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Abstract: The following paper mainly focuses on the performance analysis of BOSCH PF Diesel Fuel Injection Pump. The 
performance analysis was done with the objective of increasing the efficiency of the selected pump. By understanding the 
basic concepts about the BOSCH PF Diesel Fuel Injection Pump, we concluded that the efficiency can be increased by 
considering the following design modifications in the pump, i.e. increasing the plunger diameter, changing the diameters of 
the delivery pipe and replacement of normal valve with the adaption valve. In the current paper, we will focus on the effects 
of the modified plunger diameters on the different pump efficiencies. Also the variations of speed with discharge for two 
selected plunger diameters are shown. 
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I. INTRODUCTION 
 

A BOSCH Diesel fuel injection pump is a 
frequently (but not always) essential component on 
a car or other internal combustion engine device. But 
in non-gravity feed designs, fuel has to be pumped 
from the fuel tank to the engine and delivered under 
low pressure to the carburetor or under high pressure 
to the fuel injection system. Often, carbureted engines 
use low pressure mechanical pumps that are mounted 
outside the fuel tank, whereas fuel injected engines 
often use electric fuel pumps that are mounted inside 
the fuel tank (and some fuel injected engines have 
two fuel pumps: one low pressure/high volume 
supply pump in the tank and one high pressure/low 
volume pump on or near the engine). 
 
1.1 TYPES OF BOSCH DIESEL FUEL 
INJECTION PUMP 

1.) Common Rail Fuel injection Pump 
a. Normal Common Rail Fuel 

Injection Pump 
b. Electronic Common Rail Fuel 

Injection Pump 
2.) Distributor Fuel Injection Pump 
3.) In-Line Fuel Injection Pump 
4.) PF Pumps 

a. K-Type PF Pump 
b. Q-Type PF Pump 
c. Monotype Block Pump 

PF stands for “Pump with a Foreign drive”. In it the 
foreign drive is the plunger that pushes the diesel fuel 
forward to the pressurized delivery tube via normal 
delivery valve. PF pump is used in single cylinder 
diesel fuel engines. BOSCH PF Diesel fuel pump is 
the first technology diesel fuel pump that delivers 
diesel to the engine cylinder in atomized form at 
moderate pressure. There are very high scopes of  

 
modifications in it and thus number of elements that 
are integral part of this pump can be modified for 
better fuel efficiency like spring, plunger, valve, 
lubricating oil, housing, delivery tube etc. 
 
1.2 WORKING OF THE PF DIESEL FUEL 
INJECTION PUMP 

 
Fig.1. Schematic figure of cross-section of a PF pump 

 
The process of the PF diesel fuel injection pump 
begins with the rotation of the cam on the cam-shaft. 
The cam-shaft rotates by the virtue of the engine 
shaft. On certain degree of rotation of the cam, the 
plunger of 5.5mm diameter attached to the cam 
reciprocates corresponding to the degree of rotation 
of the cam and the spring attached to the plunger 
actuates. The diesel fuel is supplied to the pump via 
fuel supply port to the pump barrel where the plunger 
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reciprocates. The fuel intake and reciprocating of the 
plunger are mutually corresponding, i.e. when 
plunger goes down, fuel is supplied in the barrel and 
when the plunger goes up, the fuel gets compressed 
and its pressure increases. During the compression 
stroke of the plunger, the fuel from the barrel goes to 
the high-pressure delivery pipe from the valve and the 
pressure of the fuel increases to 750 bar pressure. In 
the delivery pipe, the velocity of fuel increases such 
that the fuel gets atomized and the pressure wave is 
created. Because of this pressure wave, more fuel is 
supplied to the nozzle that inputs the atomized fuel in 
the engine cylinder for combustion and that leads to 
less efficiency of the pump and more fuel 
consumption than required. The fuel from the 
delivery pipe goes to the injector, at that point the 
pressure goes down to 400 bar, which holds the 
nozzle having 6 holes of 0.18mm diameter 
symmetrically around the tip of nozzle. And the 
atomized fuel from the nozzle at 200 bar is injected in 
the engine cylinder for combustion. 
 
II. OBJECTIVES AND METHODOLOGY 

 
The objective of increasing the efficiency of the 

BOSCH PF Diesel Fuel Pump can be attained by the 
adopting the following design modifications:- 
 

 Increasing the plunger diameter. If the 
plunger diameter is increased, then the 
pressure at the end of the pump barrel 
increases. This is because the area of 
compression remains same and the area of 
the plunger head increases. This creates the 
throttle and thus the high pressure is 
developed. 

 Replacement of the delivery pipe from 
2mm diameter to 1.5mm diameter. With 
the decrement of the diameter of the delivery 
pipe, the velocity of the diesel fuel increase. 
This creates finely atomization of the diesel 
fuel and which further helps in proper 
combustion of the fuel in the engine. 

 Replacement of the normal valve with the 
adaption valve. Pressure waves are created 
at high pressure in the delivery valve which 
leaks more fuel in the engine even after the 
suction process in the combustion chamber 
of the engine. Adaption valve sucks the extra 
fuel in the delivery valve that helps in 
decreasing the fuel consumption. 

