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Abstract - A new type of system for obtaining a constant air-fuel ratio at constant load for a compression ignition engine. It 
uses a separate air and fuel system for pumping air and fuel respectively into the engine. It uses two separate tanks(main tank 
and reserve tank) for both air and the fuel systems so as to maintain the ideal proportion between air and fuel. By obtaining a 
constant stoichiometric air-fuel ratio a proper balance between power and economy can be obtained. This system can be used 
for obtaining constant air-fuel ratio at any constant load on the engine. 
 

Figure1 
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Figure Description 
 Figure 1-The entire setup of the system 
 Figure 2-Fuel pumping setup 
 Figure 3-Air pumping setup 
 
 
I. INTRODUCTION 
 
When the engine just starts with the help of the starter 
motor and the piston reaches the T.D.C for the first  

 
time the counter 1 is activated .The counter 2 is 
activated when the piston reaches the B.D.C only 
after the counter 1 activated 

Operation of the valves and solenoids in the air 
pumping system 
 Valve 4a-opens when counter 1 is an odd number     

-remains open until counter 2 is an odd number 
 Valve 1a-opens when valve 4a is closed -closes 

when valve 4a is opened  
 Valve 2a-opens when 1a is closed -closes when 1a 

is open 
 Valve 3a-opens when counter 2 is an odd number  

-closes when sensor s3 is activated 
 Solenoid 1-actuates when valve 3a opens  -retracts 

when sensor 3a is closed 
 Solenoid 3-actuates when valve 4a is open -

retracts when valve 4a is close 
 
Operation of the valves and solenoids in the fuel 
pumping system 
 Valve 4b-opens when counter 1 is an even 

number   -remains open for a predetermined 
amount of time 

 Valve 1b-opens when counter 2 is an even 
number  -closes when counter 1 is an odd 
number 

 Valve 2b-opens when 1b is closed  -closes when 
1b is open 

 Valve 3b-opens when counter 2 is an odd 
number -closes when sensor s6 is activated 

 Solenoid s2-actuates when valve 3b is open-
retracts after activating sensor s6 

 Solenoid s4-actuates when 4b is open-retracts 
when 4b is closed 
 

Operation of the exhaust valve 
The exhaust valve E1 -opens when the counter 2 is an 
even number 
-closes when the counter 1 is an odd number  NOTE- 
 The valves 1a,2a,3a,4a,1b,2b,3b,4b,E1 are all 

electronically controlled one way valves [2] and 
sensors s3, s4, s5 and s6 are magnetic sensors.[3] 

 The counter 1 and counter 2 are actuated (i.e. 
they start their count or are incremented) when 
the piston reaches specific distance in the 
cylinder. 

 For counter 1 to get actuated the piston must 
reach the T.D.C, this is known as the result of the 
eddy current sensor matches a predetermined 
value. 

 For counter 2 to get actuated the piston must 
reach the B.D.C, this is known as the result of the 

eddy current sensor matches a predetermined 
value. 

 
The advantages of using the eddy current sensor is 
that the exact position of the piston can be known at 
all times and it can be used in future for varying the 
timing of the air and fuel intake and the exhaust valve 
so as to obtain optimization at different engine 
requirements .  
 
II. WORKING 
 
SUCTION STROKE 
During the suction stroke of the engine the piston 
moves from the TDC to the BDC,during this period 
the valve 4a is open and the solenoid is actuated and 
hence all the air present in the main tank of the air 
system enters the engine cylinder.During this time the 
air that is continuously being pumped from the air 
pumping system is stored in the reserve tank of the air 
pumping system as the valve 2a is openand the valve 
1a is closed.Simultaneously the fuel that is being 
pumped by the fuel pumping system starts getting 
collected in the reserve tank of the fuel system as the 
valve 2b is open and the valve 1b is closed. 
COMPRESSION STROKE 
During the compression stroke of the engine the 
piston movesfrom the BDC to the TDC,during this 
period the air that is being pumped from the air 
system enters into the main tank of the air system as 
the valve 1a is open and the valve 2a is closed 
.Simultaneously during this time the fuel that is being 
pumped by the fuel system is being stored in the 
reserve tank of the fuel system. 
As the piston reaches the TDC again (i.e. the counter 
1 is even)the valve 4b is opened and the solenoid s4 
is actuated and the pressurized fuel is sprayed into the 
engine cylinder via the fuel injector.The valve 4b 
remains open for a predetermined amount of time. 
POWER STROKE 
During the combustion (power) stroke the piston 
moves from TDC to the BDC, during this time the air 
is being filled in the main tank of air system also the 
fuel is being filled in the reserve tank of the fuel 
system. 
When thepiston reaches the BDC again (i.e. the 
counter 2 is an even number)the valve 3a is opened 
and the solenoid s1 actuates and pushes all the air 
from the reserve tank of the air system into the main 
tank of the air system and the valve 3a closes as the 



International Journal of Mechanical and Production Engineering, ISSN(p): 2320-2092, ISSN(e): 2321-2071 
Volume- 6, Issue-10, Oct.-2018, http://iraj.in 

 A New System for Obtaining a Constant Air-Fuel Ratio at a Constant Engine Load for a Compression Ignition Internal Combustion Engine 
 

18 

solenoid turns the sensor s3 active also the solenoid 
retracts after turning the sensor s3 active. 
Simultaneously the valve 1b opens and the valve 2b 
closes and the fuel starts entering into the main tank 
of the fuel system,also the valve 3b opens and the 
solenoid s2 actuates pushing all the fuel in the reserve 
tank of the fuel system to the main tank of the fuel 
system.The valve 3b is closed when the sensor s6 is 
active and the solenoid s2 retracts after turning the 
sensor s6 active. 

