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Experimental study on the avoidance and suppression criteria
for the vortex-induced vibration of a circular cylinder

Takaaki Sakai*, Masaki Morisita **, Koji Iwata***, Seiji Kitamura***
Abstract

Experimental validation of the design method to prevent the failure of a
thermometer well by the vortex-induced vibration has been performed for the effect of
structure damping of a cylinder. The available experimental data in piping were very limited
for the high damping region in water flow, because of the difficulty to increase the structure
dumping for the one-side supported cylinder in experiments. In this experiment, high
viscosity fluid was charged into the tested cylinders to confrol the cylinder’s damping.
Resulting values of fhe reduced damping are 0.49, 0.96, 1.23, 1.98, 2.22 in the experiments.

Reduced velocity(Vr) was increased gradually in the range of 0.7<Vr=5(Reynolds
number at Vr=1 is 8X 104. The displacements of the cylinder by the vortex-induced
vibration were measured. As the results, Tested cylinders of reduced damping 0.49 and 0.96
showed vortex-induced vibration in flow direction at Vr>1 region. However, in case of
reduced damping of 1.23,1.98 and 2.22, the vortex-induced vibrations in flow direction were
suppressed lower than the 1% displacement of the cylinder diameter.

In conclusion, it is confirmed that the suppression criteria of the "Vr<3.3 and
Cn>1.2” for vortex-induced vibration in flow direction, which is used in ASME code; “Boiler
and Pressure Vessel Code Sec.JII Appendix N-1300” and the “FIV design guide in JNC”, is

reasonably applicable to the one-side supported cylinder in water flow piping.

*Thermal-Hydraulic Research Group of System Engineering Division in Oarai Engineering Center,
**Qtyncture and Material Research Group of System Engineering Division in Oarai Engineering Center,

*#*Qyatem Engineering Division in Oarai Engineering Center
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WH e, HEEIEET S L) 1, FEEREANEEIZ LR SHAL TV 5, HERED
RAFTERIE, B 4.1°2 1R & 512, SBOLHFAICERRENEG18mm) & FEOMR
HEEARIT BN TEY, LIS OALHALL HBRETHFALTT 7 ¥ VI L D&k
To, 77y VHITIE Y~ MM ERET, KV MFOICL o TEEFEL TVE, LA
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ST, RBEOREL, HHCHE R CRESATNS LEX bRb,

ORERGREIRE L
KEMEOMERERIL, [HERESIEH] KRS TR R RHRESFEY 7 b2 SHL
TERT S, AENEAOERIE. KR TOMERBRTORGREME OB 5. SRy %
HEAREL: [WERDBROIL) o /-, KBEORREELIL, RIBREERRE
REMHEE LT, ITERBRR CIHERBR CORRICETERE LA (RRC RO L),
FAEOHRICTE LTS ) 2 v F A VO REEFESE T E T2 2 L b, KRBREDHE
REEILIBERESETE LT3, INERROBEREGONHERAELORERTFELH
4.1-3 1R T, BEREROMAIC L2250 TREC L ABFRMELOELI A E 2 5N
ABRTWS, Jhid, BERELOKEZRRER, BEICTT kO FSITLEY
72, BERELOERIC Lo CRERERIMMATEEEIONE (PUIVFAN
HEREDBERERIIOV T, HRARSBOIY) . BRBELOTM L, REROH
MREYHIE L, 2OREAGTORRRELERA VTV,

ER)L LTELN-RBEAOERARELEVREREL 2R 41-1 12587,
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F4.1-1 RREEFEEL CRERE

% Case AEBAE | BEERFR im A BRI | BREREL
No. R (%] ['C] fE#%) Cnl-]
Case 1 A 0.5 38 0.81 0.49
Case 2 B 1.0 38 1.57 0.96
Case 3 C 2.0 38 1.87 1.23
- Case 4 D 3.0 39 3.52 2.22
Case 5 D 3.0 49 3.13 1.98

