[image: image1.png]Condensers
The primary functions of a condensing plant for a turbine are:

1. Extraction of air, non-condensible gases and vapours in the
steam. ;
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2. To create the maximum vacuum by condensation so utilising
maximum expansive steam work in the turbine.

3. To fully condense the steam with no undercooling of the
condensate.

Theoretical and design aspects:

Dalton’s Law
As applied for mixtures of air and water vapour.

1. The pressure of the mixture of a gas and a vapour is equal to the
sum of the pressures which each would exert if it occupied the same
space aione.

2. The pressure (and quantity) of vapour required to saturate a
given space is the same for a given temperature irrespective of
whether or not any other gaseous substance is present.
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Individual pressures in a mixture are known as partial pressures.
Normally the steam entering the condenser will contain about 0.05%
mass of air and the partial pressure of the air is very small.

Work done by steam

The lower the exhaust pressure (for a given admission pressure)
the more the work done. Steam at 0.1 bar abs occupies approxi-
mately 14 000 times the volume it occupied as water so that con-
densation in a closed space creates a pariial vacuum which can be
much increased by extracting air and non-condensable gases which
have leaked into the system.

Taking standard atmospheric pressure as 1.01325 bar
Condenser Efficiency =
(1.01325 — condenser  pressure)/(1.01325 — condenser pressure
corrected to circulating water outlet temperature) x 100
Vacuum Efficiency =
(1.01325 — condenser pressure)/(1 .01325 — condenser pressure
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Consider the following example for a modern condenser of the
regenerative type:

Circulating water inlet temp. 21°C
Circulating water outlet temp. 28°C
Condenser pressure 0.05 bar
Condensate temperature 315HC
Condenser pressure corrected to 28°C 0.038 bar

Condenser pressure corrected to 31.5° C 0.045 bar

{Condenser Efficiency) =
0.96325/0.97525 x 100 = 98.8%
(Vacuum Efficiency) =
0.96325/0.96825 x 100 = 99.4%

Cooling surface required
Important factors are:

1. Velocity of cooling water in tubes, this is mainly governed by the
possibility of impingement attack and hence material choice. The
velocities used give streamline flow of cooling water in the tubes,
whilst reducing erosion attack this gives poor heat transfer compared
to turbulent flow. By using titanium tubes water speed could be in-
creased to give turbulent flow without impingement attack, thoughts
are now being directed towards the use of a titanium type plate heat
exchanger surface.

2. Number of passes for the cooling water. A two pass using a cir-
culation pump would give a water speed of about 1.85 m/s. Single
pass with scoop circulation, water speed about 1.4 m/s—this
depends upon vessel speed, head of water available and resistance to
flow. Scoop intake means increased cooling surface required and a
slight reduction in vessel speed.

3. Cooling water temperature.

4. Condenser tube material. Materials which can withstand im-
pingement attack are hard and strong—they can be thinner but have
poorer heat transfer coefficients and are expensive.

5. Tube dimensions and distribution. Obviously large diameter
tubes would give less resistance to water flow, reduced possibility of




[image: image5.png]fouling but smaller cooling surface area per unit volume. A typical size
could be 19 mm outside diameter 18 wire gauge.

Distribution arranges the steam flow and air flow pattern and is
affected by condenser intake e.g. from above, single axial entry,
double axial entry. In addition, air extraction point, size and type of
condenser well (affecting steam lanes for regeneration) are other
points that must be considered. ;

6. Cleanliness of tubes. With modern plant no steam space fouling
should occur because of purity of steam and condensate. Water
space fouling can and does occur hence a ‘fouling allowance” may be
made in cooling surface calculations.

7. Quantity of air in the condenser and the capacity and efficiency
of the air ejectors. '

Steam consumption is about 3.7 kg/kWh and average air leakage
is about 0.05% of this. i.e. 0.00185 kg/kWh.

This would mean about one air tube for every 2000 steam tubes
for equivalent temperature drop. In a two pass condenser, air tubes
are generally only single pass and the ratio of air to steam tubes
would be 1:1000. The above assumes similar heat transfer rates. In
practice air is a very poor conductor of heat, the overall heat transfer
coefficient for condensing steam is about 5680 J/m?s° C and for air
about 45 J/m?s °C. This means in practice the ratio of steam to air
tubes is 45/56680 x 1000:1 ie. 8:1 approximately.

Note how air is a very undesirable agent in a condenser from the
heat transfer view point.

