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ABSTRACT

Pulse-jet bag filters have found extensive industrial applications in
pafticularly separating fihe dust from dust laden gas stream. The
mechanisms of a pulse-jet cleaning system have been experimentally studied
as well. According to those results, some important parameters heavily
influence the cleaning performance, among which include the volume of the
reservoir, the pressure of air in the reservoir, the valve flow coefficient
of the diaphragm valve, the size of the blow pipe and the size and number
of the jet nozzles on the blow pipe.

During the cleaning processes, the air pulse discharged from the
cleaning system plays an important role and significantly affects the
cleaning efficiency. As generally known, the discharge processes are
transient processes and no available instrument can be used to directly
and accurately measure the properties of the air pulse. As a results, the
effects of the cleaning parameters to the air pulse is seldom explored and
no mathematical model has been proposed for predicting the properties of
the air pulse.

The sequential studies presented herein investigate the mechanisms of

air discharged from a pulse-jet cleaning svstem in detail. First, a novel



ﬁethod is proposed for determining the transienf mass flow rate of
compressible gas discharged from a reservoir. By employing the method, the
valve flow characteristics of the diaphragm valve can be obtained
efficiently and feasibly. Then a two-reservoir model is proposed to
simulate processes of air discharged from an air reserveir via a diaphragm
valve to a blow pipe and finally into gtmosphere of a pulse-jet cleaning
system. Experiments are also conducted to validate the model. The
experimental results indicate the accuracy of the model predictions is very
good. Finally, a study which numerically and experimentally investigates
the properties of the air pulses discharged from the nozzles on the blow
| pipe is performed. According to the results, the mass flow rate of the air
pulse discharged from a nozzle depends on the size of the nozzle and the
nozzle’s position on the blow pipe. Furthermore, the direction of the
discharged air pulse is not perpendicular to the blow pipe and has an
inclined angle which also depends on the position of the nozzle on the blow
pipe.

This study investigates the air pulses discharged from a pulse-jet
cleaning system in detail and the results allows us to design and operate

a pulse-jet cleaning system effectively.
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o TAABAR TS RERSE - REAEAT SR FABEYRE
PREL o (R3% TAE A 048 L ANST/ISA 42 2 M3 sk 0 e B4R

HBEE ANSI/ISA WRIMF kR RRARE ¢ A GBA M > BARA
Bt E A~ A& (nominal diameter)## 5 1.5 #vd EBEAF SR E
B EAHFEARIHEARATALTORE > BR—AERTOTAESR
ME—EAMZAMHERTREI G « —&TT > 2RELORRME - £
CHAILRG  CBASHERORARAE  —RORBLRELESR
ANSI/ISA wo#B B AIMRA % » ATE K AR MR — A B - 350+ A tly
ARRHARE—FRODE  BLEMA MOMATLHLLTHEN OY
W EFAE > RBAEA HOATHRFAR—RETHEGME  LAES
MEREA —REAOAEFBARET - Bt ANSI/ISA A ERAAEHE
ST LES TS Lo S |

B AT R SUEA AT Bk LREE  BHYRRY MR ES
Mo R SR ER IR TR - BEAR ANSI/ISA aORRRRIRA LM A Mk
R RS AT RS B A R - SE R ER ANSI/ISA MEREN &
sk o - H R ER M AR e B TE— GBI T AR
AR -

B 2-2 ARG HRARRMHTER VST EAME - AR - Rk
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BMAAEEEME IR EHRBFEHAL IR o ZARMARE
BRI R REER AT RN LA —E AT AER AL A A
FREARBEOPL  AEAMMGTREMRLERN > BEE THMZHH
Boh o EMANERRES L o 54 — B AL ERARN LT 52 A0 E
B ENRKGTES—REBHMN A REERENRNARE B R
B AR B M > AR B AL TR TS © ik B A M LA
BB RHEHBEEHENRGHRMNNE SR 8 BE MR
o B B 2 P 20 RO AR ARMT  SRMBAET AR R B Bk PR R % e
-

