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" Turbulence
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' Inferential

¥ Positive displacement
¥ Mass measurment

¥ Sensors

® Head type

* Magnetic meter
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' Rotameter

" Turbin meter
¥ Target meter
¥ Sonic meter
® Swirl meter

* Diaphragm
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' Immersible
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' Constant current
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' Prop

" Wire sensor

¥ Gold plated wire sensor

¥ Fiber film sensor

® Film sensor

* Capillary tube thermal mass flow meter

¥ Schematic
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RTD

Thermocouple

Thermistor

Low absolute resistance

Least stable & Least sensitive

Temperature -260 to 850°C -270 to 1800°C -80 to 150°C (typical)
range
Sensor Cost Moderate Low Low
System Cost Moderate High Moderate
Stability Best Low Moderate
Sensitivity Moderate Low Best
Linearity Best Moderate Poor
General purpose sensing Best sensitivity
Specify for: Highest accuracy Highest temperatures Narrow ranges (e.g. medical)
Temperature averaging Point sensing
Most Stable Self Powered High output
Advantages Most accurate Rugged Fast response
More Linear than Inexpensive
thermocouples Wide temperature range
Expensive Non linear Non linear
Disadvantages Current source required Low voltage Limited temperature range
Small AR Reference junction required Current source required
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Technical Specification

Meter Type Tested
Tested Fluid

Operating Temperature
Pressure Drop (Max)

Displaced Volume

Uncertainty of Volumetric
Flow Rate Measurement

Minimum Measurable Volume
Operating Pressure

Working Humidity Range
Weight

Dimensions

Blower Power

Operating System Software
Test Results

Communication of Test Data
Test Sequence
Automatic Leak Test Cycle

Automatic Test Cycle

Diaphragm and Ultrasonic Gas Meters
Air (Standard Conditions)
2142 °C

0.5 mbar

300 lit

+0.2%

0.2 lit

18 mbar

Up to 95%

900 kg

2x12x3m

470 W

Microsoft Windows XP, Vista, 7, ...

Displayed on Screen Monitor

(%Proof, %Accuracy, %Error, %Correction)

Accept or Reject Indication

Differential Pressure reading displayed during test

RS232
Microprocessor controlled, User selectable
User selects sensitivity and duration of the leak test

Automatically Controls Speed to Maintain Selected Flow Rate
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LFE generates a

pressure drop,
forcing a small Flow through
roportion sensor M1

prop is about 1% of
of gas M2 total flow out.
through a

: Flow in sensor M1
platmum S Tub is linearly

: H ensor iune
caplllaly wire proportional to
wound RTD M2 total flow!
sensor

Flow =» M, =P, Flow =

Laminar Flow Element {LFE)
H:’ (:)"'5 \ B Direct thermal mass flow
— -n, doesnotneedanyTorP
AN compensation requiring
AR T R complicated calculations
L consTanT HeaT, H — with flow computers

FIRST LAW OF THERMODYNAMICS
(HEAT IN = HEAT OUT)
H=rmy Gy (To=Ty) + Hy

. HH
- o
'T CAT

Close up of capillary sensor.
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Temperature Resistance Tolerance Temperature Resistance Tolerance
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/*******************************************************

Project: 0.1% precision Thermometer
Version: 2.4.0

Date: 2016-05-25

Author: Mahdi Toori

Company: eeResana 2016

Chip type: ATmegal 6A

Program type: Application

AVR Core Clock frequency: 8.000000 MHz
Memory model: Small

External RAM size: 0

Data Stack size: 256

*******************************************************/

#include <megal6a.h>
#include <alcd.h>
#include <delay.h>
#include <stdio.h>
#include <spi.h>
#include <eeprom.h>

#define ADC_VREF TYPE ((0<<REFS1) | (1<<REFS0) | (I<<ADLAR))

