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Instructions to Candidates

1. The question paper has altogether nine (9) questions. Attempt Q.7 and any other five (5) questions.

2. All questions carry equal marks.

3. Marks will be awarded for neatness and presentation.

4. Start each new question at the beginning of a page in your answer booklet.

5. Return the Question Paper along with answer booklet.

6. The examination rules set out on the last page of the answer booklet are to be complied with.

7. The examination paper consists of 3 pages (inclusive of this cover page).

1.
a)
Reference to superheated steam temperature, explain how final superheat   temperature control is effected in practice.
(8 marks)
b)
What is the significance of maintaining the superheat steam temperature to the propulsion turbine within close limits?



(8 marks)
2.
With reference to carry over from main boilers:

a)
State the causes of carry over.
(6 marks)

b)
Discuss the consequences of carry over.
(5 marks)

c)
Explain how carry over could be avoided.
(5 marks)

3.
Reference to LP turbine blading 

a)
Discuss the design considerations in avoiding a system resonance.



(10 marks)  

b) 
Describe the importance of incorporating lacing bars in the blading.










(6 marks)

4.
With respect to main propulsion turbine lubricating oil system,

a)
Describe with the aid of a line diagram the arrangement of propulsion turbine lubricating oil system.
(10 marks)

b)
Explain how turbine system oil can be maintained for longer life. 



(6 marks)

5. With reference to boiler air pre-heater fires:
a) State, with reasons, when a fire is most likely to occur, mentioning causes, and indications of it starting.




(6 marks)
b) Discuss what action should be taken to fight such a fire safely.
(4 marks)
c) Describe a unit which eliminates this fire risk.


(4 marks)
6.
a) 
With the aid of a sketch explain the operation of a low-NOX dual-fuel (LNG and Fuel oil) burner. 





(8 marks)


b) 
Write short notes on



i)
Primary flame &





(4 marks)




ii)
Secondary flame





(4 marks)

7.
a)
What is LNG boil-off and why does it occur?


(8 marks)

b) 
Reference to LNG tanks, what are the working pressures during laden and ballast voyages. What are the corresponding relief-valve set pressures?










(8 marks)

8.
With reference to main condenser malfunction, write short notes on the following:

a)
Sudden loss of vacuum





(6 marks)

b)
Gradual loss of vacuum





(3 marks)

c)
Increase of salinity





(3 m arks)

d)
Period inspection and maintenance



(4 marks)

9. a)
Explain the concept of pH and the significance of its value in boiler water 
                   chemical conditioning.





(6 marks)
b)
Suggest, with reasons, what could cause the pH value in boiler water to reduce:

             
(i)   rapidly over a short period of time


(3 marks)
             
(ii)  gradually over a long period of time.


(3 marks)

c)
State why the pH value for the condensate system is maintained at a different value to that for the boiler. 




(4 marks)

Second Class Steam Dec 2007

Extracts from the relevant steam knowledgebase on which the questions were based.

1.
ANS:


(a)

The steam turbine or the process plant that is to receive the steam usually requires the temperature to remain at a precise value over the entire load range, and it is mainly for this reason that some dedicated means of regulating the temperature must be provided. Since different banks of tubes are affected in different ways by the radiation from the burners and the flow of hot gases, an additional requirement is to provide some means of adjusting the temperature of the steam within different parts of the circuit, to prevent any one section from becoming overheated.

Steam temperature can be controlled by one or more of several methods. These include: 

(1) the damper control of gases to the superheater, to the reheater, or to both, thus changing the heat input; 

(2) the recirculation of low-temperature flue gas to the furnace, thus changing the relative amounts of heat absorbed in the furnace and in the superheater, reheater, or both; 

(3) the selective use of burners at different elevations in the furnace or the use of tilting burners, thus changing the location of the combustion zone with respect to the furnace heat-absorbing surface; 

(4) the attemperation, or controlled cooling, of the steam by the injection of spray water or by the passage of a portion of the steam through a heat exchanger submerged in the boiler water; 

(5) the control of the firing rate in divided furnaces; and 

(6) the control of the firing rate relative to the pumping rate of the feedwater to forced-flow once-through boilers. Generally, these various controls are adjusted automatically.

In the typical marine installation of steam temperature control for boilers, some form of feed-forward control, cascade control or a combination of these are required. The normal control requirement is to control the temperature within plus or minus +/- 5K. Figure below shows the application of feed-forward-plus-feedback strategy. 

Since the air-flow rate is an index of firing rate and excess combustion air, the air flow measurement is used as the anticipatory or feedforward signal. In the summer box (x), this signal is combined with the output of the signal from the steam temperature feedback controller (y). The output of the summer provide the signal for the spray water flow control valve.

The feedback controller is supplied with an override controller (w).

Controller (w) is a form of override controller that provides a minimum ouput value tracking signal for controller (y). This is included so that when the boiler load is below that of the steam temperature control range, the output of controller (y) will be the signal necessary so that the output signal of the summer (x) would provide a “just closed” position of control valve (u). This function is necessary for good control, since on increasing or decreasing steam flow rates, the steam temperature may be at the design temperature level with different firing and air flow rates. This relationship is also affected by the rate of load change.
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(b) Rationale for part (b)

[image: image2.png]132 Thermal power plant simulation and control

‘The control of steam temperatures in power plants is one of the most widely
discussed conirol problems in power plants. The reasons for the extensive attention
10 this problem are mainly found in issues such as:

o Plant lifetime: The steam temperatare control has a significant influence on the
variation of the steam temperatures and accordingly on the thermal stress of the
plant. A significant reduction in the low cycle fatigue of superheaters, headers
and turbine can of course be advantageous.

If the variation in the steam temperatures is large, e.g. 10°C during steady-
state operation due to  poorly performing control loop, lifetime improvements
can be obtained 10 some degree by introducing better control performance. For
small temperature variations, e.g. 2 °C during steady-state operation, the costs
incurred will most probably exceed the profis as regards increased lifetime.

« Efficiency: If the steady-state variations can be reduced significantly, the outlet
set-point can be increased and the turbine efficiency wil increase accordingly.
If the fluctuations during normal operation are already small, the poteatial for
increasing the sel-point i of course modest,

An important point when etermining the upper set-point limit is the temper-
ature distribution across the supesheater pipes to the outlet header. The steam
temperature control has no influence on this distribution.

A ule of thumb says that increasing the live steam temperature by 10°C wil
increase the efficiency of a 400 MW unit by approximately 0.25 per cent, leading
10 large fuel cost savings.

o Load-following capability: Improved steam temperature control improves the
boiler stability, which can improve the load-following capability of the plant
significantly. Improving the boiler stability in general can, of course, lead to
improved load-following capability. but it i crucial in so-called special situations
such as load changes, start/stop of coal mills, soot blowing, fault sitvations, etc.

Since the power marketis becoming increasingly liberalised, the load-following
capability is increasingly becoming an important commercial parameter in the
competition.

« Availability: The improved overall stability and the resulting reduced probability
offorced plant outage s an indirect advantage of improving the steam temperature
control. Nevertheless,it s an important advantage —c.g. a forced outage of a coal-
fired base-load unit will imply additional fuel costs for restart, lack of power sales,
increased wear of the plant and reduced availability. The costs of a forced outage.
will be dependent on plant size, time of occurrence, duration, but will most often

be of major economic significance.





PTS:
16
2.
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Determination of Boiler Carry-Over in Utility and Industrial Steam Systems
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Impurities and water treatment chemicals from boiler water are carried over into steam through mechanical and vaporous carry-over (boiler carry-over).  When steam purity exceeds specific limits (low ppb concentrations of salts, oxides, hydroxides, and silica), these chemicals can deposit on the turbine blade surfaces, resulting in corrosion and MW and efficiency losses.  Deposits in turbine valves prevent valve closure, possibly resulting in destructive overspeed.  Deposits in the superheater and reheater can cause reduced heat transfer, tube overheating, and exfoliation.  Boiler carry-over (mechanical carry-over) is usually guaranteed by the boiler manufacturer.  Jonas, Inc. now offers a service that includes a review of the boiler water and saturated steam sampling systems and determination of the carry-over for utility and industrial steam systems.

