5534 4 5 4 M) =3 F#H Vol. 34 No. 4
2019 4 4 H Journal of Aerospace Power Apr. 2019

XEHS :1000-8055(2019)04-0908-12 doi: 10. 13224/j. cnki. jasp. 2019. 04. 020

DEE Wi}lbiﬁ@@lﬁﬁﬁ*ﬁ&
iR BEL 732 R 52

T M, ME®. & K, #HEE
(PHIE Tl R LR B #A%e IAEH S N E G SR E . Y% 710072)

i B XA G G G A S A7 BR s (] e = A AR ADLT JR TRE E E PY IE E PEE H  Ar K
IR AR B IE . AN T RAT AR 5.6.6.5 K 7 XN AOBRBE A O A4 R IR B R AU L BR e )
R T VB 48 L 77 (4 52 e L 1) LA RS TR) I 3 S 6F g L 98 B T B RN 7 A S M . TR ST 45 SR R A R AR T i I A
Ao IR A R TR T (507,50, 7 kPa W R 1 43 A B 10 % .5 % AT BB B AR . T RE X R BE A5 B
B 70 % M PR ACR s MG R Y S50 Z 05 L BETH BY 1 ) 2 B0 A R Y S AR Mk fe K 25 53k 10004 5 BY B
T 5% EA I AR A B I, & AL P I R Y OGS TR T 1 T RE X IR s R AT AL SRR X
Wk A TERE R T AL B AR T U SR TR R SR Be TH AR , Ul B ZSCSR T R 1) 3% R

* B W SEmBL WAEEAERE, BEEMT BRE%REE W

mESEKS: V236 XEARERG: A

Research on skin-friction drag and drag reduction technics in

a supersonic inner flow path
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Internal Flow and Thermo-Structure Laboratory,
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Abstract: In a constant-cross-confined-space with rearward facing steps., the skin-fric-
tion drag and drag reduction technics in a supersonic inner flow path was developed by three-
dimensional numerical simulation. The influential mechanism of skin-friction drag in the
same mass hydrogen injection and combustion but under different air inlet conditions and
combustor entry conditions when the scramjet engine operated from flight Mach number 5,
6, 6.5 and 7, and different injecting pressure effects on the wall shear stress beheading the
injectors were analyzed and compared. The results show that the drag reduction effect under
low injection speed is more obvious than that under high injection speed. 507 kPa obtains
10% drag reduction and 50. 7 kPa obtains 5%. Boundary layer combustion achieves almost
70% drag reduction. When the fluid passes backward facing step, regularly uneven changes
of wall shear stress will appear and the biggest difference is 100%. The trends of wall shear
stress and density are basically the same. Therefore, the key point of skin-friction drag re-

duction in inner flow path is building low density field near the wall surface. The area with
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stable and effective drag reduction effect is located more backwards of the injectors. Howev-

er, due to the mixing and consumption of fuel, the drag reduction effect gradually decreases

along the flow direction.

Key words:

wide-speed-range; supersonic inner flow path; skin-friction drag;

boundary layer combustion; drag reduction
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Table 1 Seven-step hydrogen kinetic model-*"!
5% 7 7 it A T,/K 0
H, +0,~OH+OH 2.66>X10" 24044 0
H+0,0OH+0O 6.21X10" 8456 0
OH+H,<~H,O+H 3.01x10° 1660 1. 60
O+H,~OH+H 1. 60X 10° 3163 2.67
OH+OH<~H,0+0 5.21X10° 50 1. 14
H+OH+M<H,O+M 1.30x10% 0 —2.00
H+H+M«H,+M 9.78X10' 0 —0. 60
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Table 2 Simulation boundary conditions
ZRAH BT
T8
AT SRR BIR/K FE/kPa A Dff¥e  MUER/K s E/(g/(s s m))  #JE/kPa

1-1

1-2 S 1180 50 2 300 100 50.7
1-3 300 100 507
2-1

2-2 6 1600 30 2.5 300 100 50.7
2-3 300 100 507
3-1

3-2 25 3 300 100 50.7
3-3 300 100 507

6.5 1850

3-4

3-5 117 2 300 100 507
3-6 300 100 507
4-1

4-2 20 3 300 100 50.7
4-3 300 100 507

7 2070

4-4

4-5 50 2.4 300 100 507
4-6 300 100 507
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Table 3 Global skin-friction drag performance

T4 KBRS Ty /N Rl A/ 2%
1-1 5.724

1-2 5. 446 4.9
1-3 5.101 10.9
2-1 5.415

2-2 5.132 5.2
2-3 4.791 11.5
3-1 5.774

3-2 5.533 4.2
3-3 5.121 11.3
3-4 13.137

3-5 12.039 8.4
3-6 4,042 69.2
4-1 4. 854

4-2 4.661 4.0
4-3 4,295 11.5
4-4 7.928

4-5 7.504 5.3
4-6 2.593 67.3
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Fig.3 Wall shear stress distribution near injectors
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Fig. 7 Wall shear stress, density and heat flux on up-wall surface of case 3-4~3-6
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Table 4 Skin-friction drag distribution along flow path
T8 Fly /(N/m) WEWR A1/ 2% Fl /(N/m) W IR A,/ % Flys /(N/m)  BEIR As/ %
1-1 59 67 68
1-2 67 —12.9 63 7.1 63 7.7
1-3 63 —5.9 58 14.3 59 13.5
2-1 54 62 60
2-2 63 —16.6 57 7.0 59 1.0
2-3 54 1.1 55 11. 4 57 5.0
3-1 60 68 67
3-2 66 —10.7 63 7.6 65 3.4
3-3 53 11.0 59 13. 4 63 6.6
3-4 134 155 153
3-5 117 12.9 143 8.0 147 3.7
3-6 40 70. 1 44 72.0 54 64. 3
4-1 53 62 61
4-2 56 —6.9 53 13.9 54 11.0
4-3 44 15.3 49 20. 4 52 14. 4
4-4 83 94 91
4-5 82 1.5 85 8.7 91 —0.3
4-6 27 67.5 23 75.6 41 54.8
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