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INTRODUCTION

Water fed to the steam generator SG contains suspended and dissolved solids. When the water evaporates,
most of these solids remain in the drum. For maximum performance, the concentration of dissolved solids in
the SG water should be maintained within the limits recommended by the boiler's manufacturer. For this
reason, part of the SG water is drained from the system. Some solids are light and float on the surface of the
drum'’s water. The surface blowdown is usually made on a continuous basis. When the steam consumption is
increased more make-up flow is supplied to the steam generator, and more blowdown flow is required. The
common practice is to use the energy wasted with blowdown to heat the make-up water. It is also necessary
to cool the blowdown water to 140 deg. F in accordance with the requirements of the environmental agencies
to eliminate the drain of hot water to the sewage system.

STATE OF THE ART
The blowdown heat recovery systems are divided into two categories: low or high-pressure systems.

High Pressure Systems

These systems (Fig. 1) operate under SG pressure where the blowdown valve is installed after the heat
recovery system. For example, a High Pressure Shell & Tube Heat Exchanger can cool blowdown water by
heating the make-up water (Sentry Company).

Low Pressure Systems

The common procedure is to use a valve to reduce the pressure of the blowdown water in the tank to 10-15
psig. In this case the blowdown valve is installed before the heat recovery system (Fig 2). The pressure of the
saturated water decreases due to adiabatic expansion, and part of the blowdown water evaporates generating
flash steam. The flash steam and the temperature of remaining water declines to the temperature of saturation
at the new pressure. The remaining water exits the blowdown tank and flows to the heat exchanger which
heats make-up water. The flash steam is directed to th

(Penn Separator Corporation).

If the low-pressure steam user is too far from the blowdown tank, a substantial investment in piping may be
required, and in many cases the flash steam is lost to the atmosphere. This is particularly true for older model
boilers, fabricated and installed in an era when because of the relatively low fuel oil prices, heat recovery was
not an important consideration.

The mass portion of the flash steam and its heat content as a function of the ratio of the pressure in the steam
generator and blowdown tank are shown on Fig 2. From the diagram we can see that with an increase in
pressure, the flash steam mass portion and heat content increase. While the flash steam mass portion remains
relatively small, its heat content may reach more than 50% of the heat energy wasted with the blowdown
water. It is obvious that the user must recover this energy by this or other means.
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The new method of blowdown heat recovery is based on separating the two-phase flow into liquid and vapor
fractions. Blowdown water enters the flash steam separator with a working pressure of 10-15 psig. Here the
two-phase flow is separated into flash steam and water. The make-up water passes through the shell side of
the heat exchanger. The make-up water is initially heated by the blowdown water fraction, and further by
flash steam condensation. Separating the heat transfer process into two consequent stages creates a
temperature difference between the heating and heated fluids similar to a countercurrent flow arrangement.
The result is an increase in the heat transfer rate and more efficient heat recovery systems.

Depending on the initial working pressure of the steam generator, its capacity, and the amount of flash steam,
The Alstrom Corporation offers three options.

Option One. The steam generator blowdown produces a large amount of flash steam

This option requires separation of the water and flash steam in the stand alone flash steam separator

(Fig. 3). The heat transfer occurs in the Double Tube Bundle Heat Exchanger DTB. The heat energy of the
blowdown water is transferred to the make-up water in three steps. First, the blowdown water fraction flows
through the tubes of the left tube bundle (sub-cooling section), providing the initial heating of the make-up
water. Then the flash steam is condensed in the tubes of the right tube bundle (condensing section), which
provides additional heating of the make-up water. Finally, the high temperature flash steam condensate is
pumped to the make-up water. In this option saved flash steam condensate justifies the additional investment
to recover it by proper means of pumping the condensate to the make-up water pipe.

Option Two. The blowdown of the steam generator contains a moderate amount of flash steam

This model includes a DTB heat exchanger, installed in the flash steam separator (Fig. 4). The heat energy of
the blowdown water is transferred to the make-up water in three steps. Flash steam is partially condensed on
the surface of the heat exchanger shell. Then the remaining flash steam is condensed in the tubes of the right
tube bundle (condensing section). The blowdown water mixed with flash steam condensate, flows through
the tubes of the left tube bundle (sub-cooling section), providing the initial heating of the make-up water.

Option Three. The blowdown of low-pressure steam generator contains a small amount of flash steam

The heat energy of the blowdown water is transferred to the make-up water in two steps.

