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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;
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K1 ARAIBRAXHEERRZEEITEER
Tab.1 Peak heat flux calculated from different

engineering formula

6 000 m 3 000m 1000 m 8000 m

2.5Ma 2.5Ma 2.5Ma 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%

a1 ], AR ARSI T, &
AR, MR T, IR R R KR 2
4.2 IE{E A Bradshaw {8 1E

MG S % SCHR 18] Stetson Ko iy A8 75 13 i 4 4%
TLSEE, ARV RENE BT B BRI B A2
K 4.4x100, ¥ BEAE DL T 111G 57 i 52 R 3.2x10°,
Pt 0 B, 3 000 m 2.5 Ma 3K i #1 8 000 m . 3.5 Ma
VLA BT B AEAE 2 I 1) 0 U P e 4R, 3 R
I ZHZ ) KRR SE B B UE T 2O I A AR 1
FEAE o SCHR ) SST i it A5E AU X W Aot it 25 A4F T 1
HE T I B o A AT BUE TR, X T3000m
2.5 Ma K, B SCR ORI BY SRS R B O [ E
() 0.024 2 W/(m - K), B AR5 A 20 (27) 1Y 1155 45 5 0
4% Bradshaw %X a, [WHUE, 4 ¢,=0.316 i}, SST &7l
7 0.041 m Kb 75 3] 55 K A0 % B2 {H 788.2 kW/m?, 15
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HERR TR (27 #E 0.036 m b 75 5] fi KA &
JEAE 791.4 kW/m?, BIFR 735 BT 45 R &l 7 o
(7 AL 8 v A A A s AT O 1 BR T B 2 M BE T
F Y X R A B o

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 5 HO) 34 UL 285 JEE 937 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 H i , W AT 1) F R R 1%
BOREER 0.0198W/(m-K), 4 a,=0.325 I}, SSTHL
BIAE 0.042 m ARG 2 f R HGA 2 E(E 1 264.8kW/m?,
BRI TR 0D TE 0.039 m 4015 3 it R I %5
FE(H 1262.0kW/m?, IR 7 A5 R ANl 8 i,

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

Pl 8 SST A6 il iy 3t Bk A 23 3 9 PR AL 28 8 437 - 3.5 Ma
Fig.8 Distributions of surface heat flux based on SST model and

high speed sphere engineering formula —-3.5 Ma

& 7.8 vl UL, i# i f&IE Bradshaw %X a,,SST
it 0 A% AR A ] ey JEE R >F ik 1) 0 R AR 4
KR 5 THRAEEREALITES LAY S, I HIEE
FRL LR BRI A7 S W (PRI 2 I ) TR % B A AT
5T AR RS R —2 . R LI AT 1, SST #iAY
KT IR B A FRER R XA F
KATEAF , Bradshaw %0 o, T E @S BUEIXE, It 5
TR AR TR S5 AT LU X A5 8, @, 193538 AT
1£(0.31,0.34)Ja B i HL . T Bradshaw %% a, J2& i
TR SE, AT BRI ZE A sh 405,
VLS BUEE BA — 7 38 T, B AT 58 2o 5 500

ERHEVRSME A5 BB AT AR T a1, BRI @,
{0 [RVRE RAT 451 F IR R B 45 ek Bl IR AN 1%
L BT AR A

5 % it

=

CLAMEE T A B AR R AT O R
G R E SR | SOh R 0 Bk
fRIAANE | 25 RS OB BE S0 BT R T 1 A5 s T
W SST Jifi AR 7Y K AR A S 42w sy M b 47 T %
Ui e B T PR 2 B A A RO 1R B LU R 48

(1) XF T 4549 [A% RO B o A (TR 4
S WA P BEAL yr<d Y 3T BE RS AN HBURE

(2) XA [ 14 8 B B R U, 3 2 o) e Ui 1Y
ERR TR, SST AL (W13 45 e ik i b 5
Klein 25 ARG, %I RS D ECH
X, i RATRIEE TG,

(3) AT i PR S T A e ol C AT BR AR 9 FA 3
WA TREA MR A R o, AT
Bradshaw £01& 1E , & 1F J5 A9 SST #5578 i $h i 5 1 4p
MRS R S TRAXAFE B, A TRKE,

225550 G Bradshaw B IF 1 SST A% fg
i 75 21 VB i BE S T 1 LA TR B 1 I
JEE 43 AT, AT A FH T i ) s s ) 7 R 1 3R T
DL i BB 1400 o [RIAS, SST 55 A4 5] i) 6 %«
W E BALRE T8 e R sh I 51 1 B 5
I EI M IE AT, B BN LTI O R GEAR T
ABE TR IS SO Iy VA A R, A
FIREHIE ek A ME B S PO TR

SEH .
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