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Abstract: Spherical dome usually works in the state of turbulent convection heat transfer for the
penetration infrared guidance system flying at low altitude and high speed. In this paper, the sphere-cone
at zero attack corner was focused on. Numerical calculation engineering method of turbulent convection
heat transfer for dome was proposed by using SST model, which was implemented by generating the
structure grid, setting physical property parameter of inflow and compared with the engineering formula of
heat transfer at stagnation point and turbulent region. Firstly, based on Billig’s results, detached shock
was generated in flow field by use of multi-block structured grid in order to reduce the numerical

dissipation. In order to analyze the sensitivity of the calculation results to near-wall grid, several
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numerical experiments were performed with grid of different near-wall node heights. Then, the influence
of SST model parameters on the calculation results was analyzed and Bradshaw number only had an
obvious impact on the computation of peak heat flux. The result of heat flux at stagnation point
calculated by SST model was consistent with Klein’s formula by using the correction approach of
equivalent thermal conductivity for inflow. At the region of turbulent flow over dome, the Bradshaw
number was modified by applying the engineering formula of turbulent heat transfer over the sphere at
high speed. The result of heat flux computed by SST model was consistent with this engineering formula.
The results calculated by modified SST model could satisfy the requirement of engineering applications
and could be applied to analyze thermal shock resistance of dome, aero-optic effects, non-uniformity
correction of infrared images and trajectory design of terminal guidance for infrared or laser guidance

system. This numerical calculation method plays an important role in engineering design of optical
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guidance system at high speed.
Key words: infrared dome; grid sensitivity;

modification of model parameters
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2.5Ma 2.5Ma 2.5 Ma 3.5Ma

Formula(27) 534.5 791.4 991.7 1262.0

Formula(29) 546.1 796.4 1009.4 1189.6
Deviation -2.2% -0.6% -1.78% 5.7%

B 1 AL AR AL R 2GR T, &
AR EERY, WOR A T, TR 4 R n R £
4.2 IE{EHHR K Bradshaw {8 1E

R4 2 % SCHR[18]H Stetson X 1y 4 7 3 i 4k 4%
TS, ARV RERE BL T (30 LR B I A TR T A
h4.4x10°, ¥ BERE HL R 19 I B IR B R 3.2%10°,
P I HI BT, 3 000 m L 2.5 Ma & i 1 8 000 m 3.5 Ma
KRR B B AE TR 2 0 1) it O P A 4, 2
LAY K BT R LI B I UE T 2R & TR IR
FEAE . SCRSR A SST it 70455 0 X PR b R I 25 1F T 1Y)
HE B P A AT BUE TR . X TF3000m
2.5 Ma KU, TR R A AR T R E R [
(7 0.024 2 W/(m - K), FF A4 A 5K (27) B 1153 45 21 7
# Bradshaw % a, WHUH, 4 0,=0.316 I, SST A
£ 0.041 m Kb 75 21 5 K P % B (H 788.2 kW/m?, /&
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BRI TR R (2T TE 0.036 m Ak 75 3 i K 0k %
FEAE 791.4 kW/m?, P AP 7 ik TR 45 SR sl 7 iR
(7 R & 8 v e 4 A b AT Ry A0 35K 1T BE 2 DA 3 s FF
S TR T A RS )

800 000}
700 000
600 000
500000
400 000 -
300 000
200000
100 000

0 E

— SST-al=0.316
--- High speed sphere formula

Wall heat flux/W-m”

0.01 0.03 0.05 0.07
Z/m

Pl 7 SST A5 B il g T R A2 30 HO) 34 UL 28 JEE 237 2.5 Ma
Fig.7 Distributions of surface heat flux based on SST model and

high speed sphere engineering formula —2.5 Ma

XFF8000m 3.5 Ma K, W R it 1 S A R 2215
BNFEER 0.0198W/(m-K), 4 ,=0.325 i}, SSTH
BIAE 0.042 m AR5 21 f R B % B (E 1 264.8kW/m?®,
R R TR (27)7E 0.039 m 4b 15 2| B K Pk 2%
FE(H 1262.0kW/m?, IFH 7 T HRA5 Rl 8 s,

1.2e+06
1.0e+06
800 000
600 000
400 000
200000

ok

Wall heat flux/W-m*

— S$ST-a1=0.325
—-=High speed sphere formula ‘

0.01 0.03 0.05 0.07
Z/m

8 SST A5 T Fll g B A 2 1) 4 U 5 E 04 3.5 Ma
Fig.8 Distributions of surface heat flux based on SST model and

high speed sphere engineering formula —-3.5 Ma

M 7.8 AW, 38 1% IE Bradshaw %X a,,SST
i 7t 455 X6 AN ] e B R R R it %) e A it 3 0RE 4
RYRE S THREEALITESRMY S, I HigE
FR L B 7 S U (B AT 2 T A AV % B 3 A
ST HRAREERA 3, i HLImT A, SST HiAY
KT Em A FAEMREE ., X TR
“®AT M, Bradshaw %Y a, 77 ZE o BUE A, IS
T AR A A R AT L X AS 2 a, (3R 0R (R AT
1£(0.31,0.34) 0 B N LB, /1 T Bradshaw %% a, 2 i
TXARESE, AR T REIR 2 sh a1y, i
PL S BUEE BA — & 138 P, BIRT 58 2o f7 5 Y

EREERIME AT BN AT T B9 o) 8, FEAUHTZ @
{E X VR AT 2510 T I IR L T S5 S Bl AR A IE B
Uit B HEAT PR A BT

5 4 &

LI AR i B R B IR B R A T i OGS R T R
BTt B R E R R | SCHR R IR BRAE AR
TR ELANE | 45 RS SRR EE 43 B oK I 1) A B 3 %
BB SST i P A S A A S 050 ) o3 BT b AT 1 3%
NN T N ol i TRV G| = N X [ DR S5

(1) X5 454 WA% | FRO % B A BUE T H R 45
Kb WA SR B AL yr<d BT BE I 4% AN BIUER

(2) XF TSR] 04 8 B K B e Y, 388 5 % A Ui 1
IR E ,SST BRI A4 RAE b 5
Klein Z5 AT G, R F RO R EA S S Ech
K, M5 AT EE TR,

(3) VAR i PR AT A AT R AR A A
WA TR AKX MRS oy B, AT
Bradshaw £01& 1F , & 1F J5 A9 SST A5 7 {1 Bt 25 1 73
it AL RS TRERA XS B, BA TR,

25450 F F A Bradshaw B0 1F (19 SST #5151 g
5 1) VH A U B R A R TH A B RN B O PO
JE G, AT 4 F TR O B % i A [ R ) O
PRt 68 J1 3 Ao [, SST A5 R145 3] 1) 56 4%
TR BALRE TR b 00 sl #dR 5 M R
RS IESFE AT, AN LLA UL RE ARG
s B R S SO Oy vE A 4 A
T &AL S5 e MNP B SR I S A
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