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1. Introduction amounf the graphicatieformationtechnologywas used to
realize the fluid meshes motion. While the boundanmydi-

Parachute is widely used merospaceaviation, tion wasnot changed, the stable wind field environment
weapon, and other fields. Whether the parachute worksould be maintained.
properly or not would affect the safety of personnel or
system. There were many serious accidentairredin the 2. Model development
history ofaerospacend aviatiorbecausef the parachute
failure [1]. However, there are many factors affect the2.1l Governing and discretizatiomeations
parachute working, such as canopy material, fabric perme-
ability, working environment and so on. In the above fac- In this paper, the explicit finite element method
tors, the extra wind is complicated and changeable whicbased on Updated Lagrangian (UL) scheme is used to cal-
affected by topography, altitude, temperaturel asther culate the entire parachute dropping. Both the canopy
factors. Therefore parachute dropping has mégtdonici-  structure and flow field are discretized hagrangian
ty and difficulty in data collection, and it is difficult to meshes. It isuinnecessaryo solve the mass conservation
investigate the extra wind effect on parachute working byquation as finite volume methdgbcausehe Lagrangian
airdropping experiments. While the numerical method wittmeshes will deform with the deformation of materials. In
high efficiency and repeatabilitygradually becomesan  addition, the temperature field is not considered in calcula-
important approach for parachute design and research. tion. Therefore, only the momentum equation needbet

The parachute working is a complicated transiensolved, and this equation based on UL schde®ribe is
and nonlinear process. Although it is very difficult to in-shown in Eq(1):
vestigate this coupling process based on numerical mhetho
many scholars applied different methods or modelgeto Dv _ _ .. 1
search Purvis [2] simplified the parachute structure and ra— blo AL, @
flow field and realized twalimensional coupling simula-
tion. Stein, Benny and et al. [3] proposed CFD/MSD couwherev is the velocity vectori] is the stress vectob,is the
pling model, Yu [4] and othercholars applied this model body force vector, is the density.
to simulateparachuteopening in infinite massituation The Eq.(1) is discretied in spatial anghown in
Kim [5] used IB (Immersed Boundary) method, and calcugq. (2):
lated parachute openingder low Reynolds numberutt
[6] used ALE (Arbitrary Eulerian Lagrangian) method y 2 — A
realizedparachute working process, and this method was I’}VBusnd Wee M bd w G ¥ t d (g

. . . . - G d g

the most widely used in engineerinfakizawa[7] used A
SSTFSI (Stabilized Space Time Fluid Structure Interac-  +aj fj NN, d by =f" ' Ma 0,= 2
tion) calculatel the structure and flow field of a fully in-
flated parachute.

However, the parachutéight characteristics were
not considered and the effect of extra wind was ignoredihoranhl;ar e shapev, f anatcicenss,r a
mostre.searc.bs abov_e, vyhich has limited reference valuef.m i s i rftoarcrea lfffaits i xxt er nal for
for engineering application. Theelevantresearch works Mis maseimabrcice) eration matri
about the extra wind field effect on parachute dropping The central difference scheme is used in time do-
have not yet been reported therefore investigating this ef- . . o : i
fect has important research value. In this paper, the laterall'" discretization as shown in H):
wind effect on parachute dropping was investigafue

wheBgi s geometlfiys mat_ltrirei;yse,xt er n:e

flow field and canopystructure were discretized by finite A E! -12ef - (d " tn) } g
elements. That the velocity of lateral wind was defined as vV =~ =V ptM & fint (dn tn) o
boundary condition was used to simulate the lateral wind o ' +
field. The coupling between canopy and air was realized LS wptM 3)

based onpenalty function. To reduce the cal@ation
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whediedi spl acement b, = pev +ii*\§d :(i% VjT) v

i (6)

2.2 Constitutive equations of materials wheree is dynamic viscosity coefficient, amglis hydro-
The deformation features of fabrics are Sma”_static pressurelThe Eq.(6) must be used togethesith the

strain and large rotation duringgrachutedropping. There- ideal gas state equation.

fore the canopy islescribedby Kirchhoff material consti- ) i )

tutive equation in this paper. Meanwhile, the canopy i<-3. Coupling calculation based on contact algorithm

divided by threenode triangular shell elements. The con-

stitutive equation of canopy in Voigt notation can be sim- In order to reflect the fabric permeabilty, the
plified asEq. (4): Ergun equation is used to calculate the coupling force:

e o q3p=g an + (bn)° g, @
€S, E 21' g 9 0 3 §F
{522 L‘-mé g 1-g 0 %25 , (4) where op is differential pressurea is linear resistance
is, {, (trg)(r - Qlé 1-29 Ul coefficient,b is quadratic resistance coefficiestis fabric

g 0 0 2 ﬂ thickness;n is normal vector;v is fluid velccity vector

through the fabric.

where§; is the second PiolKirchhoff stressE; is Green Then the coupling forcef,, . derived from the
stressE is dastic modulusgis Poisson ratio. Eq.(7) is applied to both the fluid and fabric in opposite

The lines and reinforcing belt aescribedby  directions to satisfy force equilibrium, and the coupling

onedimensional linear elastic constitutive equation aggrce ¢

! are taken as a part of external fore€® in
shown inEq. (5):

couple
Eq.(2).
a = E,_. 5 . . .
®) 2.4. Motion andreconstructiorof fluid meshes
In this paper, both the initial dropping velocity
and lateral wind velocity are less than 0.3 Mach number,
Therefore, the air could be defined @wompressiblena-
terial. Thevolume and density are constant during air mas
moving, which is called as &gl volume motion. The
stress description is divided intteviatoricpart andhydro-

meshes need to be moved and reconstructed after each

staticpart as shown iiq. (6): cessing.
-
velocity boundary Ao
e AL = P
3 Lol T =
“h P P %A
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The fluid meshes described by Lagrangian mesh-
eés would bdlistortedafter each time step. In order to re-
guce the computation amount at the same time, the fluid

time

step.Here, Fig.1 is used to illustrate the fluid meshes pro-

Fig. 1 Fluid meshe@motion (the cyan meshes represent structure elements, the wireframe meshes represent fluid elements,

and red arrows aneelocity boundary)