8. The quantity of steam condensed per unit of surface.

The Grasshof formulae for log mean temperature difference (6,,) is

often used:

em— GO—Oi °C

e 6—6;
In ( 0.0, )

where 0s, 0o, 6; refer respectively to steam, cooling water outlet and
cooling water inlet temperatures, the hyperbolic law is followed (In is

hyperbolic log). :
The area in m?2 of cooling surface (4) can be then evaluated from:

A= m.hfg /OmU
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overall heat transfer coefficient J/m?h° C.

Position of condenser and drainage

Underslung, or hung, type of one or two pass regeneratlve con-
densers are integral in some way with the Lp. turbine above them.
They may be supported from above by a combination of beams,
which support the l.p. turbine and spring type chocks from below. In
the case of condensers supported on spring type chocks the weight
must be fully taken up on rigid supports before water testing the
condenser.

Alternatively, they may be completely hung from support beams
which also support the weight of the L.p. turbine. Fig. 6.12 shows
diagrammatically the arrangements. Drainage into the well at the bot-
tom of this type of arrangement is little problem.

Axial flow types, either single or double pass, for single plane tur-
bine installations (see Fig. 6.12) generally use a four point support
system which allows for expansion (with location by keys) so as not
to affect the l.p. turbine. Drainage with this type of plant is more of a
problem (it would be disastrous if due to vessel movement conden-
sate came back into the l.p. turbine due e.g. to extraction pump
failure).

Alarm and emergency trips for condenser water level are provided
and these can be easily tested by flooding the float chambers thus
simulating the fault.

In some modern condensing plants a dry bottom condenser is
used. This means that no water well reservoir exists in the condenser
bottom. The actual water storage point in the system where water
can be held and controllied could, for example, be the de-aerator quite
easily, if required. The dry bottom condenser will have little under-
cooling, as the instant the steam is condensed and reaches the
extraction pump it is removed. The extraction pump must be capable
of ‘running dry’ for periods and ‘flooded’ for other periods. The pump
will be briefly described later. Another innovation that has been tried
for extraction of gland steam is to utilise electric fans. No real con-
clusions as to advantages or disadvantages of such an extraction
arrangement can be evaluated at this time.

Construction
Modern condenser shell and water box ends are made of pre-




[image: image7.png]fabricated steel plate. The water box ends have (after pickling, shot
blasting and thorough cleaning) rubber or neoprene bonded to them.
In some installations cast iron water box ends, internally coated with
a protective compound will be found, but for modern highly rated
plant with very large condensers such a casting would be difficult and
expensive to produce. :

Tube plates are generally rolled naval brass. Tubes solid drawn
aluminium brass or cupro-nickel (usually the former). Baffles and sup-
port diaphragms steel plate.
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Fig.6.13 CONDENSER FITTING DETAILS

Figs. 6.13 and 6.14 show some condenser fitting details.
Tube fittings: various methods are in use they are:

1. Ferruling at the inlet end using a combination of fibre and
metallic packing rings around the tube at outlet. This method is being
superceded by one or other of the following the aim being to dispense
with ferrules and economise.
2. Expanding at inlet end forming a bell mouth to minimise im-
pingement attack by providing a smooth entry, and packing rings
around the tube at outlet. This arrangement allows for free expansion
of the tubes relative to the plates.
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3. Both ends of the tubes roller expanded into the tube plates—no
packing or ferrules but allowance must still be made for expansion.
This is achieved by using a expansion piece insert in the shell.

Regenerative Condenser
See Fig. 6.15.
The construction is such that a direct passage is left down the




[image: image10.png]EXHAUST
Cw. STEAM
OUTLET l l l AIR VAPOURS

QUTLET
) / ‘4

A
Q
O
A
rbpssinkedadpade
FEED

CONTROLLER CW.
INLET

K

<

"CENTRAL STEAM LANE

WATER WELL
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centre of the condenser. Exhaust steam can pass directly on to the
feed water lying condensed in a large well at the condenser bottom.
The level of water in the well being maintained and controlied by the
closed feed controller. :

The central lane allows direct contact between l.p. steam and con-
densate so giving regenerative heating. The condensate is then main-
tained at the same temperature as the exhaust steam, this means
negligible undercooling and only latent heat extraction during con-
densation which is the ideal thermal principle.

Air vapours are driven ahead of the steam and subject to maximum
cooling surface before being drawn up and extracted under the air
baffles to the air ejector with minimum volume.

Undercooling of the condensate is of importance not only from the
thermodynamic aspect but also gas absorption. If the sea water
temperature falls, undercooling and gas absorption will increase with.
consequent loss in efficiency and increased risk of corrosion. Hence in
modern practice control over cooling water flow either by quantity or
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The regenerative condenser underhung from the lp. turbine is
relatively common.

