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Abstract: The injection ring is a critical component for supplying fuel to the combustion chamber of an engine. The performance of the 
engine is directly affected by the uniformity of the outlet fuel flow distribution of the nozzle. To address the issue of the uneven outlet fuel 
flow distribution of nozzles of the injection ring, this paper uses the ANSYS Fluent for numerical simulations. The fuel flow values at each 
nozzle outlet of the injection ring and the pressure drop between the inlet and outlet were calculated, and the influence of inlet flow and 
nozzle inner diameter on the fuel flow distribution and the pressure drop between the inlet and outlet were analyzed. The research results 
indicate that reducing the nozzle inner diameter and increasing the inlet flow lead to a more uniform fuel flow distribution at the nozzle out‐
lets. Additionally, decreasing the nozzle inner diameter increases the pressure drop between the inlet and outlet. The Leiting LT70 micro-
turbojet engine discussed in this paper is compatible with an injection ring with a nozzle inner diameter of 600 μm.
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0　Introduction

The fuel injection ring is a crucial component in the 

fuel supply system of micro-turbojet engines. Its pri‐

mary function is to deliver fuel stably and uniformly 

from the fuel tank or fuel supply system to the combus‐

tion chamber of the engine[1]. During this process, the pa‐

rameters of the fuel injection ring, such as fuel flow rate, 

pressure, and injection angle are needed to meet the en‐

gine 􀆳 s requirements to guarantee the normal operation 

and high efficiency performance of the engine. Improper 
design of the distribution, size, or shape of the fuel injec‐
tion holes in the fuel injection ring may lead to uneven 
fuel distribution during injection progress. Uneven fuel 
supply can result in a series of issues, such as a decrease 
in combustion efficiency, a decrease in engine power, an 
increase in fuel consumption, an increase in emissions 
pollution, the overheating of the engine, the aggravation 
of the engine abrasion, flight safety risks and so on[2]. 
Therefore, it is essential to ensure the uniformity of fuel 
supply from the fuel injection ring to maintain the nor‐
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mal operation and high performance of the engine.
With regard to the issue of engine fuel injection, ex‐

tensive research has been conducted[3-4]. Do et al[5] inves‐
tigated the impact of relatively low inlet flow rate and 
fuel types on the fuel flow distribution at the nozzle out‐
let. Enagi et al[6] studied the influence of various nozzle 
diameters on the combustion characteristics of liquid fu‐
els. Tan et al[7] adopted the scheme with unequal-
diameter nozzles, in which the sizes of the nozzles were 
altered in the fuel injection ring to compensate for pres‐
sure loss effects. Wang et al[8] studied the internal flow 
field characteristics of a single fuel nozzle in a large-
scale turbojet engine, as well as the flow distribution at 
the nozzle outlet.

The fuel distribution uniformity of the injection 
ring in micro-turbojet engines directly affects combus‐
tion efficiency and engine performance. While existing 
research mostly focuses on large-scale engines or single-
parameter optimization, research on the structural adapt‐
ability of nozzles for micro-scale engines remains insuf‐
ficient. In this paper, the Leiting LT70 is used as the test 
prototype. By quantifying characteristic non-uniformity 
parameters, the coupled effect of nozzle inner diameter 
and inlet flow rate is systematically analyzed, which pro‐
vides an accurate basis for the optimal design of injec‐
tion rings for micro-turbojet engines.

1　Modeling and Simulation

1.1　Establishment of Physical Model

The geometric model of the fuel injection ring was 
established in SolidWorks, as shown in Fig. 1. The fuel 
injection ring is composed of a ring body, a fuel inlet 
tube, and 12 fuel nozzles equidistantly arranged along the 
circumferential direction of the ring. For the ring body, 
the inner diameter d is 2.5 mm, the wall thickness is 0.5 
mm, and the pitch diameter Dw is 120 mm. For the fuel in‐
let tube, the length Lm is 118 mm, the inner diameter Di is 
2 mm and the wall thickness is 0.2 mm. For the nozzles, 
the length Lh is 16 mm, the wall thickness of 0.1 mm, and 
the inner diameters Dn range from 300 μm to 900 μm. 

The three-dimensional geometric model was im‐

ported into ANSYS Fluent to establish the physical 
model for fluid computation, as shown in Fig. 2.

