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ABSTRACT

In turbomachinery, the flow is very complex. It is obvious that only using traditional steady
turbulent simulation to numerical simulate the boundary layer in turbomachinery can not meet the
requirements of engineering.

First, the unsteady CFD solver used for the simulations is based on the Reynolds averaged
Navier-Stokes equations. The original SA turbulence model production term has been reformulated
and introduces its transport equation for transition prediction. Finite volume method is used to
integrate equation in space, convective fluxes are evaluated using Roe’s flux difference splitting to
form a third-order MUSCL scheme, while diffusive fluxes are evaluated using central difference
scheme, and introduce the low speed preconditioning method. The author developed a CFD solver
for turbomachinery complex unsteady flow simulation.

Second, the steady transition boundary layer on a flat plate, the unsteady boundary layer with
separation bubble on a flat plat, and the separation flow in a cascade have been numerically
simulated. The results of comparing the experiments show that, this method has a good prediction
performance not only for bypass transition, but also for steady/unsteady separation boundary layer
transition. So, it provides a simple and effective method for numerical investigation of
turbomachinery complex flow.

The last, analyzing the phenomenon of separation boundary layer shows that the size of
separation bubble in cascade has great influence on turbomachinery performance. When the bubble
is short, it impels the laminar rapid transition to turbulence. As the turbulent boundary layer has great
kinetic energy, separate is difficult. It is beneficial to turbomachinery performance. While the long
bubble in cascade may change the passage area lead to turbomachinery work under off-design

condition and increase flow losses.

Key words: turbomachinery, unsteady flow, SA turbulence model, transition, separation
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v v v
MI‘"aq oF 06 o1 _OF +5G +28 (2-5)

ot 9& on o dE  on oL

b, FULEMERER B(M,) e FABE!

M (M, <1), )
ﬂ(M,)-{ L (M,21), (2-6)

2.1.3 HREFRAZE

ERZAERT, HHAREEMNAMKERTEHRIH, AL=An=A0=1. }¥—4
BITRABRAY HENTARIRENERERAR. EHEZLEFERTHRLBHEHTE (2-5)
MERBRARN:

(2-4)

MF-IA( q) AéA A;‘F[F’M F"H)AﬂA;'l'[G’"I Gnﬂ)AgA‘:_'.[Hnﬂ HMI)AgA”

2 2 2 2
=(Fy:11 —F”:’:,' JAr;A{{G"::'l -G”;j’lJAgA; +[H”::’l -H”:j ]A;Aq
2 2 2 2 2 2

R P AL HEHES Mnin+ 1 KR, F. 6. BABIRRHEN T ANERER, F'. G . H'

AHRTHNFT RS LR. BTA=An=Al=1, EXKHETEN:
MF -1 A(Zt) +5Fn+l +5 Gn+| +5 Hn+l 5FVM1 +5 GVm-l +5 Gle (2_7)

%,
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MREAIEEF G ERER

A =0 -0 .
A(Jq)n =(Jq)n+l _(Jq)n =Jn+lAqn +anJn (2_8)
PLEFETF O EXA:
4, () = (')uuz - ('):-1/2
HTHRVERRATARGETSE, iR (2-1) A5A:
(M) AE) o (2-9)

oAt

o
Rn+l = 5,-F"+1 +6-jGn+l +5an+l _5iFVn+l _5jGVn+l _5kGVn+l

# (2-8) RAHE (2-9) B#:

(Mr,") Ag) I -(MT,"), ¢" }” 1 =-ATR™-(MT,"), q"% (2-10)

£¢,AT:At,AFﬁ%M%ii%%Wﬁ%ﬁ@%ﬁki.E$I¢M%$ﬁ$%ﬁﬁ

n+l

B4, B (2-10) PHELRE-TTUES, B
(Mr,"), A(a) ='%R"" =-ATR™ (2-11)

EHERAREES, BTFFENEYE, FIRFRARELOMETRZ ARETFL
ARG ER. XRHFEENARTERRRERFRAN, CRERBRIERETE.

