
         IICMR Research Journal I4,Vol.11-Special Issue,June  2017,ISSN No.0975 2757,SJIF 2016: 4.8 

 

 

PIC16 Based Blowdown Controller for Industrial Boilers  Page 13 
 

PIC16 Based Blowdown Controller for Industrial 

Boilers

                                                            Sourabh Jalnekar
1
                 Dr. Vijay Gaikwad

2      

        

   
ABSTRACT 

 

The general steam system consists of a boiler, piping and heat 

exchanger. The boiler generates steam, piping delivers steam 

from the boiler and returns condensate to the boiler and heat 

exchanger transfers heat to perform the work.  The boiler is the 

heart of the steam system.  The previous manual blow down 

method consists of two cycles, viz. purge cycle and blow down 

cycle. In purge cycle the operator periodically opens the 

blowdown valve to refresh the boiler water around the sensor 

before its impurity concentration is measured. In blowdown 

cycle, at  the  end  of the  purge  duration the  blowdown  valve 

is closed and  the impurity concentration is measured. If 

measured value is  above  the  threshold   value,  water  is  

blown  down.  However, this existing method requires 

continuous  manual  supervision  and control  actions.  During  

this  maneuver,   timing  constraints may arise  which  can  

affect  the  efficiency  of  boiler  system.  If  the purge  cycle is 

speeded  up,  the  low concentration of impurities in  water   

may  lead  to  additional  processing   time   for  steam 

generation. On  the  other  hand,  if the  purge  cycle is 

delayed, the  increased   concentration  of  impurities   in  the  

boiler  water will  lead  to  adulterated  steam.  Such  

adulterated  steam  may cause  damage   to  the  relevant  

applications.  In  the  proposed system,  the  above-

mentioned drawbacks  are  overcome  using  a well-designed  

signal  conditioning  circuit  and  a micro-controller based 

control  actions. This being a single step process eliminates 

the  overhead  of purge  cycle and  drawbacks due  to the  

manual control   of  the  blowdown   valve.  Thus   the  

blowdown   process becomes more  precise  and  smooth.  The 

proposed  approach has attained the  benefit  of faster  

performance as  compared   to  the existing blowdown 

controllers  mitigating  human  errors. Further, the  

performance can  be  improved   by  combining  

temperature and  conductivity  sensors  into  a  single   

module  optimizing  time and space. Also, data  can be 

transmitted over a remote place for single or multiple  

boilers 
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I. INTRODUCTION 

 

The general steam system consists of a boiler, piping and 

heat exchanger. The boiler generates steam, piping 

delivers steam from the boiler and returns condensate to 

the boiler and heat exchanger transfers heat to perform the 

work. The boiler is the heart of the steam system. The 

typical modern packaged boiler is powered by a burner, 

which sends heat into the boiler tubes. The hot gases from 

the burner pass through a series of tubes to gain the 

maximum transfer of heat. Once the water reaches 

saturation temperature (the temperature at which it will 

boil at that pressure) bubbles of steam are produced, 

which rise to the water surface and burst. Steam boilers 

are usually operated under pressure since pressurized 

steam occupies less space. 

 

The boiler has a number of fittings and controls to ensure 

that it operates safely, economically, efficiently and at a 

consistent pressure. Level control systems are also 

incorporated along with alarm functions, which will 

operate to shut down the boiler and alert attention if there 

is a problem with the water level [1]. The boiler 

evaporates steam from liquid water; and requires frequent 

replenishment of boiler feedwater for the continuous 

production of steam required by most boiler applications. 

Water is a capable solvent, and dissolves small amounts of 

solids from piping and containers including the boiler. 

Continuous evaporation of steam concentrates dissolved 

impurities and reaches levels potentially damaging to 

steam production within the boiler [2]. Impurities reach 

saturation level and begin to precipitate within the boiler. 

