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NOMENCLATURE
k : Turbulent kinetic energy(m2/s2)
l : Height of the gap (m)
Mω : Molecular weight (kg)
n : Number of the grids at the outlet of the gap
p : Static pressure (Pa)
pop   : Working pressure (Pa)
Pk  : Effective production rate of k (kg/(m∙s3))
Pω   : Production rate of ω (kg/(m3∙s2))
R : Ideal gas state constant (J/(mol∙K))
S : Leakage flow (kg/(m∙s))
T : Temperature (K)
U : Incident free-stream flow velocity (m/s)
vi     : Flow velocity of gas at grid i (m/s)
xi      : Height of grid i (m)
b,b* : Turbulence modeling constant
m : Dynamic viscosity (m2/s)
μt : Modified eddy (or turbulent) viscosity (kg/(m∙s))
r : Density of fluid (kg/m3)
ρi : Density of gas at grid i (kg/m3)
sk ,sω    : Diffusion constant
sω2    : Diffusion constant related to the transformed 
   k-ω model
ω : Specific turbulent dissipation rate (1/s)

1. INTRODUCTION
The basic principle of gun launch is to use a high-pressure 

gas generated by the instantaneous detonation of gunpowder 
in a bore to throw a projectile along a certain trajectory. To 
achieve the range of a howitzer of more than 50 km, the 
muzzle velocity of a projectile needs to reach the value of 
approximately 900 m/s, and the bore pressure should be from 
300 MPa to 400 MPa or even higher. Therefore, designing a 
reliable sealing obturation mechanism is crucial to achieving 
good gun performance. 

As a large-caliber gun howitzer is considered in this 
study, the mixed obturation mode along the radial direction in 
the bore and along the end face outside the bore is employed, 
which has been widely used in howitzers1. The obturation 
along the end face refers to the seal between the obturator ring 
and the breechblock in the obturation mechanism. Howerver, it 
is necessary to reserve an initial gap between the obturator ring 
and the breechblock to allow breechblock movement along the 
end face, which is the main cause of gas leakage in a gun. It can 
be inferred that the gas leakage is mainly related to the contact 
between the obturator ring and the breechblock and the flow of 
the gunpowder gas through the gap.

Since there have been fewer public studies on the sealing 
of the obturation mechanism, it has been necessary to learn 
from the research in other fields related to contact mechanics 
or hydrodynamics, or both. Murtagian, et al. investigated the 
influences of the contact pressure, seal length, load history, 
and other relevant factors on the effectiveness of metal-
to-metal stationary seals through experiments and contact 
mechanics calculation and defined a sealability criterion for 
the metal-to-metal seal2. With the development of numerical 
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ABSTRACT

A reserved gap between the obturator ring and the breechblock in the obturation mechanism of a large-caliber 
gun is required in the locked state of the gun, which is the main cause of gas leakage. In this study, the finite element 
analysis of the dynamic contact between the obturator ring and the breechblock and the computational fluid dynamics 
(CFD) analysis of the high-pressure gas flow through the gap between the obturator ring and the breechblock are 
conducted. The results show that the smaller the reserved gap is, the shorter the time period during which the contact 
pressure is zero after the obturator ring contacts with the breechblock will be under a low-bore pressure condition. 
The results also demonstrate that the leakage flow at the outlet of the gap and the gas flow in the external domain 
increase with the reserved gap size, and the gas flow in the external domain decays rapidly if the reserved gap is 
less than or equal to 0.02 mm under a high bore pressure condition. Based on the simulation results, the appropriate 
reserved gap value is determined and adopted in the studied gun, and good results are achieved in the firing tests.
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numerical simulations, the main design parameters affecting 
the sealing performance could be optimized.

In this paper, the determination of a reserved gap between 
an obturator ring and a breechblock in the studied obturation 
mechanism is considered, and the numerical simulations of a 
dynamic contact between the obturator ring and the breechblock 

(a)

(b)
Figure 1. Geometry model of the obturator assembly: (a) Whole 

assembly and (b) Quarter of the assembly.

