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Abstract: To investigate the deposition pattern of condensed—phase aluminium inside the engine, a high—
temperature methane/oxygen flame was used to simulate the high—temperature environment of a solid rocket mo-
tor. Based on the previous study, this work focuses on the effects of wall temperature and material on the deposi-
tion probability of condensed—phase aluminium. The experimental results show that the collision velocity, as well
as the wall material and temperature, affect the post—collision behaviour and deposition probability of aluminium
droplets. The main mechanism of deposition is that the heat transfer of droplets on the wall leads to cooling and so-
lidification of particles, resulting in a strong adhesion force. However, a much low wall temperature leads to rapid
cooling of particles and reduces the adhesion force between particles and the wall, thus reducing the deposition
probability. The thermal conductivity and mechanical properties of the wall material also have an impact on the
deposition probability.
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Fig. 1 Schematics of the experimental system

210841-2



B43E E 1 ot

#HoR

2022 4

ARSI SR FH T b B A ] il 4 g R AT 4
FOC SR < B BT R O R . R B R il
i3k (AF-S 50mm £/1.8G) , | JFH & 2 A0 AL X 868 40 A7 1
Tilf 18 115 5 (932 SR A HEAT HA AR IE 5t AR BOR &
) il 4 U o AT B A IC S U Sk (Questar QM
1) R SGT , F)H B B ok R A0k 90 058 AR 7 104 il 43
ARG 1) 2 F1 0k B E AT TR AN A0 B T 40 Rl 4 AL
WA A 2 Bk . T R AR AR
T O Sk AR /N CIR R B T A &
O, B LR B S 0L AT H0 48 . O T By Ak RE TE X6
B 1A B, T R AH AL RE T R S — R A

Water-cooled ,water out Water in

copper plate High-speed
-‘:? e ;’1—__‘ video camera
Spotlight Aluminii o= |

droplet : v Microscope

Fig. 2 Schematic diagram of microscopic photography

22 KIG&KHG

AR S 56 1) U0 A S AR B B A IR KM L
G AR T SRR AR R T RO Rl AR DL e AE
S RRRE USRS AR O TR b i Y AR AR A
RFEREA . WS R RS R AR AL
B o NI B N W8 A S W A R
26 I W AR S T T B R R . S i
PR AR I Bl ) A A BB A R R T 5 1)
EAMARIRAEBYE. I TR SR E AN
) 9 T 00 Hp AR R 4 R 24 6 L (B8 Y e PR T8
BA)H 1 AE R CRR AR P& a) A
0.8, R4 ATy TS a5 e nr 0, Ho A P be il i (T,) 7T
5 2900K"™ . FEM A L i T kA R RN 45
TR AR B /D, AT L 22 R URL X K R e T
(4 52 M) 38 R YR U R A R AT A
FI AN [ 0 il 45 R o AR Y RIE T B R SE A
TR T RlE 1 AT AT A2 3h B B 1] R B B A A 2 Y
TE 2 ~ 24m/s,

FERR ST U CE 5 IR [ e e f 1 K ¥ BE
THT , 5 R T A2 R A A s R 5 RE TR A Rl 4 L
o 45 Y K R T TR T RE T IR A RE T )
O 7 B AR AT L 478 A A R X RE I R AT S I A
S5 6 >R BB BE TR 2 43951 2 400K, 800K 1 1000K
e A E A I % 2K 0 A O R S AR AR R 0
WL ZZ AT G, BE T A R 20 ) BT B A A A Ak
ERR B A BB . BRI AR FROBLAR 1E D 75 m , 38
o B A5 B ) Uk R MR TRTE S W 3 IR

mﬁﬁ@ggL 5 \

o
~ 4
6
-~

7

Y N

Fig. 3 SEM images of sample
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Fig.5 After-collision behavior of particles with copper wall
under 7,=800K
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Fig. 6 Deposition rate of particles under different wall

temperature
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Fig. 10 Deposition rate of particles colliding with graphite

wall under different temperature
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Fig. 11  After-collision behavior of particles colliding with
MgO wall under 7,=400K
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Fig. 12 Deposition probability of droplets colliding with

different walls

4 # it

A SR R -~ BE THT R 48 S 56 2R S8 R il 4% 1R
R BEATRL T 5 RE I A R B AT O BEAT T SE R B
K AL R AR IUPS S )
Eem .

(1)L B 488 B 74 =F5 7 B8ORS , Al 431 B TG ) 1) 22
JE B 8, R R T 22 [ (1 fid v B R RG B g
KB T IR AR .