 

Impurity concentrations are highest where steam is being 

produced near heat exchange surfaces. Precipitation is 

expected to occur in the form of scale deposits on these 

heat exchange surfaces. Scale deposits thermally insulate 

heat exchange surfaces initially decreasing the rate of 

steam generation, and potentially causing boiler metals to 

reach failure temperature. So to avoid concentration of 

impurities during continuing evaporation of steam water is 
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wasted intentionally from the boiler. This process is 

known as blowdown [3]. The water is blown out of the 

boiler with some force by steam pressure within the 

boiler. 

 

The previous manual blowdown method consists of  two 

cycles, viz. purge cycle and blowdown cycle [4]. In purge 

cycle the operator periodically opens the blowdown valve 

to refresh the boiler water around the sensor before its 

impurity concentration is  measured. In  blowdown cycle,  

at  the  end of  the  purge  duration  the  blowdown  valve  

is  closed  and the impurity concentration is measured. If 

measured value is above the threshold value, water is 

blown down. However, this existing method requires 

continuous manual supervision and control actions. 

During this maneuver, timing constraints may arise which 

can affect the efficiency of boiler system [5]. If the purge 

cycle is speeded up, the low concentration of impurities in 

water may lead to additional processing time for steam 

generation. On the other hand, if the purge cycle is 

delayed, the increased concentration of impurities in the 

boiler water will lead to adulterated steam [6][7]. Such 

adulterated steam may cause damage to the relevant 

applications in heating, ventilating and air-conditioning 

[8]. Apart from adulterated steam there are losses which 

occur due to boiler water leakage [9][10]. Leak detection 

is also important to maintain the concentration of 

impurities. 
 

 

 

 

 

 

 
 

 

 

 

 

 

 

 
 

Fig. 1.  Block diagram of the proposed blowdown 

control system. 

In the proposed system, the above-mentioned drawbacks 

are overcome using a  well-designed signal conditioning 

circuit and  a  micro-controller based control actions. This 

being a single step process eliminates the overhead of 

purge cycle and drawbacks due to the manual control of 

the blowdown valve. Thus the blowdown process 

becomes more precise and smooth. 

 

II. PROPOSED BLOW DOWN CONTROL SYSTEM 

 

The following is the block diagram for the proposed 

Blow- down control system. Sensors are placed in boiler 

water. The output from the sensors is made compatible 

with the ADC of the micro-controller with the help of 

signal conditioning circuits. The values are displayed on a 

LCD panel and can be controlled using a keypad. 

A. Temperature and conductivity Sensor 

CP10 and PT100 sensors are used in the boiler water to 

measure conductivity and temperature respectively. 

1) Temperature Sensor:  PT100 sensor is used for 

temperature sensing. It being a Passive sensor is  used  to  

reduce the undesirable effects by boiler environment. 

Following table shows the comparison between PT100  

PT1000.For every temperature value, PT100 has a fix 

resistance.When a  fix value of exciting current is passed 

through it, respective voltage is obtained. Following graph 

shows the linearity of PT100.Due to the linearity of 

PT100, its low cost required temperature range we have 

chosen PT100 over PT1000 sensor. 

 
             Fig. 2.  Linearity graph of PT100 

 

2) Conductivity Sensor: Electrical Conductivity sensors 

are used to measure the ability of water to carry an 

electrical current. Water shows significant conductivity 

when dissolved salts are present. The amount of mineral 
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and salt impurities in  the  water  is  called  total  

dissolved  solids  (TDS).  TDS is measured in parts per 

million. Specific conductivity is expressed as micro-mho 

(micro-siemen) or mili-mho (mili-siemen) per centimetre. 

For conductivity measurement, we are using CP10 sensor. 
       

 

 

 

 

 

 

 

 

 

   Fig. 3. CP10 Sensor 
 

B. Design of Signal Conditioning Circuit  

Signal conditioning circuits for both the CP10 and PT100 

sensors are designed.  