2.2 TR EEEA

HFRGFEERESEHIT R T RAMANEE. NRAELHERERSHHER, 43
FHEQHETEHTHE. THERRAARER, BEEEXAPLEIBA. RELH
BRETLRATORS, BREMAFREA TR ERMBAT RS, FRTMALE
BEMERHRTEEE. MOREANKEEerf B B ERNE BMERA, EJEMA

THER.
ATETHYHE, TE%*%%JM%%?E%%EEB‘J#?. BH BB RBHTE (-1

ER—#HEA:

v
Mr %+Ml"q"ar g% =% (2-12)

Afa. =T M'AM, A=0F10Q, 4F'/135=S, WERATH:

14



BEEMEMAXFTL PR X

194, yr "arﬁ=S (2-13)

o L3

A HRoe B RES R ERITEEATE LNEHER. RoeRUMBERESRT
RETHEERETEREN DRI ETE, R—HELRSME. N TRTEI+1/2 406
ETMMBRTETN:

1 | P
F, =-2-(F(qL)+F(qR)),,% - MT, 'larl,% (42-4.) (2-14)
2

5E XRoe P FHIRSRE § :

L1
p=5(pL+pR)

V>
]

(u, +ug)

(v, +:)

<>
1]

(2-15)
(w, +w)

>
]
N |

.1

h:=5(hu,+hm)

é=i-(7—‘9(52+02+w2)
M} 2

# (2-14) " BRRAReTH FHEAERBINER. g, g, FURTHARE
RMELRADERTROE. HTF—MEE, TENETE AR MK TR LN,
KT RBERMME, KR Tvan Leer RBAMISCLIE R

4, =4 +%[(1—K)(q. ~g.4)+(1+5)(d.1-4)]

1
e
2

o (2-16)
qR ) = qH»l —Z[(l -K)(qld _ql+l)+(1 +K')(ql+l _ql )]

-
F

ARPOR1, Hr=-18, ZEMEN_M, Hx=1/31, HZHERBEA.

2.3 HHED R FHm™

WEURSHRETHIELES, KT AOLE, X TANETUBNHELR
&4, BEEMR (2-13) B a BTl = RAR™ ) A; % o (I ARAR a8
BE, RAOR™ BB o MASEEREA LA TSR, hTHMTETABEAE, N
(2-14) ALIE Y,



rEEEHLIEE B LR R BUE RS

24,4 %91 M5 (2-17)
ot g
Kb, T=t/J, HEFELRNRULKEERER ™ B:
ow ow 4 -1
N _RT MS 2-18
s +A; Y RT, (2-18)
AW, W=R'gHRIAHELR, THORTHNSHE. BIELIE/ df = 5!
aw -1 -1
“—=RT M'S
dt KT,
WA 5L MR ER A ARRA:
W,=W,+R T ,M"S,AT (2-19)
AP, FHORFLRLOE, FTirrk NS EQME (A8 8N ARR, rAiIRER).
B4, Lty EXARAN, dFE—SHNREEEENAD, EETUER (2-19)
Laliob/ 30 R
FERBHAIS T EF, DREGEEGBERE OURFG. ERELREHNAYEUR
&1, AICWH TTIATRAS, B-5 7B P PR i sh DA RO R P - i sh =48
GlaRT T8, EANERMUREFEERAR, ERENEEATESLSH#THA. T
X ABCAE- 4 T A (AR BT A4

2.3.1 #OBREH

SRR DA REH, ARSERAT . BE P UREOSRARK(4,4,.4 ). EX
HOBHEERU,, W

1
2 -)U,’M,? [
pb = }'PIIA‘lr [1_ (7 )2Tb r } (2_20)
! !
4
1)U M2 - :
p= R[l-(L—-)ZT—"—’—] (2-21)
!
u, =U, cosg, (2-22)
v, =U,cosg, (2-23)
w, =U, cosg, (2-24)

AU, EROEAHRAPDEE TAKGH (0, 0yrt,% %, U, ) » BEMM—A
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Kl