EXHAUST STROKE 
During the exhaust stroke the piston moves from the 
BDC to the TDC, during this period the air is being 
filled in the main tank of the air system via the valve 
1a and the fuel is being filled in the main tank of the 
fuel system via valve 1b. 
This entire cycle goes on repeating as the engine runs 
and thus a constant stoichiometric air-fuel ratio is 
maintained, thereby maintaining a proper balance 
between economy and power. 

 
Figure 2 

 
By using steady flow energy equation between points 1 and 2 

푈̇ +  푃 ∗ 푉̇ + 
1
2 ∗ 푚̇ ∗  퐶 +  푚̇ ∗ 푔 ∗ 푧 +  푄̇

=  푈̇ +  푃 ∗ 푉̇ +  
1
2 ∗ 푚̇ ∗  퐶 + 푚̇ ∗ 푔 ∗ 푧 +  (푊 )  

 
Assuming 푈̇ = 푈̇  

푄̇ = 0 
We get    
푃 ∗ 푉̇ − 푃 ∗ 푉̇ + ∗ 푚̇ ∗  (퐶 − 퐶 ) + 푚̇ ∗ 푔 ∗ (푧 − 푧 )− (푊 ) =0     ⇒1 
 
NOTATIONS  
 
.(푊 ) - work done in the controlled volume of the fuel pumping cylinder 
.푄̇ - heat supplied to or from the system 
.푈̇ -internal energy at point 1 of fuel system 
.푈̇ -internal energy at point 2 of the fuel system 
.푃 -pressure at point 1 of the fuel system 
.푃 -pressure at point 2 of the fuel system 
.푉̇ -volume flow rate at point 1 of the fuel system 
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.푉̇ -volume flow rate at point 2 of the fuel system 

.푚̇ -mass flow rate of fuel 

. 푔-gravitational acceleration(9.81) 

.푧 -height of point 1 from the datum 

.푧 -height of point 2 from the datum 

.퐶 –velocity of fluid (fuel)at point 1 

.퐶 –velocity of fluid (fuel) at point 2 
 

Figure3 

 
By using steady flow energy equation between points 1 and 2 

푈̇ +  푃 ∗ 푉̇ + 
1
2 ∗ 푚̇ ∗  퐶 + 푚̇ ∗ 푔 ∗ 푧 +  푄̇

=  푈̇ +  푃 ∗ 푉̇ +  
1
2 ∗ 푚̇ ∗  퐶 +  푚̇ ∗ 푔 ∗ 푧 + (푊 )  

 
Assuming 푈̇ = 푈̇  

푄̇ = 0 
We get    
푃 ∗ 푉̇ − 푃 ∗ 푉̇ +  ∗ 푚̇ ∗  (퐶 − 퐶 ) + 푚̇ ∗ 푔 ∗ (푧 − 푧 ) − (푊 ) =0     ⇒2 
 
NOTATIONS  
 
.(푊 ) - work done in the controlled volume of the air pumping cylinder 
.푄̇ - heat supplied to or from the system 
.푈̇ -internal energy at point 1 of air system 
.푈̇ -internal energy at point 2 of the air system 
.푃 -pressure at point 1 of the air system 
.푃 -pressure at point 2 of the air system 
.푉̇ -volume flow rate at point 1 of the air system 
.푉̇ -volume flow rate at point 2 of the air system 
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.푚̇ -mass flow rate of air 

. 푔-gravitational acceleration(9.81) 

.푧 -height of point 1 from the datum 

.푧 -height of point 2 from the datum 

.퐶 –velocity of fluid (air)at point 1 

.퐶 –velocity of fluid (air) at point 2 
 
 
Derivation for the duct area 
By equating equation 1 and 2 we get 
푃 ∗ 푉̇ − 푃 ∗ 푉̇ + ∗ 푚̇ ∗  (퐶 − 퐶 ) + 푚̇ ∗ 푔 ∗ (푧 − 푧 )− (푊 )  =                              푃 ∗
푉̇ − 푃 ∗ 푉̇ + ∗ 푚̇ ∗  (퐶 − 퐶 ) + 푚̇ ∗ 푔 ∗ (푧 − 푧 )− (푊 )  
 
푃 =푃 =푃  
Also 푉̇ =푉̇ =0 
푚̇ =휌 *푉̇ =832.5*푉̇  
푚̇ = 휌 ∗푉̇ = 1.225 ∗ 푉̇  
 
 
−푃 ∗ 푉̇ +  4.1625 ∗ 푉̇ ∗  (퐶 − 퐶 ) + 8166.825 ∗ (푧 − 푧 ) − (푊 )  =                                                       
−푃 ∗ 푉̇ +  0.6125 ∗ 푉̇ ∗ (퐶 − 퐶 ) + 12.01725 ∗ (푧 − 푧 )− (푊 )  
 
