WRB T REMEFEN ————————————— ————— e—

B E

G LR R IR S OO R O LS — AR AE 30~60 28], B 4B 1L
HREANRENES. CRERRD. BRENEA TINRTRPSK. A
KEAURES. &, MALT. M. B BEER. DRSERERAESS
SR, EAMEAS. HOKERSHR. RESREOR R, BRGNS
B, RETHHE. SHETHIREREK, RS TERRE. RAREE
ETEAR, EPREE, EREN, REH.

AERRERESZBOERANE. BRI, HinmkTELEaRE
IREHERORERE TP TR, B8 SIE NN Gk, 38
HEREE B ORERK IR FREBOR. A E A ELE RS ORI
WERRRIFEETAE, SEMARERITE. B SNRE R85,
TR REEMRETES, SAnERESHEORMSSA, S TERERLLE
FIEMER, BRI FERT T, M L 25T TR, NG
IEBIHBRR IRBEE. O RRRRBOFHENE A9; I E ORI 30
B BRI T S E RO MR SRR, SRR RIS § BB, BSH
FiI CFD Wi AT CPX GBI T s B B ORI I8, MURE. t5aessmnt Bt
RERIARTS, Bt AR AR, R T e PR R AR R Sy
WTRMER, B TR 2BAAREIBMKRE, #3 THRETEEN. BEEr
BARER. AEERNREFFAEEESHEORENRHER. BN EmESR
B X BB ORKIK SRR T A ORI,

XA MERESEEORE, KLEE, 1R, R4, oD



LR T A i - m—stract

The low-specific-speed stamping and welding centrifugal pump is the specific speed of pump ranged from
30 to 60, which is widely used in the field of boiler feed, system of highpurity pure water, medicine, foodstuff,
fne chemical industry, fire protection, shipping, high-rise, center air-condition, domestic water, pressure

- boost and cold-hot water cycle and so on. It’s characteristics are low capacity and high head, and has a
tendency to super-low specific-speed centrifugal pump. The low-specific-speed centrifugal pump has a long
and narrow flow passage for its low capacity and high head so as to it found with difficulty. if it is
manufactured by precision casting and bring to low production -efﬁciency, high cost and high rejection ratio.

Stamping and welding crafts are used to manufactured multistage stainless-stee] centrifugal pump and these
crafs can effectively solve the problems in foundry casting technique and can be easily mechanized and
automated. The hydraulic performance of stamping and welding pump had advantage of that of foundry
pump. The actual design theories and methods for low-specific-speed pump are introduced first,including
“the increased flowrate design method”, “the method of anti-bump on H —() characteristic curve”,
“non-overload design method”, “the design method of complex impeller” and so on. According to these
methods and the characteristic of stamping and welding multistage stainless-steel centrifugal pump, 3 types of
impellers such as edge type, airfoil type and partly blocked-flow-passage type and so on have been designed.
This thesis also describes the numerical simulation of three-dimensional turbulent flow in stamping and
welding multistage stainless-steel centrifugal pump impeler, points out the turbulence model and numerical
solution for it, and gives the writer’s view of the grid-generation. According to the distribution of pressure and
velocity on the 3 types of impellers, it analyses and describes the feature of internal flow in stamping and
welding multistage stainless-steel centrifugal pump impeller. According to the study and comparison on
efficiency and reliability, the thesis points out ierits and faults of the 3 types of impeller, and draws a
conclusion that the partly blocked-flow-passage impeller is fit for the impellers of stamping and welding
muitistage stainless-steel centrifugal pump. By simulating the impellers inner flow field, the characteristic of
impellers inmer flow and pump performances are analyzed, This study can be very helpful to improve and
optimize the impeller design.

Key words:Stamping and Welding Muitistage Centrifugal Pump, Low Specific-speed,
Impeller, Optimum Design, CFD
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(L BAMMEERK. FTEAUTRMNMENER, —EEEELRELETE
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LR T KA R 3 RS KSR EERORHARIE ST

NA TS ESS, WERK, TR ARE, oA DR AR, B
KA O AN, R E RS RS ORAE KO ANE AT,

(2) D, PEbint ARTEEI - b, DI, - BRI, TivtE LR, 3
WA K: D, Bt B SR EAL, B, D, A0, r, BISRN, TOOHATRE I
Fk: D, EEESIEHNADS, FRBNBE, D BEMSERAATETEX.

