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RS RITRYMEBELEZERNHAR

5% gl
(W A¥4TE JFE 100084)

# E ETHXSEURTESEROYEBIESEUEARMERS Y, JETE HEAAE,
HMXABASHE T, MEFOTAR, SORHEAY, SEAEREER. A CENYANMICIEMBE, W
Ao RERERREAE, 28, AUEE A, mEMERE, RS RIE.

X@iE WELR ILE YRR

1 AR TN AT

1.1 BEERIRERRHNEERHEA

KFEHGE, KEEFEERAS, XeRE T RERILPHZRBEER T AEtE. R
BRI T AR R — R . P, FENERRIREE RS, BT TN AT
RBESFT 550C, TEBETKEEBAKRT 30MPa, HULrI WL, fEERENEABEZER
REE | RAFRAXFREHEN T, FEED TR dRR BRI BE & Tk
EAEFERREETER

VB < IR AR AR B A 1R e i S X 2 BN N R B AR A1 2 BOR . TRAYIG SR
JBE L2 AR 78 T BRAE A X 258 4 oP BT R FH AR FRIRLBE

Hitm, FREMEFIREE Te=1400C, HBbRHAR 3 A%, HE, WAELSRMEANAHH
Aok, TMET R ATEAE i b, X R E AP R R R — MR 25~ 28C,
FERXFERIREET , RIS HIREH THRARZA /PR FAIZIE; BN, eSS P4
R R R BE ) LS AR IR

HTFRESE R A IEFRERE, Hik, BESRBMFINFAR LR, R
SRR B I REHEE . FrUlE/ £ TN RE T, fE—ErE RN E AR AN
TRAEE, EXREREA, ZYRARMZETENZRREEN.

WL MZRS B BAEFRANE R &, EREAIE, SH EERAR—KEE.
1.2 HSE BRI RER TN’ &R

R S HE R R OCAF AT IR SZAR S AGIRLEE (35 500 ~ 650°C ), ik, ATLAFER
iR T SRR T A, IR SRR Bl T B BURCR A BRI . FERXFPROL T,
FAZKAE R BT A TRAE T, PROA A S S HE 4R B AOR B R, ZTUHE 7K G ) 1R 1SR
o B, FERERNHMEFRBSEEERFRESE—, EffER RN S EB/MIES
FHEATOERR; eAh, FedRBon] (angy ) B LK B/ PR, X— A RRERN.




2. ESEIHER

(ERN T RAERG, FRESLSRIENRRN, LABEFHRORN ERMESR, oT523)
FFRIIER, TR EEHER YR . XGRS E MR A LN SO R ER—E
B9 PR

2 WS R TR PR

FEEH AR AR BAE AR TR PRI MRS, XBEAFEBE (1LE).
MER . HEMSHRBEEREH NS, A0 EE R RO IRR AR BB TREEF
YIPEBHE RTR
21 HEERE (EE) BitR

SCHR[41 45 th & Fh RS &R LR (0 8 BEAR R A A RAF T BO%R, Bitb, "THEFAT
P ARBATHE,

V= Rpr, exp{-(1.2310+0.8777{)[1+ (1-T,)*""} (1

RV =M |y RE/RER (cm’/mol) , THARHESE {HRAMBIRET, HEHN
¢ =—In(V)*(T, =0.7)-1.400
TRE TR BB, ASOHEASR M ¢ ERNA BT ERRE, RER
sHfR, MAR (1) MERTRHTHE, HERRE, WEBD, R 1R,
£1 ERIREMLE (BE) HitHNEE

L) B E T /K FiuaximE (AAD) /1%
# (L) 473~973 0.97 :
# (Na) 373973 0.98
# (K) 373~973 0.62
% (Hg) 273~773 0.71

22 HAEERIREENTE
SR OBAEE R, ESEATESHALARAT AR, HPEBHRLEBA, X TH
A& BREASTRA Andrade 1 H A EB AR
quJS mAe—BIW
P A, BREEG VIRIEERER,
Bt E R E R T
ln(qV%) = A, +B,(VT)™ | (2)
Hep Ao, BoATRERS, FCRARAFEFESMH IR M BE, kK2,
®2 FE(2) PHM AT BE

LA 18 BEVE FE/K Ao B
Li 500~1100 -1.071259 0.894158 x 10°
Na 400~1000 -1.148612 1.742390 x 10'

K 400~1000 -1.135960 3.01700736 x 10*
Hg 373973 0.3808488 0.41171916 x 10*




s E R T RELFEROBIR *3

xf BRI RS SR BER AR, HPH4XihE (AAD) 2510 1.13%. 1.43%.
1.91%% 0.37%.

