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Table 1 Situation of gelled propellant atomization experiment research
year main researchers gelled propellants or simulants research subject
1994 Kent T Choinacki®~] (1) Carbopol 941;(2) CMC; (1) influence of rheology on atomization; (2) Theory
1997 en ojnacki (3) Percol 10;(4) Mineral Oil(Light). analysis of liquid sheet shape and breakup characteristics.
2001 Shai Rahimil'] Gelled water Influence of rheology on atomization'’.
] Influence of injection pressure and
(1] i ) p
2003 N Jayaprakash Kerosene /organophilic clay/ propylene glycol/Al impinging angle on atomization.
2005 Victor Chernov''?! Gelled water Influence of periodic disturbances on atomization'’ .
2006 on Kampen(®:'*) Jet A-1/ Thixatrol ST/Miak/Al Influence of Al particle concentration,
2007 impinging velocity on atomization.
2008 s Influence of rheology, impinging angle
_ [14-15] . R
2009 ZHANG Meng-zheng Gelled water jet velocity, etc, on atomization.
2009 M.D. James [ JP-8/Fumed silica Calibration of an impinging jet injector.
2009 . o
2010 Syed Fakhri Water/Carbopol 981A Influence of nozzle geometry on atomization.
[19] (1) Paraffin/Thixatrol ST;(2) Paraffin/Aerosil-200; N
2009  Klaus Madlener (3 Jet A-1/Thixatrol ST; etc. Influence of rheology on atomization.
2010 Michele Negri %1 (1) Water/PEO/Gilcerol; (2) Water/Methocel; Influence of rheology on atomization.
(3) Carbopol.
2010 Inchul Lee!?' lonized water/NaOH /Carbopol 941 Influence of gelling agent concentration on atomization'’.
2010 . . (1) Water/HPC; (2) Water/CMC; F1 ) Influence of rheolog)f, J(?t velocity, impinging angle anfi in-
Jennifer Mallory* jector geometry on atomization; (2) Theory analysis of liquid
2012 (3) Water/XGj; etc. .
sheet breakup characteristics.
2011 Sungjune Jungm: (1) PS/DEP; (2) PEO/GW Influence of fluid elasticity on atomization.
[26] (1) Water/C934 Carbopol . . o
2011 Gookhyun Baek (2) Water/C934 Carbopol/SUS304 Influence of rheology, jet velocity on atomization.
2012 \ > (1) Influence of jet velocity, injector geometry and temperature
YANG Li-jun o . P
2013 FU-Oing-fei 22 Gelled water on atomization; (2) Theory analysis of liquid sheet breakup
2014 Qing-fei characteristics.
] [30] . Influence of processing temperature and gellant concentration
2013  Manisha B. Padwal Jet A-1/Thixatrol ST/Xylene o L
on structural stability and atomization.
) ) (31] (1) Water/Agar; Influence of impinging angles, free jet length to orifice diameter ratios,
2014 Neil 5. Rodrigues (2)Water/Kappa Carrageenan. and internal length to orifice diameter ratios on atomization.
2014 CHEN Jiel?23) Gel simulant (simulating gelled H, O, ) Influence of injection pressure and impinging angle on atomization.

Note: 1) Triplet air blast atomizer.
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10 Fh iy AR I 8 7] () 7K JE 8 i (&1 4) 58 . DL b BiF
FE AT DUAS 2 0y ek 4598 R . B EE A I B g5 Ak Y
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WA 5T 5 (3) Mallory i i %f t HPC
e FI 5 AS 5 2 114 55 A Sk 2 B, HPC 38 i 76 AN 38 £ i
S L T B R R R 2 % Ak, T G e
B EAL AN R X R T HPC B4 TRV S 5 T 75
B I A e o e AR T TR W K B G G 8 T R IR
PRI, A8 H 255 36, e o6 7015 8 300 6 4 2 1 A AR
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a. water b. gelled water
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Fig.3 Comparison of the atomization of water and gelled water

[15]

B 4 Mallory il £ i 7K 3 558 i 2 70 45 003 >
a—Water/HPC #E 58, b—Water/Cekol MW2000 %I,
c—Water/Agar #¢ it , d—Water/XG ¥z (4% ), e—Water/
XG Bt (20% ) , f—Water/Cekol MW 3000 #¢ i

