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Answer : i(T),ii(F),iii(F),iv(T),v(F),vi(T),vii(T),viii(F),ix(T)&x(F). 
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Q.1(b) : Define the following terms : 
(i) Circulation ratio and its value for natural and forced circulation boiler. 
(ii) Water space and steam space in boiler shell. 
(iii) ‘Boiler’ as per IBR Act, 1923. 
(iv) Conductivity of boiler feed water and its relation with TDS. 
(v)Swelling index of coal. 
 
Answer : 

(i) Circulation ratio and its value for natural and forced circulation boiler. 
Circulation ratio: It is the ratio of the mass flow rate of circulating water Gfw (t/hr) to the 
rate of steam generation Gs (t/h);  
thus Circulation Ratio = Gfw / Gs 
It usually ranges, 
 4 to 30 for Natural Circulation & 3 to 10 for Forced Circulation boilers. 

 
(ii) Water space and steam space in boiler shell. 

The volume of the shell that is occupied by the water is term water space while 

the entire shell volume less the water and tubes(if any) space is called steam 

space. 

(iii) ‘Boiler’ as per IBR Act, 1923. 

 
 

(iv) Conductivity of boiler feed water and its relation with TDS. 
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(v)Swelling index of coal : During determination of volatile matter in coking coal a solid 
reside in left, comprising of fixed carbon and mineral matter. The solid residue that is the 
coke bead is viewed horizontally at the same level of the eye. It will be observed that the 
top surface of the bead has developed some amount of swelling. This swelling is 
compared with standard chart indicating there quantum of swelling and a number 
indicating swelling index. Swelling index varying between 2.-5 is ideal for coke 
manufacturing. The high swelling coal is not charged for coke making as it would create 
unnecessary pressure on the side wall of the oven will also produce a coke porous 
structure. 
 
Q.1© Convert it:- 
(i) 122.5x109 Kcal to………………………….……MTOE. 
(ii) Delta 280*C to………………………….………..Delta *F. 
(iii) 19.97m3/sec to………………………………..CFM 
(iv)167mmhg to………………………………….…mm of water column. 
(v) Evaporation of 976kg of water/hr to………..Boiler HP 
 
Answer : 

(i) 122.5x109 Kcal  =122.5x109/10,000 TOE 
=122.5x105 TOE 
=122.5x105/106 MTOE 
=12.25 MTOE 

(ii) Delta 280*C   =Delta 536*F. 
(iii) 19.97m3/sec  =19.97/60 m3/min 

=0.3328 m3/min 
= 0.3328x35.31CFM 
=11.75CFM 

(iv)167mmHg    =164.80mmWC         760mmHg=750mmWC 
(v) Evaporation of 976kg of water/hr  =0.976 TPH/15.653 Boiler HP 

=0.062 Boiler HP 
 
Q.2(a) What are the adverse effects of improper air venting through steam 
system? 
 
Answer : 
When steam is first admitted to a pipe after a period of shutdown, the pipe is full of air. 
Further amounts of air and other non-condensable gases will enter with the steam, 
although the proportions of these gases are normally very small compared with the 
steam. When the steam condenses, these gases will accumulate in pipes and heat 
exchangers. Precautions should be taken to discharge them. The consequence of not 
removing air is a lengthy warming up period, and a reduction in plant efficiency and 
process performance. 
Air in a steam system will also affect the system temperature. Air will exert its own 
pressure within the system, and will be added to the pressure of the steam to give a total 
pressure. Therefore, the actual steam pressure and temperature of the steam/air mixture 
will be lower than that suggested by a pressure gauge. Of more importance is the effect 
air has upon heat transfer. A layer of air only 1 mm thick can offer the same resistance to 
heat as a layer of water 25 μm thick, a layer of iron 2 mm thick or a layer of copper 15 
mm thick. It is very important therefore to remove air from any steam system. Automatic 
air vents for steam systems (which operate on the same principle as thermostatic steam 
traps) should be fitted above the condensate level so that only air or steam/air mixtures 
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can reach them. The discharge from an air vent must be piped to a safe place. In 
practice, a condensate line falling towards a vented receiver can accept the discharge 
from an air vent. 
In addition to air venting at the end of a main, air vents should also be fitted: 
• In parallel with an inverted bucket trap or, in some instances, a thermodynamic trap. 
These traps are sometimes slow to vent air on start-up. 
• In awkward steam spaces (such as at the opposite side to where steam enters a 
jacketed pan). 
• Where there is a large steam space (such as an autoclave), and a steam/air mixture 
could affect the process quality. 
 