MFREWEER (84) MENTEE, ACRATHFE:
In(77,) = x, In7, +x, In77, (3)
23 HEERIRSHARBNITR
AT IR Sato WA, XHPRW A AT E Yk, HETERRRMTER.
A, =A[3+20(1-T,)**] (4)
2P, MTRESERAY A SRE THXRTAMBLEEXRR, WA=C+DT,, I
RIPm,

RI RUWASERE T (=T/7T.) %R

YR i3 Fl/K AE A

- 473~673 0.018539+0.024681Tr
723~973 0.0181851+0.0264518 Tr
373~673 0.0483646-0.0457015 Tr
= 723~973 0.0372760-0.0095214 Tr
373~623 0.0250514-0.0110497 Tr
e 673~973 0.0303422-0.0317655 Tr
Hg 373~573 . 0.00113691+0.0159026 Tr
623~773 0.00177531+0.014226 Tr
- 373-673 0.00722322+0.024229 Tr
623~973 0.00506137+0.0313390 Tr

RIFA ERASH Li. Na. K. Hg -7 4 & A, BHESR, HVPH43H R (AAD)
451K 0.05%. 0.71%. 1.04%. 0.20%F10.24%

24 EEERIRARNITE
RS R AE LR IR TS, RARESRERBXRIEARE, 430N

ARRRERERRK, B Cu=A+BTn NBIRHITHEE, X 4 HHETBSEROREXR
Ho

R4 BSERAE (Jmol” - K7) HHK

WH ¥R B i FR/K Cr HHEEAT
Hg 373~773 Cr=27.023944+8.385498 x 10°T
Li 473-973 Cr=25.699453+6.382024 x 10°T
373623 Cr=35.771978-0.010974T
e 673-973 Cn=28.422820+9.60820 x 10°T
373~673 Cn=34.123076-6.537520 x 10°T
- 723-973 Crn=28.72725+1.634380 x 10°T
0.25Na+0.75K 373-973 Crn=44.33654-0.013447T

BIFZE 4 AR & TR Gt AT E, H AAD 3978 1%LI T,
X TFREBESR Cr. BRI FIIAZRE




“ 4 HESHKIHEAR

Copm =X Crpy + %,Cp1
25 B BRREHABEOITE
AR TR 2R A RS s S R RE kA AEAR. TRERSG TR
T 7 7 ) H S R R
V2o | RT, = f.0.) (5)
13 22 .0 | pIP(RT.)" = f(T,) (6)
B4, & (5) Mk (6) REMKHBASHHRET, MRPOCHR, B RmkHH
PR USRS T R EAR:
V2?.0IT, = A,+B, ln[(T,)-%—l] (7)
) 230 | PR = A+Bln[(T,)-;-—1] (8)
% 5 Bl T R R EEATALSR ., EAEE: 7=300K ~ 8000K;
#£5 FEKAABBHMITHRE

T A, B, A B AAD%
L; 1.2717928 0.5391209 0.0667619 0.0283008 1.26
N, 1.4600035 0.6966689 0.0766419 0.0365711 1.26
K 1.3128049 0.7162345 0.0689148 0.0375982 1.27
Hg 2.6694454 0.47312820 0.1400524 0.0248226 0.56

@® FHHESHEAL: dyn - cm”
HEAT B, fEEA SRR, FEER 6.
* 6 EMEALROERHEHE"

Wi M TWK  TJK p/ (10°Pa) p. I(kg/m?) @ &

La 6.94 1615 3800 970 100 -0.044 0.437
Na 2299 1151 2500 370 180 -0.049 0.406
Ko it 39.10 1032 2250 160 160 -0.153 0.459
Hg 200.61 630 1765 1510 5500 -0.167 —0.298

