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ABSTRACT

Four swirl coaxial injectors with different recess lengths were manufactured using an additive
manufacturing method. Single-injection and bi-injection cold-flow experiments were performed
using water and air as simulated propellants in an atmospheric pressure environment. According
to the recess length and propellant flow conditions, the injection pressure drop and discharge
coefficient were investigated, and the breakup length and spray angle were measured using an
image processing technique. In the bi-injection pressure drop and discharge coefficient results, the
liquid-side injector was not affected by the recess. For the gas-side injector, however, the injection
pressure drop increased and the discharge coefficient decreased as the recess length increased.
The breakup length in the single-injection increased with the increase of the recess, but decreased

in the bi-injection.

A WA BEAIE BA 2ol G wA WdTh
A A «Mt BAlz ol F7tel wet BAAgte] kst At 2
A A Bl BA2 Bl mEE AolAA W, EFEAAE W2 A

Key Words: Additive Manufacturing(? 54| %), Swirl Coaxial Injector(2+F%35% HAF7]), Recess
Length(2] Al 2= Z¢]), Spray Characteristics(¥#%-573)

Received 26 October 2021 / Revised 5 January 2022 / Accepted 11 January 2022
Copyright © The Korean Society of Propulsion Engineers
pISSN 1226-6027 / elSSN 2288-4548

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License(http://creativecommons.org
Jlicenses/by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



48 oS - sty - s SRS EE K]
Nomenclature LM B
& 5z = 3as A= \PARS
Cd,, Cd; : Discharge coefficient of w4 3D E™EE 283 HoAx WS
e a3 @4 Az Az g owlge] AaE
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. ' - AHow tebd Bopol HEH i1l AA
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injector exit 1 REEZ AR Al glo] we W)
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injector exit Wgsistel FEes BAVE A9 ERe
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o J o3 2= 9 5
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‘o S BHSAHE]. ¥ AT =3 vgdne] 48S
m,, m, @ Gas/liquid mass flow rate Ege gt HAE 24 3D xdge B
7}Lgd, m,, : Nominal gas/liquid mass flow rate A 25k o}
P : Atmospheric pressure ATAzE Tl AFAFH AP AHEH &
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A 45 AL ZIA A8 EA
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b : Specific heat ratio & QYEE dx FEAy] vz 3oz 9
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1 : Liquid viscosity )
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Fig. 1 Cross sectional view of swirl coaxial injector.

Table 1. Geometric parameters of the injectors.

Parameter Value Unit
Do 55 mm
dr 6.6 mm
do 49 mm
ds 3.5 mm
Lr 0.0, 2.0, 4.0, 5.5 mm
RN 0.0, 05, 1.0, 1.4 -
R 1.1 mm
20 7 °
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Aol (K-type, uncertainty + 1.5 K, Sentech), ¢
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Table 2. Comparison of physical properties of propellants
and simulated propellants.

Test Hot firing Cold flow

Propellant LOx | GCH,4 | Water | Air

Pressure[bar] 35 35 1.01 | 1.01

Temperature[K] | 90 300 |288.15|288.15

Density[kg/m’] |1149.5| 23.88 | 999.1 | 1.22

Velocity[m/s] 558 [162.63| 558 |162.63

Table 3. Experimental conditions of cold flow test.

Design nominal condition

mylg/s] 105.17
m,,lg/sl 2.08

Mass flow rate range of single-injection
my/my[%] 30~120, A10
m,/m,[%] 40~120, A10

Mass flow rate range of bi-injection

my/m[%] 30~120, A10

m,/m,[%] 100
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Fig. 4 Discharge coefficient drop under single-injection
through the injector: (a) liquid-side and (b)
gas-side.
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breakup length and (b) spray angle.
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