(2) BE 7 i J3& Xof R 488 i A O 52 W0 Ak =5« BE T3
ALk A R T A5 BE T (8] B A% PR RE L K BE THT Y )
S VERE L AT R WKL 1 B9 i AR S AT O o J R R 1 BE
TE it B AR, 0 kL L5 BE AT A A4 PR R R T A i
PRV TIREAR T ORL T~ 55 BE TET 22 A B4 RGBT, DA T TR D
ARG, PUBE AR AR

(3) BE 11 A4 4 X R 48 Jim A7 O 5200 d 5 ERER
TEA [R)BF 4 BE T 72 A [ 3 5 R 0 2 1 B Y 22 53 X il
{8 5 AT O B RE W o BE TR RS ORI LTl A S A2

210841-6



Fa3t H 1 fle #oH R 2022 4F
S 11 5 o AR T A K, 5 BORE T Bl 38 10 24 7 craft and Rockets, 1992, 29(5) : 697-703,
MR, M KR T % A RO B HE R R R TR C11] sk M. ARG 2 sl LA i 0 U Bk e 9 £ 4453
HER Bryl. HEdEHAR, 1984, 5(3): 3-12.
GRS ooy (12 T SRR SR
r S N e N AR NP B (i , ’ HEE A A
TEL TPRREANEN N GE RS TGN (3 e mm. maem. 5. WS IR
B JF A L SRS ) RO 253 - BOILA B0 B 58 1), B PR 4R L 2000, 32(1)
ESqR L RO 1 e T 100 8 - g i =R = I ESE = BN 38-42.
(RReE il gl [14] Borass S. Modeling Slag Deposition in the Space Shuttle
%j%j[ﬁk Solid Rocket Motor [ C]. Cleveland: 18th Joint Propul-
ston Conference, 1982.
(1] k3222, WaE A, 55 W8, &5 &40 5 O vk 5] kg [15] Smith-Kent R, Perkins F, Abel R. A Potential, Two-
35 8 A OB Ay AR SC B BT Y [T]. AR kS A, 2001, phase Flow Model for Predicting Solid Rocket Motor Slag
24(1): 24-27. [C]. Monterey: 29th Joint Propulsion Conference and Ex-
(2] ETH, B Jo, BEME, & BAKEIREZE N hibit, 1993.
RO AT SE S ST (D], HESEFI AR, 1995, 16(4): 24— [16] Cesco N, Dumas L, Hulin A, et al. Stochastic Models to
27. (WANG Ning—fei, CHEN Long, ZHAO Chong-xin, the Investigation of Slag Accumulation in a Large Solid
et al. An Experimental Study on Distribution of Particu- Rocket Motor[ C]. Seatile: 33rd Joint Propulsion Confer-
lates in Solid Rocket Motors [J]. Journal of Propulsion ence and Exhibit, 1997.
Technology, 1995, 16(4): 24-27.) [17] Zhiwei Ma, Zhijun Wei, Ying Feng, et al. Experimental
[ 3] Sundaram D S, Puri P, Yang V. A General Theory of Ig- Study on the Collision Behaviors of Micron—-Sized Alumi-
nition and Combustion of Nano— and Micron—Sized Alu- num Droplets with Solid Wall in High Temperature
minum Particles [J]. Combustion and Flame, 2016, Burned Gas [J]. Aerospace Science and Technology,
169: 94-109. 2021, 115: 106791.
[ 4] SR, @A DIBUA M T 4 02 be i ML ELAF 58 [18] Li B, Shi B, Zhao X, et al. Oxy-Fuel Combustion of
[D]. P42 pidb Tk K2%, 2019. Methane in a Swirl Tubular Flame Burner under Various
(5] &F 75, 88 . BESNER KT & sh LR G i L F Oxygen Contents: Operation Limits and Combustion In-
E[1]. CHLFHE, 2019(2): 89-94. stability [J]. Experimental Thermal and Fluid Science,
[ 6 ] Frederick Jr R, Nichols J, Rogerson J. Slag Accumula- 2018, 90: 115-124.
tion Measurements in a Strategic Solid Rocket Motor[ C]. [19] Dupuy P M, Fernandino M, Jakobsen H A, et al. Proba-
Lake Buena Vista: 32nd Joint Propulsion Conference and bility Description of Single Droplet Events at High Pres-
Exhibit, 1996. sures: Droplet-Wall Collision Case[J]. Journal of Natu-
[ 7] Perkins F, May D, Beus R. Assessment of Propellant ral Gas Science and Engineering, 2011, 3(3) : 476-
Relative Slag Potential by Direct Measurement of Slag in 483.
Subscale Motors[ C]. Lake Buena Vista: 32nd Joint Pro- [20] XiaSY, Hu C B. Review of Physical Property Calcula-
pulsion Conference and Exhibit, 1996. tions of Liquid Aluminum and Alumina [J]. Journal of
[ 8 ] Salita M. Deficiencies and Requirements in Modeling of Propulsion Technology, 2019, 40(5): 961-969.
Slag Generation in Solid Rocket Motors [J]. Journal of [21] Morks M F, Tsunekawa Y, Okumiya M, et al. Splat Mor-
Propulsion and Power, 1995, 11(1): 10-23. phology and Microstructure of Plasma Sprayed Cast Iron
[ 9 ] JasperLal C, Sridharan P, Krishnaraj K, et al. Investiga- with Different Preheat Substrate Temperatures[J]. Jour-
tion of Slag Accumulation in Solid Rocket Motors [C]. nal of Thermal Spray Technology, 2002, 11(2) : 226-
San Jose: 49th Joint Propulsion Conference and Exhibit, 232.
2013. [22] Howland C J, Antkowiak A, Castrejon—Pita J R, et al.
[10] Hess E, Chen K, Acosta P, et al. Effect of Aluminized— It's Harder to Splash on Soft Solids[J]. Physical Review

Grain Design on Slag Accumulation[J]. Journal of Space-

210841-7

Letters, 2016, 117(18): 184502.

(% 4% . 3) F B,)