1.2　Boundary Conditions and Mesh Division

In the Fluent pre-processing, the boundary condi‐
tions were set as follows: the fuel inlet pipe cross-
section as a mass flow inlet, the nozzle outlet cross-
section as a constant pressure outlet, and the remaining 
surfaces as no-slip walls. Aviation kerosene was used as 
the fuel, a hydrocarbon mixture with an average formula 
of C12H23, a density of 780 kg m3, and a viscosity of 

0.002 4 Pa·s. The local mesh of the internal flow field of 
the fuel injection ring is shown in Fig. 3. Unstructured 
tetrahedral meshes were employed, offering good geo‐
metric adaptability and ease of mesh size control.

1.3　Numerical Method and Grid Independence 
Verification

In this study, the semi-implicit method for pressure-
linked equations (SIMPLE) algorithm is adopted for 
pressure-velocity coupling, and the renormalization 
group (RNG) k-ε turbulence model is used to accommo‐Fig. 1　Fuel injection ring fluid dimensional parameters

Fig. 2　Fuel injection ring fluid calculation physical model

Fig. 3　Local mesh model
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date relatively complex flows. In numerical simulation 
calculations, it is assumed that the fuel is an incompress‐
ible fluid with three-dimensional, steady-state flow, and 
energy conversion during fuel flow is not considered. In 
this study, the nozzle diameters are all greater than 50 
μm, which complies with the continuous medium as‐
sumption. So the continuity equation and numerical cal‐
culation methods based on the Navier-Stokes equation[9] 
can be used. The equations are as follows:

Continuity Equation:
¶ρ
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Navier-Stokes Equations:

¶ρνx

¶t
+
¶ ( )ρνxνx

¶x
+
¶ ( )ρνyνx

¶y
+
¶ ( )ρνzνx

¶z

= μe( ¶vx
2

¶x2
+
¶vx

2

¶y2
+
¶vx

2

¶z2 ) - ¶P
¶x

 , (2)

¶ρνy

¶t
+
¶ ( )ρνxνy

¶x
+
¶ ( )ρνyνy

¶y
+
¶ ( )ρνzνy

¶z

= μe( ¶vy
2

¶x2
+
¶vy

2

¶y2
+
¶vy

2

¶z2 ) - ¶Ρ
¶y

+ ρgy , (3)

¶ρvz

¶t
+
¶ ( )ρvxvz

¶x
+
¶ ( )ρvyvz

¶y
+
¶ ( )ρvzvz

¶z

= μe( ¶v2
z

¶x2
+
¶v2

z

¶y2
+
¶v2

z

¶z2 ) - ¶P
¶z

 . (4)

In these equations: C = (vxνyvz ) represents the ve‐

locity vector, μe represents the effective viscosity, ρ rep‐

resents the fuel density, and P represents the pressure.
A pressure-based solver is adopted as the solver, 

and the pressure-velocity coupling calculation uses the 
SIMPLE algorithm. For the turbulent flow phenomena 
occurring during fuel flow, a turbulence model needs to 
be added before the solution calculation. In this study, 
the RNG k-ε turbulence model is adopted to accommo‐
date relatively complex flows. When the solved residual 
value of the continuity equation is less than 1×10−5, the 
calculation is considered converged, and the calculation 
results are highly accurate[10]. Figure 4 shows the conver‐
gence history of the residuals for the continuity equa‐
tion, the velocity components in all three directions, the 
turbulent kinetic energy (k), and the turbulent dissipation 
rate (ε).

Before numerical simulation calculations, grid inde‐
pendence verification is necessary. In this paper, a fuel 
injection ring with a nozzle diameter of 450 μm for nu‐
merical simulation is adopted. The inlet flow rate is set 
at 50 g min, and the grid is divided into varying numbers 

ranging from 350 000 to 1 200 000. The results of grid 

independence verification are shown in Table 1. When 

the number of grids reaches 603 678 or above, the maxi‐

mum change in fuel inlet pressure is 0.02 kPa. To mini‐

mize the impact of the number of the grids on the accu‐

racy of the solution, the number of grids in all numerical 

simulation schemes is 600 000 or above, and according 

to the structural differences of different fuel injection 

ring models, the corresponding number of grids is 

between 600 000 and 1 500 000.