1) Operational Amplifier: The signal conditioning 

circuits have op-amp as their basic component. Different 

configurations of op amps. OPA4227 is used in all the 

circuits. This is quad op amp IC having low noise, wide 

BW, high CMRR, high precision  

2) Signal conditioning for PT100: The general 

temperature range for the industrial boiler water is 0 - 

250/◦C [3], which corresponds to following range of 

resistance of PT100 100Ω− 194.07Ω. PT100 requires an 

excitation current of 1mA. So, we need to build a circuit, 

which produces constant current of 1mA. The voltage 

range required by ADC of microcontroller is in between 

1-5 Volts. So, we also need to build a signal conditioning 

circuit for PT100 which produces output voltage in the 

required range.  A potential divider circuit is designed 

taking reference voltage of −2.5V, in such a way to get 

52.1mV voltage This Voltage V1 is then applied to non-

inverting terminal of Op-amp. Due to the property of 

virtual short of Op-amp we get same voltage 52.1mV at 

its inverting terminal. Now, PT100 is connected in 

feedback so that 1mA current should flow through it. 

Therefore, resistor of value 49.9Ω is connected to 

inverting terminal. This is justified by following 

equations. 

 

 

 

 
And at the output of first op-amp, we get the voltage 

where, R1 = 49.9Ω, Vin = −52.1mV, Rf = 100 − 194.07Ω 

for temperature of range 0 to 250C. Therefore, after 

calculations, we get V2 in the range of −155.6mV to 

−254.62mV  

 

Second Op-amp is designed for the purpose of scaling the 

voltage. Summer is designed with considering the 

following specification of voltage. Voltage required at the 

output of conditioning circuit is in between 15V olts. V2 

is then applied to inverting terminal of second Op-amp. 

But at non-inverting terminal we are adding negative 

voltage.A potential divider circuit is designed taking 

reference voltage of −2.5V , in such a way to get −126mV 

voltage. 

Where, R1 = 6.5kΩ, Rf = 249kΩ, (V2 + V3) = −126 + 

155.6 = 29.6V for minimum voltage and is −126+254.62 

= 128.62V for maximum voltage. Therefore, Vout = 1V 

(min) and 5V (max). Thus, the output voltage 

requirements are met. 

 

3) Signal Conditioning for CP10: The general 

conductivity range for the industrial boiler water is 1,000 - 

10,000 ppm [3] , which corresponds to following range of 

current produced by CP10 1-10 mA. We need to build an 

excitation circuit for CP10. The voltage range required by 

ADC of micro controller is in between 0.5 - 4.5 Volts. So, 

we also need to build a signal conditioning circuit for 

CP10 which produces output voltage in the required 

range.  CP10 is a resistor variable passive sensor. To 

measure the conductivity of boiler water and to get output 

from the sensor, an excitation circuitry that produces 

1kHz, 1Vp sine wave is required. After generating circuit 

for 1kHz, 1Vp sine wave, signal conditioning circuit 

comes into the picture. Hence, total circuit is divided into 

two parts, excitation and signal conditioning. First block is 

for voltage generation and scaling of voltage. A constant 

voltage is obtained across the sensor. Resistance of sensor 

changes according to TDS value giving current output. 
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Second block is I-V converter. Current is converted to 

voltage in the range 0.8V to 8.8 V. This is AC voltage 

which needs to be converted into DC. Third and fourth 

blocks form full wave rectifier converting AC to DC and 

scaling the voltage to desired output range. Output 

voltage is between 0.5V to 4.5V. 

C. PIC16F788A Micro-controller 

Micro-controller acts as the brain of the system. All the 

data from the sensors is coming as input to the control 

unit. This unit processes the data and takes the 

appropriate actions, displays the values also gives 

indications through LED. Inbuilt 10bit ADC is used to 

convert the input analog data to digital number. 