Fig.4 Water-based gel propellant simulants made by Mallory'
a—Water/HPC gel, b—Water/Cekol MW2000 gel, c—Wa-
ter/Agar gel, d—Water/XG gel (4% ), e—Water/XG gel
(20% ), f—Water/Cekol MW 3000 gel
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Fig.5 Three different atomization patterns of 35% Al/Jet-1 gel™®

2.2 BEFSEMEAHZNE

I3 56 JSG AFE 2 790 A B 1 ik 78 R R A, W TE S EO0 T
G A 2 50 1) 25 A R P A 7 A o S I, i AR Y g
U5 2 HCE0 35 I i 4 o A T A T T I R Y S 2
B CELAE WS TR B E RN mE O KA L/d ) (A
P S 3t B (s 3 8 o 2 ) R BE R ) S BF ST
T 2400 55 AR 16 52 i 7] LA KT 8 e #E 2F 3R 42 00 i i
PR B4 2% | R B R R 25 AL 98 1 — A 2
805 10l

X7 T B LR A 5 B A s Bk SR AE AT fi
AN [R] 7K e B e 455 400V A AN (] 48 o A BE 4 o R AR
SR R A SRS TS A S ISR WY R
i A R I R DR/ S I AR T s S 1 R R R A
TEG AR o BiUIR A SK 389 A B T B i A 9 R 09 55 Ak
Chernov 2" ffi ] 7 AT 51 A4 3h i = e fi o < sh =X
W AT S5 A S, R IR ZBUE LT s gl A ]
LIS /N 7K ik 3 58 3546 1Y) SMD, Mallory %2271 fifi J
HPC 7k % I 5 ) B 3L Bt 44 ( Monomethylhydrazine,
MMH ) B e 4 57, 58 T miiE s KA Lk L/d =20,
50 g v, =19 ~140 m - s E MG, R
S5 UL P W T R A R AR T A o A o R L H
ST BT S R BRI ORI, T A WL B R TR 0P
IR B G X — B G e R A0 S P kAT
TB(2.1 ) Lee %" B RIF 5% 2 W, bl 25 W5 4 1R

Chinese Journal of Energetic Materials, Vol.23, No.7, 2015 (697-708)

b. ligament pattern

Viu=18.2m s Re, =8150
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c. fully developed pattern
Vi =89.5m s Re, =186960
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Fig.7 Model of moving liquid sheet used in linear stability

analysis"**
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Review on Jet Impingement Atomization of Gelled Propellant

LIU Hu, QIANG Hong-fu, WANG Guang
( Second Artillery Engineering University, Xi'an 710025, China)

Abstract. As a kind of new rocket propellant, gelled propellant is thought to integrate the advantages of traditional liquid propellant
and solid propellant. Gelled propellant’s special non-Newtonian rheological characteristics make it difficult to be atomized and at-
omization is one of the key problems of gel propulsion technology. Jet impingement atomization was the mainly used atomization
method. The statuses of research on experiment, theory and simulation of gelled propellant jet impingement atomization were re-
viewed. From the discussion, the following conclusions could be drawn: firstly, in aspect of atomization experiment, with the
analysis of experiment obtained atomization data, the influences of rheology and impinging parameters on atomization could be
got, but hardly any quantitative result could be concluded. Secondly, in aspect of atomization theory, the liquid sheet characteris-
tics, such as liquid sheet shape, liquid sheet breakup length, etc. , could be predicted by the stationary antisymmetric wave theory
and the linear stable theory, but the accuracy of the prediction was not so high and the atomization theory should be further im-
proved. Thirdly, in aspect of atomization simulation, the main developing processes of jet impinging atomization could be simula-
ted with both traditional mesh based methods and newly developed mesh free methods, but the simulation results was fairly rough
and the atomization simulation was still on in a fledging period. In a word, the mechanism of the gelled propellant atomization
was still beyond being fully understood, future work could be carried in the following aspects: to develop a quantitative gelled pro-
pellant atomization characterizing method, to develop a new non-Newtonian rheological based and impingement included atomi-
zation theory, to improve the numerical simulation methods according to the characteristics of jet impingement atomization of
gelled propellant, etc.
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