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Summary. The article describes a physical phenomenon in a Die-
sel engine nozzle. Inside Diesel injectors there exists a fairly 
unknown micro-world. There are many factors like variable 
pressure and temperature, fluid mechanics phenomena and su-
personic fuel flows. Injector nozzle is exposed to stress. There 
is combustion chamber with huge pressures and temperatures 
outside. Therefore, injector nozzle has to comply with strict 
requirements. The article describes pressures and temperatures 
found in an injector nozzle.
Key words: Diesel engine, fuel injector, injector nozzle, pressure 
and thermal phenomena 

INTRODUCTION

Diesel fuel injector works in a very variable micro-en-
vironment. Operating conditions are very hard because of 
high pressures and temperatures. There are many changeable 
phenomena inside it, like ballistics, erratic fluid flows, chem-
ical and physical factors. All these phenomena influence the 
correct work of an injector [7, 13].

Injector’s spare parts are made with maximum accuracy. 
The main objectives of Diesel injectors are spraying and 
distributing fuel in combustion chamber. To comply with 
all these terms, the determined conditions have to be kept. 
The article describes the two phenomena exerting the highest 
influence on pressure and temperature in Diesel injector,.

AIM AND SCOPE OF THEORETICAL RESEARCH

Aim of researches is pressure and thermal injector noz-
zle analysis during work at maximum load [2]. Indicated 
pressure is 160 MPa. Theoretical analysis provides pressure 
and temperature changes on nozzle surface. Theoretical re-
searches have been made in Solid Works application. Picture 
1 shows the researched injector nozzle.

Fig. 1. Researched injector nozzle

PRESURE PHENOMENA OCCURING 
IN INJECTOR NOZZLE

Tension experiment was made by using finite – element 
method with Solid Works program. Research was made on 
the influence of pressure inside injector coming from fuel 
on nozzle surface [6]. On the basis of real value of fuel 
pressure the experiment was carried out on tension inside 
injector nozzle. An element was put on solid net based on 
curvature [4, 5].

Fig. 2. Solid net on injector nozzle

The element was divided into 36166 by using 55789 
central units. Injector inflicted pressure of 160 MPa. Pic-
ture 3 shows tension pressure analysis in researched injector 
nozzle . The range of tensions is between 44694 N/m2 and 
9,01461e+0,008 N/m2. Plastic limit is 785593984 N/m2.
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Fig. 3. Tension pressure analysis

Picture 4 shows transfer pressure analysis in researched 
injector nozzle . The range of transfer is between 5.29954e-
009 N·m and 0.000106048 N·m.

Fig. 4. Transfer pressure analysis

Picture 5 shows elastic strain pressure analysis in re-
searched injector nozzle. The range of elastic strain was 
about 0,0001 Nm.

Fig. 5. Elastic strain pressure analysis

THERMAL PHENOMENA OCCURING 
IN INJECTOR NOZZLE

The aim of the analytical researches was determining 
the temperature inside fuel injector [11, 12].

In order to determine the fuel temperature during its flow 
in the multi-hole injector (Fig. 6) the equations of the heat 
transfer and fluid flow through the tubular channel were used 
and the heat exchange by conductivity was established [8, 
9, 10]. Fuel characteristics:

– Fuel absolute weight γ= 840 kg/m3

– Specific heat c= 2140 J/kg·K
– Thermal conductivity k= 0,1433 J/m·s·K
– Heat transfer coefficient λ= 165 W/m2·K

Fig. 6. Schematic of multi-hole injector

Injector characteristics:
Dz = 0,005 [m],
Dw = 0,0045 [m],
L = 0,0 275 [m],
gv = 0,0000094 [m3/s].

Mathematical model of the multi-hole fuel injector pro-
posed by the authors:
The duration of one cycle of the fuel injection [9]:

 
n

Tw
120

= [s]. (1)

The volume of the fuel injected within one injection:

 vw gTV ⋅=0 [m3]. (2)

The fuel which flows around the injector needle forms 
a ring around it (in cross section). In order to facilitate the 
calculation of the heat exchange between the walls of the 
injector nozzle and the fuel, the conversion of the ring 
cross-section into a circular cross-section is necessary.

Cross-sectional area of the fuel pillar:

 )(
4

22
1 wz DDP −=

π
[m2]. (3)

Equivalent channel diameter:

 11 4
PD π

=  [m]. (4)

Equivalent channel volume:

 LPV ⋅= 11 [m3]. (5)
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The number of fuel doses per volume of the fuel injector 
nozzle channel:
 

1

0

V
Vj = . (6)

Fuel injection time:

 ww T
720
ϕτ = [s]. (7)

where: φ – rotation angle of crankshaft.
Length of the segment corresponding to a dose of a spe-

cific fuel volume l:

 
j
Ll = [m]. (8)

Lateral surface area of the liquid column of the length l 
filling the channel f :

 lDf ⋅⋅= 1π [m2]. (9)

The volume of the fuel pillar on the length l:

 1PlVs ⋅= [m3]. (10)

Fuel charge mass relating to the length l:

 γ⋅= sVm [kg]. (11)

Fuel rate in the channel:

 
τ
lu = [m/s]. (12)