HEREZEBORAE REHMBAKE, SZAXE, AHREERFE
UEH, IERATFAMAADS, EARBOESLT, IKARK, FUKHAHBRT
MR AR B O B — A AR,

33 MEBREZEECEH Fi#HY O AMTHNE
331 MM RiEOAKNTLAE

ROV EERSHHUOLRILAIRTA X, EMEMRIEPH 04
HIEREXER. B THRAEHNREZRHRH R E#EE O AXRRER, XTFEHT
R ERBRL R OER USRI Y, EfLamkrAitnf.

S DR S54RI E B A A EE SRR, fiHem R o AN EUL T
DEIRE
8N

iy Uy

(2) By =ﬂ;+Aﬁ
1
1- zd,
aD, sin 8,

(3) =

B NHERITBUR, ¥, -Ve?=K,?, RAKARLL, MR L0, VK, 6]

K, W g ARREREA"

FERITERES, MERESLRORATHAEER, B R SRSEIN g, 79R
thih, EMEM ETTUERI— A, EEREZENCANEW. AR TS
ERITRER S BB ORI — M EASOREHER R B A LR, WRER NG F
HOAEM ERRE— B O A, WM FEAdR, RERRERHH T
- OBRARTE, HERRARE ",
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AR B T KRR i X

ee— i BRBRSHRLRIANE SH R
332 HitH R H O HELRE

R 3.2 BiR, AR OB AT UE L, B TR, r A O A
. BEBOTMA EOAKNDES SEHROXRURSINSHRTRT A0
fARMEAEE S AR —EBR™.

BERRT, EHRMBRTZRESHTRENOWRERT, 4 TRERKAE,
AR F RO O f. KB BUER T, BEETHA 1 QARIK, 5 A%y = A/ /g)
et THHNHRHOAEEE. RERMe (9=V,,/u,) . WHEz ZRRK
REHTER .

W:%u.:z
N VadLez
2N
Z L AN
)y 74 Vig \_\\
/ 1 Vi B/
Viz " AV 2
3.1 E/MITEE F32 HRHOEE=ZAK

BN RAFE S BT Mg DOMEMAFE, Bal, ulV, , BHESHEORK
55 prAR X R BT AT LA RRSHE O BUEFFTE. AWM DS = AT RT3 5.
H= (’?Hnu/g )‘zVuz = (’71{#/3}‘2(“2 ‘szmtﬂz)
BB R u 1A IEE Stodola AR
po=1- (”/zkinﬂz
H/ny = (2 [g]1- (z/2)ing, Ju, - cotp,)
¥y =[1-(zz/z)sin,8211-¢cotﬂ2) 3.1
MESEERE ORILHEER, —MBn, <60, HEB—BHEEANR, ZEXE
B, (0% 90°) B g, m, B DRNERE T, BoIEK, TREREy T
B B, T Eumial . A EREZEHOED, A By 5~6 b,
LILAEE: EREMMIME—ERERT, ¢ o LIA—EME, ZFEAE:z flg ¥
AT LBHEFR Y = £(6,) B
1. HREEH A O ARSGRENEN
EAE RIS 25 R wT40:
(1) FEAHOAEE (B,<18%) , z NAPNEHEMEHAHE. _
(2) FEEE OAMEAR, HAE8E, WRKNGESER, A EREEHNOA
K ATARHE.
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mzm:xatm:#ﬁm:\t BEW HEAREEEL ﬁﬁ*ﬁﬂi 'iﬂfﬁﬁﬁ‘

@)%ﬁ?&ﬁﬂﬁﬁﬁ%&ﬁ%%ﬁﬁﬁ*h%% Ed=0.0801ER T,
R B, < (18°28°) TSR N A IR,

(4) TE B,>28° TEHE /Y, BHIRRBURTRES H O A KTA B K. EHER
LhieE, EEEREHEENER TENAEEEE AT OA.

2. MEBREH HHOANEHRKEY

MK EREREZHE LR, HBR S AL 0.06~0. 1 FIX{RIAES),
BILHXERR 406 T H - 8, MERHE W

() fEz H—EMERT, M ETHH - 8, HERKKET A2, %m0
KhEeFTxR, TERRTFz.

(2) TE{RLEHEXIR (4<0.01), H- B, HHERABFEE—MEE, %46, il
FIEMREG, 2 RECEREE H O A K8 REK.