(a)

(b) (c)
Figure 2. (a) Finite element model of the obturator assembly and bore pressures; (b) Low bore pressure and (c) High bore pressure.

calculation methods, many studies have used the finite element 
method to analyze the sealing performance of structures by 
investigating the contact stresses at interfaces3–8. For instance, 
Zhang and Hu compared the mechanical properties and sealing 
performance of double-metal and single-metal sealing systems 
in roller cone bits and analyzed the effects of the compression 
ratio, fluid pressure, and thermal load on the contact stress 
distribution of a seal structure using the finite element method3. 
Some researchers used the computational fluid dynamics 
method to analyze sealing performance in view of the flow 
of sealed fluid9–13. Ledoux, et al. investigated the influence of 
surface defects on the static flat seal efficiency by computing 
the contact transmissivity using the Reynolds model for 
incompressible flow.9 However, for a more comprehensive 
analysis, it is necessary to consider not only the contact but also 
the flow of the sealed fluid in sealing structures. Some scholars 
conducted analyses based on solid contact mechanics and fluid 
mechanics14–16. For instance, Ma, et al. studied the sealing 
performance of the new-generation single energizer metal seals 
through the thermal-fluid-solid coupling analysis; the sealing 
performance of the new-generation single energizer metal 
seals was investigated under different operating conditions and 
structural and material parameters16. Based on the results of the 
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and a high-pressure gas flowing through the gap between them 
are conducted. The influences of the dynamic contact of the 
seal parts and the flow of the gas passing through the time-
varying gap on the sealing performance of the obturation 
mechanism are comprehensively analyzed. In particular, the 
gas flow in the external area out of the gap is simulated to 
investigate the effect of the reserved gap on the performance 
of the obturation mechanism, which has rarely been reported 
in the related literature. Based on the analysis results, an 
appropriate value of the reserved gap between the obturator 
ring and the breechblock in the studied gun is determined.

2. OBTURATION MECHANISM IN THE LARGE 
CALIBER GUN HOWITZER
The obturation mechanism of a large-caliber gun howitzer 

studied in this paper is composed of a bushing, an obturator 
ring, and a breechblock, and its three-dimensional geometric 
model is shown in Fig. 1(a). Considering the structural 
symmetry, the model of a quarter structure is constructed for 
the finite element contact analysis, as shown in Fig. 1(b). The 
obturator part in the obturation mechanism is a metal obturator 
ring. Its cylindrical surface of the front part is matched with the 
inner wall of a bushing, and its rear end face (i.e., the bottom 
surface) is perpendicular to its cylindrical surface. There is an 
initial gap between the bottom surface of the obturator ring and 
the top surface of the breechblock to allow the opening and 
closing movements of the breechblock, as presented in Fig. 
1(b). When a projectile is fired, the front cylindrical surface 
of the obturator ring will expand radially to fit with the inner 
wall of the bushing and achieve radial sealing. Meanwhile, the 
obturator ring will move axially to eliminate the reserved gap 
and then will achieve end face sealing under the action of the 
gunpowder gas pressure in the bore. To improve the sealing 
reliability, several annular grooves are set on the bottom 
surface of the obturator ring to form labyrinth seals.

3. FINITE ELEMENT ANALYSIS OF DYNAMIC 
CONTACT BETWEEN OBTURATOR RING 
AND BREECHBLOCK 

3.1 Finite Element Model
In this study, Abaqus 6.14 was adopted for finite element 

dynamic contact analysis. The quarter model of an obturator 
assembly, shown in Fig. 1(b), was meshed by hexahedral 
elements. The element size at the groove of the obturator ring 
was 0.2 mm, and it gradually increased to 0.5 mm and then to 
1.0 mm in other areas in this part. The element size selected for 
the regions with key contact surfaces was 1 mm, and a larger 
element size of 2 mm was used for other regions in the bushing 
and breechblock. The mesh size were verified by examining 
the convergence of the model. The obtained mesh model of 
the obturator assembly is shown in Fig. 2(a). The material of 
the obturator ring, bushing, and breechblock was high-strength 
gun steel with a mass density of 7.85 t/m3. Because the yield 
limit of this material was very high (higher than 882 MPa17) 
compared to the stress values observed in the analysis, the 
material model was adopted as linear elastic, with an elastic 
modulus value of 206 GPa and a Poisson’s ratio of 0.27.

