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AMHAESATER N RABXAXBANGEREF
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21 THEESHRPARERTAHNENME(Ma=0.3)
Table 1 The drag of different diameter particles
in subsonic airstream (Ma=0, 3)

FRERERHRE S (10N
0.2mm  0.4mm 0, 6mm 0. 8mm 1. Omm
Rep=182 Rep=365 Rep=548 Rep=730 Rep=913
Henderson 0.780 2,47 4,98 8.30 12. 4
Nickerson 0. 850 2,90 6.11 10. 47 16.0

0]
EZ 3

Igra 3.16 6. 67 11. 4 17. 4 24.7
Kurian 2.66 8.78 17.7 29.0 42.6
NG 0.790 2.40 4.64 7.45 1.1

NND(CFD) — —_ —_ — 1.3

R 2ARFBSHE 0.9 BRI BBMHNWITHEE R,
BILAE S EA BN ZAB X AR ITHG RN
TR B FEEMRKME, 56 Henderson L f
RUALZRBINE R ML, # H Nickerson B /1 &
BXAABINBRENBHEA 17%~2T%, . A
Igra BN RZABX R BANFTREN AT 27%~
80% .M Kurian L RE X RZRA BB M BREN

AEE 14K ~179%, MEAFRTER DR XR
KB F MO FRE A MARE 25% ~30%., Imm ER
AR ERETT BB B MBS S Henderson B 1 &
BAAABANGERRMEY 7%, B3I ARKDH
WL2BENEIMHESER. MEFR.ER
Henderson 7 2 $ X Z X 5 {8 F§ Nickerson B J;
REKRZABIANBRE N BN EE, ZERERK
%7 3% ;518 Henderson L H ZH X RZRBEMS
B EH Igra B RBXEABIMN 0. 2mm K
RHBIH ) W £ % 21%,0. 4mm~1, Omm ki 5
REHX 1% ~11%, i # A Kurian SR ERNF
BEZRBAHPRHEAREBR K. lmm EEE K
REBETEBFIMME S S Henderson B REXK
ZABBNERRED 27%.
*2 BFAESHPIAREEENAENYE(Ma=0.9)
Table 2 The drag of different diameter particles

in transonic airstream (Ma=0.9)

FREBHECBRMEN (104N

;;; 0. 2mm 0. 4mm 0, 6mm 0. 8mm 1. Omm
Rep=547 Rep=1095 Rep=1642 Rep=2190 Rep=2737

Henderson 6.32 22.8 49.2 85.5 132.0
Nickerson 7.40 28.0 61.5 108.0 168.0
Igra 11. 4 33.1 66.0 110.0 167.0
Kurian 17.6 58.1 117.0 191.0 281.0
A E 4,63 15.9 35.7 63.5 99.30
NND(CFD) —_— —_— —_ —_— 141.0

*3 BARSHTAREEBEANENINE(Me=1.2)
Table 3 The drag of different diameter particles
in transonic airstream (Ma=1.2)

ARERELBEAE (104N

*ﬂ;ﬁx 0. 2mm 0.4mm 0. 6mm 0. 8mm 1. Omm
Rep=730 Rep=1459 Rep=2190 Rep=2919 Rep=3649

Henderson 14.4 54,3 119.0 209.0 324.0
Nickerson  13.9  53.2 118.0  208.0  323.0
Igra 17. 4 53,7  110.0  188.0  287.0
Kurisn  28.9 95.4 1920  315.0  462.0
RAE  7.43 28.2 63.5  113.0  176.0
NND(CFD) —— — — — a0
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R WEFALIE L, {5/ Henderson L H R EX R
R 5 # A Nickerson il 1 R Bk 7 X8 B0 BB
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Imm ERMLREHRE T EE 2 ME N5 Hender-
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son BN RBXRRABIANERREL 0.2%.
24 BERSHTFFRAEARHNNENNE(Me=2.0)
Table 4 The drag of different diameter particles
in supersonic airstream (Ma=2.0)
FRERELBEAGE S 10N

0. 2mm 0. 4mm 0. 6mm 0. 8mm 1. Omm
Rep==1216 Rep=2432 Rep=3649 Rep=4865 Rep=6081

::bs}
KERX

Henderson 49.6 192.0 425.0 749.0 1160.0
Nickerson 44.7 175.0 39L.0 692.0 1070.0
Igra 39.4 134.0 287.0 501.0 776.0
Kurian 69.7 230.0 462.0 758.0 1110.0
AR E 19.6 78.4 176.0 314.0 490.0
NND(CFD) — —_ -— — 1168.0

R FERM Mal. 5 WBHRAZH T HEHR
TRIAB R KBS CFD AL R S5 R B0 A
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BB T 45 20 64 AT 4L W B ) $ 1 5 68 A Henderson
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EFE:MBETHAEZRYS Kuian B RBXRER
(B 1mm fLHBESN) Jgra BN R B X R ATE
BEAFRBXAXABINSERFERKER, 10mm ff
HFREANEREREKR. DT B TFHURB
BEANRBLEXAANERLEFEZS, &R

