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Abstract. One of the significant problems in ensuring the reliable 
operation of the nozzles is the intensive coking of the injector spray nozzle 
ports. Based on the assumption that all fuel left by injection under the 
needle burns, some researchers believe that the reason for coking is 
insufficiently emptying of this volume. There is also a well-known opinion 
about the impact of atomization quality at the final phase of injection. The 
lack of consensus and conflicting recommendations on the issue make the 
research relevant. A set of investigations has been carried out at OJSC 
“TsNITA” to study the influence of various factors, including design 
factors of the fuel system, on the coking of injector spray nozzle ports. 
This article describes the investigation results carried out on the basis of 
test materials for 24 variants of fuel systems on the D-240 engine, the 
analysis of varying parameters for the injection final phase is carried out 
depending on the combination of design factors and the relationship of 
coking of the injector spray nozzle ports with the final phase parameters is 
shown. 

1 Introduction  
During the injection process, coking occurs in the injector spray nozzle ports, even in the 
absence of visible violations of the fuel supply process (leaks, afterinjection, etc.). In 
scientific circles, there is no consensus on the causes of coking, recommendations are 
contradictory. 

Some researchers suggest that the cause of coking is partial or complete emptying of the 
nozzle ports and the volume under the needle, causing the penetration of cylinder gases and 
oxidation of the remaining fuel film [1 3]. 

Reducing coking of sprayers at the final phase of injection is possible due to [4-7]: 
increasing the stroke of the needle and the diameter of its shut-off cone; reducing the 
density in the precision sprayer couple; reducing the area of the spray ports; reducing the 
stroke of the needle and its shut-off cone diameter. As a criterion for coking of the spray 
ports, the duration of the needle fit is often taken [8-15]. There is no experimental 
confirmation for the dependence of coking on the fuel equipment structural elements and 
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the parameters of the fuel supply process, as well as the amount of fuel in the volume under 
the needle after injection. 

2 Materials and methods  
Tests on engines and a non-motorized bench were carried out only at the mode 
corresponding to the maximum torque. During oscillography of the fuel supply process, the 
injection was carried out into the bomb with an air back pressure of 5.0 MPa. All 
experiments were carried out on the same fuel delivery. The influence of the sprayer sizes 
was excluded by using one set of sprayers in the entire series of experiments. 

3 Results and discussion  
The coking degree of nozzle ports was determined by spilling nozzles out of a needle on a 
constant feed bench and was calculated by the formula: 
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where 1f  is the effective flow passage of the nozzle ports before the experiment, mm2; 

2f  is the effective flow passage of the nozzle ports after the experiment, mm2. 
The dependence of the coking of the injector spray nozzle ports on the needle maximum 

stroke and the discharge volume of the pressure valve (Fig. 1) shows that the influence of 
the investigated design factors on coking is differentiated depending on their value.  

 
Fig. 1. Dependence of coking of the injector spray nozzle ports ( k ) on the needle stroke ( h ) and the 
discharge volume of the pressure valve ( rV ) (1 – rV = 35 mm3; 2 – rV = 50 mm3; 3 – rV  = 65 mm3; 

4 – rV = 80 mm3. 

In principle, an increase in the needle travel up to 0.35 mm contributes to the 
intensification of coking with all the investigated valves. With a decrease in the needle 
stroke, the influence of the valve weakens. It also follows from the results received that the 
same amount of coking can be obtained by a different combination of the needle stroke size 
and the discharge volume of the pressure valve. This indicates that the structural elements 
do not affect the coking of the nozzle ports directly through the structure, but due to the 
parameters of the fuel supply working process. Various combinations of the fuel system 
structural elements change the process of fuel supply, regulate the “time - section” value in 
the sprayer, and control the state of the fuel at the final phase. 

Of the list of parameters (time, pressure) that determine the final phase of the fuel 
supply process, the parameter is directly related to the intensity of coking of the nozzle 
ports: 
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where aP  is the pressure in the “appendix”, MPa; P  is the pressure above the cone, 
MPa. 

The ratio   characterizes the dynamics of the fuel flow in the section of the flowing 
part of the sprayer inlet to the cone - “appendix”. 

The curve ( )fk =  shows the dependence of the intensity of coking the sprayers on the 
parameter   for all the variants of the fuel system of the D-240 engine under investigation, 
an increase   facilitates mitigation of coking (Fig. 2). 

 
Fig. 2. Dependence of coking the injector spray nozzle ports ( k ) on the dynamics of the fuel flow   
at ( h = 0.2-0.35 mm): 1 – rV = 35 mm3; 2 – rV = 50 mm3; 3 – rV  = 65 mm3; 4 – rV = 80 mm3. 

An exception is the fuel system variants with a discharge volume of the pressure valve 
of 80 mm3 and a needle stroke of more than 0.3 mm, for which coking increases (in 
comparison with rV = 65 mm3 and h = 0.3 mm) due to the gases penetration into the 
sprayer due to the “overturning” of the fuel flow. 

Thus, the influence of the investigated structural elements of the fuel equipment 
concerning coking the injector spray nozzle ports is carried out through the process of fuel 
supply by changing the operating mode of the sprayer at the final phase of injection.  

The strongest effect on the parameters of the fuel supply process, and, consequently, the 
coking the injector spray nozzle ports is occurred by limiting the needle stroke to the value 
of h = 0.15-0.2 mm which helps to stabilize the fuel pressure drop across the cone during 
its fitting (Fig. 3) 

 
Fig. 3. Dependence of pressure drops across the nozzle cone at the final injection phase of the needle 
position ( rV = 35 mm3): 1 – h = 0.2 mm; 2 – h = 0.3 mm; 3 – h = 0.25 mm; 4 – h = 0.35 mm. 
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The specified stroke can be achieved by increasing the outlet section of the cone by 
increasing the diameter of the central channel under the needle. 

Investigations carried out at JSC “TsNITA” on engines D-60, D-240, D-37E and AM-01 
showed that an increase in the central channel under the needle to 1.6 mm with a 
simultaneous decrease of the needle stroke to h = 0.18-0.25 mm contributes to reducing the 
level of coking to a safe value ( k =1-2%) [1-3]. 

Analysis of the test results (Fig. 4) indicates that the general regularity between the 
intensity of coking the injector spray nozzle ports and the time of the needle fitting at the 
final phase is not observed for all variants of diesel fuel systems.  

 
Fig. 4. Dependence of coking the nozzle ports from the time of needle fitting in position i = 0.05 

mm: 1 – h = 0.35 mm; 2 – h = 0.25 mm; 3 – h = 0.2 mm. 

Depending on the system packaging, the influence of the fitting speed is differentiated. 
The duration of the needle fitting at the final phase, together with the discharge volume of 
the pressure valve and other structural elements of the fuel system, determines the rate of 
decrease in fuel pressure above and below the cone, i.e., it changes the value of the fuel 
pressure drop across the cone and, therefore, regulates the fuel flow rate. 

4 Conclusions  

The parameters ( rV , h ) of the diesel fuel system regulate the ratio of the operating 
parameters for the final phase of fuel injection, and also significantly affect the intensity of 
coking the diesel injector spray nozzle ports. Limiting the needle stroke to h = 0.15-0.2 mm 
in the examined variants of the system makes it possible to stabilize the pressure drops on 
the cone at a minimum level and to reduce coking the nozzle ports to an acceptable value. 
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