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Abstract. When rocket flying at high speed, large air resistance will generate at the front and around
the rocket fairing. Results in significant reduction of the rocket's range and speed. The research
shows that the air resistance produced by the fairing accounts for more than half of the total
resistance of the rocket. As the shape of fairing is axisymmetric, a 2D model with triangle mesh was
used for simulation to analyze the pressure around fairing. Eight group of fairing with aspect ratio
from 0.25 to 2 were studied under the compressible non viscous airflow with 200 m/s incoming speed.
The air resistance decreases with the increase of the aspect ratio, and the high pressure area around
the fairing also reduces from more than a half to one third of the total fairing length. In these eight
groups of fairings, the fairing with aspect ratio 2 performs best, receives the minimum air resistance
and with pressure mainly distributed at the front end of the fairing.

Keywords: rocket; air resistance; axisymmetric.

1. Introduction

As an important high-tech equipment developed by a country, its technological development can
often represent the industrial level and the highest technological development of the entire country.
Especially in the new century, all countries are paying close attention to the development of aerospace
[1-2]. The maturity of rocket technology plays an important role in the development of the aerospace
industry. At present, the components of each part of the rocket must be highly coordinated and
coordinated during the lift-off process to ensure that the rocket can successfully complete its mission
[3]. In the early days, the air resistance was often enormous due to the speed at which the rocket was
lifted into the air. Therefore, the outer fairing of the rocket often faces huge mass pressure, otherwise
it will have an impact on the overall quality and working performance of the rocket [4]. When the
rockets of various countries fly at high speeds, a large air resistance will be generated in front of and
around the rocket fairing [5]. This results in a significant reduction in the range and speed of the
rocket. Studies have shown that the air resistance created by the fairing accounts for more than half
of the rocket's total drag. Therefore, optimizing the design of the fairing has direct significance for
reducing air resistance and improving rocket performance [6].

This paper will analyze the external flow field and pressure distribution of the rocket fairing by
means of numerical simulation, and obtain the flow field parameters outside the fairing through
numerical simulation, which can provide important reference and reference for the design of the
rocket fairing in the future.

2. Method

As the shape of fairing is axisymmetric, a 2D model with triangle mesh was used for better
calculation efficiency as the calculation accuracy was also ensured [7-8]. The diameter of the fairing
are all 20 cm, and 20 cm length was set as a standard L. From 0.25 L to 2 L, use 0.25 L as a width
step, eight groups of fairings were studied. For meshing, unstructured mesh was used as it can support
any shape of cells with unlimited number of cell edges, makes it can simulate natural geometric
boundaries well [9]. The grid division results of the external flow field are shown in Figure 1. The
length of the flow field area is 150 cm and the height is 70 cm.
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Fig. 1 Example of mesh of fairing with length 2L
Pressure based solver and coupled method were used as the flow field is subsonic. The left
boundary of fluid area was named as inlet and the right boundary was named as outlet. The inflow

speed from inlet was set as 200 m/s. residual error value was set to 1*10-5, K-epsilon model was used
[10-11].

3. Results and Discussion
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Fig. 2 Pressure contour of fairing

For the eight groups of fairing studied, facing the same incoming air flow of 200 m/s speed. The
air resistance decreases with the increase of the aspect ratio, from the greatest 0.25 L case, at about
69 kpa as shown in Figure 2(a), to the smallest 2 L case as shown in Figure 2(h), around 36.3 kpa. In
terms of pressure, say that 16 kpa is a high pressure region for body, then for aspect ratio less than 1,
the high pressure region covers half or more than a half of the fairing body, as shown in Figure 2(b).
For aspect ratio between one and two however, it only affects the front one third region of the fairing
as can be inspected clearly from Figure 2 (h), and for the middle part of fairings with aspect ratio
more than 1, the average pressure is around 70 pa. As a result, for the eight group of fairings studied,
under the premise of ideal non viscous air flow of 200 m/s, the 2 L fairing performs best, receives the
minimum air resistance and with pressure mainly distributed at the front end of the fairing [12-14].

The overall results are quite accurate compares with Olivares simulation [1], this model has much
more meshes and better calculation model [15]. But since this simulation only simulates the
relationship between compressible air flow and pressure, without considered the effects of viscosity,
heat, angle of attack and other factors, small differences are expected to occur when facing the actual
flight data in reality [16].

For unguided rockets, reducing flight resistance and being able to eject at an appropriate time are
the two main objectives of the fairing. For long-distance high-performance rockets, reducing
resistance is even more important. Therefore, in order to meet the special requirements of rocket
design, a more accurate simulation with specific environmental condition will be redone in the future.

4. Conclusion

Eight group of fairing with aspect ratio from 0.25 to 2 were studied under the compressible non
viscous airflow with 200 m/s incoming speed. The air resistance decreases with the increase of the
aspect ratio, and the high pressure area around the fairing also reduces from more than a half to one
third of the total fairing length. In these eight groups of fairings, the 2 L fairing performs best, receives
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the minimum air resistance and with pressure mainly distributed at the front end of the fairing. A
more accurate simulation with specific environmental condition will be redone in the future.
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