HENEER . BRATE . FEANmEERES
FEEH  BHEBIAMNBHLREEAIREFEER,
MEAE T B TR TS Henderson i 1 RPE B K
AAMEREER I—, 3 H Henderson L T R
BXRARARESBRARBNXERBESD EHUE
BAR U ENEREAEFA MATEES
REXFRARNERTHEARSKPRBEHEITHE .,

B F Henderson H H AP E B X AAREE.
B EAENSER MEAABRERABEERIRZ
Bh4ZHEdE. B BFERE, Bk, % 1. 0omm
BHARABEHED#%0.3.0.6.0.9.1.2.1.4.2.0
HERFPHSHAFETTHELR. SROFK 6K
DK 0.3.0.6.0.9 X4 T .BEHBERS
Henderson Hh ZABER X ZRABINLERHERKE,
MEDHH 1L 2. L4 £A4T . HAEATEERET
Henderson l I R P LB R AABIANLER. FE
HHAME AREHATRESFSHARBERAR. K
BHERHARG HBELERBKF I HE. DH
HRESHINBHEELK EEIHBNRESE
HBRGBERDMSHR.IAHTEI AN
0.00113+20%, ¥ 1.4 A TR H N
0.0576£1.5% . ¥ 2.0 £ TERSEH I HF
HEABRERR. DHH 6.0 XHTHRMSIHN
EURBRGZAMARK-BHARBEN, HiTHELE

5 ARHEGHUBERSH IO CFDUHNLEREBHRYSITNLR
Table 5§ The drag of different diameter simplified droplets by using CFD method and drag coefficient empirical formulas

A o] A # 16 40 7 B9 B 1 (ND
MAXER 0. 2mm 0.4mm 0. 6mm 0. 8mm 1.0mm 10mm
Rep=1520 Rep =3041 Rep=4561 Rep=6080 Rep=7602 Rep=2X10¢

NND(CFD) 0. 00751 0. 0290 0. 0631 0. 109 0.169 48.4

Henderson 0.00749 0. 0290 0. 0643 0.113 0.176 49.8

Nickerson 0. 00759 0. 0299 0. 0668 0.118 0.184 82.1

Igra 0. 00603 0. 0207 0. 0447 0.0781 0,121 2.25

Kurian 0. 0107 0.0353 0. 0709 0.116 0.171 11.4

Ak 0. 00306 0.0123 0. 0276 0. 0490 0. 0766 24.0

6 TRSHYTL.omn EEMULABKHANCIDHALERSBNRMBEITHER
Table 6 the drag of simplified droplets with 1. 0Omm diameter by using CFD method and
drag coefficient empirical formulas under different Mach number condition
1. Omm ML BRI 5 (104 N)
BAXER Ma=0.3 Ma=0.6 Ma=0.9 Ma=1.2 Ma=1.4 Ma=2.0
Rep=0912 Rep=1824 Rep=2737 Rep=13649 Rep=4257 Rep=6081

NND(CFD) 11.3 45,2 141.0 411.0 576.0 1158.0
Henderson 12. 4 47.6 132.0 324.0 494.0 1160.0
Nickerson 16.0 68. 2 168.0 323.0 463.0 1080.0
Igra 24.6 79.5 167.0 287.0 387.0 776.0
Kurian 42. 4 140.0 281.0 462, 0 602.0 1110.0
AnlE 11.0 44,1 99.2 176.0 240.0 490.0
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Fig.1 Traces of simplified droplets (v, =10m/s)
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Fig.2 Relative mach number variations of
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Fig.3 Traces of simplified droplets (v, =100m/s)
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Fig. 4 Relative mach number variations of
simplified droplets (v, =100m/s)
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The study for the motion of simplified little droplet and
transversely injection in supersonic flow

SHANG Qing',SHEN Qing' ,ZHUANG Feng-gan®
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2. China Aerospace Science and Technology Corporation, Beijing 100037, China)

Abstract : Beginning from the study for the aerodynamic force on simplified droplet (little rigid sphere) in
supersonic flow, the results of aerodynamic force, using by CFD method and by the drag coefficient models
in the two phase flow theory, are compared and analyzed. So it is concluded that the drag coefficient formula
given by Charles B. Henderson is suitable to simulate the simplified droplet movement in supersonic airflow.
Further more, the calculation of different diameter simplified droplet movement is carried out by using engi-
neering calculation method. One section of two dimensional supersonic flat flow with Mga2. 7 inflow is chosen
as gas flow field and the results show that, (1) there exits relative supersonic movement between the simpli-
fied droplet and the main gas flow, the lengthways movement distance of which is about 0, 15~0. 4m for the
simplified droplets with d,<{0. 12mm diameters and increases obviously for those with d,>0. 12Zmm diame-
ters, (2) for the simplified droplets injected with 10m/s velocity the ratios of the transverse penetration
deepness to the lengthways movement distance are about 0. 004m/1m~0. 021m/1Im, (3) for the 30um~
120pm simplified droplets injected with 100m/s velocity the ratios of the transverse penetration deepness to
the lengthways movement distance are about 0. 02m/lm~0. 055m/1m. In the actual process the evaporation
of little size simplified droplet is fast and its penetration deepness is short.

Key words: simplified droplet; aerodynamic force; two phase flow; drag coefficient