Fixed constraints were applied on the outer cylindrical 
surface of the bushing and the bottom of the breechblock, and 
symmetric constraints were applied on symmetrical planes of 
the quarter model. Friction contacts were defined between the 
inner surface of the bushing and the outer cylindrical surface 
of the obturator ring, as well as between the top surface of 
the breechblock and the bottom surface of the obturator 
ring. Further, the Coulomb friction model was adopted for 
the contacts, and the friction coefficient was set to 0.12. The 
dynamic gas pressure generated by the gunpowder detonation 
was applied to all the inner surfaces of the obturator assembly, 
including the gap. In this study, two bore pressures, namely 
a low bore pressure at a low projectile-launching speed and 
a high bore pressure at a high projectile-launching speed, are 
considered, as shown in Figs. 2(b) and 2(c), respectively.

3.2 Finite Element Analysis Results and Discussion
By using the previously established model, the transient 

dynamics analysis was conducted, and the obtained results are 
presented in Fig. 3.

3.2.1 Low Bore Pressure Condition
There is a reserved gap between the obturator ring and 

the breechblock, as shown in Fig. 1(b). Driven by the gas 
pressure in the gun bore, the obturator ring moves to contact 
with the breechblock to achieve sealing. When the gas pressure 
in the bore is low, the contact between the obturator ring and 
the breechblock might not be tight enough. Therefore, the 
dynamic contact pressure, representing the normal contact 
stress, between the obturator ring and the breechblock was 
investigated. It was found that the obturator ring would rebound 
in the initial contact stage; namely, the contact pressure value 
would become zero after the obturator ring contacted with the 
breechblock. For the reserved gap of 0.02 mm, the distributions 
of the contact pressure on the breechblock at different times 
after the obturator ring contacted with the breechblock are 
shown in Fig. 3(a). It can be seen that the obturator ring began 
to contact with the breechblock 0.1 ms after the launch, and the 
contact pressure was zero at 0.12 ms and 0.16 ms. After that, as 
the gas pressure increased, the rebound no longer occurred, and 
the obturator ring and the breechblock were in close contact.

Table 1. Changes of contact pressure with time at points A, 
B and C

Time
(ms)

Contact pressure (MPa)
Point A Point B Point C

0.1 1.859 0 0
0.11 5.45296 2.27854 1.66791
0.12 0 0 0.977345
0.13 0 0 0
0.14 6.39499 0 0
0.15 3.22203 0 0
0.16 0 0 0
0.17 0.0437504 0 0
0.18 1.62064 0.634733 0
0.19 0.316023 1.1168 0.443389
0.20 0.931178 0 0
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(a)

(b) (c)
Figure 3.  (a) Distributions of contact pressure on the breechblock at different times with the reserved gap of0.02mm: i. 0.10ms, 

ii. 0.11ms, iii. 0.12ms, iv. 0.14ms, v. 0.16ms, vi. 0.18ms; (b) Contact pressure on the breechblock when the bore pressure 
reaches its peak and (c) deformation of the obturator ring.

The time duration of the transient dynamic analysis was 
longer than 40 ms, but the time before the obturator ring was 
in stable contact with the breechblock was very short, less 
than 1 ms. Since this study investigated the rebound of the 
obturator ring, only the results before the obturator ring and 
the breechblock were in stable contact were considered. The 

changes in the contact pressure with time at points A, B, and C 
on the bottom surface of the obturator ring (see Fig. 2(a)) at the 
initial stage of the contact between the obturator ring and the 
breechblock with the reserved gap of 0.02 mm are presented in 
Table 1. It can be seen that the time period during which the 
contact pressure on the bottom surface of the obturator ring was 
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zero increased from the inside out. Accordingly, the rebound 
duration at point A was the shortest. When the reserved gap was 
set to 0.01 mm, 0.02 mm, 0.03 mm, 0.04 mm, and 0.05 mm, 
in turn, the behavior was similar, and the rebound duration at 
point A increased with the reserved gap size.