%f 0.25Na+0.75K & 4% Kay HUMSATIER, 5

P.=212.5/ (10°Pa) 1.=2312.5/K M,=35.05 ¢,,=0.390

£ Rk

1 #E. Rk REER (M), 65 PEALHRRE, 1996

2 WRILNS. TEMHEER, 1985, 6 (1): 11-13

3 RIS TEMEEHR, 1985, 6 (4): 301

4 P, P, dEoE. EHEIE, 1959.236

5 HEl. TENIEER, 2000, 21 (5): 548-550

6 Vargaftik N B, Tables on the thermophysical Properties of Liquids and Gases, Second Edition. New york,
Hemisphere Publishing Corporation,  1975.87, 99, 108, 141
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B S L EREKR ZEEH
HIG BT AR

X4 RDH
(ZHEMAKFEFREEAMFERE TH ®E 330013)

RN B MANEBRWEEAEEIE, SHLUKMZEOREGN, M SR B s Bk feitfT
THSE, UK, MESBIRREREGRRA T a0 BN BERE. SCRESIREY, LIACHERINER,
ARES RGN R RESR ST, TILAZBEuen, REG{RIBCHR KH-550 S BERERSF, HAR yRERM 5%7%
A, AT A& B T RACBEREAT 0.2 BORREELIT , BIRLS R — A g S AL B AP R 3L
RARAEER L.

XA EAMSEEE EcN BRSO BRE

1 RS

SRR EA MRS . YRR, X% . TRBIAS A, TR ERETTL
FRAASFI DL A TR A FAE R R, RITRE R4 MRS ) S AL BB AATRI B K E A P i
FERIRR", REIBAE A EARAITE R 2 FADR R R I & — KT 40%, Hilk, E 5%
RARPE YERB R WIRTR T 2 SHURME AR — DB AR, b TR K S ORI EERE,
¥ R T BN E AR EYORR R BHA TR — R0,

BEE OB B/, RIMA R FEMMMRRES R AR, B TR/, R
AR AEBURA, AR A AR FOR MR M AR ES., H b ABRSE R LA
HRARIE AR o RO AR K SO o, By AR E R B AR B TEBRFF Y
fidAEsh, U5 RO RERE (5 B0R R 5 M BB R B 3h g, Bt/ Ntz SR,
KIRLE S8

RSO M R OB AE AT B R S B DT HE B MR S0 R, %
LFENEE | 7 2R B S BOBURL YRS SE L =AW BL . ABANBURITE A1 P 4O — M5 2
EEV e R, REWIEDT LT LB A9 BB 40 BUR A K RO/ B P R4, (B— B
WA RERE L, BRI B TRAEENEIER, XaMIRERX ., MRALTE, BER
AR EOR, EHAEBRREH, "TLISCEBoh T aotEm, M el R S WA
AR RS BORLE] AR EAE R, SRR A BERAOHER 1

A< 3CHFFE 0 A A AL BEFEAK S Z B3 TR B 8T O , K H MR BRRTE R R 937 5%




sige HESHIER

T, WnfagRBuk e A i A UL R, Sl A A SULBTEAR RV - A9/ 8T itk
FHRAGE, ATTGELrH AR S TR IAR, B B E F e SRR TR
BEARTF B

2 JISESY

21 FEFRHRUE

FKZEE, AR; UK, AR; AESILEE, AHl; PEG2000, CP; AWBEERHEY, CP; &
BB, CP; + ieihiReN, CP; RELCMEBEN KH-550, Tikah.

