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Chapter 05 

Improvement Analysis in PA System 

5.1 Fan and Motor Selection 

PA fan is selected to provide the PA requirement of 50% of the BMCR. PA flow 

requirement is calculated bellow. In order to run the power plant in its rated load of 

300 MW, 

Required Coal flow rate (for designed coal) = 114 t/hr 

Required PA flow    = Coal rate × Air ratio 

      = 114 × 2.5 

      = 285 t/h 

Air taken for sealing fans   = 40 t/h 

Total air requirements from PA fans  = 285 + 40 

      = 325 t/h 

Available average PA flow (From past data) = 250 t/h  

Primary air flow shortage   = (325 – 250) t/h 

      = 75 t/h 

 

Therefore, shortage of primary air can be supplied by adding a fan with a flow rate of 

75t/h. But, the availability can be improved further by adding a fan to meet 50% of 

BMCR, because the new primary air fan can be used as a standby fan for PAF A and 

PAF B. Therefore, a fan has to be selected with a flow rate of half of the total 

primary air requirement.  

Required air mass flow rate from fan = Required air flow × Safe factor 

     = 162.5 × 1.2  

     = 195 t/h 
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Required air volume flow rate (Q) = Mass flow rate / Density of Air 

     =   

     = 164 709.86 m
3
/h 

 

Pressure rise of the fan (ΔP) = (Pressure at fan outlet) – (Pressure at fan 

inlet) 

= 117.062 – 101.325kPa 

 = 15.737kPa 

 

This is a low flow high pressure application. Therefore, a centrifugal fan with flow 

rate of 195t/h and pressure rise of 15.74kPa is selected for the proposed primary air 

system modification. 

Required fan’s motor power  = 
Q × ΔP

η
×  27.7777   (13) 

Where,  ΔP = Pressure rise of the fan in bar 

Q = Air volume flow rate in m
3
/h 

η = Fan and motor total efficiency 

 

Required fan’s motor power  = 
164 709.86 × 0.15737

0.6
×  27.7777 W 

     = 1200014.7 W 

     = 1200 kW 

For the fan motor, a 6kV induction motor with the rated power of over 1200kW is 

selected. 

 

 

195 × 1000 

1.1839 
m

3
/h 
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Pipe line sizing for the fan can be done by using following equation. 

 

 (14) 

 

Where: 

A = Cross - Sectional area of the pipe bore, in
2
. 

Q = Flow rate, ft
3
/min free air. 

Pa = Prevailing atmospheric absolute pressure, psia. 

Pd = Discharge gauge pressure (or line pressure), psig. 

V = Design pipe velocity, ft/sec. 

 

 

       A    =  3042.36 in
2 

 

Required pipe diameter, D    = (4 × A / ) 
½ 

              = ( 4 × 3042.36 × 7 / 22 ) 

               = 62.22 in 

               = 1.58 m 

The entire pipe line has to be sized and selected according to the required pipe 

lengths, bends and joints considering the installation possibilities.  

 

5.2 Modified DCS logic diagram for PA fans 

The Ovation Control Builder is used to develop the logic and algorithms in the 

Distributed Control System (DCS) of LVPS. The Ovation Control Builder places the 

algorithms on control sheets to tell the Ovation control system what algorithms to 

use, what points to associate with the algorithms, and in what order the algorithms 

A     =  
144 × Q × Pa 

60 × V × ( Pa + Pd ) 

A     =  
144 × 96948.22 × 14.68 

60 × 65.617 × (14.68 + 2.43) 
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should execute. The Control Builder combines multiple algorithms and even multiple 

control sheets to create an entire control strategy for a system process [05]. 

Certain modifications have to be done in the existing logic diagrams to reflect the 

new system modifications. Updated logic diagrams of the PA fan system are given in 

figures 5.1 to 5.5. 

 

 

 

 

  

 

 

 

 

 

 

 

Figure 5.1: Modified logic diagram - 01 for the PA fan system 

According to the logic diagram given in figure 5.1, the target value of power demand 

set by the operator, is taken by the MW Target Setter. If that value is lower than the 

Entered MW High Limit, the signal passes to check with the Entered MW Low 

Limit. If that signal is higher than the Entered MW Low Limit, the signal passes 

down after multiplying with a Gain of 0.303 [06].  

Then the signal will be sent to UCC output, if the Rundown Runback is not 

activated. If the Rundown Runback is activated, the Runback Target as shown in 

the table 5.1 will be sent as the UCC output. 
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Table 5.1: Runback targets and runback rates of LVPS [07] 

Causes to Runback Runback target / MW Rundown rate MW/min 

Feed water pump tripped 160 30 

APH tripped 150 60 

FD fan tripped 150 60 

ID fan tripped 150 60 

PA fan tripped 140 50 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.2: Modified logic diagram - 02 for the PA fan system 

The signal passed to UCC output in figure 5.1 goes through a function F(x) = {(0, 

6), (30.3, 7), (45.5, 8), (60.6, 10.5), (100, 11), (110, 11.5)} and the result is added to 

the Bias set by the operator [08]. Then the value is checked to find out whether it is 

over 6.5 or not. If the value is over 6.5, that value is sent to PID controller and if it 

is less than or equal to 6.5, the value is set to 6.5 and sent to PID controller.  
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Also median of measured PA pressure of three points (PA PS1, PA PS2, PA PS3) at 

the field are sent to the PID controller. The signal generated in the PID controller 

will set a PA Fan demand signal after balancing among the PA fans by the 

Balancer. 

