Power Plant Heat Exchanger Effectiveness
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Introduction

A steam turbine generating unit in a power plant is based a round a series of heat exchangers and heaters. There are low pressure feedwater heaters to heat condensate as it flows from the main condenser hotwell to the deaerator and high pressure feedwater heaters to heat the feedwater as it is pumped from the deaerator to the boiler economizer inlet. Each heater plays an integral role in maintaining the generating unit’s efficiency.

Each of the feedwater heaters is a shell and tube heat exchanger and receives low-pressure extraction steam from the turbine itself. If one of the heat exchangers develops a leak, not only will it degrade the efficiency of the unit, it can also cause performance-related problems if severe. Countless man-hours have been spent inspecting and troubleshooting heaters that are suspected of having leaks and as the equipment ages, leaks are becoming much more frequent.

Mustang #4 has eight heaters total; four LP heaters (A, B, C, D) and four HP heaters (FA, FB, GA, GB). Leaks have most frequently occurred in the LP heaters where the temperature differential between the condensate/feedwater and extraction steam has been greatest. The inlet and outlet temperatures of both the shell and tube sides of the heaters are monitored in real time via a temperature recorder in the control room. Past troubleshooting of heater leaks has consisted of trend analysis of these temperatures if a high level on the shell side has been detected or observed.

I am proposing the monitoring of each heater’s effectiveness via the same temperature data recorder so that leaks or performance issues can be identified and corrected promptly. This will offer a benefit in two ways: man-hour labor costs will be reduced as will forced equipment outages due to leaks that normally go undetected. A small number of additional data points and appropriate software will be required to record and calculate this additional data. The initial costs will be considerably offset by the reduced equipment downtime.

Methods
Heater effectiveness is a fairly simple mathematical calculation to make since it is nothing more than a ratio of the actual heat transferred to the maximum heat that could possibly be transferred. To calculate this, the inlet and outlet temperatures must be known (this data currently exists), the mass flow rate of the steam and condensate/feedwater must be known (this will require the installation of sonic meter data points on each heater), and entropy of each fluid (additional software will make this calculation based on temperature and pressure). The specific heat of the fluids will be calculated additionally by multiplying the entropy (cp) by the mass flow rate (m). Entropy can be obtained from steam tables and mass flow rate can be calculated from manufacturer’s data.

The following equation will be used:
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Cc (Tc out – Tc in)

                      Cmin (Th in – Tc in)

Where Cc is the specific heat of the cooler fluid (the condensate/feedwater), Tc is the temperature of this fluid, Cmin is the smaller of the two specific heats calculated (often the hot fluid), and Th is the temperature of the hot fluid. This produces a simple percentage that can quickly alert an operator to an equipment problem or assist a maintenance man in troubleshooting one. An engineer can use the trend analysis of the data to plot unit and heater performance for given loads and conditions as required.

Data
I chose two LP feedwater heaters to monitor and make effectiveness calculations. “B” heater has no history of developing leaks or other performance-related problems, while “C” heater has and has had numerous tubes plugged. It may be worth noting the relative differences in the steam and condensate/feedwater in both heaters.

	4B FEEDWATER HEATER

	LOAD (MW)
	SHELL IN (ºF)
	SHELL OUT (ºF)
	TUBE IN (ºF)
	TUBE OUT (ºF)
	EFFECTIVENESS

	92
	296
	160
	133
	165
	0.57

	95
	296
	159
	133
	165
	0.60

	95
	304
	160
	134
	166
	0.60

	97
	308
	162
	135
	168
	0.58

	157
	288
	184
	154
	189
	0.79

	210
	299
	198
	165
	202
	0.84

	250
	297
	206
	170
	209
	0.93

	265
	298
	211
	176
	216
	1.00


	4C FEEDWATER HEATER

	LOAD (MW)
	SHELL IN (ºF)
	SHELL OUT (ºF)
	TUBE IN (ºF)
	TUBE OUT (ºF)
	EFFECTIVENESS

	92
	440
	178
	165
	207
	0.49

	95
	450
	187
	173
	218
	0.52

	95
	447
	197
	176
	224
	0.56

	97
	447
	204
	189
	235
	0.57

	157
	445
	211
	195
	242
	0.60

	210
	450
	212
	197
	244
	0.59

	250
	451
	213
	197
	245
	0.60

	265
	441
	223
	206
	255
	0.66


I’d like to point out that in order to calculate effectiveness, all temperatures were converted to Kelvin (K) and all other units were converted from English units to metric units.

It will also be worth noting that as the feedwater outlet temperature approaches that of the steam inlet temperature, the heater effectiveness begins to increase. This occurs at maximum load, or close to it. “B” heater, which has no leaks or any history of leaks, has a near perfect effectiveness at maximum load. “C” heater has had a past history of leaks and is currently suspected of a few minor leaks. Its effectiveness never becomes greater than 0.66.
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Conclusions
Constant monitoring of feedwater heater effectiveness will prove beneficial, especially on an older generating station such as Mustang. It may well be possible that the operating life of the equipment could be extended by many years with this monitoring and combined supporting maintenance. However, until the additional recommended monitoring equipment is installed, there is no feasible means of calculating effectiveness with any great deal of accuracy.

The main limitation is currently a lack of a means to accurately measure the mass flow rate. The calculations I made were by obtaining the manufacturer’s data for each heater (written in 1958) and converting that flow rate (listed as pounds/hour) to kg/second. This is clearly not accurate enough to base any operational decisions, but it does serve to point out the usefulness of these types of calculations and related monitoring programs.

In the past, heater leaks have been able to increase in severity to the point where pronounced equipment failure has occurred, due to the main condenser flooding or causing other heaters to flood. Many minor heater leaks have occurred that have affected the operating costs of the generating units due to the increased amount of fuel burned to achieve a given load. I believe that this type of monitoring will eliminate those problems.
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