41-3




INC TN9400 2000—012

A ER 1

B

AEREIY 7155
(Ve B T TE )

E4. 1—1 FRERERY i EeEE

41—4



JNC TN9400 2000—012

RHERRON GHEYEYE 2—-1 "TE

Si=g :
v 18 L7gNBE BIYEe HRe-g
00Z

0Z 0EL _ OEL 0z

1
1
4 T N ! Y
1 ]
¥ 1
1 ]
1 3
] 1
] 1
“ | o
m I
— : TR o,
1 ! (=) [9)]
] 1]
1 1
1 1
] 1
H ]
1 ]
L) H
] 1 7 i t=
\ J [ s
s/
¢hWrr-Ol.
CEEL% 5 OEN-BXE o0

4 1-5



9—-17

Damping ratie %

| |
« : v = —5.760E-02x + 8.801E+00| w STEREKA 0.5%
o o AERIKB 1.0%
\ A?itﬁ{fkc 2.0%
\% ogﬁsﬁWD 30%
|y = ~3.266E-02x + 4.199E+00] s
—_— --.--\"h_
[y = —1.235E-02x + 2.040E+00] iy,
L e—
wodrss B X
‘w—-—_—_\’—ﬁiﬁﬂ.m
7 ; HEN
- | m_m
& S — o e
|v = —3.387E-03x + 8.366E-01|
1 | :
10 20 30 40 50 60

(@ 4.1-3 REEOBRFMEILICHT 2 RERESE (IR

Temprature °C
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4. 2 REFHEAER

4, 2. 1inEhiFkaERER

HERSEE BV —7) 13, 3.2 1 IRLICED TH B, ZORM T, BEEMNE 317.6mm,
AE 19mm DREFHEELHRE L T0o, RBRELZI) 758513 —24° 440mm DIEH
Eo7vay zEike L, 0 3HICHKBREOR Y FHITFIERTLBERT 5, kb, AR
FIY T BORBIRE L < AZ 317.6mm ONBEK TS 5, REVEEY TR
h L 15D i, BLHEEAET B OORRETFIREIN T2, RETH, Bb
ERELITHE SN YO ERBFeERT5,.

4. 2. 2 FlllA
(1 FHRE
HREREE BV TIRREN — T OERREE RO DDA THET %,
a. V—TRE
REBEBICH AT R F2 ) —RESTL-TORELHET 2. X FaV —iE
ot E LLTIoRT,
THRMEE (AEERE | 1.56 m¥s
R : #50.6%

b. ZKif |
REERE I A - R TV — FKIB R RIE T 50 IRIK AR DT TR T,
B &HlEEmE (J1S0.15 #&)
HEREEE © 21K (0)

(@) REREE 4

HERKICIZ A BOBAS — BB LEMOUEETTY. £/, Ny 275 FOREE%
HIETBA0IRA, 2 — LISRT &) ICREBERICHEALH, AERFEIZENER 1 E
OMEEL 2 REBST S, EEEYFEFr— V7 7T D IREICHA LAEESE
FELTHASNG, LizdoT, MEEETE2F ¥ Y ANV TH b,

(3 E=-F¥BIUVIERR

FROBLUVQICEBHL-EE T2 oDEFET— 7L I—FIUFHGEIRE. DI D
KBAL I PEOEFEFy— LI Y IEREBLLTHILE=YT5, T2, A
MABEZIELT2F Y Y FNVFFT 7+ 54 F AV D, EFROBER*K4. 2—2
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WRT
4. 2. 3 RBUIE

(DERERT — 2
HER— R LT ARBE. RBREEZIIOVWTERL. 2- 1 ICFLDTRT, AR
bre2 1 ~4RE—L 4/ VABEFETOAL—THET, HAAmFSIRS IR TR
BEREOHEL BT L YENETAODOTHE, BT — A5 r—2A4 EF—D
BERFELGT. LA VAERAANFERSICRIZTZEEHATHI Lz B
THLDTH b,

