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" Foreword

In view of the importance of boiler blow-down arrangements it is remarkable that there
is a paucity of published information on the subject. One of the most important aspects
is that of safety in operation but occurrences over past years have shown that many
installations are not only badly designed but virtual death traps, and from that aspect
alone this paper is a welcome addition to published information in the field of steam
engineering,

It is written primarily for engineers in the Health Service but it should also prove
useful to all engineers concerned with the design and operation of steam boiler plant.

JOHN BOLTON, LL.B.(Lond.)., C.Eng., FICE,
F.IMech.E., M.Inst.F., Hon.M.I. Hosp.E.,
FRSH.

Chief Engineer,

Department of Health and Social Security.
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Safety consideration in the design of
blow-down installations

-

GENERAL

Boiler water blow-down is required to limit the concentration of dissolved and suspended
solids caused by steam losses. It is, if the installation is suitably designed, also useful
for rapidly reducing the water level. Sometimes the blow-down can be discharged
directly to an open gully but generally the noise, nuisance and danger must be controlled
by some such system as that shown in Fig 1.

On opening the valve the pressure drop along the discharge pipe is expended in
accelerating the fluid and overcoming friction. At any two adjacent planes along the pipe
the excess sensible heat at the lower pressure plane is consumed in changing the phase
of a portion of the water which also releases its solids. The pipe thus conveys a mixture
in which the reducing water content is balanced by the increasing steam and free solids
content. The ever increasing volume of released steam may increase the slip between
the phases but it will finally choke the flow.

Receptacle

Drain

Fig 1

If the discharge is small enough, a critical pressure will be reached at the end of
the pipe when the energy released by further pressure drop would be incapable of
accelerating the mixture and overcoming friction. The discharge rate is therefore
dependent on the dimensions of the discharge pipe and on the difference between the
boiler and the critical or end pressure. It does not depend on the pressure in the
receptacle unless this is higher than the end pressure.
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The receptacle must destroy as quietly as possible the kinetic and pressure energy
of the incoming mixture, cool it before passing to the drain where this is a requirement
of the local authority and vent the space to prevent build up of pressure unless the
receptacle is designed as a pressure vessel. During this process the receptacle must
not be allowed to fill with water otherwise the resultant discontinuity of flow will create
indeterminate stresses in the system which may be reduced but cannot be eliminated.

The normal chemical composition of the blow-down is such that it is not likely to
attack concrete, earthenware, steel or cast-iron. But where ingredients can decompose
to form ammonia, non-ferrous metals may be attacked, particularly in the presence of
two-phase flow,

DESIGN GUIDANCE

Methods of blow-down

\w"Blow-down may be performed intermittently or continuously or by a combination of
these methods. Automation may be necessary when the ratio of manual discharge to
evaporation rate is high enough to affect the boiler pressure and indeed some measure
of automation may also be necessary for safety and operational reasons. Generally,
however, the degree of automation should be based on economic comparisons covering
the working of the entire system over the assumed operating range.

With manual periodic blow-down the connection should be made to the base of the
boiler at a point remote from the feed. There should be a notice at the valve position
forbidding its operation unless the receptacle area is clear. The valve should be opened
for a set period at set intervals; e.g., 20 seconds or 1 inch reduction in the gauge
glass each shift, Valves should be of the parallel slide type operated by a rack and
‘ -binion to give full opening for a half turn of a box key. This can be removed only when
_the valve is closed (in accordance with the Factories Acts and BS 759). With this kind of

valve, scoring is minimised and damage by the bits of scale etc. discharged during
« leaning avoided. The 2 inch size is the most common but other sizes are available. This
manual system is also used in combination with more automatic systems.

With continuous blow-down the control valve is left open when the boiler is on load.
It is designed to give a wide range of adjustment. A pointer on the operating handle
works over a graduated scale so that the rate of flow can be set from calibration charts.
It is normally attached via } inch tubing to a point near the top of the low water level
where the salts are most concentrated or to a connection to the main blow-down valve.
The latter is operated daily for a short time, preferably at the end of a light load period,
to remove settled sludge and to ensure that the valve and the line are clear.

