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The Mars parachute flight environment is supersonic, low-density, and low dynamic pressures. To ensure the operating
performance and reliability, the design optimization and verification of the Tianwen-1 Mars parachute have been carried out.
Firstly, through supersonic and subsonic wind tunnel tests, the design optimization of the parachute structure is realized.
Subsequently, the high-altitude flight tests of four parachutes were conducted, the drag coefficient and the oscillation angle of
the parachute from supersonic to subsonic speed were gained, and the aerodynamic characteristics and reliable opening of the
parachutes were thoroughly tested and verified. This article presents the design, development, and qualification of the
Tianwen-1 Mars parachute, which can provide a reference for the creation of future Mars exploration parachutes.

1. Introduction

China’s Tianwen-1 Mars probe successfully landed on the
Utopia Plain at 7 : 18 a.m. Beijing Time, on 15 May 2021
[1]. The success rate of Mars missions is about 50%, and
most failures occur during the entry, descent, and landing
(EDL) phase [2]. Parachutes of low-density supersonic play
a vital role in the EDL of Mars and directly determine the
success of the entire mission.

Generally, the disk-gap-band (DGB) parachute has been
primarily employed in the Mars exploration missions to date
[3]. The DGB designs utilized for the successful missions to
Mars fall into three evolutionary phases, an initial Viking
design, modified designs for MPF (Mars Pathfinder) and
MER (Mars Exploration Rover), and a return to the Viking
geometry for the Phoenix, MSL (Mars Science Laboratory),
and Insight and Perseverance [4]. To verify the deceleration
and stability under the Mars conditions, numerous wind
tunnel tests [5, 6], low-altitude subsonic drop tests [7], and
high-altitude flight tests [8–11] have been performed for
Mars missions [12, 13].

From the 1960s, a series of supersonic flight tests, includ-
ing the Planetary Entry Parachute Program (PEPP), the
Supersonic Planetary Entry Decelerator Program (SPED),
and the Supersonic High-Altitude Parachute Experiment
(SHAPE) aimed at maturing supersonic decelerators for

the Mars Viking Project, have been conducted to confirm
the inflation characteristics in low density and high Mach-
number conditions [14–16].

The first DGB used at Mars, on the Viking missions,
leveraged heavily from design aspects of the preceding
PEPP, SPED, and SHAPE tests. The Viking parachute is a
DGB parachute with geometric porosities of 12.5 percent.
Wind tunnel testing was conducted to finalize the parachute
system configuration. The testing results show that the
increase in the ratio of the suspension line length to the
canopy diameter from 1.0 to 1.7 increased the parachute’s
drag coefficient.

The airbag landing system of Mars Pathfinder (MPF)
placed stability requirements on the parachute that could
not be met with a canopy of the geometry flown by Viking.
Thus, the Viking DGB parachute was modified to increase
the length of the band to improve stability, and the MPF
parachute is a DGB parachute with geometric porosities of
9.2 percent [17–19]. Qualification of the MPF parachute
was conducted through wind tunnel tests and low-altitude
flight tests.

Recently, the Low-Density Supersonic Decelerator
(LDSD) supersonic flight tests were conducted to develop
the supersonic disk-sail (SSDS) and the supersonic ring-sail
(SSRS) parachutes based on the MSL parachute [20, 21];
however, the newly developed parachutes failed in each
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flight test. Subsequently, the Advanced Supersonic Para-
chute Inflation Research Experiments (ASPIRE) project
was conducted as a risk reduction activity for the Mars
2020 mission [22–24]. This leads to a critical need to better
understand the dynamics of the supersonic parachute infla-
tion in a Mars-like environment [25].

Using the heritage data from the previous Mars
parachute system, a new DGB parachute was selected as
the candidate for Tianwen-1. The parachute was performed
through wind tunnel and high-altitude flight tests. This
paper describes the design and qualification of the Mars
parachute system of Tianwen-1, which can provide refer-
ences for the development of parachutes for subsequent deep
space exploration missions.

2. Parachute Design

2.1. Mars Parachute Type Analysis and Selection. The Mars
parachute opening flight is characterized by supersonic
speed, low density, and low dynamic pressure [26]. In addi-
tion, atmospheric activities, such as the Martian vortex activ-
ity and dust devil, may cause harsh parachute opening
conditions [27]. Compared with the parachute working on
earth, the parachute of the Mars lander faces more problems
such as difficulty in parachute opening, unstable inflation,
and decreased drag coefficient during working. Therefore,
it is necessary to investigate various parachute opening and
working performances under supersonic conditions [28].

