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The supersonic flows around rigid parachute-like two-body configurations are numerically simulated at Mach 

number of 1.978 by solving three-dimensional compressible Navier-Stokes Equations, where the two-body 

model consists of a capsule and a canopy, and a geometric structure (i.e., gap) is located on the canopy surface. 

The objective of this study is to investigate the effects of gaps with different porosities and positions on the 

aerodynamic performance of supersonic parachute. The complicated periodic aerodynamic interactions 

between the capsule wake and canopy shock occur around these two-body models. From the formation of 

canopy shock and drag coefficient variation, the cycled flow structures can be divided into three types :(1) 

narrow wake period (2) open wake period (3) middle wake period. In addition, it was found that the geometric 

gaps have no obvious influences on the flow modes. However, compared with models with different gap 

positions, the two-body model with a upper gap (gap is close to the canopy vent, UG model) has a smaller drag 

coefficient fluctuation and better lateral stability. On the other side, the increase of porosity has a more 

significant impact on UG models. 

Keywords: Unsteady flow, Parachute-like two-body model, Geometric porosity, Aerodynamic characteristics, 

Martian atmosphere 

 

 

1. Introduction 

Parachute-like two-body configurations are widely 

used for decelerating the spacecrafts into the atmospheres 

during the deep space exploration missions [1]. During the 

Mars exploration mission, a supersonic parachute is always 

employed to undertake dual tasks: slowing the falling 

speed and providing stability for the Mars rover [2]. To date, 

only disk-gap-band (DGB) parachute has been used 

successfully to provide good aerodynamic performances in 

the Martian atmosphere [1]. Maynard firstly conducted the 

supersonic wind tunnel tests to explore the supersonic 

aerodynamic performance of parachutes [3], found that the 

drag coefficient of the parachute mainly depends on the 

canopy porosity, Mach number, capsule size and distance 

between the capsule and canopy [3-4]. In the recent Mars 

Science Laboratory mission, it was further found that in 
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supersonic environments, the shock formed ahead of the 

canopy interacts with the wake from the capsule, these 

highly unsteady flow fields cause severe drag coefficient 

fluctuation and structure instability [1], which mainly 

depends on the Mach number, Reynolds number, angle of 

attack, canopy-to-capsule size and proximity, material 

properties of the canopy and cables [1, 5-8].  

However, among the dependent parameters of the 

aerodynamic interactions around a supersonic parachute-

like two-body system, canopy porosity has not always been 

fully considered [1], especially in numerical simulations 

solving supersonic parachute problems. Canopy porosity 

consists of two main components: the fabric permeability 

and the geometric porosity. Canopy fabric permeability is 

defined as the volumetric flow rate of air per unit fabric 

area under a specified differential pressure, the fabric 

permeability dynamically changes with the unsteady flow 

fields and the corresponding pressure difference between 

the canopy inner and outer surfaces, Hence, the 

determination of fabric permeability in parachute 

experiments is very complicated, Heinrich[9] proposed that 

the fabric permeability can be transformed to an effective 

porosity to determine its contribution to the total porosity 

of a parachute. The expected relationship between the 

aerodynamic parameters and total porosity of a parachute 

has been confirmed in wind tunnel tests [10]. The geometric 

porosity generally refers to the ratio of the open area in the 

canopy material to the total material area [11]. It was 

reported that in a low-density environment such as Martian 

atmosphere, the geometric porosity might contribute 

significantly to the aerodynamic performances of the 

parachutes, and the effect of the fabric permeability on the 

aerodynamic behavior was smaller [12].  