RN MEMRKFE L HAR I

(R A HE.
HFEEEAT, SMEEEAD R, TR ERINBRLREE W,
B “m b = 2-25
2P000+(0k)b ¢ 2p00'°+(9”)’ ¢ =W, (2-25)

Ref, G =ku+ky+kw, ke{&nc)

k=k!|VK, ie{x,y,z}

VK= (k2 k2 +1)
a=\/( kl—-zﬁ) +pc

Okl—_—ﬂia
2
20

B 6 AR, ERAHMOAREMME.
2.3.2 HAhR &4

SEFRAEN O, WAMEEESYEE, AN ERORSABLIEE, B,
RESEUOBEp,, 4p,=p,, WEMANSHTED FREWHNBSHRE,

C =

(1= 2 @ik -
0
[p i —EI:‘,—Z] I;x -(6, )i Yok, ~wk, +vk, = W:(l) (2-26)
0

(pb __’;b_],;y _(011 )b WOEy -ubk~z + wb’;x =

(pi —LJ Ey _(ek )l WUI;,V -ulk.z + wfic'x = WI(Z) (2-27)

[ ) —L) k, - (8,), ok, —vik, +uf, = w? (2-28)
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HEEHLIEEF T EREEH

P, . .
0) ¢t 1(6)c* = 2-29
2p,0, + k)" “ 29,0, (6)a" =w 2-29)

R4, v =pb,(1-B)! pc*
2.3.3 BEiaR&H

2R L R AR T B R
SETERESTE, au%:o,

Réﬁﬁﬁﬂ,%WﬁEﬁE%Tz,w%§=m

2.4 BijE)iEid
2.4.1 TERBAETE RS E
skt BT, mTRBOARERETE LRBONSHTETUS )

%;—1-+R(q) =0 (2-30)

Kb R(q) WRE, BEALEABIMERN. RALTRRE-FEHETURBK (2-30) —H

BRATER, KSROT:
4 ¢" nftEEE Mgl BAmS M- ERE RN B A RATUE R

=g

40 = 49— g AR®
®
[ ]

q(""l) - q(o) -a, At R(”"z)

™ =49 - AR

qn+l = q(m)

Kep, aym,a, W35 EB-EHENRN. TFEETURTARE:

1
a‘-m—k+l (k—l,---,m)

ME RN N RS R E R o, WREARTAR, Eitx TE i),
TLRRI N o, - BT, TR R GRS R B RALE ™
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R ME MR K FI LA

2. 4.2 TR KRERIET B M T 3%

Jameson3t 9B 18] 55 75 ¥ AT AR (B i A F-3E 5 Ak ™" A SCRHI SR ()25
T EE R EMEE. KEEBBRELRTEDIIAN—BIUR R, 37 HE H
BaEXR.

A A
-—(q—)f-+—(ﬁ+R(q)=0 (2-31)
At At
R, ¢ HRIKE, tAYENE, FREZREUNEL, pRAYERES. HAPHLH
RERNEEHFEAR, WHBEEH:

A
—(q—)f-=R‘ (2-32)
AT

YRR ¢ BATRERME, FAEEREAR BTSN, R (2-32) WRA—IFEHEHE
WH7TR, KM AdEE R RsE.
R ZRAYEH AR R ECRA NS AR EERRY, |

A@L=3@LM_4gh”{ﬂ;4 (2-33)

AF EfFntl, n, n-125%n+1, n, n-102. RAETEX B EIR 7 KB HA
A(q)f =(q)fMI "(q)/"

ArnonelB BRI : %4 A ~ AT g Af <ATpt, R (2-31) RAI % HRunge-Kutta

ﬁ&mﬁi,ﬁﬁﬁ§*%mWM$&Afﬁﬁ¢$§N“u
Ar= min[At',%] (2-34)

P, Ar’ BB R R M (5 K OB T ik

B THERESHEERRAN, SHNESKREGERA, BERUNEDBERE
QEP, FMEEL—HESKRHE, F T REE KD ERM O INE AT E %377
KFEERMEE, Ut HRRR. - RHEFSA T RHEF, Kz
EH A,

