754 2.92
- In/Out (m/s) " 5.38 " 5.18e-2
Heat transfer safety factor (--) " 1.0000 r 1.0000
Fouling (m2-K/W) §.000344 r 0.000172
Exchanger Performance
Outside film coef (W/m2-K) o 59.06 Actual U (Wim2-K) " 44.386
Tubeside film coef (W/m2-K) " 32463 Required U (Wim2-K)" 48.319
Clean coef (Wim2-K) ¥ 48771 Area (m2)" 1058.6
Hot regime Cond. Vapor Overdesign (%)" -8.14
Cold regime Sens. Gas Tube Geometry
EMTD (Deg C) 343 Tube type High-finned
Duty (MegaWatts) r 1.754 Tube OD (mm)” 25.000
Unit Geometry Tube ID (mm)" 19.000
Bays in parallel per unit " 1 Length m” 2.660
Bundles parallel per bay " 1 Area ratio(out/in) (--) " 9.7757
Extended area (m2) ¥ 10586 Layout Staggered
Bare area (m2) ¥ 157.94 Trans pitch (mm) 110.00
Bundle width (m) ¥ 2325 Long pitch (mm)” 50.000
Nozzle Inlet Outlet Number of passes )" 12
Number (-) " 17 1 Number of rows )" 36
Diameter (mm) "12819" 128.19 Tubecount " 756
Velocity (m/s) 7457 717e2 Tubecount Odd/Even (--) 21/ 21
R-V-SQ (kg/m-s2) F447.74" 4.31 Material Carbon steel
Pressure drop (kPa) " 0246”7 0.000 Fin Geometry
Fan Geometry Type Circular
No/bay (=) Fins/length (fin/meter) r 167.0
Fan ring type Fin root (mm)” 25.000
Diameter (m) " 0.000 Height (mm)" 12.500
Ratio, Fan/bundle face area ) " 0.0000 Base thickness (mm)” 1.000
Driver power (kW) r 0.00 Over fin (mm)” 50.000
Tip clearance (mm) r 0.000 Efficiency (%)" 794
Efficiency (%) ¥ 0.0000 Area ratio (fin/bare) (M 7.4295
Airside Velocities Actual Standard Material Carbon steel
Face (m/s) " 446 Thermal Resistance, %
Maximum (m/s) " 877 Air r 75.16
Flow (100 m3/min) "16.538 Tube " 13.37
Velocity pressure (Pa) " 0.00 Fouling r 8.99
Bundle pressure drop (Pa) ¥ 565.83 Metal r 2.48
Bundle flow fraction ) " 1.000 Bond r 0.00
Bundle 7100.00 Airside Pressure Drop, % Louvers Y 0.00
Ground clearance ¥ 000 Fanguard 0.00  Hail screen r 0.00
Fan ring " 0.00 Fanareablockage ¥ 000 Steam coil r 0.00
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Process Conditions Outside Tubeside
Fluid name
Fluid condition Sens. Gas Cond. Vapor
Total flow rate (kg/s) ¥ 24333 r 1.815
Weight fraction vapor, In/Out " 1.0000 " 1.0000 " 1.0000 r 0.0000
Temperature, InfOut (Deg C) " 5.00 " 220.00 " 390.00 r 70.00
Skin temperature, Min/Max (Deg C) " 3991 " 276.49 " 4386 284.95
Pressure, Inlet/Outlet (kPa) " 107.30 " 106.81 " 23500 23441
Pressure drop, Total/Allow kPa)|(kPa) " 0488 " 0000 | " 5917 0.000
Midpoint velocity (m/s) " 6.05 2.72
- In/Out (m/s) r 6.67 r 5.53e-2
Heat transfer safety factor (--) " 1.0000 d 1.0000
Fouling (m2-K/W) §.000344 r 0.000172
Exchanger Performance
Outside film coef (Wim2-K) r 51.75 Actual U (Wim2-K)" 36.211
Tubeside film coef (Wim2-K) ¥ 17135 Required U (Wim2-K)" 32.126
Clean coef (Wim2-K) ¥ 39.077 Area m2)” 2049.9
Hot regime Cond. Vapor Overdesign (%)" 12.72
Cold regime Sens. Gas Tube Geometry
EMTD (Deg C) 81.1 Tube type High-finned
Duty (MegaWatts) " 5341 Tube OD (mm)” 25.000
Unit Geometry Tube ID (mm)” 19.000
Bays in parallel per unit " 1 Length m)” 2.700
Bundles parallel per bay " 1 Area ratio(out/in) (--) " 9.7757
Extended area (m2) " 20499 Layout Staggered
Bare area (m2) " 305.36 Trans pitch (mm)” 75.000
Bundle width (m) " 3033 Long pitch (mm)” 38.000
Nozzle Inlet Outlet Number of passes )" 12
Number (=) " 1" 1 Number of rows )" 36
Diameter (mm) F20272"7 20272 Tubecount )" 1440
Velocity (m/s) " 703" 583e-2 Tubecount Odd/Even (-) 40/ 40
R-V-SQ (kg/m-s2) 7395177 3.28 Material Carbon steel
Pressure drop (kPa) 0217”7 0.000 Fin Geometry
Fan Geometry Type Circular
No/bay (=) Fins/length (fin/meter)” 167.0
Fan ring type Fin root (mm) " 25.000
Diameter (m) " 0.000 Height (mm)” 12.500
Ratio, Fan/bundle face area ) ¥ 0.0000 Base thickness (mm)"” 1.000
Driver power (kW) r 0.00 Over fin (mm)” 50.000
Tip clearance (mm) r 0.000 Efficiency (%)" 81.9
Efficiency (%) ¥ 0.0000 Area ratio (fin/bare) (" 7.4295
Airside Velocities Actual Standard Material Carbon steel
Face (m/s) o221 Thermal Resistance, %
Maximum (m/s) ¥ 405 Air r 69.97
Flow (100 m3/min) ¥10.860 Tube " 20.66
Velocity pressure (Pa) " 0.00 Fouling r 7.33
Bundle pressure drop (Pa) " 48822 Metal r 2.04
Bundle flow fraction &) " 1.000 Bond r 0.00
Bundle 7100.00 Airside Pressure Drop, % Louvers Y 0.00
Ground clearance ¥ 000 Fanguard 0.00  Hail screen r 0.00
Fan ring " 0.00 Fanareablockage " 000 Steam coil r 0.00
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