With the advancement of exploration missions, the 

disk-gap-band parachute will be difficult to use for future 

missions due to its size limit [13]. One option considered 

was a modified supersonic ringsail parachute [14]. The 

geometric porosity of the disk-gap-band parachute is 

mainly obtained by a single gap, while the porosity of the 

ringsail parachute is evenly distributed on the entire 

canopy surface through two gaps and many seams. In 

previous studies, it was suggested that a parachute with 

lower fabric permeability is easier to inflate at low density 

conditions[15]. However, in NASA’s Low-Density 

Supersonic Decelerator (LDSD) program tests, the 

supersonic ringsail (SSRS) parachute and supersonic 

disksail (SSDS) parachute with lower fabric permeability 

and higher geometric porosity failed to inflate normally. 

On the contrary, the disk-gap-band parachute with higher 

fabric permeability and lower geometric porosity (similar 

total porosity with SSRS or SSDS) succeeded in the 

Advanced Supersonic Parachute Inflation Research 

Experiments (ASPIRE) project [1]. The failure of the SSRS 

or SSDS parachute may be closely related to its 

complicated geometric porous structures such as gaps and 

seams. However, there are very few researches on the detail 

investigations of unsteady flow fields and aerodynamics 

induced by the geometric porous structures of SSRS or 

SSDS parachute. This sets up the motivation of this 

numerical study. The present paper aims to study the 

effects of geometric porosity on the flow structures and 

aerodynamic characteristics of the derivative model of 

SSDS parachute in the supersonic environment. 

2. Parachute-like two-body models 

The rigid parachute-like two-body models consist of 

a conical capsule with a diameter d, and a hemispherical 

canopy with a diameter D, the thickness of canopy is 

defined as 5%D. The capsule model is consistent with the 

Mars Science Laboratory probe model [16]. The schematic 

diagram of the original parachute-like two-body model 

used in this study is shown in FIGURE 1, in which the 

canopy model (see FIGURE 2) is designed from SSDS 

model in the NASA's LDSD flight tests [13], and its size is 

shown in Table 1. In this study, X is the axial distance from 

the capsule frontal surface to the inlet of the canopy, d is 

the diameter of the frontal surface, and X/d is the trailing 

distance from the frontal surface to the inlet of the canopy, 

and the diameter ratio d/D was 0.2045. The porosity 

generally refers to the ratio of the open area in the canopy 

material to the total material area and is also called the 

‘geometric porosity’ [1]. For 2D parachute-like two-body 

models, the canopy porosity refers to the ratio of the arc 

length of the gap to the total arc length of the canopy. The 

vent porosity (λv) is 4.88%, and λg is the whole geometric 

porosity of the canopy including the vent and gap. SSDS 

has a designed geometric porosity of 13.69%.  
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(a) Parachute-like two-body model 

 

(b) The model size 

FIGURE 1: Two-body model used in present study 

TABLE 1: Model size used in present study（unit：m） 

D HD HV d d/D X/d 

22 10.835 1.593 4.5 0.2045 10 

Notably, because the SSDS or SSRS parachute used 

in the LDSD program [13] has a very complex geometrical 

porosity structure, including the vent, two gaps and many 

seams. The effects of all the geometric porous structures 

would be much complicated, as the first step, this paper 

will focus on the investigation of the different position and 

geometric porosity of the gap on the aerodynamic 

performances of parachute-like two-body configurations. 

There are two gaps with different geometric porosity on the 

SSDS canopy surface, which are located at approximately 

1/3 and 2/3 of the height of the canopy (from the mouth to 

top), respectively. In this study, a single gap with different 

porosity and position will be designed and investigated, a 

gap located 2/3 of the height of the canopy is named as 

Upper Gap (UG) model, and a gap located 1/3of the height 

of the canopy is named as Lower Gap (LG) model. In 

addition, the gap is designed to be 5%, 10%, 15% of the 

arc length of the rear body, named porosity types 5, 10 to 

15, respectively. 

Previous studies on parachute models suggest that 

the flow patterns and aerodynamic performance of 

complicated geometric configurations can be computed 

relatively quickly and accurately with the assumption of a 

rigid, 2-D geometry. To preliminarily study the relationship 

between geometrical porosity and aerodynamic 

characteristics of supersonic parachute system, this study 

was carried out using a 2-D model and here verified using 

a 3-D model. The drag coefficient Cd is used as Eq. (1). 