#define NOTHING 0
#define LEFT 1

#define RIGHT 2
#define DOWN 3
#define UP 4

#define OK 5

#define MAX BUFF 50

unsigned char ml1=1, mI2=0, m13=0;

unsigned char keyboard output=NOTHING, left=0, right=0, down=0, up=0, ok=0,
buff counter=0;

float flow_rate=0, abs_temp=0, diff temp=0;

float adc_out, spi_out;

float single point_inputl, single point input2;

float diff point_inputl, diff point_input2;

int spi_datalMAX BUFF];

unsigned char adc_datal MAX BUFF];

float EEMEM diff r=1, abs_r=1/(60.53295%*2), diff a=0, abs_a=0,diff pointl =0,
diff point2= 60, single pointl = 0, single point2 = 90, flow_rate const=0.4;
unsigned char EEMEM heater power = 50, heater threshold = 90;
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void save_data()

{

eeprom_write float(0, diff r);
eeprom_write_float(4, abs r);
eeprom_write float(8, diff a);
eeprom_write float(12, abs_a);
eeprom_write float(16, diff pointl);
eeprom_write_float(20, diff point2);
eeprom_write float(24, single pointl);
eeprom_write float(28, single point2);
eeprom_write float(32, flow rate const);
eeprom_write_byte (36, heater power);
eeprom_write byte (40, heater threshold);

}

void load_data()

{

led_gotoxy(0,1);

lcd_puts("load data...");

diff r=eeprom read float(0);
abs_r=eeprom read float(4);

diff a=eeprom read float(8);

abs_a = eeprom_read float(12);

diff pointl =eeprom read float(16);

diff point2 = eeprom_read float(20);
single pointl = eeprom_read float(24);
single point2 = eeprom_read float(28);
flow _rate const =eeprom_read float(32);
heater power = eeprom_read byte (36);
heater threshold = eeprom_read byte (40);
h

void factory reset()
{
led_gotoxy(0,1);
lcd_puts("factory reset...");
eeprom_write float(0, -0.0082414626);
eeprom_write_float(4, -4.252);
eeprom_write float(8, 0);
eeprom_write float(12, 821.233);
eeprom_write_float(16, 0);
eeprom_write_float(20, 100);
eeprom_write float(24, 0);
eeprom_write_float(28, 100);
eeprom_write float(32, 0.4);
eeprom_write_byte (36, 50);
eeprom_write_byte (40, 90);
}
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unsigned char read adc(unsigned char adc_input)

{

ADMUX=adc_input | ADC_VREF_TYPE;
delay us(10);

ADCSRA|=(1<<ADSC);

while ((ADCSRA & (1<<ADIF))==0);
ADCSRA|=(1<<ADIF);

return ADCH,;

h

char *ftoa(char *buffer, float d, int precision) {
int wholePart = (int) d;
// Deposit the whole part of the number.
sprintf(buffer,"%d",wholePart);
// Now work on the faction if we need one.
if (precision > 0) {

// We do, so locate the end of the string and insert
// a decimal point.

char *endOfString = buffer;

float fraction;

while (*endOfString!= "0") endOfString++;
*endOfString++ =".";

// Now work on the fraction, be sure to turn any negative
// values positive.

if (d<0) {
d*=-1;
wholePart *=-1;

}

fraction = d - wholePart;
while (precision > 0) {

// Multipleby ten and pull out the digit.
fraction *=10;

wholePart = (long) fraction;
*endOfString++ = '0"' + wholePart;

// ' Update the fraction and move on to the
// next digit.

YA



fraction -= wholePart;
precision--;

}

/I Terminate the string.

*endOfString = "\0'";
}

return buffer;

}

unsigned char read keyboard buffered()

{
if(PIND.4 ==0)
{
if(left <255) left ++;
if(right>0) right--;
if(down >0) down --;
if(up >0) up--;
if(ok >0) ok--;
b
else if(PIND.3 == 0)
{
if(left >0) left --;
if(right<255) right++;
if(down >0) down --;
if(up >0) up--;
if(ok >0) ok--;
}
else if(PIND.2 == 0)
{
if(left >0) left --;
if(right>0) right--;
if(down <255) down ++;
if(up >0) up--;
if(ok >0) ok--;
}
else if(PIND.1 == 0)
{
if(left >0) left --;
if(right>0) right--;
if(down >0) down --;
if(up <255) up ++;
if(ok >0) ok--;
}
else if(PIND.0 == 0)

