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Flow Characteristics and Shannon Entropy Analysis of Dense-phase Pneumatic Conveying of

Pulverized Coal With Variable Moisture Content at High Pressure

LIANG Cai, ZHAO Chang-sui, CHEN Xiao-ping, PU Wen-hao, LU Peng, FAN Chun-lei
(Key Laboratory of Clean Coal Power Generation and Combustion Technology of Ministry of Education,
Southeast University, Nanjing 210096, Jiangsu Province, China)

ABSTRACT: Experiments of dense-phase pneumatic
conveying of pulverized coal using nitrogen were carried out in
an experimental test facility with the conveying pressure up to
4MPa and the solid-gas ratio up to 450kg/m°. The influences of
the total conveying differential pressure, the moisture content,
the superficial velocity and the pressure on the mass flow rate
and the solid-gas ratio were investigated. Shannon entropy
analysis of pressure fluctuation time series was developed to
reveal the flow characteristics. Based on the distribution of the
Shannon entropy in the different conditions, the flow stability
and the evolutional tendency of Shannon entropy in different
regimes and the regime transition processes were obtained. The
relationship between Shannon entropy and flow regimes was
also established. The results indicate that the solid gas ratio and
Shannon entropy rise with increase in the total conveying
differential pressure. Phase diagram and Shannon entropy
reveal preferable regularity with superficial velocity. Shannon
entropy is different for the different flow regimes, and it can be
used to identify the flow regimes. As the moisture content
increases, the mass flow rate, the pressure drop and Shannon
entropy decrease. Shannon entropy analysis is a feasible
approach to research the characteristics of flow regimes,
stability and flow regime transitions in Dense-phase pneumatic
conveying at high pressure.

KEY WORDS: pneumatic conveying; high pressure; solid-gas
ratio; Shannon entropy
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Fig. 1 Schematic diagram of dense-phase pneumatic
conveying of pulverized coal under high pressure

ALK,
2 ERERERE
Fig. 2 Diagram of the feed hopper

1521Q B @ E e Fima it E . k), Ek, &
RS 5B RE AID FA it AT 5
PUAFif RIAL BE . it WrRl-F- 2ki45 0 36 pm,
ps=1350kg/m® [, i Ak 4 U/ o Gk
U ST N 4.8MPa.

3 HRIMTE

3.1 fizhtHE S Shannon {5 24H

M, AN (SRR )2 LR TR i G
(B pa) 1y 2800 I 7 30 K 5 ik AR L 3 1) 5%
ML o BRI DO+ ke Wk, HAER—
P AR, KPR B 200 0 il Fel o AT I A vE
A IR % AR ED 2, 4 R
5 RO SE 2 (8] 5C R, W T A& i kil
3o WRE EA Im KRR i i B AR A BTN 52,
I R S I ZE T L S KA A G DRy
ANAZ, RIAT mh k2 2 0 1K (0 5Bt i PR RF A
Ao NI IR T AP N H L X S A B R 52
ik 3 o, BEAE R L IR R, Hik ARAP/AL
S PRI JE AT T o AEAR R OGE LN, ik s
Ty, HIE RSO . RSB TR AR
OUR, FEH AR, RO R e AL B,

B3 KEEHEE
Fig. 3 Phase diagram of horizontal pipeline

I oA M EURR B S, BRI, K
PR B P AH UL R RS Bl R s BESE T
%, A JBIAGIN IS R R Rk
(1)L S Ol D A S Iy, TR ASE H y B e n,
VR Yl il B R SR W Y A N o TN P by S M e
U 18R (0 fe /ML, 3 HEE PR S R 1 2 42 5F
RPUESE o IR T IX — AU, B kK
ZHERIFERIEE N, REFRA; M N TE
TR ERS, SR TR UURE IR, a2 1S
SR, RBIRTITIRIR, BRI B gkt
PN, SRR AR IR B, R 4%
IR PR g SRR A P I 3G i3 oK, SRIN D i alb: 5
T, FERAREHE . A FRIZR A R, Hindk s )
e, BRI BRI RO, A [ A LB, T A
IV N

EISEH R PGPS IRt c £ NNTE I
R, H R BETE SRR 5 i Al R a4 g
132V EIEAR ], AH B B RE ORI 23 2 X 3
M G155 2 I BN Ao 1 S It 2R e A X35 1) ) A
P K Se i) Shannon {5 B EE 1S N T 0 ik
R S S AT, B T A RS A& A T
H ) Shannon 15 EU# S, DAEESZAY. shfe et
N HAEARUEE 55 Shannon {5 88 2 [ (5 W G R
] Rk — 23 1T Shannon 15 EVRIAE b & R AE
SR B SRR B e . 1B 4 AR
%5 Shannon {5 B2 M SR . IWETATLUE
t, Shannon {7 SRS bt A5 2 W08 52 10 34 K 52 56 sk s
JE WA AR AR R, 5K 3 i AH B ARk kA
A, ANFEGEAF) Shannon 13 EVRIE 43 BE A4, %)
yi% I5 I TA) %) () Shannon 45 8204, A AT fig
ALY S Shannon {5 SR 2 ML R« ik
FEARKIS, Ry SRR 87 e Iy, RRVFR, A
BRI TR, ORI 2, R AR AR
B, ENERER S, e R K, Shannon
5 R AR o Bl a3 0 P L FAAIG, TR T 38R0



%5 26 10 2.

Ny Hs IR E AR I A — e R BE I PRSIt
IR SR G BB, Shannon 15 SUBE /N : 4
A LTI, S F AR [ AH e 453 2 Ak
B/ ME, SR RS AR BT, W
TRELFE B, Shannon {5 B {E N . ks
FEAR TP LG, Ry KOk I 46 PR 1
J&Ss R A TR, BN LR S R A,
SIS BRATEE, MR, K8k
-7+, Shannon {5 BB ITFUAIE K. 4k )
R, B KRBTSR, 229 RIS
THE), S SR T 4 A AR T 1) S5 B AN
%, Mk AR R, AU TR IRE
PRI, AR E I 4 I g ARG, ELR
WEARE, &% SR, AW ss
(IR AR LA i 2, BRI sl AR 1 A L 2,
TRELFEETFAa IR, R oK KR, Shannon 15
SRS, Bk s, RO, MR
N FE 1) Shannon {5 BB EL LUK o 31X 32 B IA A fii
Ry, RO TR RO, SR A AR
TTRRER A, I sl e e o SOl 3 AT 26 T v S ) 2
FERHRR, TRELFEEEIE5E,  Shannon 4§ {E stk .

3.6

321 vp=37Mpa
| & P=3.0Mpa
e P;=2.5Mpa
3.0 9 «pP=20MPa

3 5 7 9 v(ms?

Bl 4 RILEES Shannon iz iEry % &
Fig. 4 Superficial velocity vs. Shannon entropy
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