DX is the standard deviation (Eq. (3)), MAD means median 

absolute deviation (Eq. (4)), these two quantities can be 

used to describe the degree of data dispersion. For standard 

deviation, the square of the distance from the data to the 

mean value is used. A larger deviation has a larger weight, 

and the influence of outliers on the result cannot be ignored. 

For MAD, a small number of outliers do not affect the 

results of the experiment.  
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(a) 3-D model 
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(b) 2-D model 

FIGURE 2: Comparison of the instantaneous flow fields 

between 2-D and 3-D models 

TABLE 2: Comparison of the aerodynamic coefficients between 2-

D and 3-D LG5 models 

 Cd DX(Cd) MAD(Cd) 

3-D model  0.7199 0.2721 0.2022 

2-D model 0.7798 0.3226 0.2778 

 

It can be seen from the comparison results (TABLE 

2) that the differences of the drag coefficient and its 

variation of 2-D model and 3-D model are reasonable, the 

difference between them is 7.68%. And the flow mode and 

instantaneous flow fields are consistent with each other. 

Therefore, the 2-D model can be employed for the further 

detailed study in this paper. 

3. Freestream conditions and numerical 

methods 

3.1 Freestream conditions 

The Martian atmospheric condition used in this study 

can be computed by Eq. (5) from NASA [14-18]. The velocity 

and altitude refer to the initial values of stable descent stage. 

Martian atmospheric conditions 
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TABLE 3: Martian atmosphere conditions in this study 

P0(Pa)  (kg/m3) T0(K) Ma 

331.36 0.007458 231.2877 1.978 

Where H is the height from the Martian surface, and P,  , 

and T are the freestream pressure, density and temperature, 

respectively. In addition, because the Martian atmosphere 

consists mainly of CO2, 𝛾 = 1.3 is employed for Martian 

environment cases. The freestream values are shown in 

Table 3. 

3.2 Numerical methods 

The supersonic flows around the parachute-like two-

body model are solved numerically by the compressible N-

S equations based on the finite volume method. The HLLC 

Riemann solver is used to evaluate second-order inviscid 

flux terms [19], and the viscous terms are calculated by the 

2nd-order central differencing scheme. The coefficient of 

viscosity is computed according to Sutherland’s law. The 

time advancement was performed by a second-order point-

implicit solver with dual time stepping [20]. The dimension 

time step was set to be 8×10-6 s to capture the unsteady 

flow fields. For the boundary conditions, because the rear 

body (canopy) is regarded as a rigid wall without fabric 

permeability in this study, the body surface is set as an 

adiabatic wall with no-slip, the freestream values are set as 

the far field conditions, and the outlet flow field parameters 

are obtained by center extrapolation of the computational 

domain. In addition, the laminar flow model was used in 

previous studies [17, 24-25, 28], where the simulation results 

were in good agreement with that from the wind tunnel 

tests, the laminar model is still used for the present 

numerical simulations. 

Supersonic wind tunnel test data of SSDS parachutes 

is lack, and the flight tests also failed. There are few studies 

on the aerodynamic characteristics of the SSDS or SSRS 

parachute under the Martian environment. In the previous 

study[21-22] , the same numerical methods have been used 

and validated, where the disk-gap-band parachute of Mars 

Science Laboratory (D /d= 0.228, X/d=10) is employed 

under the supersonic conditions, the simulation results 

were good agreement with that obtained from the reference 

data [23]. This shows that the numerical methods are 

effective and reliable. 

3.3 Grid 

FIGURE 3 shows the parachute-like two-body grid, 
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the capsule and canopy parts are considered as the 

adiabatic wall with no-slip, where Lindgren Boundary 

Layer profiles are considered, and the wall is set as wall 

function. Coarser, medium and finer meshes were selected 

to conduct the validation of the grid independence. The 

comparisons of canopy drag coefficients are shown in the 

TABLE 4 and FIGURE 4. 