¥ ANSL/ISA s 4 B R A M — LB AR XA BR RO EF %
AEAHENRALFROS—AEN  ABHRMOAERERSEAMY 4
EhTARMATARANBIL EHERYTHATEL R BRASMER
SR M L T 0B - e TA S ARMY AR - HEZ 0 k- TR
SERARBAARSRERY - HHR—BRGGF i BARAREDF
o REFEAGRANARERENR  BAEBEMOAEHABEHRE
BIAEM EFROZANET > FTEA-YRETRERHAATRITMA TS
R - RRATHRBNN - FER b — AR SR A B AR LA SRR
&5 i MR R -

ERTE S RS R X A A — AR R T — ABEE 15

Foteg AR R - BRL RO B A7 KM ARRL  —BHS T
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RER ANSI/ISA S0RIBKARE S 4N T 4 5 LA HASME » B 46T Sk 38 AR/ 51 80
BRI ARGBRIT  RE HARMOREF AT — AR
ARMAESRS CAEFRATHAANKMEEFAAARA N - Bk A
MRS MR AXSIRE - RRAER > - FRAS— KRR
HEARG ARAEL x, 0% TROAESIEALAHAONLE AL
BH MR
BTHEAXAEE T REN  RENSNAEEROTRI - s
THRAOFERSR - £FETRT  RHEGEAL AV AATHEEAE
RORBTE AAREMEMBHARRAZRORATE LK EOLE
B AR A B T R 0 M— R R R
Renss Rl — BT AT EHFNERTRE 200D BAE BB
PooEMEREARN 6% GATREGZGUEMFIGRAEREASK
FRHERARGY ERTRIAGERHEAFHTERETLEAY - Bibb

MigsimE T Ar 2aERMN -

2. 2 B BAE

B2-3IA5RZRGMBENAY  SHEEFTAANNHBLEAARRERLZY
HERX A FHMOERL V HEN RGOS -BRERATESAHUL, T,
BEm ,RhE7F AEMSHZAATERIUm REAT ) AaPARH L TEGE

AERSY - BERSME Mach number) Bl 5B P, T, M, AP T, M,
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AT -

EARETAEAQIARABEEE  ALBREAERAM BA > MR
P& eI A s 0 A8 500 msec 0 B A URA S8 » th— A5G
WRBRRA—BREE B GNBREFHBIR N ERAROBH 0 B
L Ht B 403872 » A BTN Z MM E O RARN T REA ENBNG 2 &
BEBEAAEAETHEALY  FHk—HEEALBNBAIAATRYHE
BT R~ BRE(quasi-steady) BE - MAREFRBRAEGHERLT - TR
1o R AR B % B /1 (stagnation pressure) °

E-BREAT  ZEHEAH—RBTAAKEAE S FHBANZ
AHE 0, ABIEE  LABLBRATAES P REBAE T, 48/ drnl
HOREL - YEHBE  FREHENEBERE - ARGENSARE
(response) A+ H#itik > SR BN AR G ERATBRUAETAL -
BHREGEL - RAAEY  BAFEAGRTHREAEHS 0.003 %4 12
FEAGENBESAREREMERAEANRERAR - BiAAR A E
A MEAERAFUNYBRRBCAROREL - Bot o AHEABMMER
W ERTSE A ERE GRS P, AAGBFRAAEEH 0 8 ERZRA L
MENANGBE T, RARBTEXMBH OGRS IAEA | Bk Hidn
FoARRALRMNEASTERTOFRAR KRS P AARER TS
FRXAMBERANBL T, b FEA T2 ERAMBAZAORER £

B EBRARNERGRS P RAT o
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E LlOER ERGHAARYBRTULTLT
EABZRAMYRAHNEMN t R THE
dP ar dm

VIt =y R—TL 4+ RT, —X 2-1
dt U gt "t (2-1)

dmr,r
dt

FHEABEEFRAR -

¥ REAARE ¢ BRHAZATESORLE > RERRAHEREZRSGT

BRFAHBERAL - RHROE  BMEAEZARRSRLEATREHEE

AP EAOE - B

L (mje,)= 01, 2-2

£ dey=cdly b=l R y=2  @AQ2D)  RBN HHHAN

v

ﬁﬁﬁiw&wﬁ%%ﬂﬁﬁﬁr

dlﬂr,t _ 1 m}',f d?:",! (2_3)

a y-17,, &

BRQ-DMYy TAMHNEALSN  HORE 5, KEA-HEHSH
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WEEERE T AERBEBE T,  ARL

[%]H 2-4
m,, = L F_ (. - )

dF,, -
~ L&

HA-DRAR-1) » LR rREENERLRARLE

A

df,, 7P, dm,,
ar m at

fl)

(2-5)

Rl > A (2-5)#5 BEAZEANEE o, TUR —HRMEHNELSN

B P BRMEHEAERGEERS P AT

1
.