3.2.2 High Bore Pressure Condition
The results of the finite element simulation at the high-

pressure condition showed that the bottom surface of the 
obturator ring kept contact pressure after it made the first 
contact with the breechblock, which indicated there were no 
rebound effects as under the low-pressure condition. When 
the bore pressure reached its peak value, the contact pressure 
on the breechblock also had its maximum value of 466 MPa, 
as shown in Fig. 3(b); this pressure was higher than the bore 
pressure and could ensure sealing. Under this condition, the 
focus was on the leakage of the high-pressure gas from the 
gap before the obturator ring contacted with the breechblock. 
Therefore, the dynamic change in the distance between the 
obturator ring and the breechblock before they were in contact 
was investigated. Under the action of the gas pressure in 
the bore, the axial displacements of different points on the 
bottom surface of the obturator ring gradually decreased from 
the inside out due to the deformation, as shown in Fig. 3(c). 
Further, changes in the distance between the bottom surface 
of the obturator ring and the top surface of the breechblock at 

different locations were calculated. The changes in the distance 
at points A, B, and C on the bottom surface of the obturator ring 
before the obturator ring was in contact with the breechblock 
obtained for different reserved gap sizes are presented in  
Table 2. It should be noted that when the distance at a point was 
zero, the obturator ring was in contact with the breechblock 
at that point. From the inside out, point A contacted with the 
breechblock first among the three points, blocking the gas 
leakage. The results demonstrated that the larger the reserved 
gap size was, the later the contact occurred.

4.   COMPUTATIONAL FLUID DYNAMICS ANALYSIS 
OF GAS FLOW UNDER HIGH BORE PRESSURE 
CONDITION

4.1 Turbulence Model
The flow and leakage of a high-pressure gas through the 

gap between the obturator ring and the breechblock under a high 
bore pressure condition were investigated through the CFD 
analysis using ANSYS Fluent 2020R2 software considering 
different reserved gaps. The main equations of the flow include 
the continuity equation and Navier Stokes equation.Due to 
the large changes in the gas pressure in the gun bore, it was 
necessary to consider the turbulent flow and compressibility of 
the gas, so a k-ω SST (shear stress transport) turbulence model 
was adopted. This model comprises two equations18, 19, one 
defining the turbulent kinetic energyk, and another defining 
the specific turbulent dissipation rate ω, which are respectively 
given by:
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where r is the fluid density; U represents the incident free-
stream flow velocity; Pk is the effective production rate of k; μ 
is the dynamic viscosity; μt is the modified eddy (or turbulent) 
viscosity; Pω is the production rate of ω; F1 denotes the blending 
function; b* and b are the turbulence modeling constants; sk 
and sω are the diffusion constants; sω2 is the diffusion constant 
related to the transformed k-ω model.

The ideal compressible gas model was used to simulate 
a high-pressure gas in the bore, which was defined as follows:

op

ù

 = 
p p

R T
M

r
+

,                 (3)
where, pop is the working pressure, which represents the 
dynamic gas pressure relative to the static pressure; p is the 
static pressure; R is the ideal gas state constant; Mω is the 
molecular weight; T is the temperature.