 

(a) two-body system grid 

  

(b) capsule grid (c) canopy grid 

FIGURE 3: Grid of Parachute-like two-body model 

 

As shown in FIGURE 4, the variations of canopy drag 

coefficient of the three grids presents obvious periodicity. 

It is obvious that the resolution of the coarse grid is not 

enough to capture some unsteady flows. By and large, the 

time histories of canopy drag coefficients are almost 

identical in terms of drag coefficient amplitude and time 

period. However, it seems that the resolution of the coarse 

grid is insufficient to capture the appropriate unsteady flow. 

The results of fine mesh and medium mesh are in 

reasonable agreement.   

FIGURE 4: Drag coefficients of different grid meshes 

4.Results and discussions  

The previous studies show that different trailing 

distance ratios (X/d) and the capsule/canopy diameter 

ratios (d/D) cause different flow modes of the two-body 

system[1, 24]. With the increasing of trailing distance ratio, 

the flow modes would go through pulsation mode, 

oscillation mode and wake/shock interaction mode [1, 24]. In 

this study, the flow mode is wake/shock interaction mode 

for the given X/d and d/D. 

 

FIGURE 5: Time history of canopy pressure of NG model 

(t represents the calculation time) 

 



Space: Science & Technology 6 

  

 

  

(a) Time A  (b) Time B 

  

 

  

(c) Time C  (d) Time D 

  

 

  

(e) Time E  (f) Time F 

FIGURE 6: Instantaneous flow fields around two-body system during a time period, the left is pressure contour, the right is Mach contour. 

When the canopy has no gap (NG model), the time 

variation of canopy pressure is shown in the FIGURE 5. 

According to the position of the high-pressure region and 

the flow field characteristics around the parachute system 

(FIGURE 6), the unsteady flow fields around the two-body 

configuration in a time period can be divided into four 

stages: (1) Stage from time A - B, the shock wave ahead of 

the canopy is weak, the canopy shock interacts with the 

open wake from the capsule, the pressure inside the canopy 

is lower at time A, when the wake becomes narrow at time 

B, the pressure inside the canopy becomes higher again, 

and the canopy shock starts to move back to the canopy 

mouth; (2) Stage from time C-D, the canopy shock 

becomes stronger, which interacts with the narrow wake, 

this leads to the higher pressure inside the canopy; (3) 

Stage from time E-F, the canopy shock becomes much 
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stronger, the canopy shock/capsule wake also becomes 

stronger, and the aerodynamic interaction moves laterally 

and backward to the upstream due to the higher pressure 

inside the canopy; (4) Stage of time G, the aerodynamic 

interaction of canopy shock and wake moves far away from 

the canopy mouth and becomes weaker, and the pressure 

inside canopy also decrease significantly. 

4.1 Aerodynamics of LG5 model 

“LG5” represents that a canopy with a lower gap and 

a geometric porosity of 5%. The time variation of the axis 

force (i.e., X direction) of LG5 model is shown in FIG. 7, 

where eight periods are chosen here for the detailed studies. 

Notably, the change trend of the flow mode of LG5 two-

body model is basically consistent with that of the NG (no 

gap) model, However, due to the geometric porosity caused 

by the lower gap, some differences mainly occur in the 

second stage, i.e., the stronger canopy shock interacts with 

the narrow capsule wake. These eight periods can be 

divided into three types according to the time variations of 

canopy pressure (shows in FIGURE 7). 