P \r
T — T N [ _7
r.t r,r-z[P J (2 )
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R BRO-BAKQTIRARGD)  TAHA LR E LS L BT

m, -

1-y

iy=-Su LV (B, )@, (2-8)
‘ dt y RT _\ P dt :

b=l

Bt BHEALZRANLBEE 7, RekBH P . Cik - BUR BB ELY
FEREM TAX-ORASTRENBZIHBATAORL £, REHLE
%ﬂkﬁ@l o

A ARR Saad [16]4d - E—TREARAL - IR DR TS £
HEAETARLA £ 8 MM e # R (static pressure) ~ £ %8 &
(stagnation temperature) » H#HBRAFHR OMRAETFZ - Bl » LLARE
RAM LG REEREATUAERAERETEROBREL,, BPRE 7,

B, REBFARDH A RETR

\/—ﬂf AM, \/ ) (2-9)

AAC-DFHR A, ThTRTAFH EB8E T, TeX(2-7)85
R P REREAE T RARCYD BT EHH M, RAAMERE

AOBE T, BTeTFAEH
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T, _
T o= (2-10)

“ 1+yT_1MfJ
Bl » A TH A EFE #, AELER Tma]ﬁfﬁ']ﬁﬁﬁﬁ]#{lf;%ff%ﬁ o
EXmIERAR FERgE AR R T @R A R ah R 1R — R AR LR
FraihikT EP ¥R ENAMER Bt FFRRAd ANSI/ISA iz e

CngraA[l4]:

g =417YC,P, ; (2-11)

ut

b g RAEAI0L.3PaRBE 156 C.HERAT AL hRLTHES

REBBHEAMLE  RXRBTHTR -

(2-12)

#4E Driskell [17T]@m&ds & » ¥R X (2-11) ¥ 28 & B F(expansion

factor) Y &7 A r, a8 s :
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I’=1—3—;;; | O (2-13)
AF x #H2 AR ERF(pressure drop ratio factor) ' & x, 89444 » JFEp
¥ x, 50 BERAEGRASEAREL X, M T Fob o FLAERBRE
EREFFER]L:
wR2-1)D T ERE L x, B 08F > WHRE-F FEan]- Bk 54
AREMENYREP, AT, THOHES P RERHEHRRE g May
REGY CETHN(2-1D)~ (2-12)&(2-13) R -
ALY AMAEHORERER ALY CHREFEA(KRE-1IDR
AT FHELA—£EkeE EAE(dinensionless mass flow rate) &, &

BEL x, MG AREAT  ATEBROEERECHERALT !

i1+ R,
G, =N BB

AP,

ud

FRA LR BX ES T LR A B TH EE AR e R F 4L
HEORAFBERT
(1) ﬁ}ﬁiﬁi&ﬁﬁﬁﬁiﬁﬁ&%ﬁu%%ﬁqEﬁ.éﬁﬂﬁéﬁi PR
(2) dEMBABHENERBHMSRBE P St ELR S BE dP, /d1

B MAKXCEC-TDHEERBENZENEL T,
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@) HRAXCOWEREEABBEZANLEAE m, 5
5) HIMA(-DHEZRARMRNERRTHOEHEM, BN, ;
6 HAXQ-1)HETRALEMRN WA FRER T, AT, ,;
7) FHAHAR (2-12), (2-11) & (2-14) & x,~ V& 6,404 :

) BHELVCRCYH x,HWEE -

2.3 RMRARTRES

E R RIS — MAEEE o AR RN K L TS A M o di
AR - RESUER EEN KA M RARKRA T - AT EGE
FHR AT+ B RIBRE B AR AR R R B SRR M T R A
N Y YT LTI TY