(2l 7 ik
Hlsgid L — THRE 2RSS CRBGE 2 EBEACIVAET 2. |
R R ERER A S 0.02[m/sls (EHEE R T 50Hal & LAFHE, REWET
0.013[Vels BE) o LFZ| MR 52 & 2 BIEICKR Y TRIEHE 0.14%/s DEIETA A —
TEALEE S,

4. 2, 4 F—ynHEHE

(1) [FIHRE)EFT
SRERE OIRIE I S B IRIROELE (Root Mean Square Value) % HEFME THAEL
L7bOTEHET 5, 77 La—-YIBEES L LTRHINLEALEZ RMS 2 —
Pk ) EEERESICERL, AD ERETAVTREET & &4 I8EET 2. £
NAFTESES D LB O N L - RRTEMOBEFREE M TRREMIRIBICER T 5,
R, ESWETEYRELUTO X ) CRBERFRE R L A E TREMLRE
HECEME ). BFEESHIT, KRBT S NAMINEE 28 L -EAERHK
Thb,

(2 BEHREIELBTOANRS LT

ELS— T LOBRTUEE S AD TR AVWTH 7 ¥ 7 BKE 256Hz TH 7
Uy RO, IOEENS FFT 7+ 54— 12X o> T 0~100Hz & COEHEAD /AT —
22 b VEE PSD(Power Spectrum Density) ¥ 5K 5, .

7 — ¥ WIMFEL, FFT 7+ 5 4 ¥ —OFHMRBREET A5, THRFRIEN 83 BT
HY, APEOF-F P 08T LTH LTERADLEE 8 NGO TEEE LB, KRIRE
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Tl Ve I EH o b S CESEAERED S 4.15 B0 H) ToMErI bRKD
Bo TODARY MAZHTERXBIOLELNI-EA - EWEVOREREZ B TEREMIR
EDZARZ FIVIZERT 5,
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* 4.2-1 JREMFHRER T — A GUERETEIS&F)

ik Case Mo, | PRI | BRERMEL | g | ReEUe9
1 _ A 0.5% 40 2.6E5
2 B 1.0% 40 2.6E5
3 C 2.0% 40 2.6E5
4 D 3.0% 40 2.6E5
5 D 3.0% 50 3.1E5
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4. 2. 5 WMEFHABRER

(DT — A _
F4. 22U EREBRr —ADOEREHERT,

(2) BEFE & emEAIRE O HR
B B & BT IRIE O BRI oW T OREBRERZ UTICRT,

a. ¥—A1 (REEA; BERFEL 0.50, HERE 38T)

4, 2. 5—1ICRBERTTT. A4 —THBE, FFHnFmoRBEiEL
BEHE 1S BEISEL, $4, HNFEOFEBIREIDINE 5, BREHE 25 BET
B FEORBREE A U, BEIE 4 BETIE o /2, fihFRoRAKERITRIER
EMETH 0.08, ERAMIZH 0.12 TH 7% |

b. ¥—A2 (RERLB ; ERFEI 0.96. HiARE 38°C)

4. 2. 5—2ICA[ —TRBHERETRT A4 — 7HGHR, HAFBO LIRS
FHETIE 1.5 BETE L, RENEN 2.3 BETIRE o7, HAEATIREIEDE
T4 0.05 Td o 70 WS HOFIER SR EMEE S R as, REHRY 3 BED
& B NMER ATEHI S 1720 '

c. r—2A8 GREME C; BEMEN 1.23, WARE 38C)

H4. 2. 5—3ICA4—THRBERETRT, EEE. HhARUHNERHIN L
L. BENES 2 VIEAPES LB TEL LAY - s ERTILR L, BRTHED
BN E & b ISR BRI A EESED b iz, Tz, £FRRICHER
FIRIGIC BT, MAEXHTRBOIE) k&,

d. =24 GREED ; BREREFL 2.22, HMAEE 39T)