Q.2(b) What are the causes of boiler accidents and its prevention ? 
 
Answer : 
The majority of the Boiler accidents occur mainly due to two reasons: 

1. Control failure : All control and instruments monitoring equipments should 
function properly. Interlock & Protections should be done and each function to be 
work properly. During the every shutdown maintenance each interlock & 
protections to be checked. If found any deviation with standard take the 
corrective and preventive action. 

2. Human operational / maintenance mistakes :Proper keeping and analysis of 
boiler logs help operators to avoid operational/ maintenance error and therefore 
reduce boiler accidents. Data in the log should be compared with data recorded 
when the boiler was new or recently overhauled. If such a comparison reveals 
significance deviation, technician may need to inspect and repair components. 

 
Q.2© Write name of various types of high pressure boilers and state the essential 
requirements of high pressure boilers. 
 
Answer : 
Types of high pressure boiler:- 
1 . L a  M o n t  b o i l e r   
2 . B e n s o n  b o i l e r   
3 . L o e f f l e r  b o i l e r   
4 . Sc hm id t - Har tm ann  bo i l e r   
5 . V e l o x  b o i l e r   
6.Supercharged boiler 
 
The  demand for  the high power output from  the boiler and associated plants has increased in the 
last few years. It is a common practice to use high pressure and temperature steam 
in power plants to increase the efficiency of the plant and to reduce the cost of 
electricity production. The high pressure boiler which is also known as modern boilers 
used for power generation are for steam capacities 30 to 650 tons/hr and above with a 
pressure up to 160 bar and maximum steam temperature of about 540°C. 
 
Salient features of high pressure boilers:- 
1.Methods of circulation of water and steam. 
2.Arrangement of tubing and boiler drum. 
3.Methods of superheating the steam. 
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Q.2(d) Estimate the pipe size required to carry dry saturated steam at 65 kg/cm2(g) 
pressure from boiler giving steam flow 68750 kg/hr. Assume steam velocity 
38m/sec. 
 
Solution : 
Steam pressure  =65kg/cm2(g)=66kg/cm2(abs) 
Specific volume of 66kg/cm2(abs) =0.029218 m3/kg 
Steam flow at 66kg/cm2(abs )=68750kg/hr=19.097kg/sec 
Volume of steam =steam flow x specific volume 
   =19.097x0.029218=0.56m3/sec 
Steam pipe Area   =Volume of steam/velocity of steam 
   =0.56/38=0.0147m2 
Area=π.r2 
0.0147=3.14xr2 
(r2) =0.0147/3.14=0.047 
Radius of pipe ‘r’=√0.047=0.217meter 
Diameter of pipe=2xr=2x0.217=0.434meter=434mm 
 
Q.3(a) What are the merits of biomass based briquettes as compared to coal or 
oil? 
 
Answer :  
Merits of biomass based briquettes as compared to coal or oil : 

1. More efficient. Along with the compactness of the briquettes is the increase in 

heating value. Briquettes can relatively produce more intense heat than other 

fuel. They have a higher practical thermal value and much lower ash content (2-

10% compare to 20-40% in coal). In fact, they are 40% more efficient, as well as 

hotter and longer lasting than firewood. This greater efficiency can be attributed 

to their low moisture and density. 

2. Smokeless. This is a unique property of briquettes. Using them creates no 

smoke, soot, or carbon deposits. Depending on the base material, they produce 

no or little fly ash. Further, briquettes do not emit gases or any toxic chemicals 

like sulphur. 

3. Availability.  India is a agriculture based country hence availability of briquettes 

are so huge. 

4. Easily stored. The size and shape of briquettes make them easily be stored. We 

can readily pile them in several heaps because of their fun shapes like cubical, 

spherical, cylindrical, or rectangular blocks. They are likewise clean to handle 

and be packed into bags. 