(3) FEMHERE (4>0.01), H-p, ik EAFAEE, ZR I HEZTEERS
BRRYEHMER S O AREATER, ARMANEHESER TS, ERET 1 EH.

(4) g#/b, GREAFEBESEINR KM, MHEEREK, SIBRAGERYTE
l%&ﬁﬁ&:@Hﬁm%%—Aﬁﬁﬂ%TWE%%W%E&#&%EE#E%&?&
BLLRER T BRI H O A E,

(5) FEAAHOMHXIE (4,<18°), HERKEEE 8, BN REEND, HHOAR
HEE—KEIER, RERZXERN B, WAMBASER Y /1, KRAZW, FBHE
shieidin, AT MEREEER S, 1A D AKHIEME BRSNS R .

(6) TRERBEABBAEMHOAN B, < (18228°), FHik, WitWmERELSH
BORMNRE OAREX— X AEE, HtuEEsEs, 2, R/ ME.
| (7)Y W&t (2) PafllanE, B, KMMEEAREREN, —MkiR, 8, LIXT 18°
AE. EEEEAE, FEREEEROENEIPEEFHEIREH, BEFELER
MXRGRISHEBNGEANIRETR, EERENEMES, =a., ETHELE
BERLRERBRYIEE b, HOSXERA o IS, TR H.EH DT
FHEMEOR, HHHOf 4,<10°. W EERSHFTLIES, Mt hrShof
RATEE, BRSERMRIMEMA, AfiEmBaEERE, BKTEN. B5H
EREE (EEEROFRER S PRHT 5 Uit Kigs, HE
FIERARF BRI Th R s B Bt s, B E R E B R AR AR, &3
MR QAR E K, SORSRBUHIh R P RIR S kT8 = AT B

Bz, HRHAHDANRER - MEEHNNE, B, NIESREEREX,
FREAEE—YERRE, —MAREKEBURNR L EERE, it O fh

,.J\{Z!} o

34 MERES HE LR REESHRIK Nt
RER/LMSEAHRECERD, . HHH#NERD . HERBERL, . A
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R o ——a e 5 & S LR ERGAE Sot B
HOREES . HAHOAL . HEHOERD, . HSHORE,, . HAHOHE,.
F# %, RO/ SEHARMEREEERW, HHHOESEN H - Q ek
ERASERW, BAAaNENNENEE..
(1) ®it2$: RBO=2 v'/h; BFEn=2900 r/nin; BEHFRH=75m XN
En=45%.
(2) RIOLLEE A,
=3'6—5@-=55.049
©my
(3) FEMBHADER
HEHRA O Do =30 mm, dye =15 mm
(4) WAZTH 3w
TR EEER, HEARERA=03m, ¥D, =267m d, =15.3m,

NHAD,, = \/EIQ’/ier +dl, 5, =085

n

v, =40 [#(D3 —d%)=1.285 w/s
v, =40 [a{D% -dL)=1233 w's

K=JV:-v:=03597

AT LA B e BEATRER
D =2598 mm
D!, =254558 m
AR

12 ry2
g =—2=lo__ pop

4, /iD;: ~-D} i

18: K=,2gh=03595, h=0.0065885, p=096. MEHTH 4%, Mgk
1 £255a7
(5) HESHRETH
d, =[4a(D, +d, )]* =7.3485 m
d' =5.9998 mn
V, =1.3247 m/s

1) BEM A A CIARRE b,
b, =7D; =0.085836 m
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IJJBF ﬂljﬁ’fﬁ :l:#ﬁl%)’c %mﬁ H’Hiﬁﬁﬁlﬂﬂh ﬁ&?ﬁﬁﬁ 'i"’rﬁﬂ:ﬁ‘

b, =Q/n, b,V, =5.132 mm, ERb =6 mm
2) #ErF A DAE R
U, =mD, [60=4.50747 /s
3) MA%:z
TR RMIREE. %@ IR REEARE — N, EFEH A, —ATENAER
AR BT RE AR, B— AN EEH AT RN, DR
YR R XTBAARIZEER . B DIRER, HAMKE LM A RENRE o, M
BEESEE . BERENOH RS 2 =5~T%,
TR ER O, HAHLRAXN:
z=65FtR) G Bi+h _ s
R,-R) " 2
ER z =6, ZHFHEIEES =1.0 mn
4) AR R EZEAL,
LNUIE, MUE=AERERE, B3l =1.342, B =21.5°
Ber=125 HITZA, B3