The neck of the condenser must be rigidly stiffened, free expansion
occurs at condenser bottom on to spring chocks on the tank tops. A
perforated baffle is often provided at the top to prevent direct steam
impingement on to the top rows of tubes.

Defects, precautions, remedies
1. Corrosion

This generally takes the form of erosion/corrosion /.e. impingement
attack. The large mass of non-ferrous metal (tubes and tube plates)
would be cathodic in sea water to the steel water boxes and would
therefore be protected by a coating of iron salt at the expense of the
water boxes. However the water box ends are protected by rubber or
neoprene and this means alternative protection must be given.

Sacrificial anodes of steel plate (Fig. 6.14) with or without im-
pressed current may be provided in conjunction with ferrous sulphate -
dosage. '

Ferrous sulphate dosage would normally be carried out, in an es-
tablished plant, prior to entering port and upon leaving. River and es-
tuarine waters generally contain abrasives which erode away the
protective iron salts on the tubes and may in addition contain cor-
rosive pollutants (sulphur compounds etc.). Once at sea, erosive at-
tack is reduced and the sacrificial anodes should, after the initial
ferrous sulphate dosage, give sufficient protection.

Ferrous sulphate can gradually build up in the condenser, impairing
heat transfer as it does so.

To remove possibility of impingement attack at tube entry inserts
made of nylon or P.T.F.E. can be used. The tube entry is first cleaned
and degreased then the adhesive coated insert is pushed into place
Fig. 6.14 shows briefly the arrangement.

2. Cracking of tubes

This could be caused by stress corrosion, tubes would have to have
some stresses locked up in them due e.g. to bad manufacture.

A galvanic action takes place between regions of different stress
leading to cracks and stress relief. Correct manufacture—including
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defect.

3. Blockage due to marine growths

This can be prevented by using a chlorination system, or if a im-
pressed current system is being used a biocidal sacrificial anode can
be used in addition to the steel anodes.

Vibration

Hull transmitted vibration to the condenser and tubes could cause
the tubes to resonate with possible necking at the fixed ends, necking
and thinning in way of the division support plates.

It is not good practice to allow a tube length greater than 100
diameters between supports, also a support should not divide the
tube length in an exact ratio so as to make the support a vibration
node.

Leakage detection
Various methods are used if the leakage is not obvious.

1. Fluorescein Leak Determination

When a condenser is known to have leaky tubes leak detection
using fluorescent dye simplifies the task. The condenser shell is
drained and water containing the dye is slowly pumped in. This water
will pass through any perforation in a tube wall or at the tubeplate,
and emerge from the interior of the tube at the tube end. Ultra violet
light illuminating the outer end of the condenser will cause the water
to fluoresce and so allow easy detection of the faulty tube.
2. A ultra sonic generator placed inside the condenser ‘floods’ it
with ultra-sound. By using a head set and probe, tube leakage can be
homed in on. Where a pinhole exists sound ‘leaks’ through and where
a tube is thinned it vibrates like a diaphragm transmitting the sound
through the tube wall.
3. With slight steam pressure on the condenser, leakage of steam
molecules through a pinhole in a tube generates ultra-sound which
can be picked up by a probe and head set.
4. Plastic sheets placed over the tube plates will be drawn into a
leaking tube with the condenser under vacuum.
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1. Restriction of cooling water flow—choked filters, damaged cir-
culating pump etc.

2. Leaking condenser water box division plate causing by-pass in a
two pass condenser. Could be corrosion damage.

3. Rising condensate level in condenser—extraction pump failure,
closed feed controller sticking etc.

4. Air leakage in glands, drains etc.

5. Defective air ejector. :

Condensing plant performance

Cir. Water Condenser
Out- Abs. | Steam| Con-
Reading | Inlet let | Rise |Press.| Inlet | densate REMARKS
No. temp. | temp. in Temp.
°C °€ |.°C: jibar %L °C
Very good
1 16.7 | 22.7 6 |0.04| 29 28.4 performance
2 16.7 | 22.7 6 |0.053| 34 32 Dirty tubes
Defective air
3 16.7 | 22.7 | 6 |0.053] 34 22.4 ejectors or air
leak
Defective air
4 16.7 | 22.7 6 |0.067| 38 289 ejector and
dirty tubes
Insufficient
5 16.7 | 30 [13.3/0.048| 32 30 Circulating
Water

Note:

The effect of dirty tubes is a loss of vacuum and a rise in conden-
sate temperature, whilst the effect of an air leak is a loss of vacuum
and virtually constant condensate temperature. This can be es-
tablished theoretically by applying Dalton’s laws.
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