— AR SRR oh 0 AT B A S BIREE - B R TR R
BRAFERT  THAREASRARMoKE S AARTW  FHUAR KRR
Bk AXMRBGFE TEEBABRTEAMARFROAR - BRAE
R STk > s —BRMA R BKE M A S AR BAN LTS
ST - R E MR -

EASEFAER TS Z A KRR T & H o B 2-4(2)A 5 -
BEaAT—ZRMMe o BHAS 0.1065 0o A2 AR EF—Bhite RS
Bste » HRAMMBEA-¥BRE  AXEANGRAEY > AARAGE SR

BELFRET2GRE  ERMEAZGRIBLEBATAT GRS - £ebrfiE
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AeBhsth—EAMES & TRANBARCH A AN S - FAGEDS 0
2 10 bar> ® £ 5+ 0.2% F. S, ’iﬁﬁgéiﬁﬁﬁﬁtr83ponse time) % 3 msec « AF
EAGBENA— ] Type WHEH B85 0,003 #ot BRBEFTERE
ABEBAE AYBORAT A EAHGBEBFEATORATRGRE A -
PR A ARBERT B — BT RATF A B B TIAE e - % BvF
# BB RS H O RERA -

AEEREWOE DEBETe SBTAME WM. - AEWH M At
AMEHe BT HNEL 43 0mn ARA S~ ABEES 1.5 Kot eHm) -
AEBEL S#H—BAte o ARARMAES  ARTUARKETHER
WA 0 BEFMGEGN AR 0 RANEN LR B E B -
AERAMEBABEBOMBELEES — PR Be k- BBHRSEY
BRRR TP R AR G M R BTN HEAR EATHET
SR HUR B O BB F R A 500 Hz -

ERRHOTHE—ATREN ARSI WBMME > AR
FABMAMATFAR  AAKAQASESMRNRMER - B— LKL
1.5 a9 -

B A EBRSAMRAMEMN R BENEH TR S E R L 8
B BAMMAMMEETY  AHASUEZAALARNOAE  AHER
ABBRI— AR KRR BFER - H bt — R BB A ik 4 B

BLHRAR - RHEE b — R AR 4784 o L sbrr A e R BRI A o AR X AR By
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XA R SR A MABF - K A6 BRI 30 msec - M & B
SR M B —TEABBIEHE(DRIENS - TEXBSENSTAL
AT RIS AR MR LA Bk 0 o PR R K BB
KM B @ % R A E MM S T 2 R R E A BB b -
ETEABSEHEEENEBA HERRSKORT - F4E45 —EEAK
- ERAKETHE(trigeer) MEHRE » A& K HSHEIGRE -
EAREY  KRENGEIEESLARNAH BRI A EEGL BRI
S LA B R R ARSI o S YR B B B BEAR M AL
KL THEAOEN B 5 AEREMAMMEE - ERMNANGEE RS
EHREATHERMBZANTE  BHMMNZANLET EhE -G
K BARBEET HHNAEAE S EARE LB EREH AN E
HXRERTRAMG LR » TR AR — ko) Rk -
Koot 5 M lide T
(1) BARATAR M A
Q) E—BRAKET  BNRCHBHENELGRBES P, ARBERE
Toei s
() RETEXBEEHEBEX 1 —FHROHEAL PEREH K (B BN
A B
@) EMRRKEARAN AP, DRMNRMLTHPE,, & P, )RR ;A

A
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(5) EBHRMEAE  ARHAELOENRBERTS - BRA SN2
ROBHRERY P, ABEBE T, R

(6) HBHFHAMBEREMLERAF > AN EHNEHHHE -

B 2-4(b) AR A ey Ko - SATE A R RRM ST REERE > 4

B 2-4(a) Ty AR CRB) UE R MBRA » El—HRAT » B A KESHER

RHRBREHMAMN AL RERGESR EEARKMGER -
AEMBITA AEGBEARE BN LR~ VIKA it oy BB ) B0 i -

- RERAZFAHEENR 0 2 10 kg/cn’» 0 HE S 0.05 keg/en® + £

RESE 0.5% F.S.D. o RBBHERIEY A RAMES RBER A5k =4 B

oy £ BAR A 0. 5.

