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Fig. 1. Particle size distribution of single powder sample.
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Fig. 2. Particle size distribution of mixed powder sample.
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Fig. 3. Powder pneumatic filling system.
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Fig. 4. Powder feeding system.
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Fig. 5. Powder collection box.
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Fig. 6. Working parameters of different tests: (a) Test 1#;

(b) test 2#; (c) test 3#.
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Fig. 7. Mass curves measured by electronic balance at dif-

ferent filling methods.
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Table 2.  Some performance parameters of powder filling.

B t/s m/g a/(e-sTY) Hjmm  pe/(g-em™)  n

1# 70 1316 18.8 240.5 1.101 93.9%
24 77 1002 13 174.3 1.142 68.1%
3# 286 1381 4.83 244.5 1.127 95.5%
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Fig. 8. Compacted powder in collection box.
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Fig. 10. Mass curves converted by position displacement

and measured by electronic balance.
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BN B EALBURES RO K wa A TEHE
SPRFIAS; 7 R R] AL

P = Pmin + K {1 — e (=) cosfwny/1 — C2(t — 7))

SEBR L, AERE PTG FEER R R RS — A AR
()75 BELJE 3 A 728 A oS ARl 1] 11 "R A P9
AR FETHRAE A B pREOC R (4) X, LA
B TH TR T 00 2410 %5 B AR L Il 2 R R G2 S 4
AN 11 fige 3 Frs. MRAE LA SRl A, T
B 1A% B AU B JE SR e 8l , i T 0L 2# R
SR REGT AP Hr B X T 1#, T
A B HOR Y o, AR I TC R R IR S R
FKEWIESE, FI 50 s J5GAH PRy A HE R 2 B2 (1)
WA HITEAE 22 K, X T 100 24, AlfH:
3 AR BELJE A BELJE P AP B, 352 R A it DY T
FEAEBT R AR, Mok SRR 2 LR AR Y
PRI, TR AR PBE T 7= AR g 12931 B SO AR 5
BEMIZ M BERE, BT 76505 — M BOMy R HE R i
i, B A R PO T (40 FE 1 458/, TR RELE &R
BN, BB R A HE B BE A3, By AR AR
PRV T A 3k TR — B BEBHL e R B k.

# 3 T I#FTH 2# F B REGS5

Table 3. Second-order system parameters of test 1# and
test 24.

5@%2\?& Pmin K C Wn T ‘%’G’f
To1# 874 165 0 0.095 18.0
. 1031 83 0.1 0.090 -6.5 t < 38s
T4
1031 107 0.38 0.100 14.0 t >38s
4 %

WA SCISY, FEESAFLL T 458

1) SRR3R AL SR A v 7 20 R i
RETAESHREE, N WA A
AR, TR N AR, A 68.1%. BIARH
BN R R SO S R e e 2z, A
SR Z S, ATk 93.9%;

2) 58 MR e 5 i SR E B DD
T SRR N AR s, LA S
PR ST T7 3 SR PR AR HERR 2 K
FHEAE N R IRHE RV

3) IR s A P A AR PR A SRR 2 e
AL, SRIUBU IR TEIMEERS, fEFT AR
AR SEAR SR T T KR TN, e A HERVE /N T
BRAEL, TR PR AL ML, S A AR HE
R R 1 8 R A A ST R sl )N P R
IRV LR TRIR

4) FEAE PN A AR 5 R AR A AL T B JE B S 3R
TAEZB RSN s SR, R TR BN R S
FRREE R BB, TR BRI R GERHJE R4
BoR, HiE— e .
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Abstract

Powder engine is one kind of new concept engines with multiple ignition capability and thrust modulation
function. Powder filling is an important process of the powder engine tests. The powder pneumatic filling
experiments were carried out to investigate the effects of the filling position of the powder collection box and
the mass flow rate of fluidization gas on the stability and performance of powder pneumatic filling. It’s found
that large mass flow rate of fluidization gas contributes to stability of powder pneumatic filling, but its volume
efficiency of powder filling is the lowest, only 68.1%, but it’s 93.9% when the mass flow rate of fluidization gas
is small. Compared with the vertical inlet of end cap, tangential inlet on the cylinder wall makes the powder
uniformity better. In the pneumatic filling mode, the powder bulk density in the collection box is greater than
the bulk density in the powder tank. In addition, the mass of powder calculated by position displacement is
always larger than the mass of powder measured by the electronic balance. It indicates powder bulk density in
tank is constantly changing during the powder pneumatic filling experiments. The actual powder bulk density in
the powder tank is calculated by a model established in this paper, it’s found that when the mass flow rate of
fluidization gas is low, the bulk density of the powder in the tank is increased first and then decreased, and the
final bulk density is less than the initial value. While the mass flow rate of fluidization gas is high, powder bulk
density in the tank is first increased, then decreased, then increased and then decreased, and the final bulk
density is greater than the initial value. The compression mechanism of powder bulk density in the tank is
similar to the motion law of the damper spring vibrator when it is forced to vibrate. It can be described by the
damped second-order system response function. When the mass flow rate of fluidization gas is small, the
damping coefficient of the system is smaller. While the mass flow rate of fluidization gas is large, the damping

coefficient is larger and is variable.

Keywords: powder pneumatic filling, powder filling performance, compression mechanism of powder, damped

second-order system
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