4.2 Fluid Domain Modeling
The fluid domain formed by the high pressure gas flowing 

through the gap between the obturator ring and the breechblock 

Table 2.  Distances between the bottom surface of the obturator 
ring and the top surface of the breechblock at points 
A, B and C with different reserved gaps

Reserved 
gap
(mm)

Time
(ms)

Distance (mm)

Point A Point B Point C

0.01

0.0 0.01 0.01 0.01
0.005 0.0086845 0.00916065 0.0096636
0.01 0.0066648 0.00792554 0.0091614
0.015 0.0018426 0.0052455 0.0081993
0.02 0 0.00178853 0.006565

0.02

0 0.02 0.02 0.02
0.01 0.0156048 0.0173524 0.018934
0.02 0.0035899 0.01065605 0.016398
0.03 0 0.002842 0.0096825

0.03

0 0.03 0.03 0.03
0.01 0.02560477 0.0273524 0.028934
0.02 0.0135899 0.02065605 0.026398
0.03 0 0.0100932 0.0201864

0.04

0 0.04 0.04 0.04
0.01 0.0356048 0.0373524 0.038934
0.02 0.0235899 0.03065605 0.036398
0.03 0.0037218 0.0188844 0.030658
0.04 0 0.0070282 0.0181694

0.05

0 0.05 0.05 0.05
0.01 0.0456048 0.0473524 0.048934
0.02 0.0335899 0.04065605 0.046398
0.03 0.0137218 0.0288844 0.040658
0.04 0 0.0144316 0.0288404
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can be divided into an internal domain and an external domain 
as shown in Fig. 4. Since the fluid domain is circumferentially 
consistent, considering the calculation efficiency and accuracy, 
a two-dimensional fluid domain was the constructed for the 
CFD analysis. The height of the internal fluid domain at each 
point is time-varying according to the distance change between 
the deformed bottom surface of the obturator ring and the top 
surface of the breechblock, as described in Section 3.2.2.

Different fluid domains were meshed with different grid 
sizes determined by the convergence analysis. The grid size 
at the gap between the obturator ring and the breechblock was 
set to 10-6 m, and the grid size at the annular hollows and in 
the external flow domain was set to 10-5 m. The meshes of the 
fluid domains were adjusted according to the time-varying 
height of the gap.The boundary conditions of the model 
related to the inlet pressure, which denoted the gas pressure 
in the bore changing with time (Fig. 2(c)), the outlet pressure, 
which represented the atmospheric pressure, and the normal 
temperature wall with a temperature of 298.15 K.

the rapid decrease in the gap size, although the gas pressure 
increased.

4.3.2 Gas Flow in the External Domain
The leakage of a high-pressure gunpowder gas during 

the projectile launch will both affect the acceleration of the 
projectile and threaten the safety of operators. Therefore, 
the dynamic flow’s behavior of the high-pressure gas in the 
external domain was investigated, and the gas velocity cloud 
diagrams at the time of 0.01 ms under different reserved gap 
sizes were determined, as shown in Fig. 6.

The results indicated that there was only a weak gas flow 
at the outlet of the gap when the reserved gap was 0.01 mm. 
When the reserved gap size was 0.02 mm, the flow of the gas 
in the external domain became obvious but decayed rapidly 
and almost disappeared at the outlet of the external domain. 
When the reserved gap size reached a value of 0.03 mm, there 
was an obvious jet phenomenon in the gas flow, and a Mach 
ring unique in the supersonic flow appeared at the outlet of the 
gap. The gas mainly flowed along the axial direction of the 
breechblock due to the wall obstruction. When the reserved 
gap size was 0.04 mm or 0.05 mm, the violent jet phenomena 
occurred in the gas flow, and the gas was ejected radially along 
the upper wall. 

5. DETERMINATION OF RESERVED GAP BETWEEN 
OBTURATOR RING AND BREECHBLOCK
The results of the finite element analysis of the dynamic 

contact between the obturator ring and the breechblock showed 
that the smaller the reserved gap was,  the shorter the time 
period during which the contact pressure was zero after the 
obturator ring contacted with the breechblock would be; thus, 
the better the sealing performance was under the condition of 
a low bore pressure. The results of the CFD analysis of the gas 
flowing through the gap showed that the smaller the reserved 
gap was, the smaller the leakage flow at the outlet of the gap 
was and the weaker the external leakage flow of the gas was 
under the condition of a high bore pressure. Considering 
that the launch frequency of a gun is relatively high (i.e., 
eight rounds per minute or even higher), a too-small reserved 
gap will hinder the operator from rapidly pulling or pushing 
the breechblock to open or close it. Further, the simulation 
results of the high-pressure gas flow in the external domain 

Obturator ring

Breechbloch

(a)

(b)
Figure 4.  Model of the fluid domain: (a) Fluid domain; (b) 

Two-dimensional model.