2.4 BREH
MESREAGERMANY  HHNZANBRNRERTEHGELR - &
HATHABRERL AN ERBGHEANEAR GBI T E B MR
EZASTENEIRBAEHT ARG FRATHERBH L THAR R
BT~ R A
AMARITRARXAMRAT & AFFEAMERNEB - KHAER 2 9%
B - FHE—RMHATHS  BAARRAYF XS ESERA MR

FHMN RBHMIIRE T EREERAT R H—HE -
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2.4.1 MR FHM

2-5 AMK—RMBETHEBES BIE - ARKBE 2-4(a)F 7 -
ARERNGERRABCAFREATZ LT P AN TAORARL P,
B P ai A EBRTHEAGR B b— K% AAMAEE Bk
EHMH)HTRRSBYES 500 msec » ERRIBMILNFHNE 2-5 ¢ ; #2
MO ERGRBRA P, ., RAWSEE 7., % %% 620 kPa & 301 K- 41§ 2-
D AT AT EHEABE I ML B LOSMBERBRENEMENEA
B &AM EH 30 msec: BAERAHRIMBEZSABEGE )73 nsec » #5418
RAMGEILGBETRAREMAMNMAYRY  BATHRAL—SHEEA
HEMR M NG REFR A -

AVRAEMMEE  BASBRERAN L ET/ME BN TaANES
P AR B ME - B R(28)Tho > ZBHEH ST RAEHAL
EARAEAREn AR ENEBAREAR A GBILE 4P At RFanE
BRARGEBHRBAYBRIANBNBEATESNS  BHEATRTRHER %
WYL AERHHEN RS P, R AH —SMMARAL T B
BREMBALE  AERN A EBSERNHE 4P /ot ANOBEF¢L
Fdey AHRAMRGFMMRAt OFERERFEYER - BB H—
REMEL LI P AREFRE A RS EAERESEBRL B DR
B A GERERE A EREREES — 8 AT h$(nozzle discharge

coefficient) Gy sh—"RER T ARBTRALMEHE AL THELET ik
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KRR A R R 0K R R — A A FLA B IR ARt 40 W
RBA - ASHRAT 4% Saad[16]F ¥ 97 BR  h— FBABLE
EHBAMG A EORRREAL SN AR B BRARE
)

- 2
y+l1 I-y

e

y+1

rt = R‘,n‘:f 1+ 2V

(t-1t) (2-15)

BT LAZAMEBHEALEAAHA -

LRATHE AP /A AR EME R A P, HX(2-15)@E R
e F £ X B & = F ik (least squares method)#i— BB 547 » B LApb—id 4
#FERX F, Rﬁ%’iﬁﬁ#ﬁﬁﬁd%&hﬁﬁ P..o BBIT Rt =ERRER
0.388 & 0.413 » mAAE e RIA K B, AR SR 2-5 P - AR 8
BASE F RAZBHNGTKRIBRL, » EoFeHE R 0.6% A4 BEAm
ERARNBEABHAEUBREAZHE 0% Bt THELEEHEE (confidence
level) 95%. e9M3LF » P, #hFR# &4 (uncertainty) #4144 1.6% Bt &
RE-DAXCE-8)F® P, B dP, /dt B P, & dP,/dt #¥4% > A& T

DR EABMMALNEARSERIAT REERER
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kT AmACKH RAAEMNASNRNETREARAOBL P, &
P AT OB ENMNBTHHERL v, I, RERRTERE 6. 34 H
GEE-B2-6Hx I AR GCEMBMeEBIL ¥ =400 nsec 2] +=900 msec
MCiothd =400 51 1500 msec » BB M A %22 WA S B B4 MO B Ao 7
FASR MM LT AM b E WA E—BRERE)  x 1, R G 8
BEFAAEL MREGHNPFHEHZRESHE BN 4% R 1% » TXH
AndeZEREREE(Choke)FENAR - £—FAT A —8 x, ¢ I,
B x4 G M RFE 0 BRTH =500 nsec 3] (=900 msec Ml x,* VO, R G, &
BESMNYEAETY B xo R GAEL-BRATHHFELHE - 553
A0.328 0 29.9 & 0.283» Frorb—3RM#EE x~0. 382 44k T - £ Ko 944
FRN 209 meEERATERE G FEMN 0,283 - AR Rl b P E TR A —
AAMAEE  ARHEE 2-4Q@FHRERFN - THHUE-RKMEXRR x,
BAeatTRABRGAE B2 SEREHEE > ETEMFI LKA eyn
B -