4. 2. 5—4 1AL —THBEERE AT 7— A3 LAEKIC, RIBIX, @hAm
RUHNEZAEE D, BHES 2 VCIEAPRE LB TEL LI -2 2RT L
Tl EERTHREOHEME L ICFER ISR LI IR IS T 2 HR AR D b iz,
7. SEICHENFEIERICERST, HRERFEHREEOE ) A&V,
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e. ¥—A5 (REED; REREFL 1.98, MEHRE 49T)

B4, 2, 5—5ICAA—=THREBHERETT. F— R4 EHELT, LA VIXEFE
FREVH, ANFARFERAME bIZEATHREOHEME & b ICIEE IR
T 2 ERA RS & AT, |
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F4. 2—2 WMBRAEN-TELRER

7—A% AERH AR it % [m/s] BT E Re (X 108) K EA R I
1 A 38T 1.15~9.52 0.71~5.83 0.56~4.6 51.0Hz
2 B 38T 1.15~9.80 0.70~5.98 0.56~4.8 51.3Hz
3 C 38T 1.15~9.66 0.72~6.04 0.56~4.7 50.0Hz
4 D 39T 1.15~9.60 0.72~6.00 0.56~4.7 50.0Hz
5 D 49C 1.15~9.55 0.72~5.97 0.66~5.5 50.0Hz
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0.14
0.12

Re
0.0E+00 1.0E+05 2.0E+05 3.0E+05
. A MAFHMR
A o JBhHEM

0.10
0.08

ry/d (E3iE)

=
=2

0.06
0.04
0.02
0.00

R T IRIRD

4. 2. 51 REKELEIRBONERRT —2 1 (FRER{FA ; Cn:0.49)

1 2 3 4 5

B 1 Vr (2U/f )

TSR - 88°C. EATIREN fo  51.0Hz. 4ME : 32mm

Z10—000Z OO¥6NL DNI



IT—-2F

BERTumRE y/d (ENE)

B4 .

0.

0.14
0.12
0.10
0.08
0.06
0.04
0.02
0. 00

2. 5—2 WHEHRER:EZUIRBEOMGRAERT -2 (GLEHEDB ; Cn0.96)

Re
OE+00 1.0E+05 2.0E+05 3.0E+05
- a FUHAM
- o IBNAMR

BB FE ¢ Vr(=U/f.d)

FRIREE © 38T, EAIEEI fn ; 51.3Hz, 4ME : 32mm
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R ITTEEIRIE y/d (EE)

4.

Re

0.0E+00 1.0E+05 2.0E+05 3.0E+05

0.14
0.12
0.10
0.08
0.06
0.04
0.02
0.00

2.

- s FLAAE
- o HBNAMA

0 T2 3 4 5
B RE © Vr (=U/f,d)

b—3 s EAIEEOMRARS — 23 (EEC | Cnil1.23)
AR . 38C. EHAIREIE i 50.0Hz, 4HE . 32mm
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EARTERRIE y/d (EXNE)

4.

0.

0.14
0.12
0.10

0.08

0.06
0.04
0.02
0.00

2.

Re _

OE+00 1.0E+05 2.0E+05  3.0E+05
- s LAHFHE
- o ¥m M

0 1 2 3 4 S
FBEAE : Vr (=U/f.d)

5—4 BEREEEMIRIEOMMREr — A4 (GRERED ; Cni2.22)
TR © 39°C., EHEIREE fin  50.0Hz, #H% . 32mm
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ERTEmIRIE y/d (EXE)

4.

0.

0.14
0.12
0.10
0.08
0.06
0.04
0.02
0.00

2.

