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1-Introduction

Since the beginning of the space age, parachute-based
recovery systems have often been used to recover space
cargo. In this case, two-stage parachute systems are
usually used to recover a space cargo. Due to the high
initial speed of the cargo when it enters the atmosphere, a
high-speed parachute stage is used to reduce the speed of
the cargo and make it stable. The so-called first-stage
parachute is called a brake chute. Brake chutes are usually
of balut, ribbon, and ring slot types, which are selected and
designed according to the cargo speed, altitude, weight,
and atmospheric conditions. Braking parachutes have
more porosity than textile parachutes. The higher the
porosity of a parachute, the lower the drag coefficient and
opening force, but the higher its stability. This is the reason
for using brake parachutes as the first stage of space cargo
recovery. After reducing the speed of the cargo and
stabilizing it with the braking parachute, the main textile
parachutes are used as the second step of recovery and lead
to a gentle landing of the cargo on the ground.

One of the methods of studying parachutes is to perform
flight tests. In these tests, the cargo and parachute
assembly are tested by a rocket or aircraft. Flight tests are
the most accurate method of evaluating the performance of
parachutes and are the most consistent with realistic
conditions. However, these tests are expensive and cannot
obtain all the required parameters, such as canopy pressure
distribution. In addition to flight testing, other methods,
including truck towing and wind tunnel testing are also
common for evaluating parachute performance.

The truck towing test is performed by restrained
movement (towing) of the parachute by a vehicle, such as
an airplane, missile, truck, van, or boat. Truck towing test
has some advantages, including relatively easy control of
test conditions, accurate performance measurement,
reusability of test vehicles, ease of repeated testing, and
low cost. On the other hand, this method has some
disadvantages, namely the impossibility of testing for high
speeds, limitation in the distance of the parachute from the
vehicle, measurement errors due to diverse factors (e.g.,

ground effects, the effects of vehicle wake region on
parachute aerodynamics, change of wind direction).

In addition to the experimental methods, with the
advancement of computational fluid dynamics (CFD)
techniques and the increase in the processing power of
computers, the use of this method in the design and
performance evaluation of parachutes is constantly rising.
Although the flexible fabric structure of parachutes makes
it difficult to use CFD for performance evaluation,
significant progress has been made in this regard.
Therefore, today we see a wide range of numerical studies
in the field of parachute aerodynamics.

In this research, a flat circular ribbon parachute was
designed and constructed. The parachute model was
created in CATIA software and after mesh generation by
Pointwise software, it was numerically analyzed using
Fluent software. In addition to the numerical simulations,
the performance of the constructed parachute was
evaluated by the truck tow test, which is one of the well-
known tests for evaluating the performance of parachutes.
Comparing the drag coefficient measured in the truck tow
test with the numerical results shows the effectiveness of
this method despite its very low costs compared to other
parachute testing methods. Based on the searches by the
researchers of the present study, no similar research has
compared the results of the truck tow test with those of
CFD onribbon parachutes. Therefore, the current research
can be considered innovative in this sense.

2-Numerical Simulations

The simulations were performed at seven speeds in the
range of 10-120 m/sec. In this case, the flow regime
according to the dimensionless Reynolds number
(Re=puL/p) and considering the inflated diameter of the
parachute as a length scale is in the range of 1-106.
Accordingly, the flow is considered to be incompressible
and fully turbulent. Calculations were performed in three
dimensions on a grid with about 2 million cells using the
finite volume method. Figure 1 shows the designed
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parachute model. An image of the constructed parachute is
also shown in Figure 2.

Figure 3 demonstrates the flow streamlines passing
through and around a sector of a parachute at a speed of
120 m/sec. The color of streamlines is set based on the
velocity magnitude. As can be seen, a large part of the flow
passes through the openings of the parachute. The flow
passing through these holes leads to the breaking of the
vortices in the wake area and prevents the asymmetric
vortex shedding in the wake region. This issue reduces the
range of parachute fluctuations and is the main cause of the
high stability of ribbon parachutes.

3-Experimental Measurements

Unlike the numerical simulations that were performed at
seven speeds of 10, 20, 30, 40, 80, 100, and 120 m/s.
Experimental measurements were performed only at two
speeds of 20 and 30 m/s. The reason for this problem is the
power limitation of the vehicle used to reach speeds greater
than 30 m/s.

Fig. 1. Designed parachute model

Fig. 2. Constructed parachute

The process of inflating the parachute from the
moment it is thrown out of the vehicle to the full
opening stage is shown in Figure 4. The drag coefficient
values calculated by numerical simulation and the
values measured in the truck towing test are shown in
Figure 5. As can be seen, the drag coefficient has almost
a constant value in the investigated speed range.

This issue shows the lack of change in the flow
structures in the examined speed range. As mentioned,
due to the limitations in the speed of the vehicle,
experimental measurements were performed only at
two speeds of 20 and 30 m/s. The difference between
numerical results and experimental data at these speeds

was approximately 10%. This difference can be
attributed to numerical errors, such as discretization
error, turbulence modeling, steady-state simulation, and
grid quality. On the other hand, uncertainties related to
experimental measurements, such as wind speed and
direction, parachute oscillations, and vehicle wake
affect parachute aerodynamics and resualts.

Fig. 3. Flow streamlines around a parachute sector
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Fig. 4. Parachute inflation process
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Fig. 5. Comparison between numerical and experimental
result.

4- Conclusion

In this research, the performance of a flat circular ribbon
parachute was evaluated using CFD and truck towing tests.
The drag coefficient the most important aerodynamic
coefficient of a parachute was measured and compared
using both methods. The comparison of the results showed
the appropriate accuracy of the truck towing test as a
preliminary estimate of the aerodynamic characteristics of
a parachute.
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Derivation of Aerodynamic Characteristics of a Ribbon Parachute by Truck Tow Test
Mohammad Reza Salimi  Amir Hamzeh Farajollahi  Amir Hosein Mohseni kafshgarkolae Mahmood Ayoobi

Abstract Ribbon parachutes are used for speed reduction and stabilization of high-speed payloads and aircraft. The
high porosity and their different geometrical shape are due to the performance of these parachutes at high speeds. In this
paper, a ribbon parachute for recovery of a 350 kg spatial consignment has been designed, and by means of a set of tools,
the aerodynamic and structural loads are calculated. The canopy is made from nylon 66; its deployed diameter is equal
to 1.2 m. First, the types of parachute test methods are introduced. After the initial parachute design, the output of the
design is modeled and simulated. Finally, to evaluate the design brake parachute, the vehicle's parachute traction test
was used for validation. Comparing the results of simulations and experimental data obtained from the truck tow test are
in acceptable agreement with each other, which shows the effectiveness of the truck tow test as a low-cost method for
approximate measurement of drag coefficient and parachute stability at low speeds.

Key Words Brake Parachute Design, Parachute Simulation, Space Payload Recovery, Ribbon Parachute, Truck Tow
Test.
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