2.4.3 mRWSHmA
RFTRS, fAs-EEs Ty BRI T, ENERESKSREESEMRE, Eik
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ML H LR B RERS

REEUE/MICFLE. hTRITRFF I ENSHBRKME A=, KB E R
HATEAERRERMIY, TEREARANNES KX, B, TUESEHIEET
IRAFRAMLHEESK, ERGLLUBEERE R FS KA T, Nimike
AMERTE AR

HFEMG AT, SHHES KLY

VoL
4+@+&

At=CFL

R 4,4, 4, HBIH £, ¢ HEERRM LB AR,
2.5 KENE

AERFERITHARRRT RMELERFR T KT EGER 05 5 5 i B X 00 T &
Navier-Stokes /. AN BT HRBRERZEEBITE. AEATELER Navier-Stokes
FRNATATERSP, ERRASETMATRACRER, FECEM ERSETHEON
EDFEMN, REEMARFMN. WEAELERHNS RungeKutta k. 55, HIEEHHERTE
HIT Jameson fi KBMBANENESE, RASERETHENE, MRIFEHRHALLE
BEHEE .
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B MRKER L2 3

F=F mRRERERER

1 im uu.*ﬁg;

Navier-Stokes FRABRRRIEZA XL MR RAEHBEHAGTEL, BRETFRNEN
RRsRE Y, RESHTETHEEFEREX DM —HRTAKE. XeikashfidsAm R+
B, TERUSRERRIKESRE, A5, RETEMERNAZERORE, KEBR
WM EAMEHARELRE. REEHRRRENEEKERS Direct Numerical
Simulation) M K#R#EH (Large Eddy Simulation) HEBEI T K EMER, BEBWURASE
M—BEtEN, RARTEEERTRERAETRRRER. BITTHEAREY,

MEZRHAN%F. TENBARMPEERIUEHMER, ELHER, MIERTERTR
FHRATRAKERE. BARRERESTE, BRAMINRANFARDAEEILT, 28
RESMNKBLRBENITLER, MIBLTHSTAMEORAMEE. BREETHTH
M2 7T R BRI KBS AT LK. REHEE (30 Baldwin-Lomax HA), —HEHE
B (fn Spalart-Allmaras #i%Y), BiBREH k-0, k- HE%) . ERRALEYHE
BMRASEE, FET8%TR™,

AJCIER Spalart-Allmaras —7RRAME, FHNEERELRMBAST, AER
W, BEREBIRLHEHLR. CHNFHIBRET SR ABERLT, (HEMKH
BEMMENBETUSSHRRYERSHER. 55 ﬁ.—’!‘!ﬂ “4ih” MK, BUERS
MR BT P R BB Rt ™,

B SA MR T ENERATRAA™:

-~

Dv | N i
S

—l—(c.,,f Sy f,z){ J2+Re f,AU?
Re ‘

3

]

— oz v
KEFD Vl —V‘ L f"-x3+0ﬂ3' z=;.
§ X
S= , .
2d2 -fv2 j;2 l+lf;l

6

1/6
l-l-(,‘3 6 v
= ~ ’ =r+c,,\r-r), re=——.
f:v g[g6+cw36} g w2( ) szd2
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r AR R LS B B AR

w2
f,z=°':3°"p(“'u,t’2)' fn= ”g,exp[-c,z Alllz [d2+g,2d,2]

B#), Spalart 1 Allmaras ZEER I T HBAXT (FRGLENTD ATHBR
MR, EERRRER, LABALEERRS, EATERNANERK. B, KEHHE
RFHBREENZLAMAN AR, NEETHREXT. HEEAKLY:

1), 2 I - 1 17
o= "b;SV"’;‘Ig[V‘((V"'V)V V)46, (Vv)z]—ﬁ-c,,fw [E] (3-2)

¥ (3-2) ABRTFEHAR:

D(pv) & .. 1 o 1 v T
o - c,,ISpv+;£[Vo((‘u+pv)Vv)+ c"VWpV:'_R—epc"'f” [E:I (3-3)

B AR RN ¢ =01355, 0=2/3, ¢,=062, k=041,
ea=cy /K +(14¢,) 04 €,,=03, ¢;=2, ¢, =71, ¢,=1, ¢,=2, ¢z=11,
€y=2.
2008 4, Rumsey F Spalart ZEXCHR ™ PHth, fERLtERTEIME SA MR RERRT T 1 R
RAWAFTHRDRE, BX—IRELRHYELE, FRREERMEIVELE. Bh
SA BB A SRR &S RAM G, ERAARFHHRBBMMELE DHARIARREE.

3.2 #HRRE

HEi, BRARREERARROMANE, 14 ORIk R b ARHR.
EERAR MR R, DRERROAERR, FEREZNESERESS, D
B RES R, ERRBAIENIEMEHNRE. EARKSRVFRERLRE
MEBREE—MRRNTN. AT, HTFRSNAINBOAR BEEE—HEBNER
BT ERRN TR, HTHETRER, AZETLRABEERMIALT —4R
HLAMLBRES, A CRANSRERNEL B LB THRANBE RTINS
BEp, '

MEEHEREE, BELHTRNRHTELRENRTLRATTUHGHRRETLRE.
LRI, dERAAREORERNRERARE, MERXNRSGLRERK, B
RENRA. BEUOERAEENREER, TSI A—MRE T RRLTALTIR SR A
M. WARERYIEH Schuidt A Patankar“$R i1, MM K- £ RS, RIMETRTER
WM. - h Y k FERPNERTREEANA AT ELRE AR EREEX,
Hit, k FEPOERTRRERTEN—A EESY, BdBH%sS, FUEHBHAR
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R MEMRKFER - FAR X

BHBRAEM. B, XPRUE K FROERAEEN—MIZEER, F5INENBES
B, NEI T Xl

XR“Mdet, R OSA MEIEHBIRNR, MBRAKERTRE RIEFERH, MR
A&, FENGNRENRR, RErT R, EAPRERTRE RKE A R EF i
MAMBLRBOXR, TRVET LRBE, LR INAE BL5IN SA BRERR
HMEFBEEAT MURBEROTR. HEALEDT:

A (3-3) IR SATTRHERITATUE K.

1-,'2

P=CblSp‘7=cblp[PvT+fv2_—sz2J R/T=‘7|a’|

(3-4)
whr B en— 1A REER, I NEHBENE.
Do)y ola-p)ol @)
t
BAESTE, BEASRFERRE:
D(pP .
(gtﬂ) = f,p(7|0|- By )|e|- pBr (VV) (3-6)
v S ER KB HRRERTR B R A L REY, KRR
0 ;Re; <Re, a1
fi= rha+(1-r)f, .Re,2Re,,

s, Ja=0.15H,, £, =0.005H," r{min[z,ﬁé_]-]],

Re,‘a

MAHBERERTUME™, HT—ARNEER, RDTURFSHREDZ— ¥
B EBAK. (CRAE KR NEEERHZHISFE SR Re, , WLAAEEH T
ERARIHER, SRS EAHDEEHARARRE. R G-1) 5, MAFERATHR
HRERESARe, B, 0, REMDPOARTS 0, DEMNRDNER. AR, S
METE—SRARSY, WA ORI R, WAHETH b RSN MR
%,

2 (3-7) hRFMBE AN Drela 4G Abu-Channan & Shaw BSZH A

Re,, =155+89(f,,)" 1+ tanh| 1255 (3-8)
- 4" (H,-1

Hep:
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ML E RO R ERER

7 =-843-24ln| 0.027tanh| X (3-9)
i 27

3.3 BRER B HAMBE™

ZEHM SA BAER FBIA THIMEAZ 5, ASCER SIS ML T —t
MNOBE, B2 EHTEBESEMNLTEL R,
1) MERFNTESR ¢ #ITTBE, BERNESN =max(;‘:-,xy"). Bt 1 5

BIERN ¢ EHEREY f, B £, O wmE 3. 1 71 3.2 Fis. MERALES,
EURBHEREE (y* >10°), BERHN y EBHNFREL [, N f, ®RSLBRH

2, MEBERN y BRANFERRY £, 1 [, EEAT LIRS, XAH T el
REBRBEIMGMIE R BERRY, R EmREE.