Reynolds number:
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dose of a specific fuel volume l: 
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To read the value of the kinematic 
viscosity in the graph (Fig. 2) the 
temperature of the fuel T0 is needed:  

20
scipi TT

T


 [K]   (14) 

 
Fig. 7 Changing the viscosity of the fuel according 
to the temperature 

Prandtl number for the fuel flowing 
into the channel section calculated by the 
arithmetic average of the temperature of 
the wall and fluid: 


 


cPr     (15) 

Heat transfer coefficient of the flow 
through the channel: 

4,08,0

1
i PrRe

D2
023,0     (16) 

Factor related to the geometry of the 
channel: 

1

2
D

     (17) 

Factor related to the physical properties of 
the fuel flow: 

uc
i

i 



     (18) 

Factor related to the heat transfer 
coefficient between the wall of the 

. (13)

To read the value of the kinematic viscosity in the graph 
(Fig. 2) the temperature of the fuel T0 is needed: 
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Fig. 7. Changing the viscosity of the fuel according to the tem-
perature

Prandtl number for the fuel flowing into the channel sec-
tion calculated by the arithmetic average of the temperature 
of the wall and fluid:
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Factor related to the heat transfer coefficient between the 
wall of the atomizer and the fuel flowing into the channel 
[14, 15, 16, 17, 18]:
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atomizer and the fuel flowing into the 
channel[14], [15], [16], [17], [18]: 
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Fig.8 Decomposition of fuel temperatures in 
injector nozzle 

 
Fig.9 Decomposition of surface temperatures 
outside the injector 

CONCLUSION 
The carried out analysis showed 

pressure and temperature phenomena in a 
Diesel injector nozzle. Theoretical 
researches showed the fuel and surface 
temperatures distributions in a Diesel 
injector nozzle. Static elastic strain was  
about 0,001 Nm. The highest transfer and 
tension pressure was in the lower part of 
injector. The highest temperature inside 
nozzle surface was about 403 K 
surrounding the lower part. This part was 
placed in the combustion chamber. Fuel 
temperature reached about 368 K there. 
High pressures and temperatures generated 
huge tensions inside the nozzle during its 
work. These phenomena support the using 
of precision vapour in the nozzle needle. It 
is very important to supply engine with 
clean fuel. Every pollution damages 
injector spare parts and increases tension 
inside the nozzle[1]. 
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atomizer and the fuel flowing into the 
channel[14], [15], [16], [17], [18]: 

i2e9993,0      (19) 
The fuel temperature after the flow through 
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CONCLUSION 
The carried out analysis showed 

pressure and temperature phenomena in a 
Diesel injector nozzle. Theoretical 
researches showed the fuel and surface 
temperatures distributions in a Diesel 
injector nozzle. Static elastic strain was  
about 0,001 Nm. The highest transfer and 
tension pressure was in the lower part of 
injector. The highest temperature inside 
nozzle surface was about 403 K 
surrounding the lower part. This part was 
placed in the combustion chamber. Fuel 
temperature reached about 368 K there. 
High pressures and temperatures generated 
huge tensions inside the nozzle during its 
work. These phenomena support the using 
of precision vapour in the nozzle needle. It 
is very important to supply engine with 
clean fuel. Every pollution damages 
injector spare parts and increases tension 
inside the nozzle[1]. 
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Fig. 8. Decomposition of fuel temperatures in injector nozzle
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Fig. 9. Decomposition of surface temperatures outside the in-
jector

CONCLUSIONS

The carried out analysis showed pressure and temper-
ature phenomena in a Diesel injector nozzle. Theoretical 
researches showed the fuel and surface temperatures distri-
butions in a Diesel injector nozzle. Static elastic strain was 
about 0,001 Nm. The highest transfer and tension pressure 
was in the lower part of injector. The highest temperature 
inside nozzle surface was about 403 K surrounding the 
lower part. This part was placed in the combustion cham-
ber. Fuel temperature reached about 368 K there. High 
pressures and temperatures generated huge tensions inside 
the nozzle during its work. These phenomena support the 
using of precision vapour in the nozzle needle. It is very 
important to supply engine with clean fuel. Every pollution 
damages injector spare parts and increases tension inside 
the nozzle[1].
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ZJAWISKA FIZYCZNE ZACHODZĄCE 
W ROZPYLACZU WTRYSKIWACZA PALIWA  

SILNIKA ZS

Streszczenie. Artykuł opisuje zjawiska fizyczne występujące 
w rozpylaczu paliwa silnika z zapłonem samoczynnym. Świat 
wewnątrz wtryskiwacza paliwa należy postrzegać jako mikro. 
Zjawiska fizyczne zachodzące wewnątrz rozpylacza dotyczą 

bardzo wysokich ciśnień i temperatur, zjawisk balistycznych 
i burzliwego ponaddźwiękowego przepływu cieczy. Czynniki 
te wpływają na przyśpieszone zużycie elementów pary pre-
cyzyjnej iglicy rozpylacza i wpływają na jego pracę. Artykuł 
przedstawia w jaki sposób ciśnienie wpływa na naprężenia 
wewnątrz rozpylacza i pokazuje panujące tam warunki tem-
peraturowe.
Słowa kluczowe: silnik z zapłonem samoczynnym, wtryskiwacz 
paliwa, rozpylacz paliwa, ciśnienie i temperatura.