{
if(left >0) left --;

va



if(right>0) right--;
if(down >0) down --;
if(up >0) up--;
if(ok <255) ok ++;
}
else
{
if(left >0) left --;
if(right>0) right--;
if(down >0) down --;
if(up >0) up--;
if(ok >0) ok--;
}
if(keyboard output == NOTHING)
{
if(left == 255)
keyboard output = LEFT;
else if(right == 255)
keyboard output = RIGHT;
else if(down == 255)
keyboard output = DOWN;
else if(up == 255)
keyboard output = UP;
else if(ok == 255)
keyboard output = OK;
}
else if((left == 0) && (right == 0) && (down == 0) && (up == 0) && (ok ==
0))
keyboard output = NOTHING;
return keyboard_output;

h
unsigned char read keyboard()
{
if(PIND.4 == 0)
{
if (keyboard output!= LEFT)
{
keyboard output = LEFT;
return LEFT;
}
else
return NOTHING;
}
else if(PIND.3 == 0)
{
if (keyboard output!= RIGHT)
{

keyboard output = RIGHT;



return RIGHT;
}
else
return NOTHING;
H
else if(PIND.2 == 0)
{
if (keyboard output!= DOWN)
{
keyboard output = DOWN;
return DOWN;
}
else
return NOTHING;
}
else if(PIND.1 == 0)
{
if (keyboard output!= UP)
{
keyboard output = UP;
return UP;
}
else
return NOTHING;
}
else if(PIND.0 == 0)
{
if (keyboard_output!= OK)
{
keyboard output = OK;
return OK;
h
else
return NOTHING;
h

else

{
keyboard output = NOTHING;
return NOTHING;

}
H

void set_heater()

{
if (abs_temp < (float)heater threshold)
OCRO = (char)(heater power*2.55);
else
OCRO = 0;
H
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void get_inputs()
{
unsigned char i;
unsigned int spi_raw;
float adc_sum=0, spi_sum=0;
adc data[buff counter]=read adc(0)/2 + read adc(1)/2;
while((PINB.2));
spi(0x39);
while(!(PINB.2));
while((PINB.2));
spi_raw =(spi(0)<<8); //read MSB frist
spi_raw [=spi(0);//read LSB and combine with MSB
spi_data[buff counter] = spi_raw - 0x8000;
for(i = 0; i<MAX BUFF; i++)
{
adc_sum += ((float)adc_data[i]*10.0)/MAX BUFF;
spi_sum += ((float)spi_data[i]*1.0)/MAX_ BUFF;
}
adc_out=adc sum/10.0;///MAX BUFF;
spi_out = spi_sum;///MAX BUFF;

abs_temp = abs_r*adc out + abs_a;

diff temp = diff r*spi_out + diff a;

flow_rate = diff temp*flow rate const;

buff counter = (buff counter+1)%MAX BUFF;

}

void differential calibrate()
{
diff r = (diff point2 - diff pointl)/(diff point input2 - diff point inputl);
diff a =diff point2 - diff r*diff point input2;
eeprom_write float(0, diff r);
eeprom_write_float(8, diff a);
eeprom_write float(16, diff pointl);
eeprom_write_float(20, diff point2);

}
void zero_calibrate()
{
diff a = diff a - diff temp;
eeprom_write_float(8, diff a);
}

void single calibrate()

{

abs_r = (single point2 - single pointl)/(single point input2 -
single point_inputl);

abs_a=single point2 - abs_r*single point input2;
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eeprom_write float(4, abs r);

eeprom_write float(12, abs_a);

eeprom_write_float(24, single pointl);
eeprom_write float(28, single point2);

h

void update lcd()

{
unsigned char kbd = read keyboard(), str1[20],str2[20];
if(mll == 1)
{

sprintf(str1,"Temp. Diff.");
ftoa(str2,diff temp,2);
if(kbd == RIGHT)
mll=2;

b

else if(mll == 2)

{
sprintf(str1,"Flow Rate");
ftoa(str2,flow_rate,2);
if(kbd == RIGHT)

ml1=3;
else if(kbd == LEFT)
mll=1;
}
else if(mll == 3)
{

sprintf(str1,"Absolute Temp.");
ftoa(str2,abs temp,2);
if(kbd == RIGHT)

mll=4;
else if(kbd == LEFT)
mll=2;
}
else if(mll == 4)
{
if(ml2==0)
{

sprintf(str1,"Calibration");
sprintf(str2," ");

if(kbd == OK)

ml2=1;

else if(kbd == RIGHT)
ml1=5;

else if(kbd == LEFT)
ml1=3;

b

else if(ml2 ==1)

