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Spatial Distribution Characteristics of Small LRE-injector’s
Spray-droplet According to the Variation of Fuel-injection
Pressure

Hun Jung* - Jeong Soo Kim**

ABSTRACT

Dual-mode Phase Doppler Anemometry (DPDA) was used to scrutinize the spatial distribution
characteristics of spray emanating from a small Liquid-Rocket Engine (LRE) injector. Droplet size
and velocity were measured according to the variation of injection pressure along the plane
normal to the spray stream and then the spray characteristic parameters such as Arithmetic Mean
Diameter (AMD), Sauter Mean Diameter (SMD), number density, span of drop size distribution,
and volume flux were deduced for an investigation of spray breakup characteristics. As the
injection pressure increases, the number density, span, and volume flux of spray droplets become

higher, whereas the AMD gets smaller.
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Fig. 1. Schematic diagram of experimental setup
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Fig. 3 Configuration of the injector employed in
experiment

Table 1. Comparison of fluid properties between
H,O and NoHy

Melting | Boiling | Density | Viscosity| Surface
point | point tension

(Kl | [K] | [g/mi] | [cP] [N/m]
HO | 2732 | 3732 | 1.00 | 089 |72.0x10°
NoHs| 2740 | 3867 | 1.01 | 090 |66.7x10°
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Table 2. Correlational equations of spray parameters
as a function of Dy

Pressure Equation

Dy =0.58 X Dy, +4.4
C=1.6% Dy, — 108

L72 IMPal 8 D, — 415
fe, =0.002X Dy, —0.2
D)y =0.51XD3,—0.9
C=1.2X Dy, +386

207 IMPal 0 D, — 500
fo.=0.01X D3, —0.9
Dy, = 0.45 X Dy, — 5.9
C=—142x Dy, +4373

276 [MPa] =361 2 1534
o, = 0.156((1232—50.3)/213) 02

t URe wWolng wrazel s F4

she Apdel B

Moo ool W

S B E DR

ofN
I
QL
D



A of& x olag H=o = ALOFE
12 X558 2008. 10, =8 WAN=ATE Bas SoaSEgHs B 7
o] AHEs wg Hoh WY S=9 A4 f# FS
%9 AS AgolAe Dxet A¥8F AAEE
zka, Ao M= AFTrEE FAHE HAZA 1. A%, AA4F, H24x, 14, "8 A=A
of #AEHY v, w SEAE 2 EAE AU AZ AAE Y FF EEEAH d3 A5
029 A fF& Aol wAE AHelA o] Atk el gE dEFEeks A, A1,
BREE duEAZ F gle ALo2 AR EHTH A3%, 2007, pp.50-57
2. Sutton, G. P, "Rocket  Propulsion
Elements," 7th Ed., John Wiley & Sons,
4. A = Inc., New York, 2001, pp.241-267
3. Ryan, H. M., Anderson, W. E,, Pal, S, and
A28 ddIdAZAAN QQAEH EFE d=m Santoro, R. J., "Atomization Characteristics
EARGE 2 BRSO 2 o] ojFd wE of Impinging Liquid Jets," Journal of
ANAo] FEXEAN FHES 93] DPDAE 9] Propulsion and Power, Vol. 11, No. 1,
&3 A3 dFE FhGAS 1995, pp.135-145
Ao AlgEH QAY =Z& gy A 4. Haenlein, A., "Disintegration of a Liquid
beedE, ¥ YR g8dd Sl 7 Jet" NACA TM 659, 1932
0l REEA uj/jH4E BRES ZAo=w 5. Heidmann, M. F. Priem, R. J, and
Az HALS A Feoe AMdol #wEH Humphrey, J. C, "A Study of Sprays
ATt Formed by Two Impinging Jets," NACA
BERAH S A9 EASHIEE 2§ TN 3835, 1957
&2 ARG Wolo HlEste] F7Fet AT Dy 6. Heidmann, M. F. and Humphrey, ]. C,
2 BAgEo] =545 1 AV Fokxlon, "Fluctuations in a Spray Formed by Two
AW Y 59 Dype FANGH s 53 Impinging Jets," NACA TN 2349, 1951
& FHBAS HolA &Skt 7. AN, AR, A4z, -, "HAFAA
EFSAHAA oFew ofFdol wet Dy, F9719 JdAE EF Aol dig 24394
Dz, &%, A #F&52 B2 3qA™, FE% AT F=RFETFFEIA, ABE, AT,
20 BAS FANFo R o)Fd AA F 2007, pp.799-804
S WA BT 8. Tropea, C., Xu, T. -H., Onofri, F., Gréhan,
D39 2 XAEHE AAE A A, Dy G., Haugen, P, and Stieglmeier, M.,
2 Dpoll A¥Hoz FEHSAT 4HEH ZF7lel "Dual-mode Phase-Doppler Anemometer,"
w2t 1 71277 vA AP oen, FEUrY A Particle and Particle Systems
9, 1ol A Dypoll Hhald sl A gollAe] A Characterization, Vol. 13, No. 2, 1996,
= S g pp.165-170
9. Albrecht, H. -E., Borys, M., Damaschke, N.,
and Tropea, C., "Laser Doppler and Phase
z 7 Doppler Measurement Techniques,"
Springer, Berlin, 2003, pp.167-490
o] =2 2007¢ = +dUstn FHEstE 10. Edwards, C. F. and Marx, K. D., "Analysis

of the Ideal
Limitations Imposed by the Single-Particle

Phase-Doppler  System:



8 gz - g3+ =R ESEER]
Constraint," Atomization and Sprays, Vol. 14. McDonell, V. G. and Samuelsen, G. S,
2, No. 3, 1992, pp.319-366 "Interlaboratory =~ comparison of  Phase
11. Zhang, Zh. and Ziada, S, 'PDA Doppler Measurements in a Research
Measurements of Droplet Size and Mass Simplex Atomizer Spray," Journal of
Flux in the Three-Dimensional Atomisation Propulsion and Power, Vol. 10, No. 3,
Region of Water Jet in Air Cross-Flow," 1994, pp.402-409
Experiments in Fluids, Vol. 28, No. 1, 15. AF, A4, A4, 14, 2% QA=A
2000, pp.29-35 A7 A BEe] RAIIY wolo] e
12. Lefebvre, A. H., "Atomization and Sprays," st 54, dxF1F33 F=AgEu 3
Hemisphere Publishing Corp., New York, =33, 2008, pp.125-128
1989, pp.367-409 l6. AN, AF, A48, AHx, "F 33 ¥
13. Schmidt, E. W. "Hydrazine and Its EE AZA A3 AF FH7] JAEHY
Derivatives: Preparation, Properties, EFAS A dxF3Eey EAStEd
Applications," 2nd Ed., John Wiley & Sons, 3 =53, 2008, pp.141-144

Inc.,, New York, 2001