12
i ——g—— ORIGINAL S-A

° MODIFIED S-A

04

0.2

10' 10° 10’ 10*

YPLUS

10°

3. 1 Rhm y EEBERN ¢ EXNEREY £, W
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RRMEMAKER L HALR

—g— ORIGINAL S-A
o MODIFIED §-A fl b
05

oF
Y |
L. |
05
-1 e
-1.5 l-llllll 1 lllllm 1 ll]lllll 1 IIIllIII L llilLlll Ldebded
10° 10' 10° 10° 10*
YPLUS :

B3 2 Ry EEBLRN v EXEREY S, YW
2) fi&%ﬁﬁéﬁﬁ%%ﬁﬁfmm, B BRI R A B RE RO £ AR — TR,
Et, AR PMA—T B hiR R ML R A LE, N SA HENERAKY
KARAN:

D('fv) = c,,,.S"‘pt7+L[V'((/1+P‘7)V‘7)+"szWP‘7]'
¢ oRe (3-10)

v
d

2
®e: Prod.g, =cmp[cwf,,,/1’,-°17|w|-éc,ﬂ(yj—) ]e"”,

1

_pcwlfw[
€

2
R ] +Prodg,

PQ=%aRe(Tu-U‘,). ¢r=017,c,,=042c,, c,=3239, a=03, c &%

3.4 DARBSHHIKE

ERBMMEL SRR METEN, FEANSHIREEEEHURERE FHLR
BBY, Jlt, MA—TEXFRAHNARBSBORMITE, FATESE 00 [46]

|
S
}
|
|
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AR WA TR B EE R
BRBABRE S5 BEERARMNERTRE, LRELD:

. _ _ﬁ _
a_f[l - (3-11)

0= f pu [l—l}y | (3-12)
pu\ 4,

K, B9 LR S RBREHET B-L A B-L B¥O7HE, B-L BECA:

F(y)=y|w|(l—e{"“')) (3-13)

FIFIR 6-19) Kt oy, = F(Yonr) ﬁlﬁﬂﬂi%Fm = F(3ya) Rt Yz > Your FIRIEL

qu]n ’ ﬁ}éﬁi 5 = 1.2'y"2 ﬁiumﬁ'ggﬁa °

3.5 KRG

AEEEMENAT SABRBROBRUREHRA, MR TR SAREHE

Rl 013 A ST SC TS BRI TARE, 360 T R ROMALR TR, M IR0 SA B
FTLABR. TEFAUTIAHE:

1) 58 SAMMMARGEEN— MIERE, 7 NS RERHPHMSIALHIE

FRRLIL T B RA.

‘ D) SHEIEEE R AT T BE, BRERERELREDEMENRS,

\ AT HIENEE.,
i 3)  ZEMPBR NG T — TN RS 18 B TR B W R TR
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RIMEMAKER AR

%@ﬁ%ﬂh%FT$mﬂﬁ BERIERM

4.1 13 RYFRTE N

Coupland A T3 RFIFHER “BH AN RIE CFD BFHHLR EH RS W2
SEF, TR AEERWE 41 FR, FRE L W, FRIAREZRMEEI A EETRES
MALRENHBRE. T3A, TIB ALK A ORI 3. 0%-6. v @], L0 £H
FAL, B SRR T IXRA L RR T R R G TR, FRMEOEHDE 4.1

BiRe

Turbulence

Grid

2.5:1
Contraction

/\;