{

AY



sprintf(strl,"Zero");
sprintf(str2,"Calibration");
if(kbd == OK)

{

zero_calibrate();

ml2=0;

¥

else if(kbd == RIGHT)
ml2=2;

¥

else if(ml2 == 2)

{

if(ml13==0)

{
sprintf(str1,"Differential");
sprintf(str2,"Calibration");
if(kbd == OK)

ml3=1;

else if(kbd == RIGHT)
ml2=3;

else if(kbd == LEFT)
ml2=1;

else if(kbd == DOWN || kbd == UP)
ml2=0;

¥

else if (ml3 ==1)

{

sprintf(str1,"Point 1");
ftoa(str2,diff pointl,1);
if(kbd == OK)

{

diff point_inputl = spi_out;
ml3=2;

}

else if(kbd == UP)

{

if (diff_pointl < 120)

diff pointl = diff pointl + 0.1;
¥

else if(kbd == DOWN)

{

if (diff_pointl > 0)

diff pointl = diff pointl - 0.1;
h

else if(kbd == RIGHT || kbd == LEFT)
{

ml3 =0;

}

§



else if (ml3 ==2)

{

sprintf(str1,"Point 2");
ftoa(str2,diff point2,1);;
if(kbd == OK)

{

diff point input2 = spi_out;
differential calibrate();
ml3=0;

¥

else if(kbd == UP)

{

if (diff_point2 < 120)

diff point2 = diff point2 + 0.1;
¥

else if(kbd == DOWN)

{

if (diff_point2 > 0)

diff point2 = diff point2 - 0.1;
¥

else if(kbd == RIGHT || kbd == LEFT)
{

ml3 =0;

¥

¥

¥

else if(ml2 == 3)

{

if(ml13==0)

{

sprintf(strl,"Single");
sprintf(str2,"Calibration");
if(kbd == OK)

ml3=1;

else if(kbd == LEFT)

ml2=2;

else if(kbd == DOWN || kbd == UP)
ml2=0;

¥

else if (ml3 ==1)

{

sprintf(str1,"Point 1");
ftoa(str2,single pointl,1);
if(kbd == OK)

{

single point_inputl = adc_out;
ml3=2;

}

else if(kbd == UP)

AD



{

if (single pointl < 120)

single pointl = single pointl + 0.1;
¥

else if(kbd == DOWN)

{

if (single pointl > 0)

single pointl = single pointl - 0.1;
}

else if(kbd == RIGHT || kbd == LEFT)
{

ml3 =0;

}

¥

else if (ml3 ==2)

{

sprintf(str1,"Point 2");
ftoa(str2,single point2,1);

if(kbd == OK)

{

single point_input2 = adc_out;
single calibrate();

ml3=0;

¥

else if(kbd == UP)

{

if (single point2 < 120)

single point2 = single point2 + 0.1;

}

else if(kbd == DOWN)
{

if (single_point2 > 0)

single point2 = single point2 - 0.1;

}
else if(kbd == RIGHT || kbd == LEFT)

{

ml3 =0;

§

}

§
h
else if(mll == 5)
{

if(m12==0)

{

sprintf(strl,"Setting");
sprintf(str2," ");
if(kbd == OK)
ml2=1;

AF



else if(kbd == LEFT)

mll=4;

else if(kbd == RIGHT)

ml1=6;

¥

else if(ml2==1)

{

sprintf(str1,"Flow rate Const");
ftoa(str2,flow rate const,2);

if(kbd == OK)

{

eeprom_write float(32, flow rate const);
eeprom_write_byte (36, heater power);
eeprom_write_byte (40, heater threshold);
ml2=0;

¥

else if(kbd == UP)

{

if (flow_rate const < 2)

flow rate const = flow rate const + 0.01;
}

else if(kbd == DOWN)

{

if (flow_rate const > 0)

flow rate const = flow_rate const - 0.01;