From the 1960s, the United States carried out various
wind tunnel tests and airdrop tests. And three types of
parachutes, such as the DGB parachutes, the cross para-
chutes, and the improved ringsail parachutes, worked under
supersonic, transonic, and subsonic conditions [29, 30]. The
parachutes’ inflation characteristics, drag characteristics, and
stability have been observed, compared, and verified. From
the test results, although the cross parachute has the largest
drag area as the opening speed increases, it exhibits more
excellent vibration and poor stability. In contrast, the
improved ringsail parachute and the DGB parachute work
well under a Mach number of 1.9. And the DGB parachute
is better than the improved ringsail parachute in terms of
inflatable and decedent performances. When working at
supersonic speed and low dynamic pressure, the DGB para-
chute has better inflatable and deceleration performance
than the ringsail parachute [31].

All the foreign landers successfully achieved soft
landing on Mars have used the DGB parachute, which
has good stability and excellent inflation performance
in the supersonic and low-density working environment.
Due to its demonstrated high-altitude performance and
lower technical risk, the DGB parachute with improved
design modifications is selected as the candidate for the
Tianwen-1 Mars probe.

The basic structure of the DGB parachute is shown in
Figure 1, where Dv, DD, and DB are the diameters of the vent,
the disk, and the band, respectively; HG and HB are the
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Figure 1: Construction parameters of a DGB parachute.
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height of the “gap” and the “band,” and LS is the length of
the parachute suspension [5].

According to the ratio of the band area to the entire
canopy, the DGB parachutes can be divided into the Viking
type (Viking, Phoenix, and MSL) and the MPF type (MPF
and MER). The Viking type DGB parachute has a high drag
coefficient and weak stability, whereas the MPF and its
improved DGB parachute have a smaller drag coefficient
but better stability. Before landing, the landers that can
adjust the attitude, such as “Viking,” “Phoenix,” and “Mars
Science Laboratory,” generally choose the Viking-type
DGB parachute, whereas the other landers, which cannot,
such as “Mars Pathfinder,” or can only adjust the horizontal
attitude for a little, such as “Spirit” and “Opportunity,” gen-
erally choose the MPF DGB parachute [3].

2.2. Parachute Model. Two ideas were adopted to optimize
and improve the existing DGB parachute structure. One is
to increase the drag coefficient. The disk part is thus
modified to a structure with a higher drag coefficient, such
as the hemisflo parachute structure and the triconical para-
chute structure. The other is to enlarge the band’s area to

increase the parachute’s stability, such as adding a tapered
band on the lower skirt of the canopy. The specific parachute
structures (Figure 2) are shown in Table 1.

For the MPF DGB parachute, the ratio of the disk area to
the band area is about 38 : 52, and the geometric porosity is
between 9% and 10%. The MPF DGB parachute’s main
performance characteristic is good stability and a low drag
coefficient of about 0.4. For the Viking DGB parachute, the
ratio of the disk area to the band area is about 52 : 35, and
the geometric porosity is about 12.5%. The main perfor-
mance characteristic of the Viking parachute is the high drag
coefficient of up to about 0.6, but the stability is poor.

The hemisflo DGB parachute, the triconical DGB para-
chute, and the tapered DGB parachute are all the improved
and optimized types based on the Viking DGB parachute.
The drag coefficient of the conventional hemisflo parachute
is 0.62~0.77, and the stable oscillation angle is between 10°

and 15°. The hemisflo DGB parachute is a combination of
the characteristics of the hemisflo parachute and the Viking
DGB parachute. The canopy of the disk is modified to a
spherical structure, and the central angle of the entire can-
opy structure is 210°. When the top is full, it tends to be

Table 1: Structural parameters of each parachute.

Parachute type MPF DGB Viking DGB Hemisflo DGB Triconical DGB Taped DGB

Disk area ratio 0.384 0.53 0.53 0.53 0.53

Gap area ratio 0.1 0.12 0.12 0.12 0.12

Band area ratio 0.516 0.35 0.35 0.35 0.35

Number of gores 20 20 20 20 20

LS/D0 1.7 1.7 2 1.7 1.7

(a) MPF (b) Viking (c) Hemisflo (d) Triconical (e) Tapered

Figure 2: Structures of different DGB parachutes.
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spherical, the bulge of the canopy material at the bottom of
the disk is smaller, and the stress distribution in each part
of the canopy is more uniform. The ratio of the disk area
to the band area of the hemisflo DGB parachute is 53 : 35,
and the geometric porosity is about 12.5% [32].