= 22.8957°

B/ = arctan
17 P

xD,, /(D,, -z S/sinf’)=1.298
5) MEM A ANOEEA B,
1.6/2

1142/
6 BEMHIED,

D, = [Dl,_. +{4H/Py,7,n* + DL J/z =8327 am

= B+ tan——=-=28.7689°, H( g, =2838°

EHD, =85 mn, U, =mD,[60=129 n/s
7) B A O R,

0 2
b=k s‘}-—=o.4 ;/—_—_zz.soﬁ , -
2 = fyf “V3600x 2900 m, B, =3 m

8) T AL TR

=¥ oy K
' Km = Vle szz
K, : = anzc anzl

Vize = Ko J2gH =1.3344 /s
t'= D, [z - §/sin19° = 41.412 mm
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Wi R B TR S i 3 o Wﬁﬁﬁﬁiﬂ\ﬁﬁ*ﬁﬁ‘—i MR

d, = O.BJi (b2~ A+1)x2x0.3 = 4.7879 mm
w

d,, = Jix41.412x5.75 =17417 mn
/4

d,, = J%[41.412(b~£\)] =16.74 mm

mlc m2c™m

Vo= ,/ij ~K: =1.3209 w/s
Vo =V, — K, =1.131 w/s
V==K, Van > >Kq
WRBCTER, WX,
9 BWEM R ERA B,

d, =d .V /Vay —1 =1.7608 mn
WIENT R B ERIE, FAMEERAEKE, M
i =sin[2(S +d,)/aD, - 07y [bV e |=11.07°
ﬂ; =sin™ [z (S + di')/wz ~-0n, /bZlell =5.269°

RN OM B, MR, KORERGHEMENEREEEEEY, ¥ANTEH
218" ~40° o WTEHHEER, EERK 8, ALENHE, B D,, AT EE
PERIR, RERNSE.

B, = pi +1g7 0.8/27.5 = 6.935°
p; =sin™ [Z(S + di)/xDZ ~Qn, /bzymn] =20.9°
B =sin"[z(S +d)/xD, - On, /B,V, ] =14.93°
B, =B +tg713.3/27.5=21.78°
n IRATRURAE, B, =227,
10) itEGE
Vi, =U, —V,, [tang, =9.631 n/s
Vi, =U, -V, /tanB; =9.453 /s
AV,, =0.178 w/s
H; =(UVy, -V, U ) g =12.467 m
7 =n/n.7, = 0.6156
H=H.n, =12.467x0.6156 =7.675 m
EBNRHE H=7.5m fEK.
11) SHE BT

Km=a{d, —d’, V' [mi2, d%,0/zn =0.1896 ws
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ﬂﬂﬁﬁlkﬁﬂﬁiﬁﬁtﬁi _ B=E FFEE#&&%%&E Lﬁﬁ?ﬁﬁﬁf 'il?i'-’ﬁ%ﬁﬁ'

N =QgH/nn, =0.10686 k¥
WFRELTHEIIE: N =022 kW
MEBCBPLINE: N 212N =0.264 kW
BRIAA “BORMETUKEt " SFRIRHE R E RN EOR, W
BT RIFOMRR, RIRESIANE, mEEBITHRRET 4~7%, KHERRT.
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WRE T RERE AR BN ?‘I’Eﬁ%%ﬁﬁvbﬁ'#ﬁ&‘]@hﬁ

EME FERESEE LRSI A

fEE REF &N EEARM M URT BT EEBRMANE, BRI
RAFHTUEHARPELNRAEN. RERAEIRNAR, HERAFE, BREBHY
R A ERREBRTE. AR A RTHE SRR KSR S BiRthiedit, £
AR B R R AT LS 4™
KX =[x,%,,%,.K ,x, [ € E"{#78
min £(X)
min F,(X)
min F, (X)
8T g,(X)=0, i=12A .9
n(X)<0, i=g+LA,p
HPX =[x,%,.x, K, x, [ HEHER, E"AnBRESHE, F(X), F{X), -
F(X)RHEIFERE, g2,(X)=04%RAK, 2(X)<0AFRBRAE, nin HATLUER
max. WHERX . BHEEF(X), F(X), - F (X)RMmstg (X)50(X)2
PSR B FHDNN =B &,
FXURPERKREBDE UK BE N EFRY, S ERELRELREN S
KULFTSEEAT TR, AREROTARmIELE, BT RRREERSR k.