W 2-7 HAFAERH A VO R x MMk AP aE—RRUHREA—@
ARARE  BHANBERE N RTEHIFrHTHI -KRITER
FC=-57.6x448. 4 BXRARATZ A HEBRAFHNGERTRALNGLE
Foo 10%> d X (2-13)T o & x=08F Jol ma KM A LA THE (484>
75 P sb— SR B E A3 -

RN R AR R ERMAAR RN AT A LBERAHFFE
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b 85 B — e - M ANSI/ISALI)IR B — AR MO MARRY CHHBEE
%005 B4 d BEABKTARNABEL  BANROKNEAHE
B8 1.5 Hof o ddib— K XA B MOMATHARS 56,3 LM AL
R BT EARAENMATAR REL SN ANSI/ISA B Bt B -
5ok G (IB]A[10] S F TS & k—RAEKMOMAE BRI NS 240 &
260 sb= C A MATRIIFE € 1 48.4 & ANSI/ISA #9234 56. 3 HELZ &
CEETRAR AT G MR A MK S TR ST
TREH - BLA RS RATREARAFHOSREBANEL - sk
Thoo EMAREFEAHEABAC—MARERERG > RHEAT IR
AARAEARABALETEGARALT TREAR -

B 2-8 AFARARME G R x MA A B—FEBHRE— ARG
EH o BEAORBRR L RFEHEE AN TAITRTER 6
-0, 06251n(x)40. 361 MAAREAZ o A% O RBRAAH TS E XM B
BRI - AR —REROAEFER > MR EBMELTTEF

o

G, =G Infx,)+C, (2-16)

2.4.2 BhMeREHN

HEMAL  RAAXBESANRGAF AL KHBR HAREHN

31



EHTEBATE  BARFE - A R AR 05 8B A AR
M Ak A A R — RIS X SRR A R BRRR - &
SeM A & UM PR ARMRBEN MO ABEEES 15 Rt
Lo M AA—MRH GBS R M BA—BREGBAN -

RSB A M e 5 BARKM ey S BAa > AR KA B -4 - W
2-0 BARARABLA ME FO R x, et BTE b £ x,<0 15 SHAT -
BA MR B AR 2-T A kMR B AR B MO AR SR
Biko— R AEFRARAT  BRENRE HEELRL X, BER
FoBAMAMEEE R A ERAMTE - 4 1,800 0 55 RAMNERL
Tl IR MM BB AT EA 0 st R — At M A
Bl - fsb— AT » AR BB H MR AR &5 X ANSI/ISA & €,
FFRRREA -

B 210 AABRaKARE G R x Me Wk Bk QBB RN =k
FHAF I TASMMEGHA R A ABAMN B oA EFBAATAR
(2-15)6 %R, 4513 6 =0.10121n(x)+0. 3933 & 6, =0. 11851n(x,)40. 4622;
BAEkR O5% ST M A AM B HAHSRERAAR FEXNBRES
%14 510, 0047 & 10,0064 - BT 40 » R (2-16)4a 8 ANSI/ISA & C, A EF

RABERBGRFTBR MGRERN -

2.4.3 BHRMGFL
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SR EANSERERHBANRES A YEORAT  ER0isE
MAEM T RAE - B SRR RBH— 7k B - B &
HERITT S ROFETE > - MBSO T REA S RO EHRS T
FHERRAEY -
FERRTENTERAGRBE L RBBEA P, (& 400 kPa 5 800 kPa)&
FE & BRG] (B 100 msec %] 1200 msec)&9i5 LT - BssMA A2
AEE 7° BROTR  EREMEMHAN > £ BTHRET > B2 TAR
SHRMMN ERNRREN P, ARGER T,  BRRZAAHFEL -
THEERRETHRBNEROREEE 0, ARRMEHNEE  #7
SEULEEEES § TEEPRRTLLES R LSRRI YL 2
REMENEANBEREA P, RRLEE T, . ARAERARS 2L -
TR RS AR SRR B, KR, RRELE D,
Mer 2R ARRBTT S AL ERAKE  Ban, , AF2  E—AH
FERAETNALE - ROKETHRTS > B TRAEBEY -