¥FHL BMEIOOLX, F¥EFHlmGI&ARAT; TRNERENL QM—ISP2, AU
X238 BOGCRBEAHT{L, MS-2000, ¥E MALVERNEN 27,
22 BESEHEHHE""

¥ B # A BRI E R B BIR 2195, TEX R T RN, ASEEILBRIR
BEAERY 20 ~70%, FRRGERAAK, SELH. S8 . 8K, HRERERE 2~
40%. HERIER G2 At Tt AR, Tl — S AOBIEE , [RIMhKe S B A9 IR BE F i 7E 10 ~
70°C, L 20~50°CHEfE, KRATEHEHIZE S ~ 120min, HFYLKSAZER 500 ~ 10000r/min,
e BN E ( BAAZE 10 ~ 40°CTFBEML 24h LIE, (HISAI/NRFIE—ER/IF FEEEKK,
¥ —ERREES, REFREINES. ShEFRIBRL

W RALEIR S Y I Ve, TEVENRR P INA—FIERJLF AT K. 2B, HBE,
HAR N T HERBERTEN N, HER. SETFS, RBEREEET. Mg (OH) .
WEEAENR QARMEEER, REEMSRE". RS CITDEMKEERE, E
B CIEL B . EMREHS RS Crir=d, FERP IR OH MRBER ATA: B
AL Mg (OH) xCly - H:0. DINBRIRIIEE T, ESEEFRERE, BN
BB TFRERTE, BRI
2.3 BHRS S EERANPS BT

TR E A UK R 2B INAS R HOR R RS, FEBREEDL T BREE
0.5 ~2.0h, BREESEEEJG , ¥ AMEGRI LA Bt fa O B LB — R B A R ER & A IRER TR OL
25 LUBLRE AT (s FORA2 K/, RIS HRAR. e e EE e, ERFERE:
90 ~ 130°CF T4 2 ~ 5h, MU BEiH B Hik.
2.4 SritEgERAE

BIRFHRAT . RARED/RICARE MS-2000 #OBREE TGRS BT, &
TR A A — RV RAR R R, R/, RARMSHEA, HoBtEiiF. X
22443 T LR 0.020 ~ 2000w m, BUCBEESSHECTEGR S, &5 5 a8,

3 RS




BRS LSRR Z BB 8T AR «7

3.1 BKER AN SR ERERRM

PR AT BBV S TERESEE 13 BN, MASEENRE 5%H0480 (BZ—
BE 6000), #H 1h, REWHE, MA—ERALILEMEIERRENF (83%), BA
BRIEGET, SATEREE, EEREEE 3500/min, SUEBREERTE], 4FUZE 1h. 3h. Sh HUEES:

B, DABOGRLEE ST OS5 S TR kD, LRGSR TE 1,
05 —— B

A | [md@
205 —snpet= [ | mdes
£0.2 =1 7 D[4, 3]
o | |oois 2

1 3 5
BRI (h)
1 RS SRR EXR

ME 1 AR S, MEREE RSN, BAR0HA /Mo, SR/ gt T
BABRLRE, In J4, 310\ 0431 BEZ 0.248, 3, 2]M 0.246 B ZE 0.211; {HXTFH/ NGOk
MARRAR, 4(05) H 0234 fFE 0212, 4(0.1) H 0.148 [EF 0.144, X UL IR
& E] AT LAR/IVRAR , (B0 RS B 2840 i BOBL T = , BEMR2%ER/NE 02p0m LIF,
B AR IERRE A ORI B R, B M A S oA R,

3.2 AEEAFRGTHREE LR

SRR R ZEAERTER, E—ERARELBEPMARRIER W80, 8 i
R THATH, FEABGREBAN RN LR A, WTTRHIESRIHER, 840
PR EEREEIT AL, LRERNTHE 2 (AKNEHEH ) fE 3 (ZERER ).

100

C—— |
—8— £ R
Bz —m200
—M— R Z 81000
| R
i —— LoREkmm
—— AR
—— BRI
—

TLBERt iR/ d

2 AR T &S BNBEEILR




*8 HESETHER

W 2 FAET B R, MR S EBEER T, BRAMBHRAALISE, H
THREA F—KRE &4 B AU, HZE 90mm LT, B3 +RK AR S0mm LT,
(LR . SEBRRA . ARBERR . ZBEEAE Somm LA L, A, BUFHRBERM, ©
FERT=FARIEAE 90mm BA b, AT AR P 2R Ptk Hh R 9 2 R o