5. Cheaper. Since briquettes can be domestically made from plants and animal 

wastes, they are consequently less expensive to produce, and thereby sold at 

lower prices. 
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6. Renewable. Briquettes make use of organic materials which are common and 

renewable. Hence, we are ensured of the sustainability of such fuel source. 

Q.3(b) State the various components of a condensing plant with their functions in 
one line only. 
 
Answer :  

 

 
 
Q.3© Explain the working of circulating fluidized bed combustion boiler with the 
help a schematic diagram. 
 
Answer :  
Circulating fluidized bed combustion boiler (CFBC) consists of a boiler and a high-
temperature cyclone. The intra-furnace gas velocity is as high as 4 to 8 m/s. A coarse 
fluidizing medium and char in the flue gas are collected by the high-temperature cyclone 
and recycled to the boiler. Recycling maintains the bed height and increases the 
denitration efficiency. To increase the thermal efficiency, a pre-heater for the fluidizing air 
and combustion air, and a boiler feed water heater, are installed. Most of the boiler 
technologies are manufactured overseas, mainly from Foster Wheeler, Lurgi, teinmuller, 
ALSTOM, and Babcock & Wilcox etc. 
The features of circulating fluidized-bed boilers are described below. 
1) Compatibility with wide range of fuels : Conventional boilers for power generation 
can use only fossil fuels, such as high-grade coal, oil, and gas. The CFBC is also 
capable of using low-grade coal, biomass, sludge, waste plastics, and waste tires as 
fuel. 
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2) Low polluting: NOx and SOx emissions are significantly decreased without special 
environmental modifications. In the case of fluidized-bed boilers, desulfurization is 
carried out intrafurnace, using mainly limestone as the fluidizing material. For denitration, 
PC boilers operate at combustion temperatures from 1,400oC to 1,500oC, whereas 
circulating fluidized-bed boilers operate at lower temperatures, ranging from 850* 
C to 900*C, thereby suppressing thermal NOx emissions as the generation of NOx is 
dependent upon the combustion temperature. In addition, the operation of circulating 
fluidized-bed boilers involves a two-stage combustion process: the reducing combustion 
at the fluidized-bed section, and the oxidizing combustion at the freeboard section. Next, 
the unburned carbon is collected by a high-temperature cyclone located at the boiler exit 
to recycle to the boiler, thus increasing the denitration efficiency. 
3) High combustion efficiency : Improved combustion efficiency is attained through the 
use of a circulating fluidization-mode combustion mechanism. 
4) Space-saving, ease of maintenance: Space saving is attained because there is no 
need for separate desulfurization, denitration, and fine-fuel crushing units. Accordingly,  
trouble-spots are minimized, and maintenance is simplified. 
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Q.3(d) Following observations are noted during coal fired boiler trial :--- 
Ultimate analysis of coal   : H2-2%, O2-5%, C-38%,S-1%, moisture-5%. 
O2 in flue gas     : 3% 
Flue gas temperature at boiler exist  : 140*C 
Ambient air temperature    : 40*C 
GCV of coal      : 3400 kcal/kg 
Specific heat of flue gas    : 0.23 kcal/kg*C 
Specific heat of superheated steam  :0.45 kcal/kg*C 
Calculate :-- 

(a) % Heat loss due to dry flue gas 
(b) %Heat loss due to evaporation of water formed due to hydrogen in fuel. 
(c) %Heat loss due to evaporation of moisture present in combustion air. 

Solution : 
Theoretical air requirement for coal =100/23x(2.67C+8H+S-O) 
     =4.35x(2.67x0.38+8x0.02+0.01-0.05) 
     =4.35x(1.0146+0.16+0.01-0.05) 
     =4.35x1.1346=4.93551 kg of air/kg of coal 
Excess air =[O2x100]/[21-O2]   =[3x100]/[21-3]=300/18=16.67% 
Actual air requirement  =4.93551x1.1667=5.758 kg of air/kg of coal 
Flue gas generation  =1+5.758=6.758 kg of flue gas/kg of coal 
 

(a) Heat loss due to dry flue gas =[mxCpx(Tf-Ta)x100]/GCV of fuel 
=[6.758x0.23x(140-40)x100]/3400 
=4.57 % 