 

 

 

 

 

 

Fig. 4.  Block diagram of temperature signal conditioning 

 

 

 

 

 

 

Fig. 5.  Block diagram of conductivity signal 

conditioning circuit 

D. Analog to digital converter (ADC) 

Analog to digital converter is used to convert the 

continuous analog voltage from the output side of the 

sensors to a digital number that represents the quantity’s 

amplitude. In built 10 bit ADC of PIC micro-controller is 

used. 

Now, range of total dissolved solids (TDS) is 1,000- 

10,000 ppm and that for temperature is 0 - 250 ◦ C. We 

have set the resolution for TDS to be 10 ppm and that for 

temperature to be 0.3 C. 

Input to micro-controller is the range of 1 - 5 volts. For 10 

bit ADC, total steps are 21 0  = 1024. Therefore, for 1 

step the voltage is 3.9 mV. 

Therefore, resolution for temperature is 

 
And resolution for TDS is 

 

E. Display, Keypad and Blowdown valve 

16*2 display is used to display MENU, TDS value (ppm), 

Temperature value (◦ C), and Blowdown information 

Keypad consists of 3 keys interfaced with micro-controller 

to allow the user to set the reference value or a set point of 

the parameters as per his requirements. 

The operation of  the  blowdown  valve  is  controlled  by 

micro-controller depending upon the inputs of 

conductivity and temperature. 

 

III. SOFTWARE ENVIRONM ENT AND 

FLOWCHART 

 

MPLAB IDE is the best solution for developing code for 

PIC  devices.  It  features  intuitive  IDE,  powerful  

compiler with advanced optimizations, lots of hardware 

and software libraries, and additional tools that will help 

in your work. Compiler comes with comprehensive Help 

file and lots of ready- to-use examples designed to get 

started in no time.Proteus is software is used to draw 

schematics and run the program on it. Multisim is also 

used to draw schematics and run program on it. 

 

IV. EXPERIMENTAL RESULTS 

 

A. Temperature signal conditioning output 

The output voltage of the temperature signal conditioning 

circuit is measured. As expected, the voltage was linearly 

dependent on the resistance of the PT100 sensor which 

corresponded to the temperature of the boiler water. 

Following table shows the experimental results. 

Table II 

Signal Conditioning output Voltage varying with Boiler 

Water Temperature. 

 

 

 

 

 

 

 

 

 

 

To support the above result,  the  voltage is  measured at 

every block of the signal conditioning circuit for 

maximum and minimum temperature. i.e for 100Ω and 

194Ω. 

B. Conductivity signal conditioning 

output 

The output voltage of the conductivity signal 

conditioning circuit is measured. In the following table 

both the ideal and measured voltages are shown. 
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Ideal and measured voltages were noted to be                                     

very close to each other 

  

Fig. 6.  Flowchart to measure temperature and 

conductivity 

.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig.  7.    Left:  results  for  minimum  temperature  i.e  
100Ω,  Right:results for maximum temperature i.e 194Ω.  

Top:Output voltage from the sensor , Middle:Input voltage 
to ADC , Bottom:Output voltage  of summer. 

 

The proposed system for blowdown control uses well- 

designed signal conditioning circuit and PIC micro-

controller to improve the efficiency of blowdown 

cycle. Temperature and conductivity measurement is 

carried out using pt100 and CP10  

 

 

 

 

 

 

 

 

 

 

V.  CONCLUSION 

 

The proposed system for blowdown control uses 

well- designed signal conditioning circuit and PIC 

micro-controller to improve the efficiency of 

blowdown cycle. Temperature and conductivity 

measurement is carried out using pt100 and CP10 

sensors. Separate signal conditioning circuits for these 

sensors are designed and developed to provide 

intermediate output to PIC micro-controller. Output 

of micro-controller is used for controlling the 

blowdown cycle. The proposed approach has 

attained the benefit of faster performance as 

compared to the existing blowdown controllers 

mitigating human errors. Further, the performance can 

be improved by combining temperature and  

conductivity sensors into  a  single module 

optimizing time and space. Also, data can be 

transmitted over a remote place for single or multiple 

boilers. 
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