 

FIGURE 7: Time variation of X force of LG5 model in first 8 

periods (
0 = /T tV D

) 

  

(a) T5 

  

(b) T6 

FIGURE 8: Pressure contours and Mach contours of T5 

andT6(Time D) 

 

 FIGURE 9: Time variations of drag coefficient of canopy in 

“narrow wake periods” ( / period timeTt t= ) 

(1) “Narrow wake” type. In this type, the capsule 

narrow wake(L<d)/the canopy shock interaction are 

observed (refer to FIGURE 8). T5 and T6 belong to this 

type. In this period type, the symmetric bow shock waves 

in front of the canopy are stronger, which interact with the 

much more narrow wake, this leads to the local high 

pressure area inside the canopy. Comparing the time 

variations of drag coefficient of NG model (FIGURE 5), it 

can be seen that during the whole cycle, the curves are 

characterized by higher pressure at peaks B, D and F, lower 

pressure at peaks C and E. Notably, the pressure difference 

between the higher and lower peaks is big, and the decrease 

is approximately 20%. 
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FIGURE 10: Pressure contour and Mach contour of T8 (Time D) 

 

FIGURE 11: Time variations of drag coefficient of canopy in “open 

wake periods” 

(2) “Open wake” type. In this type, the capsule wake 

has no close state in the period (L>D) (FIGURE 10). The 

weak canopy bow shock wave interacts with the open wake, 

the pressure fluctuation inside the canopy decreases 

significantly (FIGURE 11). However, the aerodynamic 

interaction zone is relatively close to parachute-like two-

body model, the obvious higher pressure peak occurs at 

times D and F. 

  

FIGURE 12: Pressure contours and Mach contours of T4(TimeD) 

 

FIGURE 13: Time variations of drag coefficient of canopy in 

“middle wake periods” 

(3) “Middle wake” type. In this type, the width of the 

capsule wake is approximately equal to the diameter of the 

capsule (FIGURE 12). There may be multiple shock waves 

generated in front of the canopy, while the shock wave 

intensity is stronger than that in the “open wake” type. 

Seeing FIG. 13, the canopy pressure is generally higher at 

the early time of the period (i.e., time B). The largest 

pressure in the period occurs at time B, which reveals that 

the aerodynamic interaction of the canopy shock and 

capsule wake is much stronger at this time, and the high 

pressure inside canopy forms quickest, however, it also 

causes the aerodynamic interaction zone move upstream 

and expand laterally at an earlier time  

 

 

(a) Drag coefficient 
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(b) Lateral force coefficient 

FIGURE 14: Comparison of drag and lateral force coefficients 

of canopy in different periods 

 

Finally, the mean value and fluctuation of the drag 

coefficient and the lateral force coefficient of the canopy in 

different periods are compared in the FIGURE 14, the 

mean value of canopy drag coefficient of “narrow wake” 

periods (i.e., T5 and T6) is higher, and their fluctuation 

range is a little larger. The drag performance of “open wake” 

period (T8) is poor, and its fluctuation is smallest. However, 

for the “middle wake” periods, the mean canopy drag 

coefficient of T3 and T7 with wider wake is lower, and its 

fluctuation is also small. On the contrary, the mean drag 

coefficient and its fluctuation of T1, T2, T4 periods are 

much higher. Among all the period types, the drag 

performance of T5 and T6 is the best. On the other hand, 

seeing FIGURE 14 (b), the “middle wake” periods (T1-T4) 

show the better lateral force performance. 
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The FIGURE 15 shows the distribution histogram of 

the drag coefficients of the canopy in different periods, 

which are computed by Eq. (6). The median of the “narrow 

wake” periods is right-biased to the center, while that of the 

“open wake” period is left-biased. The median drag 

coefficient of “middle wake” periods is slightly close to the 

right of the median, and the degree of right deviation 

increases with the increase of wake closure. 

 

FIGURE 15: Distribution histogram of canopy drag coefficient 

 



Space: Science & Technology 10 

4.2 Effects of geometric porosity and position  

In order to analyze the influence of porosity and gap 

positions of different structures on the drag and stability 

performance of canopies, five types of porosity models NG 

(no geometric porosity), UG5 (upper gap model, 5% 

geometric porosity), UG10 (upper gap model, 10% 

geometric porosity), UG15 (upper gap model, 15% 

geometric porosity),LG5 (lower gap model, 5% geometric 

porosity) LG10 (lower gap model, 10% geometric porosity) 

and LG15 (lower gap model, 15% geometric porosity) are 

designed and investigated.  