Background
[image: image4.png]


Boiler carry-over has two components: mechanical carry-over (M) and vaporous carry-over (V).  Concentration of impurities in steam depends on the total carry-over, T=M+V.  
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Mechanical Carry-over - is the entrainment of water droplets in steam exiting the boiler drum.  It is a measure of the separation efficiency of the boiler for a specific load, drum level, and boiler water chemistry conditions.  The actual mechanical carry-over should be known for a given plant; based upon validated testing during commissioning or shortly after.  It should be checked against industry accepted limits and the equipment warranty (Figure 1).
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High mechanical carry-over can be an indication of one or more of the following:
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poor design, damage, or incorrect installation of steam drum moisture separators
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poor control of boiler drum level
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high rate of pressure (or load) changes
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foaming of the boiler water due to high concentrations of:
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total suspended solids (metal oxides, colloids)
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alkalinity (OH-) (OH-/TDS > 0.2)
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organics (ingress through makeup system, water treatment chemicals, oily matter)
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Vaporous Carry-Over (Volatility) - is the evaporation of volatile molecular impurities from the boiler water.  The degree of vaporous carry-over is expressed as a distribution ratio, which is the ratio of the concentration of a specific molecular compound in the steam to its concentration in the liquid water.  The amount of vaporous carry-over depends on the chemical species that are present in the boiler water and the boiler pressure (Figure 1).
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	Figure 1.  
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Mechanical and Vaporous Carry-Over as a 
Function of Boiler Drum Pressure
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Carry-over Test Description
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Carry-over measurement is performed by simultaneous continuous or periodic (grab samples) monitoring of the sodium concentration in both the boiler water and the saturated steam.  The first step in measuring carry-over is ensuring that the samples that are being obtained are representative.  Jonas, Inc. will review the boiler water and saturated steam sampling systems and make recommendations for improvements, if necessary, prior to the start of the monitoring.
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Representative Sampling - It is recommended to use EPRI Isokinetic Sampling Nozzles and the flow velocity through the sample lines should be > 5 ft/s (1.5 m/s).  These are described on the Jonas, Inc. website at www.mindspring.com/~jonasinc/nozzle.htm.
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Once the sampling system is working correctly, Jonas, Inc. will install and calibrate two sodium analyzers; one on the boiler water sample line (either blowdown or downcomer) and one on the saturated steam sample line.  The concentration of sodium in each sample will be monitored for a period of ~2 days.  A data acquisition computer will record the data and the total boiler carry-over of sodium will be determined from the real-time data using the following relationships:
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During this test period, the boiler drum level, boiler pressure, load, chemistry, etc. can be varied to represent selected operating conditions.  This testing should be performed during commissioning of a new unit and repeated periodically to verify proper operation of boiler drum internals, or if there is a change in boiler water treatment. 
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For drum boilers on all-volatile treatment (AVT) and oxygenated treatment (OT), the concentration of sodium in steam may be less than the analytical detection limit and, for a carry-over test, a sodium compound, such as Na2.6PO4, may have to be added to the boiler water. 
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Technical Bulletin
Steam Purity and Carryover

Steam purity refers to the amount of solid, liquid

or vaporous contamination in steam. Normally,

steam purity is reported as the solids content.

Steam purity should not be confused with steam

quality, which refers to the amount of moisture in the

steam.

Carryover is any solid, liquid or vaporous contaminant that leaves a boiler along with the steam. Entrained boiler water, which may contain dissolved or suspended solids, is the most common cause of steam contamination.

Carryover can contaminate process streams and affect product quality. Carryover may also reduce capacity or cause equipment failure, resulting in production losses. Deposition in superheater tubes can lead to failure as a result of overheating. Steam turbines are particularly susceptible to deposition and impingement damage resulting from impure steam.

Causes of Carryover

Carryover results from incomplete separation of steam from the steam/water mixture in the boiler. Many factors, both mechanical and chemical, contribute to incomplete separation. Mechanical factors include boiler design, high water levels, load characteristics, method of firing, or inadequate or leaking separating equipment.

Certain types of boilers traditionally produce consistently clean steam; other types are troublesome. Factors that affect carryover include design pressure, steam drum size, generating rate, circulation rate, arrangement of downcomers and risers, and the type of mechanical separating equipment used.

In some older watertube boiler designs, the steamcarrying or riser tubes discharge below the water level, causing severe turbulence within the steam drum. This condition is minimal for units in which the steam generating tubes discharge above the working water level or beneath a baffle that separates them from the drum water.

Operation at loads in excess of design rating can

increase carryover. A sudden increase in process

steam demand may lower the steam header pressure

and, in turn, the boiler drum pressure, causing rapid

expansion of the steam/water mixture in the boiler.

This can significantly raise the drum water level and

cause carryover. Avoid sudden changes in boiler operation whenever possible.

Operating a boiler significantly below design pressure

is an often overlooked cause of carryover. For a given

steaming/firing rate, the steam flow passages are sized for a specific volumetric flow rate. Reducing the boiler pressure from design results in lower density, more voluminous steam. Consequently, the resulting steam velocity increases. This increased velocity increases the likelihood of entraining boiler water in the steam. Among the chemical causes of carryover are excessive alkalinity, high total solids concentration (dissolved and/or suspended solids) and the presence of oily materials and other organic contaminants. Methods of external and internal treatment can also affect steam purity. 

In certain instances, vaporization of solids may occur. another form of chemical carryover. An example is volatile silica carryover in high-pressure

boilers operating at greater than 400 psig (28 kg/cm2). Foaming and selective vaporous carryover are the two basic mechanisms of chemical carryover. Foaming is the formation of stable bubbles in boiler water. Because bubbles have a density approaching that of steam, they are not readily removed by steam purifying equipment. Foaming has caused a variety of carryover problems and can cause erroneous water level readings that produce swings in feedwater flow.

Foaming tendencies of boiler water are increased with

increases in alkalinity, TDS and TSS.

Oil and other organic contaminants in boiler water can cause foaming and severe carryover conditions. The alkalinity of the boiler water saponifies fatty acids, producing a crude soap that causes foaming.

How to Prevent Carryover

Carryover can never be eliminated completely. Even

the best boiler designs operating with well-controlled

water chemistry produce trace amounts of carryover.

Low-capacity, low-pressure boilers (usually firetube

boilers) rely principally on simple gravity separation

of steam and water. At 200 psig (14 kg/cm2), the density of water is 115 times greater than that of steam.

Because the steam is typically used in heating, steam

purity requirements are not very stringent. The installation of a dry pipe near the top of the drum to enhance steam/water separation is normally satisfactory. In order to meet the needs of superheated steam turbines, steam purity requirements become more stringent at higher boiler pressure. In watertube boilers, internal mechanical separating devices such as cyclones and/or chevrons may be installed to allow the use of economical drum sizes at higher pressures.

Whenever excessive boiler water concentrations cause carryover, an increase in boiler blowdown rate is normally the simplest and most expedient solution. When high levels of feedwater impurities cause high concentrations, adjusting or upgrading the external treatment may provide the most economical solution.

No method of internal treatment can overcome carryover problems caused by oil and other organics. In order to solve the problem, it is necessary to remove the contaminants from the boiler feedwater.

Frequently, the cause of a carryover problem cannot be economically corrected through adjustment of boiler water balances or installation of additional external treatment facilities. In many of these instances, the use of an effective antifoam agent can reduce carryover tendencies significantly.
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Summarize from the following:

[image: image37.png]6.5 Low-Pressure Final Stage Blading

With increasing turbine ratings there is an obvious technical require-
ment for increasing exhaust area of the last stage of condensing tur-
bines. One way of satisfying this requirement is to arrange two or more
last stages in parallel. Particularly with single-casing turbines this
leads to a large bearing span and, hence, to sensitive rotors.

‘A second, more obvious means, is to increase the tip to hub ratio of the
last stage, L., to make the last-stage blade longer. Slender blading can
still conform to the obvious reliability requirements as long as high
blade stiffness or a high first mode natural frequency is being achieved.

Experienced steam turbine manufacturers are therefore opting for
small blade-to-chord ratios. This design results in low-steam bending
stresses and thus low dynamic blade stresses. The blades are attached
to the rotor by wide straddle roots and taper pins. This type of root can
be made with such close tolerances, even in small sizes, that all the
prongs are loaded uniformly.

The peripheral speed varies considerably between the hub and the
blade tip so that the blade foil profile and the stagger angle along the
blade height must be matched to the always varying flow directions.




[image: image38.png]Flow velocities are high in slender last-stage blades because circum-
ferential velocities are high. The steam in the blade passages is accel-
erated from subsonic to supersonic flow and, thus, transonic flow is
obtained.

Because of the large centrifugal forces acting in long last-stage blades,
their profile thickness is reduced from the hub toward the blade tip.