¥

else if(kbd == RIGHT)

{

ml2 =2;

}

}

else if(ml2==2)

{

sprintf(str1,"Heater Threshold");
sprintf(str2,"%d",heater threshold);
if(kbd == OK)

{

eeprom_write_float(32, flow_rate const);
eeprom_write_byte (36, heater power);
eeprom_write_byte (40, heater_threshold);
ml2=0;

h

else if(kbd == UP)

{

if (heater threshold < 120)

heater threshold = heater threshold + 1;
¥

else if(kbd == DOWN)

{

AY



if (heater threshold > 0)
heater_threshold = heater threshold - 1;
}

else if(kbd == RIGHT)

{

ml2 = 3;

}

else if(kbd == LEFT)

{

ml2 =1;

}

}

else if(ml2==3)

{

sprintf(str1,"Heater Power");
sprintf(str2,"%d",heater power);
if(kbd == OK)

{

eeprom_write float(32, flow_rate const);
eeprom_write_byte (36, heater power);
eeprom_write_byte (40, heater threshold);
ml2=0;

§

else if(kbd == UP)

{

if (heater_power < 100)

heater power = heater power + 1;
§

else if(kbd == DOWN)

{

if (heater_power > 0)

heater power = heater power - 1;
}

else if(kbd == RIGHT)

{

ml2 =4;

}

else if(kbd == LEFT)

{

ml2 = 2;

}

}

else if(ml2==4)

{

sprintf(str1,"Factory Reset");
sprintf(str2," ");

if(kbd == OK)

{

factory_reset();

AA



ml2=0;

}
else if(kbd == LEFT)
{
ml2 = 3;
}
}
}/x%
else if(mll == 6)
{
if(m12==0)
{

sprintf(str1,"Constants");
sprintf(str2," ");

if(kbd == OK)

ml2=1;

else if(kbd == LEFT)
ml1=5;

§

else if(ml2==1)

{

sprintf(strl,"diff r,%04x",diff r);
ftoa(str2,diff 1,8);
if(kbd == OK)

{

ml2=0;

}

else if(kbd == RIGHT)
{

ml2 =2;

}

h

else if(ml2==2)

{

sprintf(strl,"abs r,%04x",abs r);
ftoa(str2,abs_r,8);
if(kbd == OK)

{

ml2=0;

h

else if(kbd == RIGHT)
{

ml2 = 3;

}

else if(kbd == LEFT)

{

ml2 =1;

}

b
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else if(ml2==3)

{

sprintf(strl,"diff a,%04x",diff a);
ftoa(str2,diff a,8);
if(kbd == OK)

{

ml2=0;

}

else if(kbd == RIGHT)
{

ml2 =4;

}

else if(kbd == LEFT)
{

ml2 =2;

}

§

else if(ml2==4)

{
sprintf(strl,"abs_a,%04x",abs_a);
ftoa(str2,abs_a,f);
if(kbd == OK)

{

ml2=0;

§

else if(kbd == RIGHT)
{

ml2 =5;

}

else if(kbd == LEFT)
{

ml2 = 3;

}

§

else 1f(ml2==5)

{

sprintf(strl,"diff point1%04x",diff pointl);
ftoa(str2,diff pointl,8);
if(kbd == OK)

{

ml2=0;

}

else if(kbd == RIGHT)
{

ml2 = 6;

}

else if(kbd == LEFT)

{
ml2 = 4;



}

}

else i1f(ml2==6)

{

sprintf(strl,"diff point2%04x",diff point2);
ftoa(str2,diff point2,8);
if(kbd == OK)

{

ml2=0;

}

else if(kbd == RIGHT)

{

ml2 =7;

}

else if(kbd == LEFT)

{

ml2 =5;

}

}

else if(ml2==7)

{

sprintf(strl,"sin_pointl %04x",single pointl);
ftoa(str2,single pointl,8);
if(kbd == OK)

{

ml2=0;

}

else if(kbd == RIGHT)

{

ml2 =8;

}

else if(kbd == LEFT)

{

ml2 = 6;

}

}

else if(ml2==8)

{

sprintf(strl,"sin_point2 %04x",single point2);
ftoa(str2,single point2,8);
if(kbd == OK)