(b) %Heat loss due to evaporation of water formed due to hydrogen in fuel= 
=[9xH2x{584+Cp(Tf-Ta)}x100]/GCV of fuel 
=[{9x0.02x{584+0.45x(140-40)}x100]/3400 
=[9x0.02x{584+45}x100]/3400=3.33% 

©  %Heat loss due to evaporation of moisture present in combustion air= 
=[Mx{584+Cp(Tf-Ta)}x100]/GCV of fuel 
=[0.05x{584+0.45x(140-40)}x100]/3400 
=[0.05x629x100]/3400=0.925 % 

 
Q.4(a) What are the advantages of finned tubes over plain tubes used in the 
economizer? 
 
Answer : 
Advantages of finned tubes over plain tubes used in the economizer : 
1. The finned tube heat exchanger is more economical than Conventional Bare tube 
Exchanger. 
2. The tube side pressure drop and fluid velocity is higher than the conventional bare 
tube exchanger, which prevent fouling inside the tubes. 
3. The shell side pressure drop is some lesser but fluid velocity is higher than the 
conventional heat exchanger. Which safe the outer surface of tubes from fouling creation 
and fluid transfer time, 
4. The shell diameter of finned tube Exchanger is lesser than Conventional bare tube 
heat exchanger, which saves sheet material and reduces the size of the shell, which 
helps to easily installation in the plant, 
5. There is small inner diameter and less No. of tubes than conventional Heat exchanger 
to achieve same heat transfer rate so there using less amount of water to transfer heat 
from hot fluid. 
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 Q.4(b) Distinguish between air and steam atomized oil burner. 
 
Answer : 
Steam Atomization: fuel oil, at the exit of the burner, is pulverised by the atomizing 
action of one or more jets of steam. In steam atomising burner oil is atomized by steam 
pressure. Steam atomising burners possess the ability to burn almost any fuel oil, of any 
viscosity, at almost any temperature. For heavy oil, steam atomising is preferred as due 
to reaction of steam and hydrocarbons containing large number of carbon atoms simpler 
substances are formed. Also that thermal advantage is obtained as steam reacts to give 
increased heat by preventing the escape of unconsumed products. Steam consumption 
for atomising oil is about one to five percent of steam produced. 
 
Air Atomization: fuel oil is atomized in the same way as steam atomization-the only 
difference is that air instead of steam is used as the atomizing agent and the oil is forced 
under pressure through a nozzle. Oil could be supplied to the burner either by gravity or 
a pump which serves to carry oil to the burner tips to overcome the resistance and play 
no part in atomisation. Gear pumps of positive displacement type are used to pump 
furnace oil. The atomising air is supplied by blowers usually driven by electric motors 
and the burner could be lighted up any time. 
 
Q.4© Explain routine maintenance activities (daily, weekly, monthly, quarterly, six 
monthly and yearly) of biomass briquette or bagasse or coal handling system. 
 
Answer : 
Routine Maintenance of a boiler: 
All maintenance work that is to be carried out routinely and is prescribed by respective 
equipment manufacturers or the boiler manufacturer fall under this category of 
maintenance. For ensuring that the Scheduled Maintenance is carried out properly it is 
customary to prepare schedules for all the maintenance activities based on Maintenance 
Manuals of various original equipment suppliers or the Maintenance Manuals of the 
Boiler Manufacturer. The Schedules of Maintenance Activities for automatic package 
boiler comprise Daily, Weekly, Monthly and Annual Maintenance Activities.  
 
Daily Scheduled Maintenance Activities: 
1. Blow off water from the main intermittent blow off valve in every shift for about half a 
minute to remove sludge and sediment. 
2. Blow down water column for every hour; all the water gauge test cocks must be 
operated to check water level. Float chamber of the alarm device must also be blown. 
3. Check water analysis every shift. 
4. Check stacks temperature. If it is higher than normal, Check asbestos rope seal in 
back cover; also check if refractory is damaged. Higher chimney temperature could be 
attributed to scale formation on internal heating surfaces, or excessive soot formation or 
carbon deposits on smoke side, and short-circuiting of gases. 
5. Check burner block for excessive clinker formation. 
6. Check lubrication of moving parts. 
7. Check CO2 for abnormal rise or fall. 
 
