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Thermal economy analysis of power unit with wet-dry hybrid cooling system

GUO Minchen, JI Zhiqin, AN Guangran, LI Ansheng
(School of Energy, Power and Mechanical Engineering, North China Electric Power University, Beijing 102206, China)

Abstract: Air-cooling power units have high back pressures in summer due to high environment temperatures,
reducing the power output, thermal efficiency and operation safety. In this study, a wet-dry hybrid cooling system
is analyzed with part of exhaust steam cooling by circulating water to decrease the unit back pressure in summer.
A mathematic model is established for the effect of wet-dry hybrid cooling system on the thermal economy.
Variations of back pressure and net power output with the live steam flow rate, exhaust steam distribution and
environmental temperatures are analyzed for a 330 MW direct air cooling power unit. The results show that the
power output increases from 326.266 MW to 330 MW and the back pressure drops from 46.8 kPa to 31.9 kPa as
the live steam flow rate increases to1120 t « h™' and the distribution steam flow rate with wet cooling increases to
175 t  h™'. The heat consumption rate decreases 110.9 kJ * (kW * h)' and generation standard coal consumption
rate decreases 4 g * (kW + h)™".

Key words: air-cooling; back pressure; wet-dry hybrid cooling system; heat transfer; model; thermodynamics;
thermal economy
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Fig.1 Schematic diagram of wet-dry hybrid cooling system
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Table 1 Designation parameters of 330 MW direct air cooling power unit for summer condition
Dyt * ™! 1/C po/MPa hokd + kgt D/t *h! 14/ C hak] + kg!
1120 538 16.67 33973 923.94 3235 3029.9
Dit+h Dyt +h Dyt+h Dyt+h Ds/t+ b D¢t + b Dyt +h
86.25 95.79 4537 26.02 28.79 46.31 42.32
kT e kg ho/kJ + kg kT + kg hakd * kg™ hs/kJ « kg hekJ * kg kT * kg
31523 3029.9 3322.1 3133.6 3025 2922.6 2729.9
%330 MW BEHET R HAE T LB S HIE o
1, ZZABABREETHSEE 2. 84 R4 T
LY s e aren O Pemots”
IKANFKIRA 35°C, Wzl 4°C, IRERIRE [ vDa=160th
7930C, sof <4 Da=0th”
£
F2 EARSBEFIRSY <
Table 2 Operation parameters of air-cooled condenser for 401
summer condition 35k
A’ owemes! gy’ ta/C k /W~ (m” - K)" 20l
840530 1.8 6900 353 225
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HMAGN BT E R &, FRRREN 1100t h
W15 R =iA 52 kPa; SR T-BAH RS, 4iEs
BTN 140 t+ h IHHLZL TS R AT B3 34 kPa,
P 7 18 kPa, [FIRHF-12¥4 #) R 40 il LUK R
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Fig.2 Condensation pressures for various live steam

flow rates
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Table 3 Power outputs for various live steam flow rates and exhaust steam flow rates in wet cooling condenser

Item De=100t * h' Do=120t < h™! Do=140t+ h™! D=160t * h' Direct air-cooling power unit
D¢=1000t + h™' 295.671 296.036 296.400 296.763 293.820
Dy=1025th™' 302.972 303.348 303.723 304.097 301.064
Dy=1050t« h™' 310.251 310.641 311.027 311.213 308.288
Dy=1075t h™' 317.516 317915 318315 318.712 315.495
Dy=1100t + h™" 324.761 325.174 325.583 325.992 322.679
De=1125t+h™ 331.987 332411 332.832 333252 329.848
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Fig.3 Circulating pump power consumptions
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Fig.4 Net power output increments for various wet-cooling

condensation steam flow rates
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wet-cooling condensation steam flow rates
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Fig.7 Net power output increments for various wet-cooling
condensation steam flow rates
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Table 4 Comparison of thermal economic of power unit

Item Direct air-cooling power unit D=100t = h! Du=200t = h™' D=300t * b
P. /MW 328.417 330.530 332.623 334.664
PIMW 326.266 328.249 330.261 332.10
p./ kPa 46.8 40.32 29.58 21.39
q/kJ * (kW + h)7l 9530.8 9470.4 9410.8 9351.9
b/kg * (kW h)7l 0.326 0.324 0.322 0.320
water-waste for wet-cooling system/ t « h™" — 82.3 166 250.9
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