Considering that FFT analysis is carried out for the 

drag coefficient and lateral force coefficient of the canopy 

in multiple periods, the spectrum graph will be complicated 

and not convenient for analysis, so low-amplitude low-

frequency signals are filtered. The FFT changes of the 

canopy drag coefficients filter the signal whose amplitude 

is less than 35% of the maximum value (i.e., the filtered 

amplitude is zero, refer to FIG. 16(a)), and the FFT changes 

of the canopy lateral force coefficients filter the signal 

whose amplitude is less than 40% of the maximum value 

(i.e., the filtered amplitude is zero, refer to FIG. 16(b)). 

 

(a) no gap model Cd 

 

(b) no gap model Cy 

FIGURE 16: FFT analysis of time variation in drag and lateral 

force coefficients of no gap canopy model 

For NG model (FIGURE 16), the drag coefficient 

presents an obvious periodicity (8 periods are taken for 

FFT analysis). It can be observed that the drag coefficient 

shows an obvious frequency (i.e., time period), however, 

the lateral force coefficient exhibits very complicated 

frequency distribution without an obvious periodic change, 

which would cause severe lateral instability. 

The FFT analysis of drag and lateral force coefficient 

of different gap positions and porosity canopy models are 

shown in FIGURE 17 (8 periods are taken for FFT). By 

comparing the spectrum diagram of drag coefficient, it can 

be seen that basically the drag coefficients of LG models 

change more cyclically with the larger amplitude. However, 

the amplitudes of LG models decrease with the increase of 

its geometric porosity, and the periodicity of LG models 

also becomes weak. On the contrary, the drag coefficients 

of UG models shows more irregular change, and become 

worse as the geometric porosity increases. In addition, 

comparing with NG model, it can be observed that the 

periods of drag coefficient becomes more complicated and 

weaker. Consequently, the LG models have more 

significant periodical drag performance than UG models, 

and the increase of porosity could cause the periodic 

change of drag coefficient weaken for “gap” models. 

 

(a) 5% porosity model Cd 

 

(b) 5% porosity model Cy 
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(c) 10% porosity model Cd 

 

(d) 10% porosity model Cy 

 

(e) 15% porosity model Cd 

 

(f) 15% porosity model Cy 

FIGURE 17: FFT analysis of time variation in drag and lateral 

force coefficients of different geometric porosity canopy models 

By comparing the spectrum diagram of lateral force 

coefficient of different canopy porosity models, it can be 

seen that the lateral force of UG models have more 

complicated frequencies than that of LG models, as the 

porosity increasing, the frequency distributions of UG 

models become less. This reveals that upper gaps have 

more effects on the lateral instability of parachute-like two-

body model. In addition, compared with NG model, it can 

be found that the lower frequency distribution becomes 

less for the “gap” models. Moreover, with the increase of 

porosity, the lateral force performance of canopy models is 

improved, and UG models can provide a bigger effect on 

improving the lateral force performance. 

 

(a) 5% porosity model Cd 

 

(b) 10% porosity model Cd 
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(c) 15% porosity model Cd 

FIGURE 18: Time variation of drag coefficient of different  

porosity models 

  

  

(a) LG5 

  

(b) LG10 

  

(c) LG15 

  

(d) UG5 

  

(e) UG10 

  

(f) UG15 

FIGURE 19 Pressure contours and Mach contours of different 

porosity models (Left: Mach contours; Right: Pressure contours) 

 

FIGURE 19 shows the Pressure contours and Mach 

contours of different porosity models. It can be seen that 

with the increase of porosity, the canopy shock stand-off 

distance decreases and the shock comes closer to the 

canopy body, and the shock wave angle becomes bigger. 