‘ —— RZ 200 |
—— % Z.—FE1000
| —h— ZEERE

—H— = LM

—H— RERER

o 3 e - 91e o— LiMO

ULRERT A)/d s

B3 ZEBERTESENRERLR

TEZ AR S, R S5KMERNEEAR XILFBORES—XB7E 90mm LLE,
FEK, BREFeEES,, 17E 85mm UL, Hrp, BIFAARESRZSMET

BAE, 7 ZBRKXFRENERER S, SEEREEERNRIRA 3N, X-H
S, TERK AT, RERESRION] . SAMRRRSERER S &7 AR RK, R T E
AR RIAMEAT S, T S IRBERREAIE o —Fi i B RO BCA AR, FEK IRl R,
TR BRI 5 A AL R I R M B A B OB A YRR, TS e K B
FIH T BIFRAM AR, MTEC R RRME RS, EEGEEBORINIRI S T HRAERTER,
i TRk (R & A Rl A0S I R AU A DL RIS, BAibEMBk e, E5REk
SR TFZER TS, . SeRRAEREEERS, SRR TRIUMMRNGS, B,
AR BUTF—Fh A ECHE R REFIOMBGRIZE, B REERNBCR B AR EL .
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Discrete Wavelet Transform and Nonlinear
Analysis of Solids Concentration Signal in
CFB

Li—Li Gu
( Department of Chemical Engineering Kunming University of Science and Technology
Kunming Yunnan 650224 China)

Abstract Particles, particle aggregates and the wall of a reactor complicate the dynamic microstructure in
circulating fluidized beds( CFB ). Based on the local solids concentration data from a riser of 10m high and 76.2mm i.d.
with FCC particles ( d,=67wm, p,=1500kg/m’), this paper presents an improved dencising process before nonlinear
chaos analysis. The analysis shows that for the local solids concentration time series, high frequency fluctuation may
be one of the properties of the system, and meanwhile, interference of noise can also have some low frequency
ingredient. An exact denoising method is needed in such cases. Correlation dimension and Kolmogorov entropy were
calculated with denoised data and the results show that the behavior of particles in the circulating fluidized bed is very
complicated. Generally, two correlation dimensions coexist in low flux CFB. The first correlation dimension is low,
corresponding to small scale fluctuations that reveals a high frequency pseudo—period movement, but the second
correlation dimension is high, corresponding to large scale fluctuations that indicate multi-frequency movements
including particles” aggregate and breakage. At same axial level the first correlation dimensions change a little with
radial position, and the main tendency is high in the center and a bit lower near the wall. However, the second
correlation dimensions have a big change along the radial direction, again high in the core region, and after /R=0.6
the dimension dropped down clearly. This indicates that the behavior of particles is more complicated and has higher
degrees of freedom in the center, but near the wall clusters were restrained to some degree because of wall effect.

Keywords Circulating fluidized bed riser, wavelet transform, soft—threshold de-noising, time delay embedding,

correlation dimension and Kolmogorov entropy
1 Introduction

Fluidization reactors are complex systems. In order to clearly understand the dynamics in them,
researchers have studied on them by every means. Nowadays, signal sampling technologies are
becoming more modern and precise, signal processing methods are diversified and the knowledge
about fluidization is deepgoing. But it is also noticed that during data sampling, interferences, which
may come from instrMments, equipments, surroundings and powerline, can mix with a system signal

to some degree and in most cases we just got noisy data. Noise usually covers things” details. In
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fluidization, it is more difficult to get right information of flow microstructure from a polluted noise
signal. So dealing with noise is an important step in signal processing, particularly in the case
involving nonlinear analysis. Noise limits one’ s ability to extract quantitative information from
time-varying signals. Noise in laboratory data may completely obscure the underlying fractal
structure unless the data are preprocessed to reduce the noise. Many researchers carried de-noising
before further nonlinear analyses, and the Fourier transform is usually chosen as the de—noising tool