First, the flash steam is condensed on the surface of the heat exchanger shell, which provides heating of the
make-up water. The blowdown water fraction, mixed with flash steam condensate, flows through the tubes
of the tube bundle (sub-cooling section), providing the initial heating of the make-up water. In this option the
condensing tube bundle may be unnecessary (Fig. 5).

The heat and mass rates of the condensing and sub-cooling sections, as well as the temperature distribution

are calculated from the heat balance equations by the in-house computer program “Alstar” (see attached
printout).
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When this report was almost completed, we received a request for a blowdown heat recovery system, where
the possible heat recovery rate was more than what the make-up water should absorb. The outlet temperature
of the make-up water was more than 200 deg. F. In order to prevent the extensive de-aeration, the maximum
outlet temperature of the make-up water should be about 140 deg. F. In this system blowdown water from the
tank enters built-in separator (Fig. 6) where the drain water is separated from the flash steam. Small portion
of the flash steam condenses on the external side of the inner shell. The remaining major portion of the flash
steam is directed to any user of low pressure steam, for instance de-aerator or feedwater tank. The flash steam
condensate mixes with the drain water and this mixture enters the tube bundle. The make-up water is heated
by this mixture and the condensed part of the flash steam. In fact, this is the only solution to recover the
excessive energy of the flash steam. While this design is similar to many other existing systems, by including
it to our product line we cover the full range of possible applications.

The temperature distribution in the heat recovery system that heats 38.4 gpm of make-up water entering at 70
deg. F with 4.5 gpm of blowdown water from 300 psig steam generator is shown on the diagram (Fig. 7). First,
the mixture of blowdown water fraction and flash steam condensate (drain water) heats the make-up water to
85.2 deg. F, with the outlet temperature of the drain water at 87 deg. F (1.8 deg. F temperature approach). The
positive temperature approach is required to provide the proper temperature difference in the sub-cooling
section of the DTB. The make-up water then is heated to 104.1 deg. F in the condensing section. The final
outlet temperature of the make-up water is higher than the outlet temperature of the drain water - a result,
which may be only achieved in true counter-current heat exchangers.

Continuous Blowdown Heat Recovery System is designed for maximum blowdown and make-up water flow
rates. In the process industry steam consumption can change during this period, which will affect the flow
rates and cause one to be temporarily interrupted. If interruptions occur in the blowdown flow, the make-up
water is supplied to the feedwater tank without heating it. While this does not create a problem, interruption
of the feedwater flow eliminates the cooling of the blowdown water. It may occur when the water in the
feedwater tank reaches the highest level and the liquid level indicator stops further supply of the make-up
water. This problem may be solved by flowing city water, which will be heated and drained to the sewer. In
this case heat energy is wasted.

The decision as to which system is best should be based on an economical comparison of the systems taking
into consideration initial investment and energy savings.

Page 3 of 14 *US Patents # 5626102, 5797447, 5845703




1408 Seabury Ave.Bronx, NY 10461 tel 718.824.4901 fax 718.409.3605 + alstromcorp.com

New Method & Systems of Blowdown Heat Recovery
Engineering

COMPARISON OF BLOWDOWN HEAT RECOVERY SYSTEMS

f ALSTROM

CORPORATION

The efficiency of a heat recovery system is based on the ratio of the heat energy transferred to the make-up
water and the energy lost without heat recovery. Table 1 contains the calculated efficiency of various
blowdown heat recovery systems as a function of the steam generator pressure (%).

Table 1 Calculated efficiency of various blowdown heat recovery systems
Pressure (psig) 15 150 300 600
Flash Steam Lost from 85.1 45.3 35.4 26.5
Blowdown Separator
High Pressure Blowdown 89.9 89.7 89.6 88.9
Heat Exchanger
ALSTAR Without 90.4 94.9 95.0 95.9
Condensate Recovery
(Option 2 & 3)

ALSTAR With Condensate 90.5 96.3 96.8 98.7

Recovery (Option 1) or
System with Flash Steam
Utilization

When the pressure in the steam generator is 15 psig, the flash steam lost to the atmosphere has small effect on
the efficiency of the blowdown heat recovery system. For such applications the system evaluation is based
solely on the initial investment. However, the results change drastically with an increase in pressure. At 150
psig the efficiency of a system without heat recovery from flash steam is reduced to 45%, and any additional
pressure will lead to further reduction in efficiency.

ALSTAR with condensate recovery provides the maximal performance which is equal in efficiency to
systems which utilize flash steam. The major advantage of the ALSTAR is its stand alone packaged design
which does not require additional piping. Therefore, the ALSTAR may be installed in any old or new steam
generating system regardless of the location of its other components.
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