PROBLEMS

                                CIRCULATING-WATER SYSTEM
Source: Powerplant Technology, M.M El-Wakil, Mcgraw-Hill International Ed.

7-1 A 900-MW powerplant of the pressurized-water nuclear-reactor type uses once-through cooling from a river. Regulations do not permit cooling water disd1arge back to the river hotter than 5°C above river ambient. Estimate (a) the necessary water flow, in kilograms per second, and (b) the reduction, in percent, in. this water flow if the plant efficiency is improved by 1 percentage point. Take cp for water = 4.184 kJ/kg K.

7-2 A 900-MW powerplant of the pressurized-water nuclear-reactor type uses a wet cooling tower in the closed mode. The condenser range is 10°C. Estimate, for hot-weather conditions, (a) the amount of makeup water flow in kilograms per second, (b) the percent makeup flow of the total condenser flow, and (c) the reduction, in percent, in the makeup if the plant efficiency is improved by I percentage point.

7-3 A natural-draft cooling tower is 450 ft high. Air enters the tower at 14.696 psia, 50°F, and 50 percent relative humidity and leaves in a saturated condition. The pressure drop in the tower is 0.015 psi. Calculate (a) the air exit temperature, in degrees Fahrenheit, and (b) the makeup due to evaporation, in pound mass per pound mass of dry air.

7-4 A natural-draft cooling tower receives 250,000 ft3/min of air at standard atmospheric pressure, 70°F, and 45 percent relative humidity. The air leaves saturated at 100°F. 3500 gallons per minute of water at 104oF is cooled. Calculate (a) the temperature of the water at tower exit, and (b) the necessary height of the tower if the total pressure losses are 2.00 Ibf/ft2.

7-5 An induced-draft cooling tower cools 90,000 gallons per minute of water from 84 to 68°F. Air at 29.15 in.Hg absolute pressure, 70°F dry bulb and 60°F wet bulb, enters the tower and leaves saturated at 80°F. Find (a) the volume flow rate of air, in cubic feet per minute, and (b) the makeup water required, in pound mass per hour.
.

7-6 A wet cooling tower receives 1.5 x 106 lbm/min of condenser water at 96°F, and 1.25 x 106 1bm/min of air at I standard atmosphere, 62oF. and 50 percent relative humidity. The air leaves saturated at 82°F. Calculate (a) the exit water temperature. in degrees Fahrenheit. and (b) the percent condenser cooling water makeup due to evaporation.

7-7 A cooling tower is situated above sea level where the pressure is 14.5 psia. Air at 50°F and 50 percent relative humidity enters the tower at the rate of 2 x 106 lbm/min and leaves saturated at. 80°F. The condenser cooling water enters at 96°F. The condenser range is 18°F. Calculate (a) the mass flow rate of the condenser cooling water, and (b) the makeup due to evaporation. in pound mass per minute.​

7-8 A mechanical-draft cooling tower receives 3.3 x 106 lbm/min of condenser water at 92oF. The condenser range is 20oF. The outside air is at 60oF dry bulb, 46°F wet bulb, and 14.696 psia. The exit air is saturated at 82°F. The pressure drop in the tower is 0.0125 psi. Find the fan horsepower requirements in the case of (a) an induced-draft fan, and (b) a forced-draft fan. Assume that both fans have an efficiency of 65 percent.

7-9 A cooling tower receives 3.3 x 106 lbm/min of condenser cooling water at 92oF. The condenser range is 20oF. The outside air is at 60oF dry bulb, 46°F wet bulb, and 14.696 psia. The exit air is saturated at 82oF. The pressure drop in the tower is 0.0125 psi. (The conditions are the same as those in Prob. 7-8.) Calculate (a) the height of the tower if it is of the natural-draft type, and (b) the forced-draft horsepower requirements if a hybrid wet tower half the height of the natural draft tower is used. Because the pressure drop is mainly in the fill, assume that both have the same pressure drop. The fan efficiencies are 65 percent.

7-10 A hybrid tower is designed to cool 2 x 108 lbm/h of condenser water from 94 to 72oF. The outside air is at one standard atmosphere, 66°F diy bulb, and 60°F wet bulb. It leaves the tower saturated at 86°F. The pressure drop in the tower is given by 5.75 x 10-15ma2 psia, where ma is the mass flow rate of air in pound mass per hour. Calculate the height of the hybrid tower if the total fan power should not exceed 3000 kW. The fan efficiency is 0.65.

7-11 An induced-draft wet cooling tower situated on a natural body of water at 60°F operates in the helper mode. The total condenser water flow is 3 x 106 lbm/min. The condenser exit water is at 96oF. The tower receives half the condenser water, and 1 x 106 lbm/min of air at 1 standard atmosphere, at 62°F, and 50 percent relative humidity. The air leaves the tower saturated at 82°F. Calculate (a) the water supply from the lake in pound mass per minute, assuming losses due to evaporation only, (b) the tower water exit temperature, and (c) the condenser inlet temperature, in degrees Fahrenheit.

7-12 It is desired to compare the effect of two types of dry cooling tower systems on powerplant performance. The towers are of the indirect cooling type. One operates with a surface condenser with an 8°F terminal temperature difference; and the other with a direct-contact condenser with 8oF terminal temperature dif​ference. Consider for simplicity a simple ideal Rankine cycle with inlet saturated steam at 1000 psia. Further consider that both have the same. condenser cooling water mass flow rate of 7.21 x 107 lbm/h, the same inlet temperature of 70°F, the same dry tower air temperature range of 60°F in and 90°F out, and the same air mass flow rate of 5 x 108 lbm/h. Calculate for each case (a) the condenser temperature, in degrees Fahrenheit, and pressure, in psia, (b) the steam mass flow rate, in pound mass per hour, (c) the cycle efficiency, and (d) the cycle work, in megawatts, ignoring the pump work.

7-13 A wet-dry cooling tower receives 20 x 106 lbm/h of condenser cooling water at 110°F. The water is cooled in the dry section to 90°F and in the -wet section to 70°F. The outside air is at 1 standard atmosphere, 60°F, and 40 percent relative humidity. The air leaves both dry and wet sections at 81°F. Calculate (a) for the dry section the outside cooling air required, in pound mass per hour, and the relative humidity leaving it, (b) for the wet section the outside cooling air required, in pound mass per hour, (c) the condition (temperature and relative humidity) of the air leaving the tower, (d) the required makeup of condenser cooling water due to evaporation, in pound mass per hour, and (e) the percentage savings in that makeup because of the use of a wet-dry instead of an all-wet tower.

7-14 A cooling lake is used to cool a 200-MW powerplant that has a 39 percent efficiency. The condenser cooling water inlet and exit temperatures are 75° and 95°F, respectively. The lake equilibrium temperature and overall heat-transfer coefficient based on the available climatic conditions are 65°F and 3.5 Btu/h .ft2.oF. Determine the surface area of the lake, in acres.

7-15 A spray pond is used to cool a 200-MW powerplant that has a 39 percent efficiency. The condenser cooling water outlet temperature is 90°F. The atmosphere is at 70°F and 60 percent relative humidity. The spray nozzles have ntu = 0.15, r = 0.015 and f = 0.25. Determine (a) the number of spray modules required, (b) the flow per module, in gallons per minute, and (c) the approximate pond area, in acres.
