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Abstract. The pressure pulsation caused by the combustion of the combustion chamber of the scramjet 
engine has a great influence on the flow and performance of the inlet. Although the isolation section 
prevents the propagation of this pressure pulsation, the pressure pulsation still flows to the inlet flow field. 
And performance has an adverse effect. In this paper, a method for calculating the dynamic performance 
parameters of the inlet is discussed. The influence of the pulsating pressure of the combustion chamber on 
the performance of the inlet is preliminarily studied. The influence law of different forms of back pressure 
pulsation on the flow coefficient and the total pressure recovery coefficient is obtained. Different back 
pressure pulsation forms have a great influence on the flow coefficient. The faster the response, the more 
obvious the change of the flow coefficient. The larger the reduction, the more likely the inlet channel will 
not start. Different back pressure pulsations have little effect on the total pressure recovery coefficient. In 
the design of the intake port, the influence of the back pressure pulsation on the performance of the intake 
port should be fully taken into consideration, and measures should be taken to prevent the performance of 
the intake port from being affected by the back pressure pulsation. 

1 Introduction 
The structure of the hypersonic vehicle, the scramjet and 
the intake port is shown in Figure 1. The inlet of the 
scramjet engine is the intake device of the scramjet 
engine, and its performance is directly related to whether 
the scramjet engine can work normally and its 
performance is good or bad. Researchers at home and 
abroad have conducted a lot of research on this and have 
achieved fruitful work [1, 2, 3, 4, 5, 6]. During the 
operation of the scramjet engine, the pressure pulsation 
caused by the combustion of the combustion chamber 
has a great influence on the airflow of the intake port[7, 
8]. Although the isolation section prevents the 
propagation of such pressure pulsation, the pressure 
pulsation is still correct. The flow and performance of 
the airway flow field have an adverse effect. This paper 
explores a calculation method to simulate the influence 
of combustion chamber pressure pulsation on the 
performance of the inlet. Although there is a certain 
difference between the actual combustion pressure and 
the pulsation on the inlet, it can be approximated to 
simulate its trend. Research lays the foundation.  

2 COMPUTATIONAL METHODOLOGY 

2.1 Computational Model and Method 

The supersonic combustor considered in the present 
study uses the binary air-inlets model in paper, the 
geometry structures and parameters as shown in the Fig. 
2. and Table 1. [9]. The calculated flow conditions are: 
the incoming Mach number Ma=6, the total pressure 
Pt=4137551.21Pa, and the total temperature Tt=1718.6K. 

 

Fig. 1. Schematic diagram of scramjet engine structure 
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Fig. 2. The sketch of the binary air-inlets/ the separation of the isolation period model 

Table 1. The size of the binary air-inlets/ the separation of the isolation period model  

1 （º） 2 （º） 3 （º） 1L
（mm） 

2L
（mm） 

3L
（mm） 

4L
（mm） 

5L
（mm） 

thh
（mm） 

6.0 6.78 7.70 628.92 925.17 1295.42 1200 1655.42 30 

2.2 Approaching method of air-inlet parameters 

The air-inlet parameters are composed of total pressure 
recovering coefficient, flow rate coefficient, additional 
resistance coefficient and ram ratio. This paper  mainly 
uses total pressure recovering coefficient and flow rate 
coefficient to evaluate the performance of the scramjet 
air-inlet. 

(1) Total pressure recovering coefficient is defined as 
ratio between inlet average total pressure and outlet 
average total pressure which is to assess the airflow 
kinetic energy loss in the process of stagnation. Equation 
for this is given by Eq. (1) 
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(2) Flow rate coefficient ratio, ratio between actual 
inlet flow rate coefficient and inlet free flow rate 
coefficient without being disturbance. Equation for this 
is given by Eq. (2) 
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2.3 Geometry design and Numerical approach 

A refined grid was developed with Gambit to simulate 
the air-inlet section geometry for the CFD solver. On 
account of the complicacy of the air-inlet structure, the 
whole area is separated into eight parts. In consideration  
of the influence of layer boundary, increasing the 
boundary layer mesh is necessary. As shown in Figure 3. 
As is shown in figure 2, a-b-c is designated as pressure 
inlet, c-d-e-f-g is designated as pressure-far-fields, g-h is 
designated as pressure-outlet, a-m-l-k-j，i-n and n-o-h 
are designated as wall boundaries, and i-j is defined as 
unsteady Back-pressure dynamic fluctuation boundary 
conditions through UDF. 
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Figure 3. Geometry of air-inlet and boundary calibration 
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Figure 3. Geometry of air-inlet and boundary calibration 