B—F® > aRRETPAENOREAZLARABIE P, B K-
)R THEHiE AT ORASANEE o, HERRMAMAN R
RAET  ABEASEATEREAA AR HROEE  AEREMANE
SHMA > BARBARMEN  BRAZRGRAERFARE L ER R0
REREMAAERNOER  RAEHAE RSB ENAE - BZHAE

ME SR A ELGREEARAK(ZE) > BTHELTRLE REMERHK
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ERAKE HEREERE 0. RE—HBRAEFTARS ~ERRESH
PERATESEREE  GRQ-C)MH AL RE K E KD, ATZ - E
W ZEEAS TR TE T Eon, , RESH XARAH RS T & an,
FAE o BT R (2-6) g gL -

B 2-11 Bh—RARRESR LPauA RN s T ERTAH T
ey 2 Bam , —om, BXBRME K Fag, , heti(am, , —am.,)/ Am; Kb
AXMBANE Eam, BT E n , Hlian,/ 0, ARFPHAAEATR
BRE KRALTFRERALE N EMYLERT IR 6% EAFHLRS
BEM #Ab—LEQERREEAAELABREL  SAERETRYER
ToHATRGEE T H0EY BTRANDEH D O RE I FMAMHR
B ERERA T BTROBERA - BROEHEREFELEA » S0
SRR FHRO-DE W RAHKBRAEE  MTRAATAEHTR
AHRERTRALTEMA LR R BEM > BBAE—5 05 R THAARK
BN E - |

EHAE TR R AR+ S e BAANRBEY - &K (2-6)
RN RGEE o, TREEHM; A% > BAX(2-8)AX(2-6)
e BATRBGAQ-OMtEEO T EREm TAEAS » B THE

eEA R -G EER T MR GRRTATRS

2.0 8%
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AEALRE T BHGFE - TR EERH AR RE A LY

Rb o TA-GRTREAGHAT - BESFHRAKN R EHE - £F

BRTREIT -

1.

2.

3.

REEAARES  BEAEAIE S FETREEE & — A e
EHERE
BB 8 B AT — R 4 LT AT S

B CATFEAL T AR LEL MR EHE -
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TR A, B ERARAE LA R EREHNES

AEABET SRERGEE ]| AAAAOEN 2 FHNBEt+ IS
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db, dly, dmyy,

’17=mr1,IR_‘;,r_'+ RTrl,r 7 (3_13)
dﬁ'z,t _ d]:-z,! dmer _
2 =m R & + RTqy ” (3-1b)
a di
P ”;1; A n;n REEGN AR | AEE 2 NERE %L E

d di
S e S SET LWL § 28 R VEURLEE LT AL g 4t
GHH 1 REBEERE m, KBS 2 REAT AR iy, Bk S

| BAEH 2 PR RUE WAL BT 59 oy, By, O A

dmrl,r o B
dm,, . .
dr’, =My, — 1, (3-2h)

E-RBBBET  HHENEANEARLEEIRRAMEGZAMEA Y

Mo EOLBN ] REM2 N ERARSRAET R RTA:

d Url e .
{m:&;te . ) = _"%.thrk,: (3_33)
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BRSBTS RRES:
dT,,, RT,}
rl, = _ r . 3_"4
= (1-7) PV, "y, (3-4a)
ar,, _ 1,7, '"Trz,:z . +(1‘?’)T;2.:2 , (3-4b)
dt PV R,

FRO-DERAKG-1) ] AR 2 REARSHRALT 20 &5 &
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dt Vi
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= \/-"0—’— J— o (3-6a)

2(y-1}
M, J
d'UJ J7 =T (S’Bb)
d(}t

2(r-)
1 ——2 Mdr) ’

AP FTROIXRFERGEFET > A LB v A JRRRLE » TEMA M 1
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(3-7b)