Re , _
OF+00 1.0E+05 2.0E+05 3.0E+05 4.0E+05
- s MAAM
- c ¥ /1AME

0 1 2 3 4 5
HRELTE © Vr (SU/f.d)

5—5 MERHEEEMIRREOBRRABr X5 (FEBED ; Cnil.98)
MAIRE : 49C, EEEEHE v 50.0Hz, #ME | 32mm

Z10—000T 00PN DNI



JNC TNS400 2000—012

.
w
E‘élt

(i

(1) HwhAERBREORERREFSE

MR ORNARELERIZOWT, A—EROBBREzAVTERBLNATVEF 5@
LaHbeTH 4.3-1,2 I0FT, EHICid King® % U Okajimat®2 X 27— & b I L TR L
Twh, £ A4FLIIFTEIIC, ThTRORBREFEEL - TWE I LILERTET 5,
King DEER E AEBRTE., FELEFOEHTH Y, ARERA A EERAMD 2 HHE
¥ 5, Okajima OEBR CHRERELFOLE C.RNIRAOAHEELZF LTV,
72, King DEBRTIIHBEMAKELICEER LTV ADIZT LT, FHE T, BHmE
Kiicd b, S50, FEEIFE. L4 2V XSS, RBBRICHERS 5.

RN FAEMIERORBERIERICH T2 XRBER T, King RUABDOREFERIZAS
NBLSRE L FHERE S 2 BIRRERICTE T, TALIEE SN 1 D OFHRMATE
ERTW5S, 21 ZRLAX I, BERLA VAT V=l CEET 2546, Hih
FEEENICLE D BEE KR, StEFEATWAERLEFRERO 1210y 74 ¥ T4
BAOEOOFHERICENTWA Z EFGHh b, L7z oT, REBHERIC>WTI, BE
WEEICELT, S 1BRME S 2 RS 8L TEET LI LFEHETH D, K 4.3-1,2
i, ARSI ORKIRIEEZRL TV 5,

—7%. King ¥, ZUIREORERFE L EHT LT, §# 1 BHRROEMRET — 5 122
SEBEHEL T30, Okajima 135 1 FHRE L & 2 BERIFICB VT, RIBICHT 5 BREERF
MFRERAZ L EERLTEY, BBOBA,S King D@L LD, 8§ 2 BiREICBIT 5%
KIBBEZAIY ., bbb TH 4.3 121RTEic7ay PLI

¥ 4.83-1,2 & b . King DR R D Okajima DOREGFER & FRRICHE 2 BRREORIED 774
I REVREFEETRITRIZIR S 2 WERZRL T 5,

¥ 7=, RENTHE L -ARBRE R, King 0% 2BHRET — 7 IGEWEEZ R L, B
REOBKICHE, REHIE 1.23 Tk, EED 05%RE I TEMISIH S TnE Z &
Shb, LaLads, BERSE 2.22 THELARBRTIRSOLMRIELZ AL, BHERF
HICTIFIEE D ER S5 EPFRDLNE,

THAREIEED 10% %82 5 & 9 2 AR, BIREHEIC X 5 ZMIITRN TR
s, BAHRIEATERED 1%k & 2 5B ISV TITELRRIC X AEIRIEL -5
—HE UL BB, ARBAGICH LT V=3 TOEMIRIEZ [HETA8] X FFHELL
25, BRIREFHMEGRBEEL D RE(RE S o/, BRBHRICE LM, B]
RIEHT S L, EATIEOBEL LT, KA TRENS,
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64’ M f7 (& +¢)

=A]'/r2 = V" S e (4.3-1
V:+4m

(22T, ARZER

LG (f)] ol (x)dx
Vs = ( ‘[’ @,(x)

Li=#o T, ERITERE Ve DEERIZE b v, ELEEHRIREIE I, BEMICELICERT
Bo [4.2.584,5 2R &0, BERFEC =128, 1.98,222 ® 3 ¥ - ADIEFIE, X
TEFEOBERITE VgL CE AT AEEERLTBY . @3-DROBELAFHRIFS L ER %
RLTWa, LA oT, I TOEMIT, REHRAMIN & mIzIREEIC B 1T 5 ELREHRIC X
BLOLELLND, '

