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Abstract: In the drag parachute test, especially during the process of high-speed rocket sled drag parachute
test, due to the nonsteady motion of the drag parachute system with a variable acceleration and the influence
of wake field in the anterior body, the existing drag parachute test data analysis methods are often difficult to
accurately calculate the drag coefficient. In view of the unsteady and wake interference characteristics of the
drag parachute test, this paper starts from the dynamic theory of the drag parachute, and theoretically

analyzes the additional mass and wake field characteristics of the drag parachute during the unsteady motion.
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The drag parachute coefficient correction model of the drag parachute system is established by using
nonsteady correction and dynamic pressure correction methods. On this basis, the test results of a certain type
of cross-shaped single umbrella and cross-shaped double umbrella models are analyzed, the corresponding
nonsteady correction coefficients and dynamic pressure correction coefficients are determined, and the cross-
shaped single and double umbrella resistance coefficient correction models are established. The results of
correction models are compared with wind tunnel tests and traditional calculation methods. The results show
that for the single parachute model, the calculation result error can be reduced from the original 27 % to less
than 9% by the new correction model, and for the double umbrella model, the calculation result error from
the original 30% to less than 7%. In this paper, based on the analyses of added mass, the drag coefficient
correction method can calculate the drag coefficient of the drag parachute more accurately, so as to provide a
more accurate calculation method for the correction of the drag parachute test data.

Key words: drag parachute; added mass; drag coefficient; nonsteady correction method; dynamic pressure

correction method; double mass model
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Fig.3 Wake field of front body of drag parachute

TAR LR A Bl LR AR

164, 0A%* ) (du, dus

Fp=(m,+ 3 — +

dr dt ) (11)

He 3 (1) 7R 19 B ACABH 3 <= B g & K

BN TR B HE R W R RS T
RH 3 <= BH 1 2 E0A =k
Fp
Cp= 1 ' (12)
E,ouiAo
3/2
C,— m, % 1L 16&_;‘/014 1
1 dr 3" m,
Epu;cAo ‘

duy \ [ du, o
[e)s) | 1
A 1444 AL, X T WK ) s B
Fif , AN B AR R B S, G A A G AR TR
PERf 2 B ) < — 232 3l , BB B f om, =0, &
RH 7740 TG 2 it 3 5 Wi B, B 7 < 3 3 1% 3 B2 B Sk A
FH 2R I w= w,, BE B BE ) S B 52 B A ] 3R
NN
du,
F.\—m)E (14)
KT ESTEIE L SIAAEE B IER
Bl R AE IE R 5L &, WIBH J7 = BH J7 4 2 i =T LA
faifb A
_ (4 ke)1+E)F,
%pui/&o

A AEE BB IE R BN = 0.0970A m, ", B &

CI)

(15)

@m%%&m(dg;)(‘?]j) )

2 AESLBEASHESSH

AT 4 BH 7 A 22 Ge il g8 o ], X6 ) T 2 A 7Y
N 4 B 7 328 BOWT A B g <P AT 108, A B
TE A BN BRI AR i R
BEL 13 - DA AP 7 33t 11 5 3t 3 e i, L T < S i O T 4
BHL 7 A 28 G At 3 J5E 728 A 1 A2 el s Bl . % & F
i A P BH T A U A2 Bl DRI R AR SCHR H Y
A o 5 ek A58 TR I 68 XE T v 0 L BEAT 0 BT F 5

>

(a) Rocket sled single drag parachute model

I KN IWIRLE S i
Fig.4 Rocket sled drag parachute system

2.1 ABIESG

T X AR Ao B B A AT O A WE ST L S
TR T I SR A P 5 TR o AR T A A
£ 5K il R SF B AR I R e 1 < B R R A, L
0.90, Hoigs M Ra a8 B4 Rk 1 s .

5 AR
Fig.5 A-type single drag parachute model

F1 ARIATARBSHERFRBRSREHEER
Table1l Dynamicrocketsled testand steady-state simula-

tion results of A -type single drag parachute under

different conditions

Ty AjJ?SiE'ﬁruﬂﬁ j%:?&é&{ﬁﬁﬁ
() (g ry BB S B
J1I/kN  RB H/kN . RE

74 3.94 14.76 0.55 16.27 0.61
76 4.11 15.57 0.55 15.96 0.56
80 4.53 17.06 0.55 19.72 0.63
84 4.99 18.58 0.54 22.78 0.66
88 5.32 20.40 0.54 24.57 0.65
96 6.05 24.27 0.54 28.79 0.64

