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A Study on Enhanced Tubes for Electric Utility Steam Condensers
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Abstract A computer program that simulates electric utility steam condensers was developed, and used to investigate
the effects of enhanced tubes in steam condensers. The replacement of smooth tubes with enhanced tubes reduces
the steam condensing temperature, and increases the efficiency of the electric utility. Therefore, a significant amount
of power may be reserved without any modification of the utility. Three enhanced tubes, corrugated, low fin with
internal ribs, and low fin with internal 3-D roughness, were considered. The results showed that there is an optimal
internal roughness height. Low fin tubes with a 3-D roughness were superior to the other enhanced geometries. This
was attributed to longitudinal vortices generated between the circumferential dimples. An additional 0.5 MW~1.3 MW
was possible when smooth tubes were replaced with enhanced tubes in the 600 MW electric utility condenser. The
additional power increased with increasing coolant temperature. More investigations on fouling, corrosion, and
mechanical properties will be necessary for actual applications of enhanced tubes in electric utility condensers.
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(a) Corrugated tube
(b) Low fin tube with internal ribs
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(c) Low fin tube with internal dimples
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Table 1. Design parameters of the 600 MW steam

condenser

Ttem Spec.

Tube material Titanium
Outer diameter (mm) 222
Wall thickness (mm) 0.71
Tube length (m) 10.67
Number of tubes 20,300
Water flow rate (m3/s) 13.88
water AT (°C) 14.6
Pump head (m) 215
Tube friction loss (m) 451

285 A- Cooling tower 7
24| B - External friction ]
= C- Condenser tubes (smooth)
Q 20 - 4
<
Z 16} c ]
?
é 120 B
el
< 8+ T ]
[}
T 4l 1% \

0 L
0 100 200 300 400 500 600 700 800 90
Condenser water flow (m*/min)

Fig. 2. Pump and system head curve for 600 MW fossil
fuel power plant
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Calc : Qy from heat rate curve
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Fig. 4. Flow chart for simulation of an electric utility
condenser
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Table 2. Comparison of parameters for the 600 MW
steam condenser
AE
Tube W/W, V/Vs Ri/Ris Ro/Ros (kW)
smooth 1.0 1.0 1.0 1.0 0
Corrugated
p =15 mm 0.94 0.94 0.71 0.91 451
e = 1.0 mm
Low fin/Rib
pr=2.0 mm
h = 0.6 mm 0.96 1.05 0.60 0.27 1,138
p =30 mm
e = 0.3 mm
Low fin/3-D
pr=2.0 mm
h = 0.6 mm 0.95 1.02 0.27 0.30 1,283
p =50 mm
e = 0.4 mm
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