FMEFE R T, Cn=1.23 TOEMRBIIERED 05%BETH ), mhHEIRE) T,
Cn=1.23 CH+HicMfl s bR L ko7, MORBRERL OHEEDERIZ>WT, HABkE
BOMEFSEET LHE. ARRTIRPIEOHREIAPIZHZ Z & OmMEICEL 5
DEREHEZET SR TWAIENEZIOLONDED, VA / VABEOLEGIEL-TBYHE
By T ECHEE I TIE 2 vy,

2R LA S, (RREbAS Tl mhrmRSHER OMEI&S £ LT, Cn>1.24°
BE STV B, BEEROSEETIT» - FRBEEGOME T, Co>12 12X hiEhF MR
HRENIZIZRI SN B ZEFHL P E R o7,

(QEAH M FEHRE DBRERFRFEIZONT

EXHFHEORPRICOVWTIRE L DHEFH ) . FHREZTOEFHEHLIMIZTHIIL
REHIET S L OTIE W, BN AHHEER & OLBOBE, O, BEXFHREOBERE
Wk BIENIC oW T AT S,

X 4.3-3 12, King I2 & A EXF A FRSREHRBORERFERFEICHA T HEHEZRL T
%, EARFEFRGENDE, BEFRBBICTERBEESAMLTELLIOTH), TOE
A FEIREI L ) 1 A —F— K&, BEED2HICET %, —7F, Okajima i3, #ER
HENEMIIBWTHENEL2HVT, b1/ VAREPEEE-RBEERL, € 4.34
IART &I BERA TRERARORBEH T EACEL R RS ZEERL TV A,
[ 4.2.5-1~ 512" T & 5 10, ARBREROBR HIHRIBIREMAINE < REIRTES* 1.23
PEDr — ATk, BRATHES D, (ZIZIH S h 2 2B LR TV S, BRHIFHEIEC
LT, BARIEE EEREOMGREE 4.3-5 (2R T, BMICI3RERRERIC L » TEHM
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FIFHOY — 7 PEHEI N7 — AREB-2,Cn=0.05)bE&b¥ TRLTVS,
PDlXy, RRBRTOEBAF RS, —RN2EEREEGETCOEMRIRLY 2L 0
PMEL, BERE 123 OFLETIIERD 1%RBICIHRHIS LS 2 EFFEME N,

3 FTv

a. WARAROERGIRIFZRERTOEME & ITHF SN, I, hAFmEIREE
R, BEREN1LUETH -7

b. HER7—A1 (Cn=0.49) IZBWTEXFRDORREHER S v, BRITHE Vr 2°
2.5 ﬁ&i U Eﬁﬁlﬂh Lfv:o

e. ARBRERAMTIZ. BB Cn 7 1.23 BED LT, MAFROFLHRE A S W5
ERIBS R,
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3 4.3-1 N AMEREBRSY O hE

Researcher Cylinder support ~ Number of Status of the cylinder end Reynoids No. region Fluid Flow area
free direction
King Single-side Two Above the water surface Sub-critical Water  Rectangular channel
(%7 6,000<Re<# 19,000)*
Okajima Both-side One{flow-direction) End plate(both-side) Sub-critical Air Rectangular wind tunnel
(#7 8,000<Re<ify 27,000)*
INC Single-side Two Free-end in water Sub-critical~ Super-critical Water  Circular pipe

(¥ 60,000<Re<# 500,000)