 
With all the above mentioned objectives, pressure and 
velocity increases highly which leads to fine 
atomization of the diesel fuel. Good atomization 
helps in complete combustion of the fuel and with 
that the efficiency of the pump increases. The 
complete combustion of the fuel helps to eliminate 
the production of the gaseous pollutants that are 
exhausted from the engine cylinder. 

2.1 EXPERIMENTAL PROCEDURE 
A single cylinder 4-stroke water-cooled 

diesel engine having 5 HP as rated power at 1500 rpm 
was used for the performance work. The engine was 
coupled to an electrical dynamometer for loading it. 
A photo sensor along with a digital rpm indicator was 
used to measure the speed of the engine. The fuel 
flow rate was measured on volumetric basis using the 
test bench. The experimental set-up of the engine is 
shown in the figure 2. 

 
Fig.2. The experimental set-up of the engine 

 
Fig.3. The actual photograph of BOSCH Inline PF Diesel Fuel 

Injection Pump 
 
The experiment was carried out in the following 
steps. 
 
1. After carefully going through the preliminaries, the 
decompression lever is pressed on so that there will 
not be any air trapping in between the cylinder head 
and piston.  
 
2. Then the engine is started by rotating the crank by 
means of hand crank lever by throwing of the 
decompression lever at sufficient speed.  
 
3. The engine is allowed and adjusted to pick the 
speed and run at rated speed, smoothly for few 
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seconds. The rated speed check was done using the 
tachometer.  
4. Record the time taken for 5cc fuel consumption at 
no load and the manometer reading on the panel 
board.  
5. Then the engine is loaded electrically and takes 
time 5cc of fuel consumption and record the 
manometer reading. 
6. Repeat the experiment at different loads at 
different fuel injection pressures viz. 160, 180 and 
200 bars.  
7. Again replace manifold with another inclination 
repeat above procedure.  
 
The following table shows the comparison between 
two pumps one having 5.5 mm diameter plunger and 
the other having 8.0 mm diameter plunger 
 

Parameters Pump having 
5.5 mm 
diameter 
Plunger 

Pump having 
8.0 mm 
diameter 
Plunger 

Engine Power 6.5kW 8kW 
Bore 83mm 86mm 

Stroke 77mm 80mm 
Swept Volume 0.416 liters 0.611 liters 
Compression 

ratio 
24:1 18:1 

RPM 3000 3000 
Discharge Tube 

Dimensions 
6 X 2X 
469mm 

6 X 1.5 X 
395mm 

Valve Used Simple 
Delivery 

Valve 

Adaption Flat 
Valve 

Plunger 
Diameter 

5.5mm 8mm 

Injection 
Pressure 

150-180 bar 200-250 bar 

Lubricant Used SAE 40 Synthetic 
Injector Nozzle 

Diameter 
0.18mm 0.16mm 

Specific Fuel 
Consumption 

222.62 
gm/BHP hr 

201.75 
gm/BHP hr 

Indicated 
Thermal 

Efficiency 

26% 34% 

 
Table1: Comparison of pumps having 5.5mm and 

8mm diameter plungers 
 
III. RESULTS AND DISCUSSION 
 

The several experiments were carried out on 
the pump by varying the pressures at the end of the 
nozzle. The results obtained are graphically 
represented below. The different pressures considered 
for the performance analysis are 160, 180 and 200 bar 
respectively. Also the loads are varied in the 
following range from 2 to 17 amps. 

 
Graph1: Load (on X-axis) V/S Mechanical Efficiency (on Y-

axis) at different pressures 

 
Graph2: Load (on X-axis) V/S Volumetric Efficiency (on Y-

axis) at different pressures 

 
Graph3: Load (on X-axis) V/S Indicated thermal Efficiency (on 

Y-axis) at different pressures 

 
Graph4: Load (on X-axis) V/S Brake thermal Efficiency (on Y-

axis) at different pressures 
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After the load calculations, Discharge of the fuel was 
found out with varying rpm of the cam-shaft on the 
TEST BENCH MACHINE. 

 
Fig.4. The actual photograph of Test Bench for calculating the 

fuel discharge 
 
For 8mm diameter of plunger 

Speed(RPM) Discharge Quantity 
(cc/500strokes) 

1500 19.5 
900 18 
600 3.5 

Table2: Results of speed v/s discharge of fuel 
for 8mm diameter plunger 

 
For 5.5mm diameter of plunger 

Speed(rpm) Discharge Quantity 
(cc/500strokes) 

1500 13.3 
900 17.3 
600 3.2 

Table3: Results of speed v/s discharge of fuel for 
5.5mm diameter plunger 

 
CONCLUSIONS 
 

It is concluded from the paper that with 
increasing the diameter of the plunger, pressure of the 
diesel fuel increases. This helps the diesel fuel for 
fine atomization that helps further for complete 
combustion process. The high-pressure in delivery 
pipe creates pressure wave which leaks more fuel in 
the combustion chamber of the engine cylinder from 
the nozzle even after the combustion process.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

To avoid this situation normal valve at the 
end of the pump barrel is replaced by the adaption flat 
valve which has a grove on its circumference. From 
the graphs, it is seen that the different types of 
efficiencies are increased by a small percentage by 
undergoing the variations in the plunger dimensions. 
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