Threenoncollinearnodes are chosen on structure, The | ocal coordinate syst
and the coordinates of these nodee xa, Xg andxc. A t i me st ep, and aTdcamnbéoomani
local coordinatesystem (ed) can be defined accordingtoaccor di ng to the displacement
these three nodes, and thex i weét@s are shown in mogeneous coordinate of each
Eq. (8). calcul at €d(.P)assed on

xi=(X, -X,)/|x, X,; %J g X% % 1g[x % x 1T, 9)
Zi= X l"(Xc' XA)/|X 3(ixc xA)|;£J (8)
'§/ whege x, % 1, is the homogeneous

Vi=z $X. |
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af tdaei spl afxememtl i s thatthebtelfoer emeshes inter Shpepeseidf iwé t &
displacement . is showh. in Fig.

According to the coordir~tes »~f £l uid machaec phe-

fore and after the displace €es movi
vel oe(¥=wyx / )can be obtained.

vectionc(eedbbwheyies materi al

vel gwhit yh based on flow fie *nce
can be <calcul ated. Thewienf o ycity

Eq(.1) is replaceldocbiyt gonvect
o+ NG =S +he (10)

Thdi stblrued meskeonshyac
solving Elell)apl ace
O=Qﬂ31?X+ 91232)S+ 3ul3s§+3“21 %X+

¥20,U, X+ 2 B p X
O=py &+ 5xp 5 x

Fig. 3 Fluid meshes and model size
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Fig. 2 Parachute model and local coordinate system
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It can be found in Fig6 that the lateral displacement was
about 8m.
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5. Analysis of numerical results

Displacement in x direction/ m

5.1. Analysis of deceleration characteristics Fig. 6 Displacement of payload

The accelerationand velocity changing of pay- 5.3 Analysis of structure and flow field change
load in windless environment (Modél) and lateral wind
environment (ModelB) are shown in Figs. The changing Fig. 7 shows the equivalent stress contour and ve-
trend isalmost the same. Inadile dropping phase, both locity vector. Both Model A and B had the same tendency
Model A and ModelB trendedto 0m/s?, and the velocity in shape and stress changing. But Model B had a certain
maintaired at about6 m/s gradually The droppingveloci-  deflection angle caused by lateral wind effect. In-pre

tieswere consistent to the actual stable droppietpcity. inflation phase, canopies bottom opened firséyd then
expanded uniformly (FidZ, a). After the vents opened
BT T T T T, fully, the canopies appearedsgaiddshape, and the cano-
204 ] pies began to inflate from top to bottom. In this moment,
= o the maximum stress value concentrated on the top part,

which might be theveakest part during thentiredropping
process (Fig7, b-c). The acceleration curves appeared the
first peakand the deceleratiogffect wasobvious (Fig5).
That the canopies fully expanded indicated the end of fully
inflation phase (Fig7, d). The caopies provided the max-
imum aerodynamiarag, which caused the second acceler-
ation peak (Figh). Then, the deceleration areas would

—o— windless environment

Velocity/ m/s
1

—s— lateral wind condition (3 m/s)
—o— windless environment
—— lateral wind condition (3 m/s)

Acceleration/ m/s?

g 1-20 continue to increasbecauseof inertia (Fig.7, e). At last,
&1 IS eas= e g gl T the canopies appeared specdiceathing phenomenon in
S — 3 stable dropping phase, and the acceleration aelbcity
00 08 o8 20 28 30 trended to be stable (Fig).
Time!'s However, the flow field changes were different.
Fig. 5 Acceleration and velocity of payload In windless environment, the air flowed out from inside of
canopy and formed a symmetric vortex at the canopy bot-
5.2 Analysis of payload displacement tom. With he canopy inflating, the outside vortex gradual-

ly rose to the canopy top and maintained a stable vortex
Fig.6 shows the displacements of Modeland  structure in stable dropping phase. While, the vortex struc-
B. ture change in lateral wind environment was complicated
In windless environment, Modél would have a and irregular. In prénflation phase the vortexstructure
small amount of displacement both in x and y directions invas not obvious (FigZ, a). After the vent fully opened, a
stable dropping phase duedweathingphenomenonThe  vortex appeared at leeward side of cantggyand the vor-
displacement trajectory was approximately a line. Howevtex on upwind sidevas at the canopy bottom (Fig.b-c).
er, Model B displaced in x direction in pigflation phase, When the canopy fully expanded, the vortex on upwind
which is not obvious due to the canopy was not fully exsiderose to the canopy top and was weaker than the lee-
panded. With the canopy expanding gradually, the x direavard sidés vortex (Fig.7, d-e).
tion projection area of cepy increased and the lateral
displacement was obvious under the action of lateral wind.
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Fig. 7 Results of sucture and flow field a-t=0.12s {/tr=0.14) b-t=0.45s ¢/t:=0.41) c-t=0.6s ({/t = 0.55)
d-t=11s¢/tt=1.0xe-t=12s ({/tt=1.1)

6. Conclusions windless and lateral wind environments were calculated.
The structue change and flow field change n@eobtained.
In this paper, the C9 parachute working process iiT he experimentaldata was used to verify the accuracy of