4.1 (KRB ORGSR
4.1.1 EEREGEOLRH

EERIUERRE R AN, B cEEEMTRAZL N T8, BWSH
R T RSEEEK IEERY, tn1B B, IS &1, WB B BP HISRMAR, N
RETR RN RGEE RGBT R T 7, ANBITREKERE, 5
EIRBCEREARBIAEE, RS FRERY, MBEAITKRNARAE, ERERFT
BRI R LT A K.

4.1.2 BEBEER T

WFIRERIBE, HRRARIHEETNNEERE. MAERSRKEEREN,

20



WRE TRFEMEFMRY BN WEE*E%?%ENJB\EH%M&%JE‘

BAMEN RSB/ NMURAME. Fik, RARTH—FERARERRY ERRE
3 o, SEEFARRZA0%R, 0.
. Ah, =f,.(x,,x2,K. x,.K ,x,,) (=L2,A ,m;j=12,A ,n)

RIRKA: |

Zm:Ah, =ifi(x1,x1,A s XA ,xn)

EEHREAEREGERH IR AERNBHEH SHBONEMT, Eitx,.
Xps e x, MAFAS, SEEHKS Ay WERME, WHURERERE, KHTE
EHREARNEORLRTEAR RN, CRNARLEY. BEEEREZL. B
HAES L, S TAMRENIERBUERMEI; 1K, EXHERLTETR
TR ERSN, HESHRB RSB, XK T RO RRE. 556
ER R T RESERASKZ ANRXR, TEEETHRRERR, 116 SRR
A A TR SR B ORI W, BITt H R

4.13 R-E-RERTREEELGT

- 1E- R ARG RAERT B L R AR IE AT R EERE b, BT B ARt A,
Bk SR HIREIRIR R H iR R Y, FRREHBSHIANRELROEHAE,
FAFFEHBETR. ZHTEREXIRABEEZN P LELN . EHE SRS
#, BFENRERY ETEERENSTRZSBSH,. WERETETMRRBRENEE
B, AHXHTEESERETE.

4.2 {RILARRE DREMAILIZIT R

4. 2.1 DIRSREN BIrRBE

AR PR ER DR RS, BRI ER LR GRT
BRER LR RRE N T E AR,

AR ERB RS, KARE BiNTEAH . SRR T W T,
BRI R, B A, (R3] 20 £6RY, 7, —BBTET 09, SHMNEMAL,
EPAPHERAEN. EHBRRAPHEATHRRIERSLLERK, EHEERS
EBIR A/, TRREERAELTHREOESK 5 Ky, ik ERmH%
MK ST RERBERRANTE LH. A TERESEREARBNGHE, HHER
DIBK, EERGEREHEEERRARSEMH EERA. AEEL e THERT,
REHEVNEREERA, BEMEHOES, FELE N ESEKLEERAE—
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R e
e |

ARALB I B AR RSB 4 h O LIT S 3 IR OCR, BRI Stodola
RO FRBEAR, BEEHREOETEN, Aot ROEASEEE™,

o (g Q) J[)_ming,\(naY
Q{wﬁmmmdﬂlz:LJ

X+ D,—HEHR

O —BiHER

H,—B5E

v, —HEF R¥

n—¥E

B, A

g —EImEE

b, MRl O

M EXTTE N, ZERERAHHRAERSERTREQ MRHIEH REEn 1

M T, RAEHIEETRA TSR SRR BERNEREES, RPWo R
H ¥R —HRAER. X, HEHOBERD,ENHAHORMA S, . HEEHOE
FEb, . MEH OHHRER Y, KA 8z B U OAISERE TR, X—BEEN
BirEE. £,~ b v, Mz BEMERABRHER, ©NMBENED, B/ HAX
A E—BEEREKZEARK DR, EIEEN v MEEE—E KR EHEN AR &
. BRLL D, BRMEMERER B, 4D, HH/MEN, BEEERAR) B
A H P v BN, WK TEKZERBKAOTRE SREEHRERH, mviidhs
Sl ORI X, MATHREARAHRER, FILHOHEX v #TRS, X
AR TR R . RS ERASERE, RBRIERAK, RELREES.
HA] P Bt ZE B 3 B SR R BRVIE, — IR 8, - b, 7 z EAWITEER.
TSRS R LL B, b, AR, RN RARR T REAT T Hdk.