N YA B RS OO B B < B 5 R ) 4

F R W RSN R AR 26 1 U 4 L < R L AT
BAELBEALL SR X <pm A< 2 T I (A A P 26 A T AR 23 69
J7 A BB A S BT ol T AL 2 BE
RS CGER) TSR, Br An L EER M C, =



PPN %53 %

172 Mom ooAE W
Fy, " _
7 ARG ERME LR, L
—pvtA
2

L kg Bt SR T i /s 3R 0 X 8 A 7 ) R HE AT B

- e . Fr PR e

?Eﬁii,ﬂéﬁﬁl_l“%:&ﬁCD:liﬁ{%{%iﬂ
E[OU2A

55 BH 7 A AEAE , OF 5 8 W BT AS XTI il it e

(Fo/Fr—1)/ kR AR E ¥ AE LR B eo TS

AN 6 fr s o 8 a6 B ORE E B R 45 R 2 AT
T, AR E B IE R e R R
e=1.1X 104+ 77X 107"
10
0.8
0.6
04
02} . . .

(16)

04075 80 8 90 95

u/(mes")
6 AR QR R G IE FR B0 Sk U R 9 AR f

Fig.6 Nonsteady correction coefficient changing with

100

incoming flow velocity of A-type single drag

parachute

3 Ao I A 38R 43 T AT A, 5 e BEL ) < BH D R
PRV BB bR T IR AR LA R A R B
R o 22 S 52 o 48 T ok o i 42 B 1 4 &R
Gin R b dh K 22 T AT A M. i R 7 T LA
AL EE RN AL S S A
I DX, 3K Al 52 i 2 off 5 B g < A X G
R G 1.5H~2.0H By X 380 9 5 I 14 3l 1R
A5, DA 52 e BHL 3 < 0 30 1 6B 14 0 £ 45

P78 2R A AN, O X BRI 1 19 3 4 53 A7

Fig.7 Streamline distribution on center symmetry plane of

numerical simulation of rocket sled

ST T R M g3 BT I AR TR R A B T 4
SRS BEL 3 S 9 52 W, 53 )08 5 IR S TR A [a] 38 Y
U AR < R GE AN A i 2 BB A ) < Bl L g
Py B S5 R R 2 R .

i P B L R E= F/F ) — 1R iR 8
FEABIE R K S, b F oy B I A2 0F T B R 4
Ay SR E RS R AI R K 8 s . il

£2 FAARSTHARBGCRZESHES
Table 2 Aerodynamic resistance of A-type single drag

parachute under different conditions

N & TE Y7
22 B A ER:PUE S
74 16.27 18.75
76 15.96 19.78
80 19.72 21.87
84 22.78 24.12
88 24.57 26.23
96 28.79 31.39
1.0
0.8}
0.6
L, 04f .
ozl = . .
0.0} T
-02f
75 80 85 90 95 100
u/(mes")

P8 ARl A IE AR B ok U R 7 A
Fig.8 Dynamic pressure correction coefficient changing
with incoming flow velocity of A-type single drag

parachute

A A DG R AR T 4 AR B X E AT S s TR A
IERK SRR R A
£=—20X10 *u+315x10"  (17)
XTI A B T < LB A S B ) AR R
BIEAK N

(1+ke)1+E&)F,

1
EpuzA

Cp=

e=1.1X10 u+77X10""°

£=—2.0X10"u+3.15X 107"
Ak, =0.90,

O T — AP Bk B 3 < B 5 A K HAE TR 5

R B MERR TR SR HIAS B 04 5B s R K IESX(16)
Xt o 3 KSR A R B AT 0 IR T AR S A
BH 1 4 22 BB OXGRR5: F b i B TE 455
HEAT R L, S5 SR R 3AE 9 Fros . NIEL 9 vhaT LA
A Bl s Bl R AR AL, BH < Y BEL T AR BT
BRI NIk G, R/NE T —E i i i TR
T 5 AR B IE 7 ¥ BX U AT LR Y iR T
FEIH 5 T7 145 2R BE 0 2 K B g A XU 3 6 25
RZEFBOR 28 5 T OR ATk 27 005 A SCHE i 18
TEJ7 AT B A B ) 2805 B AR X R 22 B0, B
R ERZE/ANT 9% X BRI O B R BUR R



%2

PIVEELZL, A5 B B n 5 ek 5 BH ) AR e T Uy ik

173

R3 ABBLHEARBSHILE
Table 3 Results of drag coefficient of A-type single drag
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Fig.9 Comparison of drag coefficient results of A-type sin-

gle drag parachute by different methods
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Table 5 Aerodynamic resistance of B-type drag para-
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Table 6 Results of drag coefficient of B-type double

drag parachute
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Fig.13 Comparison of drag coefficient results of B-type
double drag parachute by different methods
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