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Researches concerning Automatic Control Systems

for Treatment of Feed Water for Marine Boiler

1. Introduction

With the research subject ‘Researches concerning Automatic Control Systems for Treat-
ment of Feed Water for Marine Boiler’, the 66th Research Committee was set up in the
Shipbuilding Research Association of Japan in April, 1963, and the subject research was
performed in a series of the researches concerning automatic control systems for treatment
of boiler water for marine boiler which had been equipped at both laboratories at the Head
Office and the Nagasaki Works of the Mitsubishi Shipbuilding & Engineering Co.. Ltd. during
the 1962 fiscal year. This research was mainly aimed at obtaining the fundamental and
practical data concerning the automatice control system for treatment of pH in feed water
of the marine boiler and concurrently at establishing the countermeasure against sea water
leakage into the feed water system.

2. Test Equipment
2.1. Testing Apparatus
The test boiler used in the above research was equipped with the deaerator, the heater,
etc. on the feed water line for simulating the feed water system of marine boiler. The
systematic diagram of this testing apparatus is shown in Fig. 2-1.
2.2.  Automatic Control System
The automatic pH cotrol equipment of feed water as shown in Fig. 2-2 was tentatively
manufactured and was fitted on the testing apparatus shown in Fig. 2-1 for the automatic
pH control test in feed water. The control method adopted for this test was the cascade
control system, in which pH in feed water was controlled by two control media of pH
conditioning chemical and feed water flow.
3. The Contents of Subject Research
This research consisted of three tests as described below.
3.1.  Automatic Control Test for Boiler Feed Water
3.1.1. Mass-balance Test
It was decided to use, in this test, hydrazine as the pH conditioning chemical and
concurrently as an oxygen remover. But hydrazine goes to thermal decomposition in the
20kg’cm? class and over bhoilers, and creats volatile-alkaline ammonium, then such volatile-

alkaline ammonium enters whith steam into both the condensate sysem and the feed water
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svstem thereby causing an increas of pH wvalue in these systems; and this makes pH
control in feed water difficult according to the quantity of hyvdrazine charge. Further,
since both hydrazine and ammonium are volatile mater, their atmospheric diffusion at
the condenser and at the deaerator is assumable. Therefore, mass-balance and action of
these volatile matters were confirmed bv using the testing apparatus shown in Fig. 2 1,
the results of this confirmation test served as the data for determination of the hydrazine
charging points and method including selection of the concentration of hydrazine.
3.1.2. Selection of pH Detecting Positions & Conditioning Chemical in Feed Water
In the automatic pH control in feed water, the control effect depends on the relative
location of the pH detecting positions and the pH conditioning chemical charging posi-
tions. Therefore, both the hydrazine charging nozzles and the pH detecting nozzles were
fitted respectively near the outlet of the condenser, before and behind the deaerator on
the testing apparatus in an attempt to determine these positions most suitable for this
automatic control system.
3.1.3. Test of Automatic pH Control System of Feed Water
This test was carried out in the experimental pursuit of the automatic pH control
method of feed water as best-suited to the marine boiler based on the cascade control
system (See Fig. 2-2) as mentioned in paragraph 3. 3.
3.1.4. Performance Test of Automatic pH Control Testing Apparatus
The optimum conditions for automatic pH control were selected from the results of
foregoing tests, and on these selected conditions the long-run performance test of the
automatic pH control testing apparatus was carried out to confirm the practicability of
this testing apparatus.
3.2. Countermeasure against Sea Water Leakage
Sea water leakage into the boiler feed water line was simulated in the testing appara-
tus and the controlling conditions of PO, and dissolved solids in boiler water were con-
firmed with varied cocentrations of sea water in boiler feed water, and the results of this
test seved as the data for establishing the countermeasure against sea water leakage in
the actual boiler.
4. Conclusion
It mav be concluded as follows from the results of foregoing research.
4.1 Use of hydrazine as pH conditioning chemical in feed water and concurrently as an
oxygen remover causes no hindrance to automatic control for treatment of boiler water in
marine boiler.
4.2 Loss of ammonium at the deaerator is almost negligible in the case of deaerator

temperature being 150 °C or less.
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4.3 Consumption of hydrazine in the boiler system is considerably large in the early stage,
therefore, a rather high concentration of hydrazine in proportion to feed water flow should
be charged through the hydrazine charging nozzle fitted near the outlet of the condensate
pump, and after pH in feed water has settled in the proximity of the lower limit of the
aimed control value, automatic pH control should be started.

4.4 Detecting positions of pH in feed water should be located where even mixture of charged
chemical is obtainable and time lag in detection can be minimized, between chemical charg-
ing point and joining point of bypass line.

4.5 Charging point of conditioning chemical for automatic pH control in feed water should
be positioned near the outlet of condensate pump.

4.6 Performance of automatic pH control equipment tentatively manufactured has been
proved generally good and is considered well serviceable in actual ship.

4.7 Even in case of approximate, 30uv sea water leakage into boiler feed water, it is
considered possible to prevent a noxious scale formation by means of automatic control of
PO4#" in boiler water, but as dissolved solid in boiler water becomes excessively high in this
case, a proper alarm system with sea water leakage limited to around 10pv should be
provided to immediately detect an excessive sea water leakage thereby allowing to take

appropriate preventive measures as promptly as possible.
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Table +.1 Research Data concerning Atmospheric Diffusion of Ammonia at Condenser
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Table 4.3 Operating Test Results of pH Automatic Controller
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Fig.4.13 Schematic Diagram of Sea Water Leakage
Simulater (Testing Apparatus)
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Table 4.4 Composition of Sea Water

g a . so | Cao MgO | NH, S | B | BRERS |
P ' (ppm) (ppm) o epm) [ (ppm) | (pm)  (ppm) o (w) . (ppm)

s.o] 19,076 . 2,714 598 2,167 - — ;@46000‘ 24, 536
i 1 1 '

Table 4.5 Test Conditions for simulation of Sea Water Leakage
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Fig. 4. 14 Simulation Test Results of Sea Water Leakage
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