 

 

 

 

 

Figure 5.3: Logic diagram for PAF A standby mode 

 

 

 

 

 

 

Figure 5.4: Logic diagram for PAF B standby mode 

 

 

 

 

 

Figure 5.5: Logic diagram for PAF NEW standby mode 
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The updated logic diagrams for standby operations are given in Figure 5.3, 5.4 and 

5.5. Let us consider the situation when the PA fan A is in standby mode while PA fan 

B and PA fan C are in running mode. In a case of PA fan B or PA fan C trips or PA 

pressure goes lower for more than ten seconds, PA fan A start signal will be 

generated by the DCS to start the PA fan immediately.  

Also in the case of PA fan A or PA fan C trips or PA pressure goes lower for more 

than ten seconds, PA fan B start signal will be generated when the PA fan B is in 

standby mode. But, when the PA fan C start signal is generated while it is in standby 

mode, at the same time a signal is sent to open the common duct damper.     

5.3 Capacity improvement of the power plant 

 

The designed power load at the Maximum continuous load (the BMCR working 

condition) of the boiler in LVPS is 330.3 MW with the evaporation capacity of 

1025t/h [09]. At the BMCR, steam boiler is capable to produce and provide the 

stated quantity of steam continually and easily without any deficit. The turbine is 

designed as capable to produce 315 MW at the turbine maximum continuous rating 

(TMCR) [10]. 

Also the generator in LVPS is capable of operating continuously with the Maximum 

continuous output approximately 330MW corresponding to the turbine power 

produced when operating simultaneously with valve wide open (VWO) at rated 

hydrogen (H2) pressure (0.3Mpa) and winding temperature less than 90
o
C [11].  

Also the generator is capable of operating at an over-current for a period as listed in 

table 5.2.  

 

Table 5.2: Short time over-load capability of generator 

Current (%) 226 154 130 116 

Power (MW) 678 462 390 348 

Time (s) 10 30 60 120 

 

Source: Technical document of LVPS, Section 04-Electrical system 
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According to the performance curve given in figure 5.6, the generator is capable to 

produce 315MW and 150Mvar at 0.9 power factor. 

 

The generated power is sent to 220KV bus bars in GIS through a 20/220kV 

transformer, which rated at 360MVA. The current rating of the bus bar is 2500A 

[12].  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.6: Generator performance curve 

 

Therefore achieving the plant capacity to 315 MW is well within the limits of 

maximum continuous ratings of plant major equipments (boiler, turbine, generator, 

transformer, bus bar). To have a better result, it is required to minimize water make 

up and auxiliary steam, firing design coal to maintain good boiler loadability within 

the BMCR limits.  

 

On the turbine side it is required to maintain very good water chemistry regime, 

regularly overhauled turbines and minimized auxiliary steam to the turbine (gland 

steam, stack steam, etc.). On the generator side we have to take advantage of the high 

power factor closer to 0.9 against the generator design power factor of 0.85 while 

maintaining the rated hydrogen (H2) pressure (0.3Mpa) and winding temperature less 
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than 90
o
C. But the pulverized coal conveying system in LVPS has to be adjusted to 

achieve this.  

 

Let us consider one hour duration to run the power plant at 315MW with designed 

coal.  

Calorific value of designed coal    = 6050 kcal/kg 

Assumed overall efficiency of the power plant  = 38% 

Energy delivered by coal × Overall efficiency = 315MWh 

C × 4184 × W × η    = E   (15) 

Where, C = Calorific value of designed coal (kcal/kg) 

  W = required coal mass (kg) 

   η = Overall efficiency of power plant  

 6050 × 4184 × W × 0.38    = 315 × 3600 × 10
6  

 W   = 117,891 kg 

  ≈ 118 t 

Therefore required amount of designed coal to run the power plant at 315MW is 118 

tons per hour. 

Design capacity of a pulverizer = 31.43 t/h 

Total capacity of pulverizers  = 31.43 × 4 

 = 125.72 t/h  

Designed capacity of a coal feeder = 34.56 t/h 

Total capacity of coal feeders  = 34.56 × 4 

 = 138.24 t/h 
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Therefore the capacity of the coal pulverizers and the coal feeders are within the 

limit to achieve 315MW from design coal. 

But the pulverized coal conveying system capacity has to be improved. Because, 

available PA fan system do not produce required amount of PA to convey pulverized 

coal even for 300MW within the safe margins as discussed in chapter 5.1. 

 

Required PA flow   = Coal rate × Air ratio 

= 118 × 2.5 

= 295 t/h 

Air taken for sealing fan  = 40 t/h 

Total PA requirement  = 295 + 40 

= 335 t/h 

Primary air shortage   = 335 – 250 t/h 

= 85 t/h 

 

Therefore, the power plant capacity can be improved to TMCR (315MW) by adding 

additional 85 t/h of PA capacity to the system as proposed in chapter 4.1.2. 

 

If the above improvements are done, that advantage can be used in demand peak 

hours, the rainy seasons and receiving of low quality coal shipments even though the 

power plant is not expected to run at TMCR continuously. 