The drag coefficient of the triconical parachute is gener-
ally between 0.80 and 0.96, and the stable oscillation angle is
between 10° and 15°. To improve the drag coefficient of the
original DGB parachute, the Viking disk part is replaced
by three conical surfaces. The ratio of the disk area to the
band area of the triconical DGB parachute is 53 : 35, and
the geometric porosity is about 12.5%.

3. Comparison of Parachute Type by Wind
Tunnel Test

3.1. Test Conditions. To optimize the structure for the Mars
parachute, the subsonic, transonic, and supersonic wind
tunnel tests were carried out for the five DGB parachutes
in this work to obtain their oscillation angle. The test condi-
tions are listed in Table 2. The test setup for the drag coeffi-
cients is shown in Figure 3.

3.2. Drag Coefficient. Figure 4 shows the drag coefficients of
the five types of DGB parachutes at different Mach numbers.
It can be seen that the drag coefficient of each parachute type
generally decreases with the increase of the Mach number,
ranging from 0.43 to 0.59. The drag coefficients of the para-
chutes, except for the hemisflo DGB parachute, decrease at
Mach 0.9, which may be caused by the wake of the front
strut upstream of the model parachute that has the unde-
sired effect of having slightly reduced the measured magni-
tudes of the aerodynamic coefficients.

Compared with the parachute based on the Viking DGB,
the area ratio of the disk to the band of the MPF parachute is
smaller, so the drag coefficient of the MPF-type parachute is
relatively low, about 0.4. When the Mach number is 0.21, the
maximum drag coefficient of the Viking DGB parachute is
0.59, followed by that of the tapered DGB parachute of
0.55. When the Mach number is 0.90, the hemisflo DGB
parachute has a maximum drag coefficient of 0.52, followed
by the tapered DGB parachute of 0.50. When the Mach
number is 1.98, the maximum drag coefficient of the tapered
DGB parachute is 0.47, followed by that of the triconical
DGB parachute of 0.46.

In the wind tunnel test, the optical setup of a schlieren
imaging system is used to observe and record the parachute
and the flow field. The schlieren images of each DGB para-
chute at Mach 1.9 are depicted in Figure 5. It can be seen

from the schlieren images that a detached shock wave is
formed upstream of each DGB parachute canopy. And a
conical shock structure is generated in the front of the bow
shock.

3.3. Oscillation Angle. To evaluate the stability of each para-
chute, image processing is performed on the wind tunnel test

Table 2: Wind tunnel test conditions.

Mach number
Dynamic
pressure/Pa

Density of
freestream/(kg/m3)

Temperature/°C Test parachute Wind tunnel
Section

size/m×m
Parachute

drag area/m2

0.21 5880 1.1 2 23 MPF DGB
Viking DGB
Hemisflo DGB
Triconical DGB
Tapered DGB

FD-09 3 × 3 0.9

0.90 41076 0.63 ~0 FD-12 1:2 × 1:2 0.04

1.98 70482 0.22 ~0 FD-12 1:2 × 1:2 0.04
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Figure 4: Comparison of drag coefficients of different types of
DGB parachutes.
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Figure 3: Parachute wind tunnel test.
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videos. And the oscillation angle of the parachute under dif-
ferent conditions is obtained. The oscillation angle shown in
Figure 6 is the angle between the parachute symmetry axis
and the freestream flow direction. Figure 7 shows the oscil-
lation angles of the five DGB parachutes at different Mach
numbers. It can be seen that the oscillation angle of each
type of DGB parachute generally does not change signifi-
cantly with the increase of the Mach number, ranging from

5° to 10°. For different parachute types, the MPF DGB
parachute oscillation angle is the smallest, followed by the
tapered DGB parachute. The oscillation angle of the triconi-
cal DGB parachute under each Mach number is the highest.

Combined with the wind tunnel test results at different
Mach numbers to select a parachute with better deceleration
and stability performance, the tapered DGB parachute can
be the best deceleration parachute for the Tianwen-1.