2　Case Analysis

2.1　Parameter Settings

This study investigates the effects of nozzle inner 

diameter and inlet flow rate on the fuel flow distribution 

at the nozzle outlets of the injection ring. Seven nozzle 

inner diameters (300, 400, 500, 600, 700, 800, and 900 

μm) and eight inlet mass flow rates (5, 10, 20, 30, 50, 

100, 200, and 300 g/min) were examined, yielding a to‐

tal of 56 simulation cases.

Fig. 4　Iterative calculation results

Table 1　Grid independence verification results for a nozzle 

diameter of 450 μm

Number

1

2

3

4

5

6

7

8

9

Number of 

grids

355 628

420 195

505 655

603 678

658 535

775 748

857 561

1 036 549

1 200 137

Inlet pressure/

kPa

5.70

5.84

5.88

5.91

5.93

5.94

5.95

5.95

5.96

Inlet mass flow 

rate/(g·min−1)

50

50

50

50

50

50

50

50

50
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2.2　Simulation Results and Analysis

When the inlet mass flow rate remains constant at 
50 g min, the fuel flow distribution at the outlets of the 

fuel injection ring nozzles is shown in Fig. 5. It can be 
observed that the fuel flow distribution at the outlets of 
nozzles with an inner diameter of 300 μm is relatively 
uniform. As the inner diameter of the nozzles gradually 
increases to 900 μm, the outlet mass flow rates of 
nozzles No. 1 and No. 2 are larger, while the outlet mass 
flow rates of nozzles No. 6 and No. 7 are smaller.

To better analyze and compare the uniformity of 
the fuel distribution at the nozzles 􀆳 outlets, the normal‐
ized mass flow rate is utilized to analyze the fuel distri‐

bution. The calculation expression for this is shown in 
formula (5):

-
M =

-
m i
-
m q

=
-
m i

m total 12
 . (5)

In the formula, 
-
M denotes the normalized mass 

flow rate, 
-
m i denotes the actual outlet mass flow rate of 

the nozzle, 
-
m q denotes the average outlet mass flow rate, 

and m total denotes the inlet mass flow rate.
Under different inlet mass flow conditions, the nor‐

malized mass flow distribution at the nozzle outlets is 
shown in Fig. 6. When the nozzle diameter of the fuel in‐
jection ring is 300 μm, the normalized mass flow rate is 
close to 1, as shown in Fig. 6(a). When the nozzle diam‐
eter is 600 μm, the normalized mass flow rate is slightly 
greater than 1, among them, the nozzles No. 1 and No. 
12 have relatively large deviations, and the maximum 
deviation of the nozzle No. 12 is 7.1%. When the nozzle 
diameter is 900 μm, the deviations are larger, with a 
maximum deviation of 29.4%, as shown in Fig. 6(c) and 
(d). It can be seen that the greater the distance between 
the nozzle and the inlet oil pipe opening, the smaller the 
outlet fuel flow rate. And as the nozzle diameter in‐
creases, the unevenness of the outlet flow rate among 
the nozzles of the fuel injection ring increases.

Fig. 6　Results of normalized mass flow rate distribution under different conditions

Fig. 5　Fuel distribution at an inlet mass flow rate of 50 g min
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To quantitatively evaluate the uniformity of the fuel 
distribution at the nozzle outlets, the non-uniformity pa‐
rameter of nozzle outlet flow rate is introduced:

σm =
∑
i = 1

12

(
-
M i - 1)2

12
 . (6)

The results of the non-uniformity parameter of 
nozzle outlet flow are shown in Fig. 7. As the nozzle di‐
ameter increases, the non-uniformity parameter also in‐
creases. When the nozzle diameter is 900 μm, the non-
uniformity parameter reaches a maximum of 16.5%. In 
other words, the larger the nozzle diameter of the fuel in‐
jection ring and the smaller the inlet mass flow rate, the 
greater the difference in fuel flow rate at each nozzle out‐
let, resulting in the more uneven fuel flow distribution. 
When the inlet fuel mass flow rate is 300 g min, as the 

nozzle diameter gradually increases, the non-uniformity 
parameter of outlet flow is no more than 8.1%, indicat‐
ing that when the inlet flow rate is large, the fuel flow 
rate difference decreases as nozzle diameter increases, 
and the fuel flow distribution is relatively uniform. 
When the nozzle diameter of the fuel injection ring is 
300 μm, the maximum non-uniformity parameter of 
each outlet flow is 0.42%, and the inlet flow rate has a 
relatively small impact on the uniformity of fuel flow 
distribution, resulting in a relatively uniform fuel flow 
distribution.