Because the blades are designed for variable speed operation, they
must be capable of running safely at resonance points. The resonance
frequencies should, therefore, be as high as possible, and the blade row
should have sufficient damping.

Itis not possible on last-stage freestanding blades to provide integral
shrouding because of the blade taper. The last stage blades are there-
fore interconnected with loosely fitted lacing bars. The blind bores
required for these lacing bars are machined into integrally forged
bosses to minimize weakening and prevent excessive stress concentra-
tion around the bore (Fig. 6.13).

When the blades are rotated, centrifugal force presses the lacing bars
against the upper outer wall of the bores. All blades are thus essentially
coupled to a single vibrational system. This coupling raises the reso-
nance frequencies and makes the resonance criterion more unlikely: in
2 coupled system resonance only occurs when the excitation frequency




[image: image39.png]Figure 613 Integrally forged bosses at low-pres-
sure blading of reaction turbine. (Siemens Power
Corporation, Milwaukee, Wis. and Erlangen, Ger-
many)





[image: image40.png]is equal to the natural frequency and when the accompanying excita-
jon forces at the circumference are simultaneously equal to the charac-
teristic mode.

Alternating bending stresses occurring in laced blades are lower
than stresses experienced in freestanding blades under resonant speed
conditions. This is due to the higher resonance frequencies and out-of-
‘phase vibration of laced blading.

If large vibration amplitudes occur, friction between the lacing bar
and the inside of the bore further dampens vibration amplitudes.

Since the lacing bars are well supported at both ends, coupling is
independent of typical fabrication tolerances of the bore; coupling of all
blades is thus ensured even at low speeds.

‘Damping coeflicients and the influence of lacing bars on the natural
frequency of a row of blading are difficult to calculate.





Typical design strives to establish the following objectives:

[image: image41.png]® All stresses produced by centrifugal forces and steam bending mo-
‘ments in the blade and the root have the same magnitude for all
blade sizes.

 The ratio of the blade natural frequency to the maximun rotational
frequency is identical for all blade sizes.

= Steam conditions being equal before and after the blade annulus, the
flow velocities for every point of the flow area are the same for every
blade size. Henee, the Mach numbers are also the same.

= If steam conditions upstream and downstream of the blade annulus
and peripheral speeds of various blade sizes are maintained con-
stant, the blade fficiency docs not depend on the blade size. More-
over, the exit loss as a function of volume flow and peripheral speed
is the same for all blade sizes. Consequently, mechanical and aerody-
namie measurements obtained on a particular blade size can be
transferred to all the other sizes of a blade series, This also applies o
the operating experience as a whole, ic., the experience gained with
certain blades of this series will apply to all blade sizes of this series.
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4. [image: image42.png]Turbine Lubrication Systems

These may be either Gravity or Pressure, modern trend is towards
the latter since: no large gravity tanks are required, piping is reduced,
oil quantity is minimised—which all leads to a considerable economy.
However, a safeguard must be incorporated to ensure no bearing run
out in the event of oil pump failure. With the gravity system it is
simple—oil flows from the gravity head storage tanks until the tur-
bines come safely to rest. With the pressure system an auxiliary
standby pump could cut in automatically but that would not be
satisfactory in the case of total electrical blackout—so a main engine
driven pump, and small gravity tank at a low level, may be a better
and safer arrangement.

Gravity system

A typical system is as shown in Fig. 4.36.

The oil is drawn from the .sump via a suction filter and magnetic
filter by the pump discharging via a discharge filter through the cooler
to pressure distribution piping, pressure controlled by a screw lift
valve. A certain amount of oil passes through the valve to maintain
the gravity tanks constantly overflowing through a sight return. The
system is connected to storage tanks and purifiers, a connection
leads to turbine protection devices. In the event of total pump failure
oil can pass unrestricted through the non-retum valve to distribution
points;this usually gives emergency supply for about three minutes at
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1.7 bar (normal supply pressure 3.1 bar), emergency shut off steam
valves normally function at below 2 m oil head at the control valve
unit. Pump failure alarm and standby pump cut in switches are nor-
mally fitted in addition to low level alarm devices on the gravity tanks.
A detail of oil sprayers is given, oil supply is on inlet side of gear mesh
but modern practice now tends to supply at both sides. The best oil
inlet temperature is about 46.5° C.




b) Should be condensed from the following Exxon article.