(a) MPFDGB parachute (b) Viking DGB parachute

(c) Hemisflo DGB parachute (d) Triconical DGB parachute

(e) Tapered DGB parachute

Figure 5: Flow field schlieren diagram of each parachute under Ma 1.98.
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4. High-Altitude Flight Test Verification

4.1. Flight Test Scheme. To demonstrate the capability of full-
scale tapered DGB parachutes in Mars flight conditions, four
high-altitude flight tests were carried out by sounding
rockets in April 2018. The sounding rocket assembly con-
sists of a first stage and an approximately 1280 kg test vehi-
cle. The parachute system was installed at the tail of the
test vehicle, as shown in Figure 8. The test flight process is
shown in Figure 9.

During the flight, the first stage burned out at altitudes of
approximately 17 km~20 km, respectively, the payload sec-
tion reached apogee between 49 km and 64 km. When the
payload got the target dynamic pressure and Mach number,
the parachute was mortar-deployed. The deployment, infla-
tion, and supersonic and subsonic aerodynamics of the para-
chute were analyzed by a suite of instruments, including a
high-speed video system trained on the parachute, a set of
load pins at the interface of the parachute bridles and the
payload, and a GPS and inertial measurement unit (IMU)
onboard the payload. After decelerating to subsonic speed,
the parachute and payload descended to the test range for
recovery.

4.2. Test Architecture. Figure 10 shows a schematic of the
parachute configuration after deployment. The relevant
dimensions of the parachute-payload system are labeled in
the schematic, and their values are also listed in Table 3.

The parachute is a 48-gore DGB with a nominal diame-
ter (D0) of 15.96m. The majority of the canopy is con-
structed using a Nylon fabric with a rated strength of
~1000N/5 cm. The circumferential reinforcements at the
trailing edge of the disk and the band leading and trailing
edges are ~10000N Kevlar webbing, and the reinforcements
at the vent are ~40000N Kevlar webbing [33]. The para-
chute is built using a cord insertion construction where the
suspension lines continue into the radials. The suspension
lines are constructed from the 7350N Kevlar line. The entire
packed parachute assembly has a mass of 39 kg. The para-
chute was tested in the wake of a slender payload whose
diameter is approximately a sixth of the 4.5m aeroshell.

4.3. Analysis of Test Conditions. These tests targeted a spe-
cific dynamic pressure at parachute deployment to reach a
desired load on the parachute at full inflation. The para-
chutes were mortar-fire deployed at dynamic pressures
ranging from 100Pa to 950 Pa and Mach numbers between
2.05 and 2.35. In comparison, the parachute of Tianwen-1
must be able to get opened reliably within the range of Ma
1.6~Ma 2.3 and dynamic pressure range of 250Pa~850Pa.
Under the high-altitude opening test conducted on the earth
and the actual working conditions of Mars, the Reynolds
numbers are both in the order of 2 × 106.

Table 4 shows the test condition settings of the high-
altitude open parachute test. There are four test conditions.
Figure 11 shows the height and speed boxes for different
working conditions.

(1) Test condition 1 is the nominal working condition of
Mars parachute opening

(2) Test condition 2 increases the angle of attack based
on the nominal condition

(3) Test condition 3 increases the Mach number and the
angle of attack but reduces the dynamic pressure
based on the nominal condition

(4) Test condition 4 increases the Mach number, the
angle of attack, and the dynamic pressure based on
nominal conditions

4.4. Test Article Performance. The results of the four super-
sonic flight tests are shown in Figures 12–16. Figure 12 is
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Figure 6: Oscillation angle of the parachute.
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the time curve of the height of the parachute. After the
parachute deployed, the height of the parachute first
increases and then decreases, and the test vehicle reaches
apogee at approximately 63 km. The parachute drag
increases rapidly after deployment, and the speed of the
parachute decreases before the apogee of trajectory in
Figure 13. As the aerodynamic drag increases further, the
parachute gradually decelerates until it reaches about
15m/s of landing speed.