4.3 CFD Analysis Results and Discussion
4.3.1 Gas Leakage Through the Gap

The gas leaking through the gap between the obturator 
ring and the breechblock was defined using the leakage flow S 
(kg·m-1·s-1) at the outlet of the gap, which can be expressed by:

0
1

d
nl

i i i
i

S v x v xr r
=

= = ∑∫
,              (4)

where, l (m) is the height of the gap between the obturator ring 
and the breechblock; n is the number of grids at the outlet; vi 
(m·s-1) is the flow velocity of the gas at a grid i; ρi (kg·m-3) is 
the gas density at grid i; and xi is the height of grid i.

The changes in the leakage flow at the outlet of the gap 
at several moments after launch and before the obturator ring 
contacted with the breechblock for different reserved gap 
sizes were obtained, as shown in Fig. 5. It can be seen that the 
leakage flow increased with the gap size at any time point, and 
the gas leakage flow reached the maximum value at the time 
of 0.01 ms. Before 0.01 ms, the leakage increased with the 
rapid increase in the gas pressure, although the gap gradually 
decreased. However, after 0.01 ms, the leakage decreased with 

Figure 5. Changes of leakage flow with time with different 
reserved gaps.
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Figure 6.  Gas velocity distributions in the external domain with 
different reserved gaps: (a) 0.01mm; (b) 0.02mm; (c) 
0.03mm; (d) 0.04mm; (e) 0.05mm.

(e)

(d)

(c)

(b)

(a)

indicated that the flow of the gas decayed rapidly and did not 
pose a threat to the safety of operators when the reserved gap 
was less than or equal to 0.02 mm. Accordingly, the reserved 
gap of 0.02 mm should be appropriate for the gun considered 
in this study. 

After the obturation mechanism was designed and 
processed for the reserved gap of 0.02 mm and applied to the 
gun for firing tests, it was found that the surface of the obturator 
ring after launch was in good condition. In the early stage, the 
reserved gap of 0.04 mm was adopted in the same gun, and 
the obturator ring was heavily eroded by the leakage gas after 
launch. Therefore, the reserved gap between the obturator ring 
and the breechblock in the obturation mechanism was finally 
set to 0.02 mm for the considered large-caliber gun howitzer. 

6. CONCLUSION
This paper aims to determine an appropriate value of the 

reserved gap between the obturator ring and the breechblock 
in the obturation mechanism of a large caliber gun howitzer 
by performing the finite element analysis of dynamic contact 
between the obturator ring and the breechblock and the CFD 
analysis of the high-pressure gas flow through the gap between 
the obturator ring and the breechblock. The results of the 
dynamic contact analysis obtained using different reserved 
gap sizes show that under the condition of low bore pressure, 
the smaller the reserved gap is, the shorter the time period 
during which the contact pressure is zero after the obturator 
ring contacts with the breechblock is. The results also indicate 
that the phenomenon of the zero contact pressure on the 
whole bottom surface of the obturator ring after the obturator 
ring contacts with the breechblock does not occur under the 
condition of high bore pressure. In addition, the changes in the 
distance between the deformed bottom surface of the obturator 
ring and the top surface of the breechblock are calculated at 
different locations under this condition.

The CFD analysis results obtained under the high bore 
pressure condition show that the leakage flow at the outlet of 
the gap between the obturator ring and the breechblock and 
the gas flow in the external domain increase with the reserved 
gap size for any time point. The results also demonstrate that 
the flow of the gas in the external domain decays rapidly and 
does not pose a threat to the safety of operators if the reserved 
gap is less than or equal to 0.02 mm. Thus, the reserved gap of 
0.02 mm is finally adopted in the gun considered in this study, 
and good results are achieved in the firing tests.
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