Weekly Scheduled Maintenance Activities: 
1. Clean burner nozzle with kerosene or compressed air. Such nozzles must not be 
cleaned with metal wire or cotton waste. 
2. Clean burner diffuser plate and check electrode position. 
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3. Clean lens of photoelectric cell. 
4. Clean sight glasses for viewing flame. 
5. Clean fuel oil strainers and filters. 
6. If necessary, regenerate water softener, which should be on the basis of analysis and 
not on time schedule. 
7. Check the working of low water arrangement and automatic devices if they are in 
good working order. 
8. Clean tubes from fire side. 
9. Check water pump operation. 
 
Monthly Scheduled Maintenance Activities: 
1. Check electrical automatic equipment and clean contacts if necessary wiping them 
with clean cloth moistened with carbon tetrachloride. Never use emery or other 
abrasives to clean the above contacts. 
2. Check feed pump gland. 
3. Check for clogging in oil lines. 
4. Remove and clean all the burner components. 
5. Clean blower screen and blades. 
6. Test the safety valves if they lift freely at the set pressure. 
7. Check tube ends for leakages. 
 
Quarterly Scheduled Maintenance Activities: 
1. Open out boiler after cooling it, drain water completely, and open air cock before man 
and hand hole covers are removed. If the boiler is in battery with others, isolate it 
thoroughly from others. Also isolate control panel before carrying out maintenance. 
2. Clean the boiler internal heating surfaces with high-pressure water hose. 
3. Check water surfaces for scale, corrosion etc., to modify water treatment. 
4. Check the tube ends for leakages or corrosion. 
5. Open chambers of automatic water control equipment, remove float and switch 
mechanism and other parts, clean and service them if necessary. 
6. Replace man and mud hole covers using new gaskets. 
7. Replace asbestos ropes fitted to end covers. Repair refractory if necessary. 
 
Half-yearly Scheduled Maintenance Activities: 
1. Open all mountings and attend them. 
2. Attend to feed, and oil pumps, and other accessories. 
 
Annual Scheduled Maintenance Activities: In addition to daily, weekly, monthly, 
quarterly and half-yearly maintenance the following annual maintenance may be 
envisaged: 
1. Clean fire and water sides thoroughly and offer boiler for statutory inspection and 
hydraulic test, after applying to Boiler Inspectorate well in advance. 
2. Repair rear and front doors and ducting leading to chimney. Clean the chimney and 
ducting internally and externally and apply paint. 
3. Overhaul all auxiliaries, blowers, fans etc. 
4. Overhaul electric motors and test their insulation. 
5. Replace refractory and baffles if necessary. 
6. Overhaul and clean feed water, oil service tanks, and softening plant vessels. 
7. Clean the internal heating surfaces of a boiler by chemical process. 
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Q.4(d) A 5000 kg/hr boiler operates at 10.5kg/cm2(g) and has a maximum allowable 
boiler TDS of 3500ppm. Calculate blow down rate in kg/hr. If the boiler is operated 
with manual blow down and assuming that boiler water TDS is maintained at 
2500ppm. Assume boiler feed water TDS is 300ppm and feed water temperature is 
30*C. Calculate energy loss due to excess blow down. 
 
Solution : 
% Blowdown =[TDS of FWx100]/[Max permissible TDS-TDS of FW] 
% Blow down at Max permissible limit(3500ppm) =[300x100]/[3500-300] 
       =30000/3200=9.375% 
Blow down rate at Max permissible limit=5000x9.375%=468.75 kg/hr 
 
% Blow down at manual operated(2500ppm) = [300x100]/[2500-300] 
       =30000/2200=13.64% 
Blow down rate at manual operated=5000x13.64%=682.00 kg/hr 
Loss of water due to manual blow down= 682-468.75=213.25 kg/hr 
Energy loss due to excess blow down due to manual operation  
=213.25x30  
=6397.5 kCal/hr 
 
Q.5(a) Write approximate values of calorific value in Kcal/kg and sulphur in % of 
following fuels:- 
(i) Indian Coal 
(ii) Biomass briquettes 
(iii) Furnace oil 
(iv) Bagasse 
  
Answer : 
 

S N Type of the fuel Appx. Calorific value (Kcal/Kg) Appx. Sulpher % 

1 Indian Coal 4,200 0.5 

2 Biomass briquettes 3,200 Nil 

3 Furnace oil 10,000 3.5 

4 Bagasse 2,200 0.1 

 
 
Q.5(b) Enlist some of the important causes of boiler furnace explosions and their 
corrective measures to be taken. 
 