Additionally, the increase of porosity makes the gap shock 

stronger, especially for the UG models, which causes the 

canopy wake become much more unstable, accordingly, 

the low pressure area behind the canopy becomes smaller 

with the increase of porosity, which leads to a larger drag 

coefficient. In addition, it was also observed that the low 

pressure in the canopy wake of UG models is much smaller 

than that of LG models, which also causes a larger drag 

coefficient. Furthermore, it can be seen that with the 

increase of porosity, especially for the UG models, the flow 

fields inside the canopy body becomes more unstable, 
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which leads to poor stability performance, i.e., larger 

lateral coefficient.  

As shown in FIGURE 20, the canopy drag and 

lateral coefficients of all porosity models is dimensionless 

by the corresponding amount of NG model. According to 

the analysis of drag coefficients of canopies with different 

porosity (FIGURE 20(a)), it can be seen that the increase 

of porosity has a more significant impact on UG models, 

and the drag coefficients reduce more obviously. The mean 

value, median absolute deviation of canopy drag 

coefficients of LG models decrease monotonically with the 

increase of porosity. These parameters of UG models with 

a geometric porosity of 10% shows the lowest values. In 

the case of the smaller geometric porosity, the median 

absolute deviation and standard deviation of the canopy 

drag coefficient of UG models are both smaller than those 

of LG models, that is, the drag coefficient fluctuation of 

UG model is smaller, but its skewness (Eq. (7)) is larger 

than that of LG model, which means the distribution of 

canopy drag in the periods is more asymmetric during the 

whole period time. 

 

 
(a) Drag coefficient 

 

(b) Lateral force coefficient 

FIGURE 20: Drag and lateral force coefficients of different 

porosity model 
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The FIGURE 20(b) shows the analysis of the canopy 

lateral force coefficient of the different porosity models. It 

can be seen that the standard deviation, median absolute 

deviation and skewness of UG and LG models all decrease 

with the increase of porosity, which reveals that the 

increase of porosity will lead to the decrease of the canopy 

lateral force fluctuation. The lateral force coefficients of 

LG and UG models increase with the increase of porosity, 

and the lateral force coefficients of LG models have a 

larger increase than that of UG model at the same 

geometric porosity. Consequently, from the comparison of 

the lateral force fluctuation and deviation, UG models 

show better lateral stability than LG models. 

5. Conclusion 

The supersonic flow over parachute-like two-body 

models with different gaps under Martain atmospheric 

conditions was numerically studied at a freestream Mach 

number of 1.978. The effects of the geometric porosity and 

gap positions on the flow behavior and aerodynamic 

characteristic of the two-body models are investigated in 

details. The results obtained in this study can be 

summarized as follows: 

(1) According to the time-varying curve of canopy 

drag coefficient of canopy models, the flow fields around 

two-body models can be divided into three types: 1) 

“narrow wake” period; 2) “open wake” period; 3) “middle 

wake” period. The drag performance of “narrow wake” 

period is the best. On the other hand, the “middle wake” 

periods show the better lateral force performance.  

(2) Compared with models at different gap positions, 

the drag coefficients of LG models show more significant 

periodical change than UG models, UG models have small 

fluctuation of canopy drag coefficient, but its distribution 

is more asymmetric.UG models can provide a bigger effect 

on improving the lateral force performance. 

(3) The increase of porosity has a more significant 

impact on UG models (with upper gaps), and the drag 

coefficients reduce more obviously. The mean value, 

median absolute deviation of canopy drag coefficients of 
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UG models with a geometric porosity of 10% shows the 

lowest values. The mean value, median absolute deviation 

of canopy drag coefficients of LG models decrease 

monotonically with the increase of porosity. In addition, 

from the comparison of the lateral force fluctuation and 

deviation, the increase of porosity would lead to the 

decrease of the canopy lateral force fluctuation. UG models 

show better lateral stability than LG models. 
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