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BASICS OF CLOSED FEEDWATER HEATERS

TERMINOLOGY

A feedwater heater is a heat exchanger designed to preheat boiler feedwater by means of condensing steam
extracted (or “bled”) from a steam turbine. The heaters discussed here are classified as closed, since the
tubeside fluid remains enclosed by the tubes and channel, and does not mix with the condensate, as is the case
with open feedwater heaters. They are unfired since the heat transfer within the vessel does not occur by
means of combustion, but by convection, and conduction.

The steam extraction process in a closed feedwater is referred to as uncontrolled extraction. The flow rate of
steam into a feedwater heater is not limited by the amount of available steam (as opposed to a surface
condenser, for instance). The shellside operating pressure in a feedwater heater is determined by the pressure of
the steam supplied to it, not by the amount of heat transfer surface.

CONFIGURATION

Most feedwater heaters are of a standard shell-and-tube configuration, although some are of header type (mainly
outside of the USA). A few employ straight tubes, although the majority uses U-tubes, which are relatively
tolerant to the thermal expansion during operation.

RELATION TO POWERPLANT CYCLE

The heating process by means of extraction steam is referred to as being regenerative. The feedwater heaters
are an integral portion of the power plant thermodynamic cycle. Normally, there are multiple stages of
feedwater heating. Each stage corresponds to a turbine extraction point. These extraction points occur at
various stages of the expansion of steam through the turbines. The presence of the heaters in the cycle enhances
the thermal efficiency of the powerplant; the greater the number of extraction stages, the lower the amount of
thermal energy required to generate a given amount of electrical energy. A beneficial by-produr:  f 1ir: energy
extracted by the heaters is the reduced rate of rejection of energy to the environment.
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PRESSURE CLASSIFICATION

Low Pressure Heater: A heater located (with regard to feedwater flow) between the condensate pump and
either the boiler feed pump or, if present, an intermediate pressure (booster) pump. It normally extracts steam
from the low pressure turbine.

High Pressure Heater: A heater located downstream of the boiler feed pump. Typically, the tubeside design
pressure is at least 1500 psig, and the steam source is the high pressure turbine.

Intermediate Pressure Heater: (if present). A heater located between the booster pump and the boiler feed
pump. Usually the tubeside pressure is within 1000-1500 psi and the steam is extracted from an intermediate
pressure turbine.

ORIENTATION

Horizontal: Most heaters are of this configuration. These are the most stable in regard to level control,
although they occupy more floor space. Disassembly is by means of either shell or bundle removsai'. M.ost are
floor mounted, although some are mounted in the condenser exhaust neck.

Vertical, Channel Down: Although these conserve floor space, the amount of control volume available for
liquid

level fluctuation is less. Disassembly is by shell removal. Installation and removal may be more difficult than
for horizontal heaters.

Vertical, Channel Up: These are the least frequently used. Disassembly is by means of bundle removal. If a
subcooling zone is present, it must extend the full length of the bundle, since the water must enter the bottom
and exit at the top end of the heater.

ZONES
Zones are separate areas within the shell in a feedwater heater.

Condensing Zone: All feedwaters have this zone. All of the steam is condensed in this area, and any remaining
non condensable gases must be removed. A large percentage of the energy added by the heater occurs here.

Subcooling Zone: (Optional) The condensed steam enters this zone at the saturation temperature and is cooled
by convective heat transfer from the incoming feedwater.

Desuperheating Zone: (Optional) The incoming steam enters this zone, giving up most of its superheat to the
feedwater exiting from the heater.
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See figure below. (Typical 3 zone horizontal feedwater heater)
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Typical 3 zone horizontal feedwater heater
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DISCLAIMER

THIS INFORMATIONAL DOCUMENT IS PROVIDED BY THE HEAT EXCHANGE INSTITUTE (HEI) FOR INFORMATIONAL PURPOSES
ONLY. IT ISPROVIDED AS ONLY ONE SOURCE OF INFORMATION AND DOES NOT CONSTITUTE AN INDUSTRY STANDARD.
DETERMINATION OF WHETHER AND/OR HOW TO USE ALL OR ANY PORTION OF THIS DOCUMENT IS TO BE MADE IN YOUR SOLE
AND ABSOLUTE DISCRETION. NO PART OF THIS DOCUMENT CONSTITUTES LEGAL ADVICE. THIS DOCUMENT DOES NOT
RELIEVE USERS OF THEIR OBLIGATIONS TO COMPLY WITH APPLICABLE LAWS AND REGULATIONS. PRIOR TO USING THIS
DOCUMENT, YOU SHOULD REVIEW IT, ALONG WITH APPLICABLE LAWS AND REGULATIONS, WITH YOUR OWN LEGAL
COUNSEL. USE OF THIS DOCUMENT IS VOLUNTARY.

HEI DOES NOT MAKE ANY REPRESENTATIONS OR WARRANTIES WITH RESPECT TO THIS DOCUMENT OR ITS CONTENTS. HEI
HEREBY DISCLAIMS ALL WARRANTIES OF ANY NATURE, EXPRESS, IMPLIED OR OTHERWISE, OR ARISING FROM TRADE OR
CUSTOM, INCLUDING, WITHOUT LIMITATION, ANY IMPLIED WARRANTIES OF MERCHANTABILITY, NONINFRINGEMENT,
QUALITY, TITLE, FITNESS FOR APARTICULAR PURPOSE, COMPLETENESS OR ACCURACY. TO THE FULLEST EXTENT
PERMITTED BY APPLICABLE LAWS, HEI AND ITS MEMBERS, OFFICERS, DIRECTORS, EMPLOYEES AND VOLUNTEERS SHALL NOT
BE LIABLE FOR ANY LOSSES, EXPENSES OR DAMAGES OF ANY NATURE, INCLUDING, WITHOUT LIMITATION, SPECIAL,
INCIDENTAL, PUNITIVE, DIRECT, INDIRECT OR CONSEQUENTIAL DAMAGES OR LOST INCOME OR PROFITS, RESULTING FROM
OR ARISING OUT OF A COMPANY’S, INDIVIDUAL’S OR OTHER USER’S USE OF THIS DOCUMENT, WHETHER ARISING IN TORT,
CONTACT, STATUTE, OR OTHERWISE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.

BY USING THIS DOCUMENT, YOU WILL BE DEEMED TO HAVE UNDERSTOOD AND ACCEPTED THE CONDITIONS OF THIS
DISCLAIMER.
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