How to Select and Service Turbine Oils

James B. Hannon, ExxonMobil Corporation
The question “How long will this turbine oil last?” should be answered with the sound engineering response of “it depends.” Turbine oil suppliers can give fairly wide-ranging estimates, say 5 to 15 years, in gas turbine applications. Any attempt to create a more exact estimate requires consideration of so many variables that it becomes somewhat useless. Water, heat, contamination, operating hours and maintenance practices will have a significant impact on turbine oil longevity. There is no denying that properly tested and maintained, higher quality turbine oils will provide longer life than poorly tested and maintained, lower quality products. Following is a discussion of new turbine oil performance characteristics that will promote longer, trouble-free service.
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More than 100 tons of steel, rotating at 3600 rpm, is supported by plain bearings on a cushion of oil that is thinner than a human hair. In power plants around the world, the same fluid dynamics take place day-in and day-out without much notice. Lost revenue at seasonal peaks can be counted in millions of dollars. An average utility sells electricity for about $50/MW hr during nonpeak periods, and as much as $1,000/MW hr during peak periods. Poor selection and maintenance of turbine oil can result in production losses exceeding $500,000 per day.
When selecting a turbine oil for steam, gas, hydro and aero-derivative turbines, oil supplier services and commitment to the customer should be evaluated as part of the selection process. 
Have the Right Tool for the Job
It is important to have an understanding of the physical and chemical characteristics of turbine oils compared to other lubricating oils before embarking upon the selection process. 
Steam, gas and hydro turbines operate on a family of lubricating oils known as R&O oils (Rust & Oxidation inhibited oil). Turbine equipment geometry, operating cycles, maintenance practices, operating temperatures and potential for system contamination present unique lubricating oil demands versus other lubricating oils like gasoline and diesel engine applications. 
Utility steam and gas turbine sump capacities can range in size from 1,000 to 20,000 gallons, which drives the economic incentive for a long-life lubricating oil. Low turbine oil makeup rates (approximately five percent per year) also contribute to the need for high-quality, long-life lubricants. Without significant oil contamination issues, turbine oil life is primarily dictated by oxidation stability. Oxidation stability is adversely affected by heat, water aeration and particulate contamination. Antioxidants, rust inhibitors and demulsibility additives are blended with premium quality base stock oil to extend oil life. Lube oil coolers, water removal systems and filters are installed in turbine lubrication systems for the same purpose. 
Unlike most gasoline and diesel engine oil applications, turbine oil is formulated to shed water and allow solid particles to settle where they can be removed through sump drains or kidney loop filtration systems during operation. To aid in contaminant separation, most turbine oils are not additized with high levels of detergents or dispersants that clean and carry away contaminants. Turbine oils are not exposed to fuel or soot and therefore do not need to be drained and replaced on a frequent basis. 
Recommended Performance Characteristics of Turbine Oil Vary by Application
Steam Turbines
A well-maintained steam turbine oil with moderate makeup rates should last 20 to 30 years. When a steam turbine oil fails early through oxidation, it is often due to water contamination. Water reduces oxidation stability and supports rust formation, which among other negative effects, acts as an oxidation catalyst. 
Varying amounts of water will constantly be introduced to the steam turbine lubrication systems through gland seal leakage. Because the turbine shaft passes through the turbine casing, low-pressure steam seals are needed to minimize steam leakage or air ingress leakage to the vacuum condenser. Water or condensed steam is generally channeled away from the lubrication system but inevitably, some water will penetrate the casing and enter the lube oil system. Gland seal condition, gland sealing steam pressure and the condition of the gland seal exhauster will impact the amount of water introduced to the lubrication system. Typically, vapor extraction systems and high-velocity downward flowing oil create a vacuum which can draw steam past shaft seals into the bearing and oil system. Water can also be introduced through lube oil cooler failures, improper powerhouse cleaning practices, water contamination of makeup oil and condensed ambient moisture. 
In many cases, the impact of poor oil-water separation can be offset with the right combination and quality of additives including antioxidants, rust inhibitors and demulsibility improvers. 
Excess water may also be removed on a continuous basis through the use of water traps, centrifuges, coalescers, tank headspace dehydrators and/or vacuum dehydrators. If turbine oil demulsibility has failed, exposure to water-related lube oil oxidation is then tied to the performance of water separation systems. 
Heat will also cause reduced turbine oil life through increased oxidation. In utility steam turbine applications, it is common to experience bearing temperatures of 120ºF to 160ºF (49ºC to 71ºC) and lube oil sump temperatures of 120ºF (49ºC). The impact of heat is generally understood to double the oxidation rate for every 18 degrees above 140ºF (10 degrees above 60ºC).
A conventional mineral oil will start to rapidly oxidize at temperatures above 180ºF (82ºC). Most tin-babbited journal bearings will begin to fail at 250ºF (121ºC), which is well above the temperature limit of conventional turbine oils. High-quality antioxidants can delay thermal oxidation but excess heat and water must be minimized to gain long turbine oil life. 
Gas Turbines
For most large gas turbine frame units, high operating temperature is the leading cause of premature turbine oil failure. The drive for higher turbine efficiencies and firing temperatures in gas turbines has been the main incentive for the trend toward more thermally robust turbine oils. Today’s large frame units operate with bearing temperatures in the range of 160ºF to 250ºF (71ºC to 121ºC). Next-generation frame units are reported to operate at even higher temperatures. Gas turbine OEMs have increased their suggested limits on RPVOT - ASTM D2272 (Rotation Pressure Vessel Oxidation Test) and TOST - ASTM D943 (Turbine Oil Oxidation Stability) performance to meet these higher operating temperatures.
As new-generation gas turbines are introduced into the utility market, changes in operating cycles are also introducing new lubrication hurdles. Lubrication issues specific to gas turbines that operate in cyclic service started to appear in the mid-1990s. Higher bearing temperatures and cyclic operation lead to fouling of system hydraulics that delayed equipment start-up. Properly formulated hydrocracked turbine oils were developed to remedy this problem and to extend gas turbine oil drain intervals. Products such as Exxon Teresstic GTC and Mobil DTE 832 have demonstrated excellent performance for almost five years of service life in cyclically operated gas turbines where conventional mineral oils often failed in one to two years. 
Hydro Turbines
Hydro turbines typically use ISO 46 or 68 R&O oils. Demulsibility and hydrolytic stability are the key performance parameters that impact turbine oil life due to the constant presence of water. Ambient temperature swings in hydroelectric service also make viscosity stability, as measured by viscosity index, an important performance criterion. 
Aero-Derivative Gas Turbines
Aero-derivative gas turbines present unique turbine oil challenges that call for oils with much higher oxidation stability. Of primary concern is the fact that the lube oil in aero-derivative turbines is in direct contact with metal surfaces ranging from 400ºF to 600ºF (204ºC to 316ºC). Sump lube oil temperatures can range from 160ºF to 250ºF (71ºC to 121ºC). These compact gas turbines utilize the oil to lubricate and to transfer heat back to the lube oil sump. In addition, their cyclical operation imparts significant thermal and oxidative stress on the lubricating oil. These most challenging conditions dictate the use of high purity synthetic lubricating oils. Average lube oil makeup rates of .15 gallons per hour will help rejuvenate the turbo oil under these difficult conditions.
Current technology turbine oils for land-based power generation turbines are described as 5 cSt turbo oils. Aero-derivative turbines operate with much smaller lube oil sumps, typically 50 gallons or less. The turbine rotor is run at higher speeds, 8,000 to 20,000 rpm, and is supported by rolling element bearings.
Synthetic turbo oils are formulated to meet the demands of military aircraft gas turbo engines identified in Military Specification format. These MIL specifications are written to ensure that similar quality and fully compatible oils are available throughout the world and as referenced in OEM lubrication specifications.
Type II turbo oils were commercialized in the early 1960s to meet demands from the U.S. Navy for improved performance, which created MIL - L (PRF) - 23699. The majority of aero-derivatives in power generation today deploy these Type II, MIL - L (PRF) - 23699, polyol ester base stock, synthetic turbo oils. These Type II oils offer significant performance advantages over the earlier Type I diester-based synthetic turbo oils.
Enhanced Type II turbo oils were commercialized in the early 1980s to meet the demands from the U.S. Navy for better high-temperature stability. This led to the creation of the new specification MIL - L (PRF) - 23699 HTS. In 1993, Mobil JetOil 291 was commercialized as the first fourth-generation turbo oil to satisfy present and advanced high temperature and high load conditions of jet oils. Improvements continue to be made in turbo oil lubricant technology.
Generator bearing sets typically use an ISO 32 R&O or hydraulic oil. The lower pour points of a hydraulic vs. an R&O oil may dictate the use of a hydraulic oil in cold environments. 
Writing a Turbine Oil Procurement Standard 
Steam, gas and hydro turbine oils are a blend of highly refined or hydroprocessed petroleum base oils, usually ISO VG 32 and 46 or 68. Lubricant suppliers have developed turbine oils to meet the varying demands of turbines in propulsion and power generation applications. 
These formulations were developed to meet turbine OEM specifications. Many turbine OEMs have moved away from specific turbine oil brand name approvals due to enhanced technologies in their turbines and corresponding improvements in turbine oils. OEMs have identified suggested or recommended lube oil performance test criteria and typically stipulate that an oil known to perform successfully in the field may still be used even if all recommended values have not been satisfied. Industry standard lube oil bench tests can provide great insight into the performance and life expectancy of turbine oils. However, turbine OEMs and oil suppliers generally agree that past successful performance of a particular oil under similar conditions is the best overall representation of quality and performance. 
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Regardless of the type or service of a turbine oil, the quality of the base stocks and additive chemistry will be a major factor in its longevity. High-quality base stocks are characterized by higher percentage saturates, lower percentage aromatics, and lower sulfur and nitrogen levels. The performance of additives must be extensively tested. They must also be blended into the oil in a tightly controlled process. 
The key to a superior turbine oil is property retention. Some turbine oil formulations have been found to present good lab test data, but can experience premature oxidation because of additive dropout and base stock oxidation. Again, lube oil laboratory analysis can support your efforts to determine turbine oil longevity, but direct field experience should take precedence. Note, turbine oil suppliers will offer typical lube oil analysis data to help assess predicted performance. Typical data is used because lubricating oils vary slightly from batch to batch because of minor base stock variations. 
Utility steam and gas turbine oils can be either conventional mineral-based (Group 1) or hydroprocessed (Group 2). High-quality conventional mineral-based oils have performed well in both steam and gas turbine service for more than 30 years. The trend toward higher efficiency, cyclically operated gas turbines has spurred the development of hydroprocessed, Group 2, turbine oils. 
Most hydroprocessed turbine oils will have better initial RPVOT and TOST performance than conventional turbine oils. This oxidation stability performance advantage is suited for heavy-duty gas turbine applications. 
The oxidation performance advantages of a hydroprocessed turbine oil may not be necessary in many less demanding steam and gas turbine applications. Conventional mineral-based oils are known to have better solvency than hydroprocessed oils which can provide better additive package retention and increased ability to dissolve oxidation products that could otherwise potentially lead to varnish and sludge. 
Compatibility testing between turbine oil brands should also be addressed when writing a turbine oil specification for systems not available for a complete drain and flush. Clashing additive chemistries or poor in-service oil quality may prohibit the mixing of different and incompatible turbine oils. Your oil supplier should provide compatibility testing to confirm suitability for continued service. This testing should address the condition of the in-service oil compared to various possible blends with the proposed new oil. The in-service oil should be tested for suitability for continued service. Then a 50/50 blend should be tested for oxidation stability (RPVOT ASTM D2272), demulsibility (ASTM D1401), foam (ASTM D892, Sequence 2) and the absence of additive package dropout as witnessed in a seven-day storage compatibility test.
Turbine Lube Oil System Flushing 
Turbine lube oil system flushing and initial filtration should be addressed in conjunction with the selection of the turbine oil. Lubrication system flushing may be either a displacement flush after a drain and fill, or a high velocity flush for initial turbine oil fills. A displacement flush is performed concurrently during turbine oil replacement and a high velocity flush is designed to remove contaminants entering from transport and commissioning a new turbine. 
Displacement flushes using a separate flush oil are done to remove residual oil oxidation product that is not removed by draining or vacuum. A displacement flush is conducted by utilizing lubrication system circulation pumps without any modification to normal oil circulation flow paths, except for potential kidney loop filtration. This flush is typically done based on a time interval vs. cleanliness (particle levels) to facilitate the removal of soluble and insoluble contaminants that would not typically be removed by system filters. 
Most turbine OEMs offer high velocity flushing and filtering guidelines. Some contractors and oil suppliers also offer flushing and filtering guidelines. Often during turbine commissioning, these guidelines are scaled back to reduce cost and time. There are common elements of a high-velocity flush that are generally supported by interested parties. There are also some procedural concerns that may differ and should be addressed on a risk vs. reward basis. 
Common elements of mutual agreement in high-velocity flushing are as follows:
· Supply and storage tanks should be clean, dry and odor-free. Diesel flushing is not acceptable.
· Two to three times normal fluid velocity achieved with external high-volume pumps or by sequential segmentation flushing through bearing jumpers. 
· Removal of oil after flush is completed to inspect and manually clean (lint-free rags) turbine lube oil system internal surfaces.
· High-efficiency by-pass system hydraulics to eliminate the risk of fine particle damage.
Possible supplemental or alternative elements of a high-velocity flush are as follows: 
· Use of a separate flush oil to remove oil soluble contaminants that can impact foam, demulsibility and oxidation stability 
· Need to filter the initial oil charge at a level consistent with the filtration specification
· Thermal cycling of oil during the flush
· Pipe line vibrators and the use of rubber mallets at pipe elbows
· Installing special cleanliness test strainers and sampling ports 
· Desired cleanliness criteria for flush buy-off 
· Lab ISO 17/16/14 to 16/14/11 acceptable particulate range
· Use of on-site optical particle counters
· 100-mesh strainer, no particles detectable by naked eye
· Millipore patch test
Up-front planning and meetings with construction, start-up, oil supplier and the end user should be scheduled in advance to build consensus on these flushing procedures.
A good practice for turbine oil performance documentation is to take a 1-gallon sample from the supply tank and then a second gallon sample from the turbine reservoir after 24 hours of operation. The recommended testing is consistent with turbine oil condition assessment testing:
· Suitability for Continued Use (Annual)
· Viscosity ASTM D445
· RPVOT ASTM D2272
· Water by Karl Fischer Titration ASTM D1744
· Acid Number ASTM D664
· ISO Cleanliness Code 4406
· Rust ASTM D665 A
· Demulsibility ASTM D1401
· Foam ASTM D892 Sequence 2
· ICP Metals 
Past experience, turbine OEM recommendations, customer testimonials and oil supplier reputation are key elements to be considered in the selection of a turbine oil. Proper initial selection of turbine oil and continued conditioned-based maintenance should set the stage for years of trouble-free service. In many plants, Murphy’s Law strikes at the worst time. This is when you will truly appreciate a turbine oil with superior performance characteristics and an oil supplier with extensive technical support. 
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a) Deaerator principles:

 Deaerator

Hurst DeaeratorIntroduction

Mechanical and chemical deaeration is an integral part of modern boiler water protection and control. Deaeration, coupled with other aspects of external treatment, provides the best and highest quality feed water for boiler use.

Simply speaking, the purposes of deaeration are:

   1.

      To remove oxygen, carbon dioxide and other noncondensable gases from feed water

   2.

      To heat the incoming makeup water and return condensate to an optimum temperature for:

         1.

            Minimizing solubility of the undesirable gases

         2.

            Providing the highest temperature water for injection to the boiler

Deaerators are typically elevated in boiler rooms to help create head pressure on pumps located lower. This allows hotter water to be pumped without vapor locking should some steam get into the pump.

Reason to Deaerate

    The most common source of corrosion in boiler systems is dissolved gas: oxygen, carbon dioxide and ammonia. Of these, oxygen is the most aggressive. The importance of eliminating oxygen as a source of pitting and iron deposition cannot be over-emphasized. Even small concentrations of this gas can cause serious corrosion problems.

    Makeup water introduces appreciable amounts of oxygen into the system. Oxygen can also enter the feed water system from the condensate return system. Possible return line sources are direct air-leakage on the suction side of pumps, systems under vacuum, the breathing action of closed condensate receiving tanks, open condensate receiving tanks and leakage of non-deaerated water used for condensate pump seal and/or quench water. With all of these sources, good housekeeping is an essential part of the preventive program.

    One of the most serious aspects of oxygen corrosion is that it occurs as pitting. This type of corrosion can produce failures even though only a relatively small amount of metal has been lost and the overall corrosion rate is relatively low. The degree of oxygen attack depends on the concentration of dissolved oxygen, the pH and the temperature of the water.

    The influence of temperature on the corrosivity of dissolved oxygen is particularly important in closed heaters and economizers where the water temperature increases rapidly. Elevated temperature in itself does not cause corrosion. Small concentrations of oxygen at elevated temperatures do cause severe problems. This temperature rise provides the driving force that accelerates the reaction so that even small quantities of dissolved oxygen can cause serious corrosion.

Operation

    Mechanical deaeration is the first step in eliminating oxygen and other corrosive gases from the feed water. Free carbon dioxide is also removed by deaeration, while combined carbon dioxide is released with the steam in the boiler and subsequently dissolves in the condensate. This can cause additional corrosion problems.

    Because dissolved oxygen is a constant threat to boiler tube integrity, this discussion on the deaerator will be aimed at reducing the oxygen content of the feed water. The two major types of deaerators are the tray type and the spray type. In both cases, the major portion of gas removal is accomplished by spraying cold makeup water into a steam environment.

    Tray-Type Deaerating Heaters

    Tray-type deaerating heaters release dissolved gases in the incoming water by reducing it to a fine spray as it cascades over several rows of trays. The steam that makes intimate contact with the water droplets then scrubs the dissolved gases by its counter-current flow. The steam heats the water to within 3-5 º F of the steam saturation temperature and it should remove all but the very last traces of oxygen. The deaerated water then falls to the storage space below, where a steam blanket protects it from recontamination.

    Nozzles and trays should be inspected regularly to insure that they are free of deposits and are in their proper position

Tray-Type Deaerating Heater (Cochrane Corp.)
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    Spray-Type Deaerating Heaters

    Spray-type deaerating heaters work on the same general philosophy as the tray-type, but differ in their operation. Spring-loaded nozzles located in the top of the unit spray the water into a steam atmosphere that heats it. Simply stated, the steam heats the water, and at the elevated temperature the solubility of oxygen is extremely low and most of the dissolved gases are removed from the system by venting. The spray will reduce the dissolved oxygen content to 20-50 ppb, while the scrubber or trays further reduce the oxygen content to approximately 7 ppb or less.

    During normal operation, the vent valve must be open to maintain a continuous plume of vented vapors and steam at least 18 inches long. If this valve is throttled too much, air and nonconclensable gases will accumulate in the deaerator. This is known as air blanketing and can be remedied by increasing the vent rate.

    For optimum oxygen removal, the water in the storage section must be heated to within 5 º F of the temperature of the steam at saturation conditions. From inlet to outlet, the water is deaerated in less than 10 seconds.

    The storage section is usually designed to hold enough water for 10 minutes of boiler operation at full load.

Spray deaerator

Click on image for larger view

Spray-Type Deaerating Heater (Graver)

[image: image47.png]Spray Valves Condensate Iniet _ Atmospheric Vanes
Distributing Pans.
Hood Enciosure.

Tray Access Door.

Deaerating Trays
Steam Baffle

Steam Inlet

High Pressure Heater
Drain Inlet

Equalizers

Deaerated
Water
Outlet

Thermometer

Flash Preventer
(Optional)

Outlet to Service

LevelGauge  Manhole




    Limitations

    Inlet water should be virtually free of suspended solids that could clog spray valves and ports of the inlet distributor and the deaerator trays. In addition, spray valves, ports and deaerator trays may become plugged with scale that forms when the water being deaerated has high hardness and alkalinity levels. In this case, routine cleaning and inspection of the deaerator is very important.

    PTS:
16


6.
ANS:


Combustion air and fuel are staged

to produce rich, lean flame zones

thus inhibiting NOx formation.

Single source combustion air is

divided into two streams. Primary air

passes through the center of the flow

divider and air diffuser. Secondary air

flows in an annular section via swirl

vanes, and discharges through a

convergent/divergent throat.

Gas jets and fuel oil atomizers

are designed to further enhance

combustion staging as well as

produce the precision flame shaping

essential for CO and particulate

performance.

The above techniques result in low

excess air in the primary combustion

zone limiting the oxygen available

to combine with nitrogen in the fuel.

In the second combustion stage,

additional air is introduced forming

a cooler oxygen-rich zone where

combustion is completed and the

formation of thermal NOx is limited.

Efficient, Safe

Combustion

The blending of these technologies

within the Hamworthy Peabody

MSC burner results in reduced NOx

formation without compromising

other performance criteria.