*) Estimated by JNC
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0.25 T T T T ’ T T T T ! T T T T II T T T T lI T T L] T ’ L] T 1 T lt T T T T ! T T T T
I ; ©  INC:Cylinder(Ist and 2nd)
0.2 Eoeoeboee A A K?ng: Cylinder(!st) R
4 i & King: Cylinder(2nd) .
. ¢ Okajima: 165 O.D. Cylinder(1st)
® Okajima: 165 O.D. Cylinder(2nd)
z 0.5 % """"""" o " O Okajima: 120 O.D Cylinder(1st)
= o & B Okajima: 120 O.D. Cylinder(2nd)
= [ i ; : ; i s
- A ! : H
0.1 _Ag .......................... e SN S S _
i 1,
S L5 A T R R B
S N S—
SIS
e P :
N- i oo | ! _
0.01 ©  INC:Cylinder(1st and 2nd)
L A King: Cylinder( st} ¥
[ & King: Cylinder(2nd) ‘
©  Okajima: 165 O.D. Cylinder(1st) fit--i-t-4
[ ® Okajima: 165 O.D. Cylinder(2nd) i ¥1 7171
- O Okajima: 120 O.D. Cylinder(1st)
B Okajima: 120 O.D. Cylinder{2nd) ; |
0.001 TR T T T W | I L L O T | t H 1
0.1 i 4
Cn

[(4.3-2 GENGIEHRIG (RAFIRIE) OBEFFRFZE & il G $ih)
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y/d maximum deflection /diameter

B@®X King (In water) h/d = 20-33 thesis results
® Vickery & Watkins (in water) L/d = 15 (ref. (41))
2.5 a  Vickery & Watkins (In air) L/d = 14.2 (ref, (41))
+ Feng{inair) L/d=9 (ref. (144))
@ Hartlen (in air) L/d = 13.8 {ref, {145)}
PVC pile v Scruton (in air) L/d = 27,5 (vef. (40))
2-0*
\
\
AIL3
.
R ]}I =
\ L~ 1L
g‘\xx®/A£ pile
] e\x
AN
[-0 "
v2 N
Mx
\\?
\0
0-5 N
\"4-\\ .
\\\ Q"-. ¢ A X :
R - P AN N NSRS, S
0 2 4 6 8 0 12 14 16 18
Stability Parameter 2m8s/p d°
B4.3-3 EAHMELHRENC & B RIHRIGO 83 S LA (King)

210—000Z 00FONL ONI
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y/d

Supercritical

Subcritical regime ., girne Postcritical regime
-
0.20
—O0— f=3.62(Hz)
a |- —{— 4.2
0.16F —0— 55
—&— 595
' —— 715
0.12
0.08
0.04
0 ‘l 1 1
2 4

43-4 ., BEARFRRBIESHIRBOL A/ ZEEFIE(Cn=6)
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©
O y/d
0.1% © ]
=, ©o E
£
e
| &
0.01 ¢ | -
Reynolds Number: 3X10°~8X10°
0.001 A S
0.01 .01 1 10
Cl’l

[4.3-5 BEERL 4 )V XESEBICBIT 5 BER RSN OBRERERESE

CT0—000T O0P6NLL DONI
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5. &

i

FRBIE, EEARPORRT -7 HFARLTVB EE X ONLREEEIC BV T, B
BEHREE T — 7 AHUE L. BENEOE R M EEOR YU EORTICET A L4 EME L
TEB LT, £070, BERICEEH LR HRIZIC oW T, MRS RE
B EICE o THEREY LS EARBE 4 Y BEL, MESERBREEHK L,

WM, FAEPIERICTE T A RO L TTEB Y BAB LTI A—2 LT
e Lise KEBIRERIE. MERY 3 18mm OBEKTERBEE v EH L, BERE v, L
4 NVABEEFITA—-FELTERBL:,

REBROBRBONSEELRELUTIORT,

(1) BERMRMEHEN

FTBERBR UIHRFERIC L - T, BREELLRZE L. #5122V T, BEREFTL
DIRBERFEMIES. ARBHRBREG TORERFE Cn 2 FEMBITNIC L > TERE L. 12
HEFEFTEAREUTICRY,

- HERE A (38C) 1 0.49
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