Boundary Layer Bleed

_/ ls,m.J Verti Floor anﬁlsmg\
& axial For Zero dp/dx on

Traverse  Test Plate

DETAIL OF TEST PLATE
20000
15mm dia
Leading edge N ANN ‘
M700mm é
"4
B4 1 T3RFFRURBHRLR A EE
#4. 1 T3A, TIB FHRIGABHRER MM O &M
HOEE (n/s) BHEfimnE (%)
T3A 5.4 3.0
3B 9.4 6.0

LRH R, WAL T34 5 T3 FRISHFHTHT bERARARROLHELHE, bTF

T3B A O B i s B E R T T3A, # T3B MRS FRE AT T30, HAMRATX.
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HENIEEF LR ESEER
4.2 T3 RFITARA T BHRAOBEEN
4.2.1 {HERB SR |

BT 134 5 138 WERBE—# (UEOEHARR), BEtETES, T34, 138 FrkAm
JUERAERE, mE 4.2 PR, K LT, b TE/NEDXREMERAER, EF8RM6% M0
T—B 0. 05m KIEME, HAEEMBSWEELGTT FBME. BRIEEEEE R 7 @
T 81 AR A, IHRIARENNEE S, ERHEMHLET T MgnE, FRIET RN
BAY <. FREFRRT 230 /A, UREERFRERROESEALE. BT T3
RAERATLEE N Gz, Flk, BRRAFARRT 3 M2 HHMER. .

Bl Hit] H HTHTTIE 1 i
433 T ST T i
l 3 T 3

LT ' aiiniiy
FEH 7 i

EEE ¥ .»:.
Todd

it 3l - SEES sEER
i HH LA 1 TH{AIE

4. 2 T3 RIIPRBERMME

4.2.2 T3A EHGLF BEARTAN

B 4.3 % T3A PREAEERNC, WRALHE. BHNNC, B HFROES A,
BRZAENEROGER A, B 4.4 % 1A FRARBREF H, W2AE, C0TRBEREH
AHBR. —BRERLTANERRETH H, NXTF 2, HMsEHRHE, FEsHERD
S, MERHEERE, H, 8T L5, YRHERRIRS, H,2F-1MAEKE
AR, B 4.5% 1A FRIGREABEE S BRANAAE, ETUEHAFEATEER
SGM—AMHKER, B 4.6 % 1A FRLFEHNRERE OGH AN HE.

BMERETURMN, £Re MFL5x10° 200, WHEH, ATFHEBPEAUES, &
URH, ERRITHBHNERRNC, ERURESHBEZREVAEBRE. Re &
1.5x10° 25, MshFFhRewR, i 4.3 HATUEEHERHNERERA L RER
AW E. BHRE, Re 71.5x10° £2.8x10° ZAXBREABREE, @it 5LRA LK
B, ERRKEMHNEREEARARENERELIRRZIR, WE 4.3 FHC, AEL
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AR MM R KFE L #4783

Ko B 4.4 F8 H, BN RATLURE. EHROGEEES, HEEERSRARRTRAL
LREEWEE, HRERALUTRERMESR, KH%ERe, =3.0x10° (1 C, BAEME
B HRERE, C WETERE, HEITHAZHSERENEY,

0.01

0.008

H12

COMPUTE RESULT
LAMINAR
TURBULENT

o EXP DATA

] L ! | I L L 1 ] L I ]
0 200000 400000 600000
Rex
B4, 3 T3A PRRMEEEERREEH AL A
3.
COMPUTE RESULT

25

15

(0] EXP DATA

0 200000 400000 600000

Rex
H@4TM¥&M%E%RE?%%W%$
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IR F LR BRER

0.006
0.005 - COMPUTE RESULT
- O EXPDATA
2004 0
E o
0003 F 0
S f 2
0.002 F o0
0.001 F
0 | 1 | | | 1 ]
0 200000 400000 600000
Rex
4. 5 T3A PAUARBAB RS REA
0.006 -
0.005 | COMPUTE RESULT
g O EXPDATA
£0.004 |
E |
3.003 -
[11] i 0 0
I [ (]
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