Exceptional flame stability, even

when using flue gas recirculation,

ensures that operational safety is

not compromised.

The Hamworthy Peabody Multi-Stage

Combustion (MSC) burner achieves

NOx emission compliance without

compromising efficiency or other

emission performance.

The flexible, high efficiency burner

can be retrofitted to most existing

boiler designs, and is also ideal

for use with new field-erected

or package boilers.

Low CO levels with full load

excess air values of less than 10%

are typical when firing either oil or

gas. This performance is coupled

with outstanding flame stability

characteristics resulting in efficient,

reliable and safe operation.

3
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[image: image49.png]PRIMARY FLAME

For the oil to burn, it must be raised to its ignition temperature, where continuous
vaporization of the oil required for its combustion takes place. Note this temperature
should not be confused with the flash point temperature of the oil, where only the
vapour formed above the oil in storage tanks, etc. will burn. The ignition or burning
temperature should normally be at least some 20°C above this value.

For the reasons already stated this ignition temperature cannot be obtained in the
fuel oil heaters, and therefore the heat radiated from the flame itself is utilized so
that, as the cone of atomized oil leaves the burner, the lighter hydrocarbons are
rapidly raised to the required temperature by the heat from the furnace flame; they
then vaporize and burn to form the primary flame.

The heat from this primary flame is now used to heat the heavier constituents of
the fuel to their ignition temperature as they, together with the incoming secondary
combustion air, pass through the flame.

The stability of the combustion process in the furnace largely depends upos
maintaining a stable primary flame and, to ensure it is not overcooled, a refractory
quarl is usually placed around it so as to radiate heat back to the flame. The primary
flame should just fill the quarl. If there is too much clearance excessive amounts of
relatively cool secondary air enter the furnace; too little and the heavier oil droplets
impinge on the quarl and form carbon deposits.

Another important factor for the formation of the primary flame is that it must be
supplied with primary air in the correct proportion and at the right velocity. In the
case of air registers using high velocity air streams this is done by fitting a tip plas=
which spills the primary air over into a series of vortices, as indicated in Fig. 70. Ths
ensures good mixing of the air and fuel and, by reducing the forward speeds involves.
helps to maintain the primary flame within the refractory quarl.




[image: image50.png]SECONDARY FLAME

The larger oil droplets, heated in their passage through the primary flame zone, thes
vaporize and begin to burn. This, although a rapid process, is not instantaneous, ant
so it is essential that oxygen is supplied steadily and arranged to mix thoroughly with
the burning particles of oil. An essential feature for the stability of this suspend=t
secondary flame is that the forward velocity of the air and oil particles must et
exceed the speed of flame propagation. If it does the flame front moves further out
into the furnace and the primary flame will now burn outside the quarl with resulting
instability due to overcooling.




[image: image51.png]As indicated in Fig. 70 careful design of the swirl vanes in the air register can be
used to create the required flow patterns in the secondary air stream. The secondary
flame gives heat to the surrounding furnace for the generation of steam.

Sufficient time must be given for complete combustion to take place before
unburnt oil particles can impinge onto tubes or refractory material. This usually
entails the supply of a certain amount of air in excess of the theoretical amount
required for complete combustion if these practical considerations could be neg-
lected, and unlimited time taken for the mixing of the air and fuel. The actual amount
of excess air supplied depends upon a number of factors, such as the design of the
furnace, the efficiency of the combustion process for the condition of load, etc., but
will in general reduce the boiler efficiency to some extent due to the heat carried away
by this excess air leaving the funnel. It can also lead to increased deposits in the
uptakes due to the increased amount of sulphur trioxide that will form from sulphur
dioxide in the presence of excess oxygen.




[image: image52.png]The combustion of a residual fuel oil in a boiler furnace takes in a number of
stages, which are described as follows.

The oil is first heated in steam or electric fuel oil heaters. This reduces its viscosity
and makes it easier to pump, filter, and finally to atomize.

However it must not be overheated at this stage, otherwise a process known as
‘cracking’ occurs, leading to carbon deposits, and the formation of gas in the fuel oil
lines, etc. The gas, due toits large volume, reduces the mass of oil passing through the
burners, which in turn leads to a possible reduction in the steaming rate of the boiler
owing to the reduced amount of fuel actually burnt.

This gasification can also cause instability in the combustion process itself,
resulting in a fluctuating flame formation.

The heated oil is now passed through the burners where it is atomized; this
process breaks it up into a fine spray of droplets, so presenting a very large surface
area of oil to the combustion processes. The droplets formed are of two main types,
i.e. very fine particles consisting of the lighter fractions of the fuel, which form a fine
mist, and slightly larger droplets formed by the heavier fractions of the residual fuel.
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[image: image53.png]Boil off is the formation of vapour by the ingress of heat through the cargo
containment system and into the liquid cargo, figure 1.

Insulation

Figure 1. Heat ingress to the liquid cargo through the
containment system

The amount of boil off is governed by two factors;

« The difference between the cargo temperature and external ambient
temperature is the ‘engine’ which propels the heat transfer. The larger
the temperature difference the more heat transfer occurs.

« The resistance to the heat transfer which is provided by the insulation
layer surrounding the cargo tank. The more efficient the insulation layer
the less heat transfers to the cargo.

The ‘engine’ side of the equation is semi fixed, the difference between the
standard storage condition of around -161°C and the IGC code’s ambient
conditions of 45°C air and 32°C sea water temperature. The ‘resistance
side’ is movable and governed by the economic equation; the thicker the
insulation the less boil off but less cargo volume is available verses thin
insulation, higher boil off but more cargo can be carried.



[image: image54.png]Simple Heat Transfer Theory

Heat transfer is energy in transit due to a temperature difference.
Whenever there exists a temperature difference heat transfer must occur.

Heat transfer to the LNG cargo can be undertaken in three modes:-
e Conduction e.g. through the insulated wall of a cargo tank
e Convection

o Natural convection: e.g. heat from a warm product being dissipated
to the cold air in an insulated void space.

o Forced convection: e.g. flow of a cooling media (nitrogen) in a heat
exchanger (condenser tube).

e Thermal radiation. Negligible effects in LNG cargo containment.




Indication of tank operating pressures in ballast and loaded passages
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Cargo Tank Relief Valves 

Each tank should be equipped with two diaphragm relief valves of the pilot operated type. Each relief valve should be provided with a means of manual operation. In the case of spherical cargo tanks, if the chosen means of emergency cargo discharge is by pressurisation of the tanks, then the relief valves shall be provided with a means to allow re-setting in situ. Suitable means should be provided for installing spade blanks on the inlet side of relief valves in an emergency. These should be provided with a highly visible means of indication when installed.
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[image: image56.png]7.12. CONDENSER MAINTENANCE AND DEFECTS

The most important defects in the machinery operation which can be
attributed to the condenser are, sudden and serious loss of vacuum, a gradual
but slight deterioration in vacuum and an increase in feed water salinity.

7.12.1. Sudden Loss of Vacuum

This will most probably arise from the incidence of an air leakage, but
could also be due to a rapid, though unlikely, reduction in the cooling water
rate or to deterioration in air ejector performance.

Sources of leakage which should be investigated are the small bore
piping connexions between the condenser and the kenotometer and defects
in any of the joints on the pads and flanges mounted on the condenser casing.

a) Cooling Water Circulation

Failure of the pump or even uncontrolled partial reduction in the
cooling water flow rate is not considered a normal hazard but block-
age has been known to occur due to weeds or polythene sheeting.
Vacuum will deteriorate rapidly if the flow rate is not maintained and
this condition may normally be detected by a substantial increase in
the cooling water temperature rise across the condenser. In systems
where, under steady operating conditions, the cooling water rate is
automatically controlled to maintain the vacuum at a predetermined
value, any sudden failure or involuntary reduction of sea water
circulation will be recorded by alarm signal.

b) Air Ejector
Failure of the air ejector will most likely be due to reduction in the
flow of driving steam to the ejector nozzles. Since efficient perform-




[image: image57.png]ance of an air ejector is inherently somewhat critical for a particular
design duty, partial blockage of the nozzles due to small flakes of
scale or other material can curtail performance sufficiently to result
in serious loss of vacuum.

7.12.2. Gradual Deterioration of Vacuum

Gradual, though slight deterioration of vacuum over a relatively long
period, is almost certainly due to reduction of the heat transfer rate between
the cooling water and the tubes. This arises from a slow build up of deposits
which foul the inside tube surface. The rate of fouling will mainly depend on
the sea trade route. If such condition is suspected, the tubes may be brushed
using nylon bristles. The frequency at which attention is given must be
largely governed by experience.