RIE ERESEROREHEONILRT T

4. 2.2 LIShThRERMEL AR R

ERERHT, RPESERTBHO, . H RoMEN, BFEEMTE)ER
B/ agazhfl, CARMEHARAH RB BN TARE. &at, HR/UTSENBEER
R LM R B ACRITHE YA B iR, RS aIsesemmoyE, ikt Birm
%Jm]:
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LERIGEFSRE _ REE BEASSENCEMSOLE
2
@—%ﬁmm&
_P _aps
Nows = 2 ok a’COtﬁz/(ﬂbz'ffz) +an
AP p—HBEEE
o—MRENMEE
R,—H$E¢4
w, —FEFFREL, —HEX 0.8~09;
B,—H %R A
AN —HR %

LA BRBREBRAMIEED TRIETAE, YE— &4 TRETR/ME
Ry, MALT BRAEEHRR, WIDHBKHIREERIR D, X SR ER e T
BT R RRE, BRAMIIERTS TH S E TR, R R
W U R, TORAHE ER TR R B AR, SR FRXM T 520 “
SERKNAHET”. BTG R ET IR E RN RAN TRAZATREY
8.

4. 2. 3 HEE A ORIk g R

RV RERIF R R PN R A EEIRIR. BRI R A T B3
ARJASHRERAR. BRFFRAL N Boh BRI R M BT &
fE, EEXBTHREOO/LASE REZRHRADKITSY. 44TERTN
PRAGES, EEXHHEN AT, BREMRE. RS U itee % 5
FRERBFIR B T ROBBBEM A OBATRAL, BADEBR, . ADM 4 At
¥z B R, KBRRNH.

242 Lo

NPSH,,, =o.ozs3m‘/3[:t; 2] [thJ <[ (ay? + 2, )
A y—HEH

y=D,/D,

D, —M##H#EHE

D—HEANER

v —M R OHR R

n, — BB E

A, —hER RS
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m:ﬁiﬂlk#‘-’ﬁﬁi#ﬁﬁi %Eﬂﬁ ?‘I‘Eﬁ&%ﬂﬂﬂ Lﬁﬁﬁﬂ‘lﬁt‘%&ﬁ‘?ﬁf

PR E SRR AD ﬂ(ﬁﬁﬁaﬁﬁﬁtﬁ—t FFRADRALTIE DIRCRBSRAE, M
B TR, CRTRET 50 TTRAANESTRE”, BTRELETE
HA#OANEARMKRY. SELEREEHEHORNHOZE—XRT.

4. 2. 4 SRR HARITHREY

ERETT, BREKEWEAFEMEELRBMG, LN eEE
RAHIEW. IR LUKAREA BFES. UNEDRYIREER, BT TRERES
8 WTE A ETH Wi R AL B R R, KB ARRECh:

S PRI 2 | N7 S
AH = Vs F? - F
Z[ D (Zg)(27r) 2g N7 Q(gg)( )
2

AN -
+1 6(““"’} g (Fca 2)

ERRT TRERKAH SHE— SRR E, F, BIRIXER . A EERTNEIREN®
iR, BUET RIFORR. EhTEFSSRLETARNFRERS, FERTE
ENFIE LSRR, EREET AR EMTRERND.

RS FEOHEL SRR, TEEEBRNMERTE H - 0 Br-iik,
BARKEREEN H -0 BREFETFRENEERE, —S@H A RNELREE
RS RIA S RGN Y RN RE S ZHERE X, BRRT— ) BIREY.
B, TLAFEFEAT ARSI,

(1) B, WROLASE, HE%H, -0, WFERBREMX.