(3-8a)

(3-8b)

%%hﬁﬁi*ﬁ%%%’#ﬁﬂM%ﬁiﬁ&?ﬂﬂﬁﬁiﬁiﬁiGﬁﬁ

MEFELEATA:

G, =Cn(x,)+C,

(3-9)

AT G R GHEXBEABBCOH S EHOTREY GBE L x, &

BEXTERE C.XB4TF:
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iy, RT,,
= N T (3-11)
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AﬁPu,r
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T;‘zr‘ (1+ }’;1 M ;)2&_-1}

nt

Ev L AZREOBROH > f M, RALNTER D A0 EHE: Y55 L
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EHM(O) HBIMR|MI™ -1 <10° aifst Ak B badska ot AR
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df,, db, _df

rlt &
at dt dt

HEBERERENOZALBERR e BLE

db,,
dt
(14) w1378 £ 54 A F(3-1)H A F s+ A Z AR -
dT.
Lipene =T + a:tu At (3-14a)
dl,
Togene = Loy +—Efﬁf {3-14b)
dF,
Bugens = Byt =20 (3-14c)
df,
Posiar=Ba,+ dt”At (3-14d)
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RBAH - AAGEAMEESER— VKA Y 0BEE N BRRE i
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NER P, BAME MBARTHER £y, RRAENEL Py, WES
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B M M efRl A =000 msec B A M TR EAARINHERAGHMAY
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B 7, RARBRSEE L, RAAL B—F@ SEEMHMZY B2
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mrl,z = mrl.r=i(P
r =t

o —

. dm,, . 1 m”_.[ F, dPI,.r
= _ i o rit r 3_
n?m at ¥ ‘Prl,: Prl,r:i dt ( : B)

Bt - MAXG-15)RAG-16) - # B 3-3QQ)TAMERM4RA P, REHE

dp,,
dt

HEERGTEARE i, 3G 1D RAMHBRERA—BREE

ANEF» THIFABBEITHEANERANATE 0, REAF-HERR

Bl X B-15)AE A RABBNETANTE o, TRATRKATHMER
ZRAFHLR ASRHAL—RRBRE i FROCTANEBRL %3

B ARABRTHENE RSO AT R

P
(mrl-’ );‘.;o = ;ﬂ' _ (3_1 ?)
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BAHMM R EAGERRR ) E A RBEEAREIBRRE -
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NEROBRATE D, o B~ FEAH L RORET T, F70. 490 ke
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2 0.503 ket FIE o st RoMEA Py RARG-IDAAS 0 E REH T &
(@, o) B TRA AR RABES ~FEEAHAT + KA RS E LM
W E e 0.422 ke -

BRBHE ,, AEREEE 0, TENERERAEE T &H#7
BERKEE A, BER0. 201k Fobo WAMKE 0, -, Bt E R (3-15)
HRHBRARE 1y RHRG1T) AAHFARETE (@, )i NTHEE
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WA, Ay BAM, ) - RTER BRARBRSE R
B RTHAHGAETAT EAm, , REBALZATE A, ., 68
4.3% MBERABES SRR ATHIHGNEZATEAMmM, )0 A8
Kotk R A A, BET 23 4% dikTh  XAEFLGBER—BH
BREFSHRE MR- RERAME ARG EIE -

BH—H LR ERRELTRE/EAT  RARET GHAMALOER
K& AL HAANRRESRRAORESNERT SRR TRAY
CRFIAE 31 BREF ARABRY  AFHTEEAT ARMARL A2
SEFABHEATEREMALHZAL FRGE RPN 5% BhTHE
AAMR T BRRAERL - GRAEEBEN - MaX(G-15) 5 EARFHLER
P EEE TR

K(3-16) B K(3-1)HFHM t o X > FXG-15)ARHEY > RLTE-



FRBRG-16)FARE - BEAEAXT + HXG-16)m 4 K ReyR b
B R EAE i, AR BRI AR K e Rk -

B 35 ARBMAASZARRERERGH GBI &, R, 2 HRK
B E RN DRRAF (M DM ke §EAE - & MR AmE
HROGEREm, B, 53— KR —ELRET AHFAE 3-3()F
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