Generally the height difference is very small and hence the effect of potential energy is almost negligible 
 
푃 = 푃 = 푃  
∴
푉̇ − 푉̇ ∗ 푃 + ( 4.1625 ∗ 푉̇ ∗  (퐶 − 퐶 )) − (0.6125 ∗ 푉̇ ∗ (퐶 −
퐶 )) = (푊 ) −
                                                                                                                                                                 (푊 )  
 
푃 is the pressure inside the cylinder during the suction stroke and under ideal conditions can be considered as 
zero. 
Also 푉̇=A*C 

∴ 퐶 =
푉̇
퐴 

퐶 =퐶 =0 , since  푉̇ =푉̇ =0 
 

∴4.1625*푉̇ ∗(
̇

) – 0.6125*푉̇ *(
̇

 

) =(푊 ) − (푊 )  

 
NOTE –THE MOTORS ARE PROGRAMMED IS SUCH A WAY THAT THE UP STROKE OF BOTH THE 
MOTORS WILL BE AS PER THE CALCULATED VALUES FOR EACH OF THEM ,HOWEVER THE 
DOWN STROKE OF BOTH THE MOTORS WILL BE SAME 
 
∴ (푊 ) = (푊 )  
 
 
̇

̇ =
 

* .
.

 
 

∴
̇

̇ =0.52794*
 

 
 
Since we require 푉̇ =푉̇  
 
Therefore for that we get 
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푨ퟐ풇 =2.606893*푨ퟐ풂 
 
While designing the intake duct of the air and the fuel system the above condition must be taken into account. 
 
Derivation for the cylinder diameter 

 
 
Derivation for finding the diameter of the air and the 
fuel pumping cylinder for obtaining a stoichiometric 
air-fuel ratio 
푚̇ =휌 *푉̇  
푚̇ =휌 *푉̇  
For a C.I engine  ̇

̇
=14.5 

∴ ∗ ̇

∗ ̇ =14.5 

. ∗ ∗ ∗

. ∗ ∗ ∗
 =14.5 

h-height travelled by the piston in the cylinders per 
second  (it is same for both the systems ) 

∴
푑푎
푑푓 = 9854.081633 

풅풂=99.267727*풅풇 
while designing the cylinders of the two systems the 
above condition must be taken into account 
 
NOTATIONS USED 
푚̇ -mass flow rate of air 
푚̇ -mass flow rate of fuel 
휌 -density of fuel 
휌 -density of air 
푉̇ -volume flow rate of fuel 

푉̇ -volume flow rate of air 
푑 -diameter of the air pumping cylinder 
푑 -diameter of the fuel pumping cylinder 
 
Derivation for the work required to be done by the 
two motors 
 
Derivation for obtaining the amount of work required 
by the motor A and motor B so that the piston of both 
the systems travel the same height 
퐹풂풊풓 풑풊풔풕풐풏 = m*g =휌 *푉 *g 
=1.225* *푑 *g              ⇒1 
 
퐹풇풖풆풍 풑풊풔풕풐풏 = m*g =휌 *푉 *g 
=832.5* *푑 *g              ⇒2 
Earlier proved that 푑 =99.267727*푑  
푊  =퐹풂풊풓 풑풊풔풕풐풏*X =1.225* *푑 *g*X 
Earlier proved that 푑 =99.267727*푑  
 
∴ 푾풂풊풓 풑풊풔풕풐풏 =93006.03557* 풅풇

ퟐ *X 
푊  =832.5* *푑 *g*X 
∴ 푾풇풖풆풍 풑풊풔풕풐풏=6414.209356*풅풇

ퟐ*X 
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X-it is the height of the piston from the B.D.C(bottom 
dead center) at any particular instance. 
푊  -work required by the motor A. 
푊  -work required by the motor B. 
 
CONCLUSION 
 
By using this system stoichiometric air-fuel ratio can 
be obtained at a constant engine load. Also a 
complete control on the amount of fuel and air 
entering in the engine is obtained. By controlling the 
motor A and motor B the power producing capacity 
of the engine can be increased, by increasing the 
amount of air-fuel mixture during combustion. This 
system uses solenoids to control the valve timing 
which is much more efficient than the traditional cam 
controlled valve timing [4]. 
 
FUTURE SCOPE  
 
 However the system is designed for an ideal case 

further improvements can be made for using it in 
practical situations. 

 By obtaining the relationship between the 
quantity of fuel required and engine load the 
system can be designed for obtaining 
stoichiometric air-fuel ratio at any speed rather 
then only for a constant engine load as in the 
paper. 

 The above system can be taken as a reference for 
obtaining any desirable air-fuel ratio for a 
constant engine load. 

 By adjusting the work developed by the motor A 
and motor B the need for obtaining more power 
from the engine can be full filed without using 
any additional compressor. 
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