( Bai, et al., 1997 ) . The method is easy to use, but the de—noising precise is often poor, because it
needs cut off the frequencies in segment, usually by low—pass, high~pass or band pass filter which
can only be used as a noise reduction device if the dominant frequencies of the noise and of the signal
are well separated. Therefore, for overlapping noisy signal, partial useful information ml.{pt IIe_cut off
together with noise during denoising. In recent years, wavelet transform-based sigmalr de—;mising.
algorithms show a remarkable success ( Donoho, 1995; Boccaletti, et al., 1997; Messer, et al., 2001;
Du, etal., 2002 ). It’ sbeen successfully used in physics ( Walczak and massart, 1997 ) , seismic
signal analysis ( Haigh, et al., 2002 ) , image compression and processing ( Rahman and Hasan,
2003 ) and speech discrimination ( Artursson and Holmberg, 2002 ) and many other fields dealing
with digital signal analysis ( Aradhye, et al., 2003 ) . Through the local properties of the wavelet
transform, with the help of wavelet packet decomposition, exact de-noising can be reached. But the
de-noising threshold value is difficult to obtain in many cases because many factors can not be
determined, especially the properties of the interfere signals. Usually the noise property is assMmed
at first to be a kind of noise with which people have already been familiar, in most case, the white
Gaussian noise, then with such assMmption, the de-noising threshold region can be decided easily.
Obviously, if the assMmption is not truly characteristic of this interference, mistakes will take place.
In this paper, the interference noise is considered more complex than white Gaussian noise ( Donoho,
1995 ) or any other kind of noise, it mﬁ.y be a mixture of several noises due to the complex resources
of interference being, and the noise is overlapping with dynamic signal at the same time when
experimental data are taken.

Nonlinear analysis algorithm has gradually become a powerful tool to explain the dynamic
phenomena in gas—solid fluidized beds.

In this paper, the properties of “blank” signals were analyzed by wavelet transform and Fourier
transforms methods. And the de-noising threshold values were obtained through improved Donoho’ s
algorithm. Correlation dimensions and Kolmogorov entropy were calculated with de—noised data using
time delay embedding method. Some meaningful results were obtained.

Theory
Discrete Wavelet Transform

Wavelet transform ( WT ) is a newly developed time-frequency analysis method that has been
shown to be a potential tool in all the fields dealing with signal analysis and processing ( Mallat, 1989;
Chui, 1992 ) . Discrete Wavelet Transform (DWT ) was developed as an alternative approach to the
Short Time Fourier Transform (STFT ) to overcome the resolution problem. The wavelet analysis is
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done in a similar way to the STFT analysis, in the sense that the signal is multiplied with a function

(wavelet function) similar to the window function in the STFT, and the transform is computed
separately for different segments of the time—domain signal. Contrast to Fourier transform, the width
of the window is changed as the wavelet transform is computed for every signal spectral component,
which is probably the most significant characteristic of the wavelet transform. The base WT window
function is narrow at higher frequencies and broad at low frequencies. The signals that are
encountered in practical applications often comprise high frequency components for short durations
and low frequency components for long durations. DWT employs two sets of functions, as defined in
the following, called scaling functions, ¢ (), and wavelet functions, ¢ (t), both of which are
associated with low—pass and high-pass filters, respectively.

N
¢(:)=ﬁ§oh_¢(2t—ﬂ) €))

v =vZ Y £.6Q2i-n)

n=l= N

where h, and g, are respectively low-pass filter and high-pass filter coefficients, which
differentiates from different mother wavelet, and N is an odd integer. The original signal x/n] is
first passed through a half band high-pass filter g, and a low-pass filter h,. The procedure can
mathematically be expressed as follows:

D'(k)= 3" xin]g[2k —n]

(2)
A'(k)=" xinlh[2k —n)

where D' (k) and A' (k) are the outputs of the high-pass and low-pass filters, respectively, after
subsampling by 2. For further decomposition, the following equations are obtained:

D" (k)= A’[nlg[2k —n]

: )
AT (k) =" A’[n]h[2k —n] e

where j=0,1,2,...,J. When j is equal to zero, the above equations become the first decomposition
level, just as shown in Eq.2. The signal reconstruction can be presented as

A (n) =3 h[2k -n]A'(m)+ Y g[2k - n]D’ (m) (4)
A’ And D/ lie in different frequency bands as given by [0,2'”“).]‘;] For A/ and
(2 . 27 £1 ]for D, where f, is the sampling frequency.

In this work the Daubechies 4 was selected as the wavelet function for its simple and perfect
reconstruction results (Daubechies, 1988 and 1992) .

2 De—noising algorithm

In the last few years, there has been considerable interest in the use of wavelet transform for