With semi-automatic intermittent blow-down the valve is opened automatically for a
fixed period of, say, 10 seconds at 15 minute intervals. These timings are manually
adjustable. The valve is powered by steam or air pressure and governed by a controller.
It is connected by % inch piping in much the same way as the continuous blow-down valve
is connected; similarly the main valve is operated in the same way and for the same
reasons,



In most hospital installations the variation in load is great and blow-down times or
rates should be adjusted frequently. This is normally done by comparing the density of a
sample of boiler water against a standard, the sample being taken through a cooler to
avoid concentration of solids by evaporation during discharge.

With fully automatic control the valve is modulated by a signal representing the
difference between the continuously measured boiler water density and the desired value.

Amount of blow-down

Fig 2 shows instantaneous flow rates for a modulated system in which the TDS in the
boiler must not exceed u ppm and in the raw water after treatment r ppm. Assuming no
carry-over of solids by the steam and that the solids are uniformly distributed in the
boiler water:

rate of solids leaving the boiler rate of solids entering

bu

mr

0
|
=
2
=
"

hence, rate of blow-down b

Process Losses

Condensate Y ¢ Ib/hr

Feed Treated raw water (r ppm)
< -
(e +b) Ib/hr m=(e+b-c)lb/hr
Fig 2

The blow-down rate b lb/hr must therefore follow slavishly the rate of demand for
make-up water. If the boiler uses M 1b of make-up water during an operating period of
T hours and if S Btu/lb is the sensible heat in the boiler water at saturation temperature:-

Weight of solids in blow-down (much of which will be precipitated in the receptacle as
the water cools and must therefore be removed from time to time to preserve the water

space) 1s:= 111107 1b

Minimum water lost to blow-down which must be made up and chemically treated is:-
Mr/ulb

Minimum heat lost in blow-down if not recovered is:- MSr/u Btu's
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With periodic blow-down b will normally be zero in the above illustration. When the
TDS in the boiler have risen to u ppm the blow-down valve shouldbe opened and if
discharge takes place at a constant rate of B lb/hr for t hours, Btu 1079 1b of solids will
leave the boiler. In replenishing the lost water the feed will supply Btr 108 1b of solids,
but not at the same rate, hence

effective weight of solids lost by blow-down = (u-r)Bt 1078 1b

The calculation is not affected by the different input and output rates; indeed, it
assumes the best practice of shutting off the feed during blow-down as well as avoiding

operation at peak loads.

After the blow-down valve has been shut and the boiler water level restored, the
solid content.will rise at the rate of mr 1078 lb/hr, If it takes T hr to reach the
limiting concentration of u ppm and during this time a total of M 1b (including previous
blow-down) of make-up has been fed to the boiler

(M - Bt)r = (u-r)Bt
o r
hence, amount of blow-down Bt = 3 Mlb........... ceecaeann (2)
This means that blow-down can be carried out at any time but it must be continued
for a period t dependent on the amount of make-up water used since the last blow-down.
It would seem that if this equation can be satisfied manually the heat loss incurred
by periodic blow-down would be no greater than that incurred by modulated blow-down.
It would indeed be more effective because the average solid content in the boiler, and
consequently the amount of carry-over in the steam would be less.

The limiting concentration of solids u ppm can be obtained from the boiler
_manufacturer. The following is representative of practice for shell boilers:-

Lancashire - 17,000 ppm
N

Packaged - 3,500 ppm

Economic - 4,500 ppm

All natural waters require treatment before being fed into a boiler and most of the
chemicals used in this process add to the TDS. Since the ingredients of raw waters vary
from season to season and sometimes from day to day, the TDS after treatment r ppm

is also likely to vary slightly.

The flow rates e and ¢ which help to determine the amount of make-up water in the
above equations vary considerably with time. The evaporation rate e may vary from
zero to rather more than the maximum rating of the boiler, whilst the condengate
carries this variation plus others dependent on the use of process steam. An assumed
analysis of the average raw water and a careful study of the entire operating range of
the plant is therefore necessary before applying the above equations to establish
provisional blow-down policies for the different methods of blow-down - policies which

strive to minimise the losses and are practicable.