7.12.3. Salinity of Feed Water

If the degree of feed water salinity exceeds the permissible amount, a
leakage of sea water into the steam side of the condenser may be suspected.

Leakage can occur due to tube rupture caused by erosion and by failure
of tube end packing rings if fitted. Tube erosion is usually most severe near
to the water entry end of the tube, but may not be easily detected without
water test. Tubes which are known to be damaged may be temporarily
plugged, pending replacement at the earliest opportunity.

7.12.4. Additional Inspection and Maintenance

In addition to the foregoing possible defects arising during service,
routine inspection inside the water boxes should be carried out by examina-
tion of the tube plate for signs of tube or tube packing failure and erosion
pitting of the tube plate surface.

One should also examine the mild steel anti-corrosion plates. In the
case of fabricated mild steel water boxes, which are protected by rubber
lining, an excessive rate of wastage may be due to a defect in the rubber
lining. The plates should be cleaned of corrosion products and organic
growth every 3 to 4 months. They should be replaced if they reduce to
50 per cent of the original size.

The rubber lining of the water boxes and doors should be checked to
ensure that it.shows no signs of having “lifted off” the parent metal and that
it has not ruptured. Any such defects should be rectified at the earliest
opportunity. The same remarks apply to epoxy coatings. Remove sludge
accumulation from water boxes.

7.12.5. Ferrous Sulphate Protection

The beneficial effect of the anti-corrosion plates is increased by dosing
the cooling water with ferrous sulphate (5 ppm equivalent to 4.5 kg (101b)
per 9092001 (200000 gal of cooling water) injected as a solution under
minimum flow conditions, for one hour, once per week (Ref. 26).
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[image: image58.png]6. OPERATING TROUBLES

6.1. ELECTRICAL BLACKOUT

An electrical failure may last only for several seconds, but on the other
hand, in the case of serious trouble occurring, an appreciable period of time
may elapse before emergency power is supplied or the main circuits are
restored. In the event of a sudden blackout occurring and as it is virtually
impossible to estimate the length of time the vessel will be without power for
essential services, the following procedure is recommended to avoid damag-
ing the main machinery.

6.1.1. Procedure Ahead Running

1) Close ahead manoeuvring valve immediately. Alternatively, the
emergency trip can be operated and the ahead valve closed, the trip
then being reset.

2) Open astern guardian or isolating valve, then open astern manoeuvring
valve rapidly to about one third of the boiler pressure at the astern
receiver. Hold this pressure until the main shaft stops.

3) Open turbine drains and shut bled steam valves.

4) Shut off air ejector and gland steam.

5) If electrical power has not been restored within 10 min, rotate turning
gear by hand to turn the rotors a part revolution every three minutes.

6) Steering motor should normally become available automatically with
restoration of main or emergency power but this should be checked.

7) When power is restored, supplied either by the main or emergency
generator, start up or attend to the following:

Forced lubricating oil pump;
Turning gear ;

Oil fuel unit;

Forced draught fan;

Flash up the boilers;

Extraction pump;

Circulating water pump;

Electro feeder (if fitted);

Engine and boiler rooms vent fans;
Re-commission the turbo-alternator.




[image: image59.png]8) Pump up gravity tank to normal overflow level.

9) If the turbines have been stopped long enough to have cooled down the
warming through procedure should be adopted (see procedure for
shutting down main machinery).

10) With engines on turning gear raise vacuum to 508 mbar (15 in Hg).

11) Disengage turning gear and continue to raise vacuum while carrying
out steam blasting ahead and astern alternately.

12) Turn engines ahead on steam at 40 rev/min for 10 min.

13) Raise full vacuum and increase ahead revolutions.



[image: image60.png]6.3. NOISE AND VIBRATION

The Operating Engineers must always be on the alert for increase in
noise level or an increase in the vibration level of the machi~zry. This cannot
readily be observed from the control room, so occasional tours of the engine
room should be made on each watch.

The first sign of any trouble will usually be indicated by an increase in
noise, and a more precise assessment can be made by touching the bearing
housings. If the machinery is running well, the vibration felt in this way
should be very small.

However, if deterioration is gradual, it may not be easy to perceive by
these means, and no two engineers will have the same idea of acceptability.
It is better to rely on simple portable instruments for measuring noise and
vibration. Readings of vibration measured at the bearings, recorded and
compared with readings measured on trials at similar power levels, are the
best way of keeping a check on the state of the machinery. Care must be
taken, however, to ensure that such instruments are kept in good condition,
with attention to batteries and periodic calibration by experts.

The most convenient way of assessing the quality of running of machin-
ery by instrument is to measure the velocity of vibration (Ref. 23). Other
criteria are displacement of vibration and acceleration. A well balanced rotor
at full speed might exhibit a vibration velocity up to 5 mm/sec (0-2 in/sec).
Concern should be felt if the velocity exceeds 15 mm/sec (0-6 in/sec) and
speed should be reduced if the vibration velocity becomes as high as 254 mm/
sec (1in/sec). Inevitable damage to bearing white metal will arise from




[image: image61.png]prolonged operation at this or higher levels of vibration. There is also the
possible danger of exciting blade vibration in certain rows at this level- of
excitation. Figure 60 is a suggested chart for assessment of vibration accept-
ability (Ref. 24; see also Ref. 25). '

Vibration amplitude, A, mm/1000

4007 S 00 =T T T 1575
J00| 3751 ~ 14-8

4 .250 9-84
200{ 2004 + o - 7-87
1501 760;“""“_ Amplitude 591

g 5 ]

s L.02
100] 100 394
807 80 315

i 63+4——t——— 248
501 S0 197 __
40 40 157 2
301 Irst+ 124 %
25y & oS 098 &
& 207 Jo7s =

g
= 16—+ 063 =

1 ey 049 =
10 10+ 03943

8 8+ 0315 =

6} 63 0248~

5 5]\ +- 0197
1 N
- P o | 0157
Néa
3_{ 315+—1—X = to124
N
25 0098
2 2:04 0079
- 64—t 0063
1254 e No L 0045
&
7 ot =" I i N | 0039
50 63 10 135 16 20 25 315 40 50 63 60 100 125 160 200 250 315 400
Frequency, f,Hz
5060 80 10 1520 J0 40 5O 80 700 150 200 250300 400
e e s A A AL Ly SR R sanc s e
30 40 50 60 80 10 /s 20 25 30 40 50 60 80 100 750 200
Cycles/mn
700

F1G. 60.—Chart for assessment of vibration acceptability.




[image: image62.png]The above values are expressed as root mean square (RMS) values,
denoting an averaged value rather than a peak value.
Vibration is usually caused by temporary distortion of the main turbine
rotors resulting in out of balance.
The following action should be adopted.
) Reduce speed until the vibration becomes tolerable.
) Maintain the reduced speed for 15 min.
) Increase speed slowly and check for vibration.
) If vibration is still present reduce speed for a further period.
5) Again increase speed slowly and recheck for vibration.
6) If vibration persists, suspect machinery damage and if conditions allow
disconnect the suspect turbine. If this turbine may not be disconnected
maintain a speed at which the vibration is tolerable.

1
2
3
4

6.3.1. Other Causes of Vibration

Out of balance effects are produced by fracture and shedding of turbine
blades. They can also be caused by fracture of coupling bolts and shedding
of bolt heads or nuts.

Vibration can also be caused by misalignment at the flexible coupling
outside the normal limits.

6.3.2. Types of Vibration

Vibration due to out of balance will be characterized by a fundamental
frequency of once per revolution or whole number multiples thereof in
decreasing severity. Out-of-balance due to a bend in the rotor might produce
an “elbowing’ effect, with a principal frequency at twice per revolution, and
the vibrations at the bearings out-of-phase with each other. Vibration due
to instability in the oil film is not likely to be a problem in service, nor are
critical or whirling speeds. For an introductory discussion on these aspects
see Ref. 30.

A simple frequency measuring device, such as a reed vibrometer, is
invaluable in determining the source and severity of vibration.
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HOTSPOTDETECTIONIN ROTARYREGENERATIVEHEATEXCHANGERS

Background of the Invention

The present invention relates to the detection of hot spots in rotary regenerative air preheaters and specifically to a thermal imaging system using infrared detectors having improved temperature control.