In addition, the pressure drop between the inlet and 
outlet of the fuel injection ring was obtained through nu‐
merical simulation, as shown in Fig. 8. As the nozzle di‐
ameter of the fuel injection ring increases, the pressure 
drop between its inlet and outlet rapidly decreases. 
When the inlet flow rate of the fuel injection ring re‐
mains constant, a smaller nozzle diameter results in a 
larger pressure drop. The maximum pressure drop be‐
tween the inlet and outlet of a fuel injection ring with a 

nozzle diameter of 300 μm is 217.3 kPa, while that of a 
fuel injection ring with a nozzle diameter of 900 μm is 
14.9 kPa at its maximum. This indicates that the pres‐
sure drop between the inlet and outlet of the fuel injec‐
tion ring increases as the nozzle diameter decreases.

Considering both the fuel flow distribution at the 
nozzle outlet of the fuel injection ring and the pressure 
drop between the inlet and outlet, for a nozzle inner di‐
ameter of 500 μm, the maximum non-uniformity param‐
eter of the outlet flow is 2.4%, and the maximum pres‐
sure drop between the inlet and outlet is 41.4 kPa. For a 
nozzle inner diameter of 600 μm, the maximum non-
uniformity parameter of the outlet fuel flow is 4.1%, and 
the maximum pressure drop between the inlet and outlet 
is 26.2 kPa. The non-uniformity parameter of the outlet 
flow for a nozzle inner diameter of 600 μm does not ex‐
ceed 5%, indicating a relatively uniform fuel flow distri‐
bution. Therefore, considering the uniformity of fuel dis‐
tribution at the nozzle outlet of the fuel injection ring 
and the power consumption of the fuel pump, a fuel in‐
jection ring with a nozzle inner diameter of 600 μm is 
more suitable for supplying fuel to the combustion cham‐
ber of this micro-turbojet engine.

3　Conclusion

This study numerically investigated the effects of 
nozzle inner diameter and inlet flow rate on the fuel 
flow distribution of injection rings in micro-turbojet en‐
gines using the RNG k- ε turbulence model. The results 
show that reducing the nozzle inner diameter and in‐
creasing the inlet flow rate lead to a more uniform fuel 
flow distribution at the nozzle outlets. For a nozzle diam‐
eter of 300 μm, the non-uniformity parameter remains 
stable across varying inlet flow rates, indicating robust 

Fig. 7　Results of non-uniformity parameters for different 

inlet flow rates and nozzle diameters

Fig. 8　Pressure drop across the inlet and outlet of various 

fuel injection rings
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distribution uniformity. Conversely, larger nozzle diam‐
eters or lower inlet flow rates result in increased flow un‐
evenness. The pressure drop between the inlet and outlet 
increases with decreasing nozzle diameter and increas‐
ing flow rate. Specifically, the pressure drop for a 300 
μm nozzle is approximately ten times that for a 900 μm 
nozzle. Taking both distribution uniformity and pressure 
drop into account, a fuel injection ring with a nozzle in‐
ner diameter of 600 μm is optimal for the micro-turbojet 
engine discussed in this paper.
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摘要摘要：：喷油环是为发动机燃烧室供给燃油的关键部件，喷嘴出口燃油流量分布的均匀性直接影响发动机性能。

针对喷油环喷嘴出口燃油流量分布不均匀的问题，本文采用ANSYS Fluent软件进行数值模拟，计算得到喷油

环各喷嘴出口的燃油流量值及进出口压降，并分析了进口流量和喷嘴内径对燃油流量分布及进出口压降的影

响。研究结果表明：减小喷嘴内径、增大进口流量，可使喷嘴出口的燃油流量分布更加均匀；此外，喷嘴内径

减小会导致进出口压降增大。本文所研究的雷霆LT70微型涡喷发动机适配喷嘴内径为600 μm的喷油环。

关键词关键词：：微型涡喷发动机；数值模拟；燃油喷嘴；流量分布
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