{

ml2=0;

}

else if(kbd == RIGHT)

{

ml2 =9;

}
else if(kbd == LEFT)

0



{

ml2 =7,

}

}

else if(ml2==9)

{

sprintf(strl,"flow_const %04x",flow_rate const);
ftoa(str2,flow_rate const,8);
if(kbd == OK)

{

ml2=0;

}

else if(kbd == RIGHT)

{

ml2 = 10;

}

else if(kbd == LEFT)

{

ml2 =8;

}

}

else if(mI2==10)

{

sprintf(str1,"heater pwr %04x",heater power);
sprintf(str2,"%d" heater power);
if(kbd == OK)

{

ml2=0;

}

else if(kbd == RIGHT)

{

ml2 =11;

}

else if(kbd == LEFT)

{

ml2 =9;

}

}

else if(ml2==11)

{

sprintf(str1,"heater thrs%04x",heater threshold);
sprintf(str2,"%d",heater threshold);
if(kbd == OK)

{

ml2=0;

}

else if(kbd == LEFT)

{
ml2 = 10;

ay



HI*/
led_clear();
led gotoxy(0,0);
led puts(strl);
led gotoxy(0,1);
led puts(str2);

H

void initialize()

{

DDRA=(0<<DDA?7) | (0<<DDAG) | (0<<DDAS5) | (0<<DDA4) | (0<<DDA3) |
(0<<DDA2) | (0<<DDA1) | (0<<DDAO);

PORTA=(0<<PORTA7) | (0<<PORTAG) | (0I<<PORTAS) | (0<<PORTA4) |
(0<<PORTA3) | (0<<PORTA2) | (0<<PORTAL1) | (0<<PORTAO);

DDRB=(1<<DDB?7) | (0<<DDB6) | (1<<DDBS5) | (1<<DDB4) | (1<<DDB3) |
(0<<DDB?2) | (0<<DDB1) | (0<<DDBO0);

PORTB=(1<<PORTB7) | (0<<PORTB6) | (1<<PORTBS5) | (1<<PORTB4) |
(1<<PORTB3) | (0<<PORTB2) | (1<<PORTB1) | (1<<PORTBO0);

DDRC=(1<<DDC?7) | (1<<DDC$6) | (1<<DDC5) | (1<<DDC4) | (1<<DDC3) |
(1<<DDC2) | (1<<DDC1) | (1<<DDC0);

PORTC=(0<<PORTC7) | (0<<PORTCS6) | (0<<PORTCS) | (0<<PORTCH4) |
(0<<PORTC3) | (0<<PORTC2) | (0<<PORTC1) | (0<<PORTCO);

DDRD=(0<<DDD?7) | (0<<DDD6) | (0<<DDD5) | (0<<DDD4) | (0<<DDD3) |
(0<<DDD2) | (0<<DDD1) | (0<<DDDO0);

PORTD=(1<<PORTD7) | (1<<PORTDS) | (1<<PORTDS) | (1<<PORTD4) |
(1<<PORTD3) | (I<<PORTD2) | (1<<PORTDI) | (I<<PORTDO);

// Timer/Counter 0 initialization

/I Clock source: System Clock

// Clock value: 125.000 kHz

// Mode: Fast PWM top=0xFF

// OCO output: Non-Inverted PWM

// Timer Period: 2.048 ms

// Output Pulse(s):

/I OCO Period: 2.048 ms Width: 0 us

TCCRO=(1<<WGMO00) | (1<<COMO1) | (0<<COMO00) | (1<<WGMO1) | (0<<CS02) |
(1<<CS01) | (1<<CS00);

TCNTO0=0x00;

OCRO0=0;

// TCCRO=(0<<WGMO0) | (0<<COMO1) | (0<<COMO00) | (0<<WGMO1) | (0<<CS02) |
(0<<CSO01) | (0<<CS00);

//TCNT0=0x00;

//IOCR0=0x00;

// SPI initialization
// SPI Type: Master
// SPI Clock Rate: 1000.000 kHz

qy



/I SPI Clock Phase: Cycle Start
//'SPI Clock Polarity: High

// SPI Data Order: MSB First
SPCR=0x5D;

SPSR=0x00;