Answer : 
Furnace explosions: 
Numerous conditions can arise in connection with the operation of a boiler that produces 
explosive conditions. The most common of these are as follows. 
a) An interruption of the fuel or air supply or ignition energy to the burners, sufficient to 
result in momentary loss of flames, followed by restoration and delay re-ignition of an 
accumulation. 
b) Fuel leakage in to an idle furnace and the ignition of the accumulation by a spare 
or other source of ignition. 
c) Repeated unsuccessful attempts to light off without appropriate purging, resulting 
in the accumulation of an explosive mixture. 
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d) The accumulation of an explosive mixture of fuel and air as a result of flame is at one 
or more burners in the presence of other burners, operating normally or during lighting of 
additional burners. 
e) The accumulation of an explosive mixture of fuel and air as a result of a complete 
furnace flame out and the ignition of the accumulation by a spark or other ignition 
source, such as could occur where attempting to light a burner(s). 
f) Purging with an airflow that is too high, which stirs up combustibles smouldering in 
hoppers. 
 
Q.5© How is the preservation of boilers by wet method carried out? 
 
Answer : Wet preservation of a boiler : 
If the boilers are required to be kept out of service, but are likely to be required as 
standby units, the wet method is a practical one, by which a unit could be made ready for 
service. In the wet method, the boiler is filled through the economiser with deaerated 
treated water to give the required alkalinity, and the boiler is fired with low sulphur fuel, 
and steamed in service so that the boiler water will be circulated to secure uniform 
concentration throughout the unit, and the oxygen eliminated from the water. The boiler 
load should then be reduced slowly and the water level raised as high in the gauge glass 
as its consistent with safe operation, while delivery some steam a concentration of 100 
ppm of hydrazine should be maintained for preventing oxygen corrosion. When air cocks 
reveal no pressure in the boiler, and before a vacuum can be produced, the boiler should 
be filled in by deaerated water, until water spills over and fills the superheater using a 
high point air vent, such as pressure gauge connection as an indicator. The drum air 
cock should be connected to a surge tank located above the steam drum to ensure 
positive pressure and prevent ingress of air to the boiler, thus compensating for 
volumetric changes due to temperature. 
After firing the boiler, the setting should be closed and maintained in a closed condition. 
Periodical inspections may be carried out to observe if condensation has occurred on 
external surfaces, and if this happens, heating devices may be placed at convenient 
points to keep metal surfaces above dew point. In wet storage, the boiler must be 
protected from frost. If the ambient temperature is likely to be dropped to freezing point, 
this type of storage must be avoided. 
A protective coating should be applied to auxiliary equipment. All moving parts should be 
rotated once in a week and also electrical equipment attended to. Oil lubricated bearings 
should also be attended to as suggested by the manufacturers for the equipment not in 
use. Generally gearboxes and such applications are drained and cleaned, and filled with 
medium viscosity oil excluding air. 
Boiler connections should be checked for leakages and water samples analyzed. If 
hydrazine concentration has dropped below 50 ppm, chemicals should be injected to 
bring the concentration to normal after lowering the level. The boiler should then be 
steamed sufficiently to circulate the water added with chemical and the procedure 
followed as stated above. In any case, if the boiler is to be stored for unduly long 
periods, it should be emptied and inspected for corrosion defects. 
 