The parachute drag during the opening process is shown
in Figure 14. In the fourth test, the parachute opening load is
the largest, 110 kN, and the third test has the smallest
dynamic pressure, so the parachute opening load is the
smallest, only 39 kN. In the process of a parachute opening,
it can be seen that large parachute force oscillations occur
after the first inflation peak force, indicating that under the
condition of supersonic speed, the projection area of the
tapered DGB parachute changes repeatedly, and the para-
chute canopy undergoes collapse and reinflation cycles. A

T = 0 Launch

T = 1.5 s Liquid engine Ignition

T ≈ 40 s Solid
engine burnout

T ≈ 58 s~68 s Rocket
separation

T ≈ 70 s~87 s
Mortar Fire

T ≈ 71 s~88 s
Parachute

deployment

The first stage
of free fall

T ≈ 1150 s
Landing 

Figure 9: Concept of the rocket operations.
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Figure 10: Parachute system.

Table 3: Dimensions of the parachute system.

Item Symbol Design

Parachute nominal diameter (m) D0 15.96

Parachute nominal area (m2) S0 200

Vent diameter (m) DV 1.12

Disk diameter (m) DD 11.53

Gap height (m) HG 0.69

Band height (m) HB 1.94

Geometric porosity λg 12.5%

Suspension line length (m) LS 27.15

Riser length (m) LR 4

Bridle length (m) LB 1.50

Forebody diameter (m) d 0.75
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significant contributor to these area oscillations is the
interaction between the aeroshell wake and the parachute
flow fields [34].

From the parachute opening load and freestream flow
parameters, the curve of the parachute drag coefficient with
the Mach number can be obtained, as shown in Figure 15.

Table 4: Parachute deployment conditions.

Test Mach at mortar fire Dynamic pressure at mortar fire/Pa Recovery mass/kg Angle of attack/°

1 2:05 ± 0:25 550 ± 300 1285 ± 20 0 ± 2
2 2:05 ± 0:25 550 ± 300 1285 ± 20 10 ± 2
3 2:3 ± 0:25 100~500 1285 ± 20 10 ± 2
4 2:35 ± 0:25 250~950 1285 ± 20 13 ± 2

36 38 40 42 44 46 48 50 52 54 56 58 60 62
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Figure 11: Parachute deployment height and speed frame for different tests.
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The test results show that between Ma 0.2 and Ma 2.4, the
drag coefficient of the tapered DGB parachute increases first
and then decreases. The variation range of the drag coeffi-
cient is 0.39~0.70. At Ma 1.5, the drag coefficient reaches
the maximum value of about 0.7.

In the wind tunnel test of the drag coefficient, when the
parachute is at a Mach number of 0.21, 0.9, and 1.98, the
corresponding drag coefficients are 0.55, 0.50, and 0.47,
respectively. Except for Mach number 0.9, the drag coeffi-
cient in the wind tunnel test is consistent with the results
of the high-altitude drop parachute tests. Because parachutes
are in the wake of slender bodies in the high-altitude drop
parachute tests, its drag coefficient at Mach number 0.9 is
higher than that of the wind tunnel test. This behavior has

been observed in wind tunnel test data [35], and it is due
to the interaction between the blunt aeroshell and the para-
chute flow fields.

The oscillation angle of the parachute within 7 s after the
parachute inflation is shown in Figure 16. After the para-
chute inflation, the parachute shows repeated oscillation
within a small angle. The oscillation angle of test 03 is the
largest, about 20°, and the maximum oscillation angle of
the other tests is 15°. Since the dynamic pressure in the flight
tests is much smaller than that in the wind tunnel tests, the
oscillation angle of the parachute is larger than that in the
wind tunnel test results.

5. Conclusion

In this paper, the parachute of Tianwen-1 has been opti-
mized and tested. According to the flight conditions of Mars
parachutes, five DGB parachutes with different geometries
were designed. In the wind tunnel tests, the change of drag
coefficient and oscillation angle under different Mach num-
bers were obtained. Based on the comprehensive perfor-
mance of the parachute, the tapered DGB parachute is
selected as the priority parachute type. Then, the tapered
DGB parachute was verified by four high-altitude flight tests
using sounding rockets to reach the targeted conditions. The
test results indicate that the drag coefficient of the tapered
DGB parachute varied from 0.39 to 0.70 with the Mach
number increased from Ma 0.2-Ma 2.4 and reached the
maximum value of 0.7 at Ma 1.5; the maximum AOA after
parachute deployment is about 20°, which have all demon-
strated that the performance of the tapered DGB parachute
could meet the deceleration requirements of the Tianwen-1
Mars probe.

Data Availability

The data used to support the findings of this study are
available from the author upon request.
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