Rotary regenerative air preheaters are commonly used to transfer heat from the flue gases exiting a furnace to the incoming combustion air. Fires in such air preheaters most often occur during cold start-up or a start-up following hot standby. These fires occur because of poor combustion of the fuel which results in unburned or partially burned fuel condensing and depositing on the air preheater element. As the temperatures entering the air preheater increase, the deposit becomes baked to a hard varnish-like material. This baking takes place in the 205 to 260°C (400 to 500°F) temperature range and these deposits can ignite as temperatures increase to the 315 to 370°C (600 to 700°F) range. Ignition usually starts in a small area of the deposit and the operators may often be unaware that a fire has occurred. During the initial stages of ignition, external effects may not be apparent. The deposit has restricted the flow of gas or air so that little of the excess heat generated is carried away and downstream mixing of the fluids minimized the external effects and masks the existence of the fire. The heat generated is absorbed by the metal heat transfer element in the local of the fire. Actual temperature buildup may be relatively slow. If the hot spot can be detected early, the amount of water required to quench below the ignition temperature will not be excessive. However, if there is no early detection, the metal heat transfer surfaces will continue to increase to the point where the metal itself may ignite. This can occur at about 705°C (1300βF) and then temperatures can increase rapidly to 1650°C (3000°F) or more in a matter of minutes. Such metal fires are self-sustaining and 

require large quantities of water to drop the temperature to a reasonable level. Fire extinguishers other than water such as carbon dioxide and halon and others are ineffective because they lack a cooling effect.

In order to prevent fires from occurring, systems have been developed for detecting overheating conditions (hot spots) and trigger an alarm. Although devices such as thermocouples, various thermistors and ultraviolet detectors have been tried or used, the preferred system employs an infrared detector because of its rapid response time and sensitivity to small changes in the background temperature. A six-inch diameter hot spot in the rotating heat transfer surface of an air preheater will pass a given point in from 150 to 1000 milliseconds and the response time of an infrared detector can be less than 100 milliseconds with present-day high speed solid state electronics. The sensitivity can be adjustable but might be set to trigger an alarm when hot spots at 95 to 150°C (200 to 300°F) above the flue gas inlet temperature are detected.

One of the problems with present-day infrared detectors involves temperature control of the detector. The stability and accuracy of the output signal from the detector is directly related to the temperature of the detector. In present systems, the detector is mounted onto a heat sink in an open environment exposing it to moisture and contaminants which can cause degradation of the detector and consequent loss of performance. Further, the heat sink is water cooled, using inlet water which can very significantly in temperature. This then affects the stability of the detector output signal which is critical for system performance. Also, if the inlet cooling water temperature becomes too high, the inadequate heat removal can result in permanent damage to the detector. 

Summary of the Invention

An object of the present invention is to provide a system for maintaining the temperature of a detector within set limits and more particularly for maintaining the infrared detectors of a hot spot detector system in a rotary regenerative air preheater at a desired temperature. The invention involves the use of thermoelectric coolers, thermistors, heat sinks and cooling water.

Brief Description of the Drawings

Figure 1 is a cross section view of a rotary regenerative air preheater incorporating the present invention.

Figure 2 is a bottom view of the air preheater of Figure 1 showing a plurality of infrared sensors mounted to scan the rotor.

Figure 3 is a cross section view through a sensor drive assembly.

Figure 4 is a cross section view of a sensor module according to the present invention.

Figure 5 is a diagram of the sensor module mounted in a heat sink.

Description of the Preferred Embodiment

Illustrated in Figures 1 and 2 is a typical rotary regenerative air preheater 10 comprising a cylindrical casing 12, a rotor 14 containing conventional heat exchange surface and mounted for rotation on the shaft

16, an air inlet duct 18, an air outlet duct 20, a flue gas inlet duct 22 and a flue gas outlet duct 24. Extending across the casing 12 adjacent the upper and lower faces of the rotor 14 are the sector plates 26 and

28 which divide the unit into the air side and the flue gas side. The arrows indicate the direction of air and flue gas flow. The flue gas entering through duct 22 transfers heat to the heat exchange surface of the rotor. AS the rotor continuously turns, the hot heat 

exchange surface is rotated into the air side where the heat is transferred to the air.

The hot spot detection system of the present invention is located in the air inlet duct of the air preheater as shown in Figure 1. As many as four sensors as shown in Figure 2 may be required depending on the rotor diameter. The sensor heads 30 are mounted on swinging arms 32 such that the sensors swing through an arc of approximately 180°. The path of the sensors is shown in Figure 2 by the dotted arcs. It can be seen that full coverage of the radius of the rotor is obtained by the swinging sensors. Under normal air preheater operating conditions, a complete transverse scanning of the rotor is accomplished in approximately 10 minutes.

Details of the sensor drive assembly 34 mounted through the wall of the air inlet duct 18 are shown in Figure 3. The swinging arm 32 is mounted on a hollow shaft 36. This shaft 36 is rotatable and has a gear 38 mounted thereon. Engaging the gear 38 is the gear 40 mounted on shaft 42. Attached to shaft 42 is a lever arm 44 with the other end of the lever arm 44 being connected to the linkage bar 46. This linkage bar 46 is connected to the lever arms 44 of the other drive assemblies and to the drive motor 48 shown in Figure 2. This drive motor is adapted to reciprocate the linkage bar 46 in a known manner thus rotating the lever arms 44 and swinging arms 32 back and forth through the 180° arc. The sensor heads 30 are shown in more detail in Figure 4. Each sensor head comprises an insulated housing 50 in which is mounted a heat sink 52 preferably formed of aluminum. Surrounding the heat sink 52 is a space 54 for circulating cooling water which is channeled into and out of the space 54 by the tubes 56, one of which is shown in Figure 4. These water tubes pass out through the arm 32 and 36 as do the electrical leads 58. Mounted on the heat sink 52 is the detector module 60 which will be explained in more detail 

hereinafter. Covering the sensor head 30 is a cover 62 which includes a lens to focus the infrared radiant energy onto the detector module 60 as illustrated by the radiant energy line shown in Figure 4. The detector module 60 as shown in Figure 5 comprises a housing can 62 which is attached to a housing base 64. In top of the housing can 62 is a window opening 66 which has a sapphire window 68 sealed to the inside of the housing can 62 with epoxy adhesive. Mounted over the window opening by epoxy adhesive is a glass filter 70 for filtering out visible and ultraviolet radiation. The can is mounted on the cylindrical copper heat sink 72 with the base 64 being soldered to the heat sink. The sealed housing protects the detector from moisture and contaminants which could cause degradation of the detector and the loss of performance. The housing is preferably evacuated and filled with an inert gas. Mounted inside of the can on the base 64 by soldering is a thermoelectric cooler 74 for the purpose of cooling the infrared detector. The thermoelectric cooler consists of the cold plate 76 and the hot plate 78. The thermoelectric cooler can also be used to heat but it will be referred to herein as a cooler. Mounted on top of the thermoelectric cooler 74 is a thermistor 80 and a lead sulfide infrared detector plate 82. These are bonded together with epoxy adhesive. The thermistor monitors the detector temperature in a known manner and is connected in with a known bi-polar temperature control circuit for the thermoelectric cooler by means of the leads C-C to maintain this temperature within set limits.

Mounted on top of this thermistor 80 is the lead sulfide detector plate 82. The infrared radiation from a flame in the air preheater produces an electrical output from this plate which appears across the output leads A-A. The leads B-B are connected to the thermoelectric cooler 74 and are also connected in with the temperature control circuit for the detector plate 

82. All of the wire leads pass through holes in the bottom of the can which are then sealed with glass.

As shown in Figure 6, the module 60 is mounted in the aluminum heat sink 50 which is mounted on the swing arms 32. This heat sink 52 has a hole 84 in which the module 60 is mounted. A thin coating of thermal grease which is non-electrical conducting, is applied to the wall and bottom of the hole 84. The clearance between the hole 84 and the copper heat sink 72 is a small, on the order of 0.0025 inches, such that the grease holds the module in place and efficiently conducts heat. The wire leads A-A, B-B and C-C exit the module through the relief area 88 and are held in place by the wire retainer strap 90 which also helps secure the module in place.

In operation, the thermistor 80 detects the temperature of the detector plate 82 and controls the operation of the thermoelectric cooler 74 to maintain the detector plate 82 within a desired temperature range. The output of the detector plate 82 is connected in with any desired known alarm system or graphic display. The variation of the detector operating temperature may be ≠ 2% of the setpoint as an example. This will allow the detector to be operated at its optimum temperature range and provide for long life. It also provides for detector output signal stability and sensitivity which are critical for accuracy. 
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