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Theoretical analysis for dynamic characteristics

of liquid swirl injector

LIU Shang, LIU Hong-jun, CHEN Hong-yu
(Xi’an Aerospace Propulsion Institute, Xi’an 710100, China)

Abstract: The dynamic models of liquid swirl injector were established with the linearized
method and the transfer matrix models of swirl injector were deduced for linking with other compo-
nents to study the functions of swirl injector in the rocket engine dynamic system. The validity of the
open swirl injector dynamic model was confirmed by the test data from the reference. The calculation
results show that, under the same pressure drop and size, the amplitude of outlet flow rate oscillation
of the open swirl injector is much less than the classical swirl injector, but the lagging phase angle is
larger. As the injector interacts with its feeding pipe-line, the resonance frequency of outlet flow rate
pulsation is determined by the acoustics characteristics of the feeding system, but the resonance peak
amplitude is defined by the characteristics of the swirl injector. If the injection pressure drop is in-
creased, the amplitude of the flow oscillation at the outlet must be reduced. In the case of keeping the
injector pressure drop in the same level, higher engine system pressure may aggravate the oscillation

amplitude of the flow rate at the outlet.
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Fig. 1 Interaction of dynamic processes in engine
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Fig. 2 Basic structures of swirl injectors
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Fig. 3 Validation of open swirl injector model with test data
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Tab. 1 Configuration parameters of swirl injector

YaEExd R gm| A
R=0.46 R=25 R.=1
lyquEill 241
L=15 L=22 L=
R=0.46 R=25 -
- qupit 6.03
L=1.5 L=22 -

B 4 @b RE (1) f (2 REHMD
FEU 095 S M O B S M AR R e . I 4 (a)
TR, SHEBORKORBEHL, FREMT
TE4&MET, MO REL.OBIE B DR BERGIRE KX
KEEME, BBRERAROEMY 1/6, HFEREE
A

1D MRS RIRRS, N 1, T i A
WERIR% R T 1, 7EWIHEMAOERERR, Uk



8L E3W

X B, 5. WIKECBIYE S F RIS AT 5

— TR AR R REAR T e 11 R R 1 138 R AR,

2) W B BRI O R4 R A B R
SHE, WERINYLATETE R E S B,
BN T BERE N RERY

A4 (a) B, WORELLBESE O RER
GHARNTIE(E, ERKMRETEE BT TR
SHE, HEFRARGHRBEBIRAE, R
PRt S RAREL, ME RN, RERG
MRS TEE R, X2 B TFIERE AR ATER
BABRERME, BARTER % i ik I8 7E R4 B
PEAR R B KT 2B TR (B IT,, 88 SR
AN, TYIEGEEAKERE, HiRHE, 6
PRI RTREAL, HEMERRERAR

Amplitude

0 500 1000 1500 2000
Frequency/Hz

(@) VESRIIE

M, I SRR, BB ES -,
TRE L FEE P 3 T e o7 3 VB S 5 s ok £ 450 R
N, SR EREIRG B A R ER R A
HIEN. ZEHTUImEERRERAEE, B
Wi B R R B AT 2R 1 I 7T P08 T B

TEE 4 (b) P, HO BB A AR A3 il 2R ol
F RIS E T B TR SRR, X R M 1 A g
WEBETLRE T L B = A R ST, K AIBERL R
BT EMATHIER, EHRMEET, o8
WEME B R AR AL AR T D B, PR 1 R R
BEB s PR R AR, O BB 3R Bh A5
B EEE/NT IR O RIS, M ITAEH R AR
MEERKET, MaEBUHBRELX,

500 1000 1500 2000
Frequency/Hz

(b) HESAEHE

P 4 i OB g O R O B Bh AR A Eh R

Fig. 4 Comparison of dynamic characteristics of classical swirl injector and open swirl injector
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Fig. 5 Amplitude—frequency characteristics of outlet flow rate of injector linking with pipe
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Fig. 6 Effect of injection pressure drop on outlet
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Fig. 7 Effect of pipe pressure on outlet flow
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