TCCR1A=(0<<COMI1A1) | (0<<COMI1AD0) | (0<<COMI1BI) | (0<<COMI1B0) |
(0<<WGM11) | (0<<WGM10);

TCCRIB=(0<<ICNC1) | (0<<ICES]) | (0<<WGM13) | (0<<WGM12) |
(0<<CS12) | (0<<CS11) | (0<<CS10);

TCNT1H=0x00;

TCNT1L=0x00;

ICR1H=0x00;

ICR1L=0x00;

OCR1AH=0x00;

OCR1AL=0x00;

OCR1BH=0x00;

OCRI1BL=0x00;

ASSR=0<<AS2;

TCCR2=(0<<PWM2) | (0<<COM21) | (0<<COM20) | (0<<CTC2) | (0<<(CS22)
| (0<<CS21) | (0<<CS20);

TCNT2=0x00;

OCR2=0x00;

TIMSK=(0<<OCIE2) | (0<<TOIE2) | (0<<TICIE1) | (0<<OCIEIA) |
(0<<OCIEI1B) | (0<<TOIE1) | (0<<OCIEO0) | (0<<TOIEO0);

MCUCR=(0<<ISCI1) | (0<<ISC10) | (0<<ISCO01) | (0<<ISCO00);

MCUCSR=(0<<ISC2);

UCSRB=(0<<RXCIE) | (0<<TXCIE) | (0<<UDRIE) | (0<<RXEN) |
(0<<TXEN) | (0<<UCSZ2) | (0<<RXBS) | (0<<TXBS);

ACSR=(1<<ACD) | (0<<ACBQ) | (0<<ACO) | (0<<AC]) | (0<<ACIE) |
(0<<ACIC) | (0<<ACIS1) | (0<<ACISO0);

SFIOR=(0<<ACME);

ADMUX=ADC_VREF TYPE;

ADCSRA=(1<<ADEN) | (0<<ADSC) | (0<<ADATE) | (0<<ADIF) |
(0<<ADIE) | (1<<ADPS2) | (I<<ADPS1) | (0<<ADPSO0);

SFIOR=(0<<ADTS?2) | (0<<ADTSI) | (0<<ADTSO0);

TWCR=(0<<TWEA) | (0<<TWSTA) | (0<<TWSTO) | (0<<TWEN) |
(0<<TWIE);

led_init(16);

lcd_clear();

led gotoxy(0,0);

led_puts("Initializing...");

if((eeprom_read byte(36) == 0xfY) || (eeprom_read byte(40) == 0xf¥))
factory_reset();

else
load_data();

spi(0x10);

delay ms(10);

af



spi(0x62);
delay ms(1000);
}
void main(void)
{
chari=0;
initialize();
while (1)
{
get_inputs();
set_heater();
update lcd();
delay ms(10);
¥
}
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Abstract

In all industries, national labs, university research centers, plants(factories) and all the
units using flow meter , using a precise flow meter is inevitable and measurement is
considered as a critical issue. One of the important applications of flow meters is
household gas consumption to which a large portion of the over-all produced gas is
allocated. Thus, to achieve this goal we thought of a new kind of flow meter, called
capillary thermal mass flow meter for household consumption. The structure of this
flow meter compared to the existing diaphragm flow meter is much simpler. In addition,
fixed components, less periodic repair and higher precision are the other strong points
of this device. This flow meter follows the first law of thermodynamics that consists of
laminar flow element and a sensor tube with has central heater and two sensors are
located upstream and downstream of the heater.in this way, using the thermal flux into
the sensor tube to caculate the temperature difference and flow rate. Using 3.12
advanced code version AVR to calculate heat difference and via PT100 sensor is
assigned on tube for sencing. Thus, we designed and built this type of flow meter
according to the national gas standards with the use of the currently available elements
in the market. Then in calibration units, we calibrated household gas counters. Finally,
we analyzed the results, problems and obstacles we faced. Moreover, we came up with
new equation to calculate the uncertainty of the flow meter. Calibration factor is derived
0.08 and the flow meter is suitable up to 1.2 cubic meter per hour.

Keywords: thermal mass flow meter, capillary tube, heat transfer, household gas,
calibration, uncertainty.
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