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Effect of the Attack Angle on the Reentry Warhead Aerodynamic Heating
Environment and Structure Thermal Response
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ABSTRACT: The paper aims to study the effect of the flying attack angle on the aerodynamic heating environment and struc-
ture thermal response of reentry warhead. A coupling calculation method based on engineering algorithm for the aerodynamic
heating environment and structure thermal response was built, and the aerodynamic heating environment and structure thermal
response of the reentry warhead were calculated and the effect of the attack angle was studied based on this method. With the
oscillation attenuation of the reentry attack angle, the heat flux curve on every typical meridian plane oscillates around the curve
in 90° meridian plane and the amplitude first increases and then decreases. The total reentry heat transfersin al typical planes
increases compared with that in 90° meridian plane. The maximal amplitude of the temperature on the metal layer due to the os-
cillation attenuation of the attack angle is 3 K during reentry process, while it has little effect on the structure temperature at last
time. In the computational ballistic condition,the oscillation attenuation of the attack angle has little effect on aerodynamic heat-
ing environment and structure thermal response ,which can be improved by increasing allowance.

KEY WORDS: the angle of attack; oscillation of the attack angle; aerodynamic heating; structure thermal response

Wim B : 2021-02-03; f&ITHHA: 2021-02-26

Received: 2021-02-03; Revised: 2021-02-26

TEE® A P44 (1983—), B, Wt, FR LT, LRI F & A KITERT,

Biography: SHAN Ji-xiang (1983—), Male, Ph. D, Senior engineer, Research focus: aircraft design.

BIXABK: FokiE, MR, AT AALA SR LG A RREALENR AL F R[], K& KRB T4, 2021, 18(3): 063-069.

SHAN Ji-xiang, CHEN Qiang-hong, ZHAO Ping. Effect of the attack angle on the reentry warhead aerodynamic heating environment and struc-
ture thermal response[J]. Equipment environmental engineering, 2021, 18(3): 063-069.



64 - TN OB TR

20214 3 A

FEA IR IR & 0] R 25 ARG AF
o RAPIRZS T sk CRksh) Ry, R 35 HA
Ty RIS e AR 8l | WP S AE A SR, A
TCAT BRI ST SR A RO Y Ay sl g i Sk R
[P SR nwaE i WPI S L ATTR RN i it
PEBERTER AT, T B s Sk ol B AR T R A 3
PEEWTFE, B B el A, S ARBe ik B A K
A7 0 BB YA T 42 {1 2 2 140

QAT T R R IR 5 I FEAC S
FAERITE R 45 K B 7 4 T B S R — o B T Y
K, TS A 5, AT S A5 AL il B Bl
Thea o 5t e ) ity 3 8 3k 35 LA B BOREARAT,
Jo % FE B X B PSR AN ], AR
KHFFRIF 5 0 7 AT AR K, sk FEATE
o IR G e B o I, BURZON R K
AT 5 B ST I 5 Rk 5 A P 2R

KA “F JT & 1 3% T TR sOUE vk 19 < h 4
SR PRE A TR IR, JFT R T SR AT A iR
S H B R PERF ST, A HT T AR L TR
Bl 32 B S X S R R I (R B TR A R S POk T
11 5 T A I 3k B BE U AME  BIFE TR AT SO R e
Rtk B R

FI T A BIF 5 5 R S TR [ 52 RAT B 26 0F 7 b
PRILERR A 5T 1200 % F S2bR RATRE R kAT
A FATREE K 45 R R 7 R IO , 5 AR K
Fr2 N i shdh . SRR G AT o %07 IR IE R
A, WA ORI B A

SCAPOR LT AR M A Bl B 45 R A R
TR T, X KETI & Sk HE B e iR a1
WHSE T HEA AT A IR 55 0 1 A AR S Fe IR 45 4
A 7 A P S MR IR ] D e A T A B A
Wit AIREE R PR S

1 RITHRERESHRATR

1.1 SEiEFFE

SCHR SRR SR ) L A ERAR 2% R T A 1B
T, Hl B mE 1R, s, EsiB R
TR 0o P S B AR s B i K, 290
1700 m/s, FEAR, RATHUA 4R w2 (LA,
R AT BE i 1355.6 mis,

1.2 BAESHREATR

TE AT 5 07 R Br B, LRI AT
FAF TR AR IT I T 4 S e iR B A AT SR Bt
TRFFFASRSL EIME A, Sk E AT AR bt
it Joik R ITEIRAMEE IR TR SR BB AT 15 45
A AL SRS 22 Sl EESR, R 5E R A B A TR
REEF IR L R B R T5 5 o £55 75 S8 B R P 2R K

TEOR, PR | FelR BRI, Felk
K 20 mm B A S HA R

2000
1600
% 1200
g
5 800
400
0 1 1 1 1 1 1 1 1
0 40 80 120 160 200 240 280 320
e /s
BI1 2k

Fig.1 The flying velocity
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Fig.2 The flow chart of the coupling calculation method
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Fig.3 The aerodynamic heating environment parameters
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Fig.4 The structure temperature curve in typical position
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Fig.5 The curve of attack angle

FEA©A iR, FEXO M LIt ol b, 5
TRTAT AN [R] 5 T8 V4 B AU 5 2 ALt 2 AN TAT 6 T/
MIEL 6 AT LI i, 90° - i i a5 A2 Al h 26 5 2 2
RATIARIE, A RATBUR IR A %1 G

1000
800 -
5
B 600}
<
& 400 T Trmo
] —— TFHEA45°
Z Y
—— FFH135°
200 —— FFH180°
0 | | | 1
305 310 315 320 325 330
At iE]/s

K16 ANIR]T-2 AR e i A A it £k
Fig.6 The heat flux curve on different meridian plane
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Tab.1 The total reentry heat transfers having attack angle on
different meridian plane
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Tab.2 Temperature at last time on different meridian plane
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0 48354 396.07 37351
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Fig.7 The temperature curve on different meridian plane on
(a) metal outer wall, (b) metal inner wall and (c) heat insula-
tion layer inner wall
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Fig.8 Typical heat fluxcurve with different attack angle oscil-
lation frequencyies

500

450

HEEK

400

2k 1
— FAFE 180 T Lk 2

350 L L
300 305 310 315 320 325 330
ER
a &8I Em

420

400
5

380
ic}

—— FHIE0°_BUAIL 1
360 —_ ?fFEOZEIﬁ! Hﬂ& 2
— THE90°_TfamhLk 1
—— T 180° TfA ik 1
HF. ?tFEIISO"_K?ﬁ Mk 2

340 I !
300 305 310 315 320 325 330
B 1] /s
b &JRZNEETH
420
—— FHE0°_BrfMZk 1
—— FPHE0°_Bufi L 2
— TFHE90° Tk 1
400 | —— TH180°_ Bk 1
y —— TP 180°_ B HIZE 2
380
uz}
360 |-
340 . s . s .
300 305 310 315 320 325 330
B 1) /s
c FEHJZE N EEE

K19 IR AR HiR AR INEAN ] 5/ T 45 i o it i 2k
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