(2) WARENMRBRBANRE, RRFEXHERIMENGE. L
B DR MR BV 5 R S R R AR TR AR

-

4.2.5 mARBRHEN RS

MAREH HE MR THEL R ERNE A . TR M S KRR
ERELRE b SR T DA B R A
77()32 T,Y ) = max
25°< B, €£45°
13<T <17
305Y<7.0
AF B,—H ki OZR A
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WK TR #A83C _ FNE FERESHELRMRORLE T T

Tt OAENEEY, T=W /W,

Y —miRt

Y =F,[F, =aD,b,y,tan 8, [ F,
XA TT EE R - $63E E PARRT R e T SIS A RN, R TR Y
RERBLE. AZ8FERITKREEERRBTHENER. XM FERRESRT
RENE, EHRHRT TaR4HREMEE B AN F IR S TR, TAHER
BITHR S EERA.

4. 2.6 TidFEitEatigin

AABEATERWIHELSER NS —HEE L. R T IRy AN
FMHT, XA, MY TR, EHAEBRAT Y, FiETHERFEARHE LI, X
MR REEREITHETER, E5HNAKHBEEN, TEEFHNERE, X
FERAKIBES R,

q)max = 'lihotanﬁz

_ %%- =0.0003752n"** (20<n,<80)

2

0.83
n

tanf, = —-=
& 204k, K>

1.0<Y =aDb,y,s8ing, / F, <2.0

Kb, —BBEK
O, —HRAMIIER SRR RN

TR S5 T SRR AR A BT RO R, BB
ZHATUNATEY FRERHRIF.

4.3 MERES R OFHLNE BRI

FXURMBHRBNE AR BRI BIREY, SO D, . oA HO
LHA B, HAHUORES,, BHHBOERD, . HEA#OREAL . HA%z., o
PO R b AR RRBAT MR, B,

X=[x, X2 X3 Xy X5 X x?]T=[D2 b, B D B z bt]T

ATEEAORAES H OREE AR, SERITERNE 4.1 Fix,

1. HErR#
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WRB T FSMESrRy SIE wERRSHEOTH RIS %
(1) EFHRRB M BirEE
fi(X)=P,+P, +P =P, +peqH, + pgO(H, - H) (4.1)
AP P, —HRIRE
P, KSR
I._}:L.
B
a Y

H4 1 HRGHERSNTHE

P,—EBHK

p — RAER R E

Q —RAR

g —FHRRE

H, —REERHE

H — R

g —ESIERE

FUBBEBRRX P, SRS EERK P, SHATHBERRA P, RBAER. P, S
B

P, =0.02x98000H [ 42>
P ESRILHEEHE X, BECRRHMGTHHEAR:
P, =0.133x R** x 0*(D, /2)’ x D? (4.3)

BiB¥ R, = o(D,/2) x10°
HEH ORI LHKRE g BEOREEERANEERHR.
_ 27R.B.\[2gH,

2 s
2B

A H, —HREIAEREMNE D Z
_L-B _h-B B Pe
Y ¥ y o r

(4.4)

H

<

26



diiﬂlk#ﬁﬁ:t#ﬁlﬁéi %i #Eﬁﬁ?ﬁﬁ £ iﬁ?&ﬂ‘lﬂt&tﬁ#ﬁﬁ

P P. P—H%&D M. EEHEBRAE S
i i . Eoh  pwnemH sTHRSHERL E.
Vi-v?

2g
R —FH S O LR
B— AR
LK E

Jzi;—+1 5 —RE RS (4EL0.04)

ROEHUE, WY, ~0
VeV Ve

H,=H-H =H-

H, =H-
P Zg
WAERKERRE 57,
PP, o*{R*-D2/4)
/4 3g
pr 2 2 2 . 2;y2 2 z 2
o°'Dy 2g @, Do 2gb2¢),D
2¢H? 2 1 1 R*-Dl/4
Ho-g-28 & | 1 foR =D /)
o°D; 2gn’\be!D! bie;D, 8g

. 6, cotf,
A e (sm]
z—H
S~ 6, —tHOMELER
B~ B—tRE. BOfA
A~ AR AR B ORNBRRSHRENFEA, 4B 60° ~90° , 4, 70

° ~gQ°
. ARIERICIE H (Stodola) A K, :
1|( naD, \ nsing. nQ
H =] == - 2 | 1
' g[( 60 } [1 4 ] 60b2¢2mﬂz] (46)

K, Q,=-$—, 7, AEOERNE, MFy, TN FLE, RGN, DS
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L|.l ?ﬁﬂiﬁx%&%ﬁiﬁﬂvﬁf{ Elﬂi MERE SRR ORARA R T

KR BRE SR OIS, Wy, TEBR AR, MESEREORALE, EeES
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