Q.5(d) Calculate the total heat of 1kg of steam at a pressure of 9kg/cm2(g) ,when :- 
(i) Steam is wet having dryness fraction is 0.85. 
(ii) Steam is dry saturated. 
(iii) Steam is superheated at 205*C. Considering specific heat of superheated 
steam(Cp) is 0.55. 
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Solution : 
From steam table of [Table No.2] Saturated pressure table : 
Steam at the pressure 9kg/cm2(g) or 10kg/cm2(abs) 
 hf =762.6 kj/kg & hg=2776.2 kj/kg 
Saturated steam temp ‘ts’= 179.9*C 
 

(a) Total enthalpy of wet steam = hf+x.hg 
=762.6+0.85x2776.2 
=3122.37kj/kg 
=747 kcal/kg 

(b) Total enthalpy of dry saturated steam =hf+hg 
=762.6+2776.2 
=3538.8kj/kg 
=846.2 kcal/kg 

© Total heat of superheated steam  = hf+hg+Cp(Tsup-Tsat) 
     =182.35+663.85+0.55(205-179.9) 
     =860 Kcal/kg 
 
Q.6 Write short notes on(any four) :-- 
(a) Steam jet air ejector. 
(b) Problem, probable causes, action plan of multi-stage BFW centrifugal  pump. 
© Types of deaerators. 
(d) Cyclone type mechanical dust collector. 
(e) Condensate contamination sources and prevention. 
 
Answer : 

(a) Steam jet air ejector : 
An ejector operates on the same principle as an injector, but its construction is much 
simpler, and it does not discharge against a very high pressure. It is not suited to boiler 
feeding. It can, however, be used for many purposes where space is limited and only 
small quantities of water have to be handled. The type in the above figure operates on 
either steam or compressed air, though steam is preferable. Steam consumption is quite 
high, so it should be used only where it operates intermittently for short periods. 
 

 
 
In operation, steam or compressed air issues at a very high velocity from the expansion 
nozzle and creates a partial vacuum in the suction line. Water rises in the suction pipe 
and when it meets the steam or air jet, it is forced into the discharge line. 
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(b) Problem,probable causes,action plan of multi-stage BFW centrifugal  pump 
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( c ) Types of deaerators :--- 

 
 

( d ) Cyclone type mechanical dust collector : 
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(e) Condensate contamination sources and prevention. 
 
Typical parameters you should be able to easily check are the level of contaminations 
i.e. conductivity, pH, hardness, orthophosphate, molybdate, nitrite, chlorides, and iron 
etc. 
 
If  the boiler is overcycled, treatment chemicals are overfed, or alkalinity is too high, 
carryover may occur. Improper boiler water levels are a common problem. Firetube 
boilers are more prone to carryover than water tube boilers because they typically have 
less steam separation equipment. 
 

1. Hardness can come from a leaking hot water heat exchanger.  
2. Orthophosphate can come from a leaking heat exchanger in a phosphoric acid 

bath or boiler carryover if the internal treatment chemistry includes phosphate. 
3. Nitrite can come from a leaking heat exchanger in a closed hot water loop. 
4. Elevated pH may be attributed to an overfeed of neutralizing amine, the in-

leakage of caustic from a heated bath, or boiler carryover.  
Increased conductivity can be caused by any of the above. If you are lucky, the 
uniqueness of the contaminant will lead you directly to the source. 
 
Check the condensate quality of the steam header as close to the boiler as possible and 
before any other possible contamination sources (including the neutralizing amine feed). 
You may be able to get a sample off the steam header's steam trap. If you find 
contamination here, you most likely have boiler carryover occurring. This boiler carryover 
may either be the cause of the condensate contamination you see or be a result of it.  
Remember that drip legs off steam headers are there to take out carryover though. 
 
If you believe you have boiler carryover occurring, this must be corrected before you can 
further investigate the source of the contamination. Boiler carryover will contaminate the 
entire condensate system making any other condensate sampling a fruitless endeavor.  
Work with the boiler operators to correct the problem. Dump all incoming condensate, if 
possible, to clear the contamination from the system in the shortest period of time. 

 
After any carryover is under control and the condensate system has had time to clear 
itself of the carryover contamination, start testing the condensate return system for the 
contamination. Start first with the condensate receivers closest to the boilers. When you 
find one that's contaminated, work your way upstream from there. With any luck, you 
may be able to quickly find the source of the contamination. By the time the condensate  
contamination is seen back at the boiler, the leaking piece of equipment may already be 
offline and any contaminated condensate flushed from its nearest condensate receiver. 
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