 

2.4 Computational Methodology 

In addition to the compressible Navier-Stokes and 
energy equations, the K-epsilon Turbulence model is 
utilized in this paper. In near wall region non-
equilibrium wall function method is adopted. In order to 
catch the shock wave, double-precision equation solver 
and implicit coupling method are applied. Second Order 
Upwind was selected in discretization scheme.  

   ∫
∂ Q
∂ tΩ 𝑑𝑑Ω + ∮ (�⃗�𝐹 − �⃗�𝐺) ∙ 𝑑𝑑𝑑𝑑 = 0Γ          

（3） 

2.5 Initial conditions and Convergence criteria 

First, initialize the flow field with the calculation result 
of steady-state. The shock wave increases residuals, so 
when every parameter’s residual is below 10-3 and 
keeping steady, criterion for convergence is met.  

3 RESULTS AND DISCUSSION 

Internal and External flow field in air-inlet were 
simulated on different back-pressure conditions at the 
combustor entrance corresponds to Mach 6 scramjet 
flights. To find out how the pressure fluctuation of the 
scramjet combustor influents the flow and performance 
of the scramjet inlet, UDF part in Fluent was applied to 
simulate two different back-pressure fluctuations in the 
same amplitude but different responses which is shown 
 in figure4.
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      （b）Pulsation form b 

Fig. 4. Simulating back-pressure pulsation form in combustor 

Figure 5 shows the nature changeability in flow rate 
coefficient as time increases for two pulsating forms. 
Figure 6 shows the nature changeability in total pressure 
recovering rate as time increases for two pulsating forms. 
From the whole tendency of the curves, the flow rate 
coefficient and the total pressure recovering rate reduce 
as time increases while fluctuating in the middle of the 
cures. Back-pressure pulsation has great effects on the 
flow rate coefficient but has little effect on total pressure 
recovering rate. In the pulsating form a, the flow 
coefficient is 0.15, and in the pulsating form b, the flow 
coefficient is 0.45. Different back pressure pulsations 
have little effect on the total pressure recovery 

coefficient. The total pressure recovery coefficient of the 
two pulsating forms remains basically unchanged at 
around 0.27. Comparing a with b in figure 5, the 
responding faster the more obvious the changeability of 
flow rate coefficient. It may cause the air-inlet flaming 
out when the back-pressure is too low. Figure 6 shows 
that the total pressure recovering rates for different air-
inlets are similar with each other in different back-
pressure pulsation forms. So, it is necessary to take the 
influence of back-pressure pulsation which is caused by 
ignition into consideration when designing air-inlet in 
major engineering design projects. 
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（a）Pulsation form a 

 
（b）Pulsation form b 

Fig. 5. Air-inlet flow rate coefficient as time increases 

 

 
（a）Pulsation form a 

 

（b）Pulsation form 

Fig. 6. Air-inlet total pressure recovering rate coefficient as time increases 

4 Summary and Conclusions 
In this paper, the influence of the pressure fluctuation of 
the scramjet combustor on the flow and performance of 
the scramjet inlet were studied, conclusions are as 
follows: 

(1)Back-pressure pulsation has great effects on the 
flow rate coefficient but has little effect on total pressure 
recovering rate. Comparing a with b in figure 4, the 
responding faster the more obvious the changeability of 
flow rate coefficient. It may cause the air-inlet flaming 
out when the back-pressure is too low. 

(2) Back-pressure pulsation has little effect on total 
pressure recovering rate. 

(3) It is necessary to take the influence of back-
pressure pulsation into consideration and take measures 
to prevent substantial fluctuation performance of the 
scramjet inlet when designing air-inlet in major 
engineering design projects.  
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Fig. 5. Air-inlet flow rate coefficient as time increases 
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Fig. 6. Air-inlet total pressure recovering rate coefficient as time increases 
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