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Fundamental Water Experiment on Subassembly Porous Blockage
Studies in 4 Sub-channel Geometry (III)
— Flow Visualization around the Porous Blockage —

Masa-aki Tanaka*, Jun Kobayashi**, Hideki Kamide*

Abstract

The phenomena on a thermal-hydraulic field inside/outside the porous blockage has been
investigated by the experiment employed the 4-subchannel geometry water test facility.
From existing experimental and numerical studies, it was shown that the flow field around the
blockage had significant effect on the temperature distribution inside the blockage.
Therefore, We conducted the experiment of flow visualization with 4-subchannel geometry
water test facility.

The flow visualization showed that the recirculation flow and a lateral flow existed at the
side of the porous blockage. The region of recirculation flow extended to the downstream
side with increasing of the flow rate. The mixing due to the convection was dominant in the
region of recirculation flow, and was getting effective as increasing of the flow rate.

In the wake region, the flow was unstable due to the interaction between the flows in the
unplugged and plugged subchannels. The coolant was provided from the unplugged
subchannels and also through the inside of porous blockage. '

These results obtained from the flow visualization gathering with the numerical
simulation will be reflect to the evaluation of the local blockage issue of large scale Fast
Breeder Reactor.

Reactor Engineering Group, Sodium and Safety Engineering Division,
O-arai Engineering Center, JNC
*ok FBR System Group, System Engineering Technology Division,

O-arai Engineering Center, JNC i
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Fig.2-7 Test Section for Flow Visualization
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Fig.3-9(1) Time Series of Flow Pattern in the Region of Recirculation.
(Q,=1.2[m?%/h], Re=5.2x10% Time interval = 0.1 [s])
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Fig.3-12(1) Time Series of Flow Pattern in Wake Region.
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Fig.3-14(1) Time Series of Flow Pattern in Wake Region.
(Q,=1.2[m?%/h], Re=5.2x10%, Time interval = 0.1 [s])
Fig.3-14(2) Time Series of Flow Pattern in Wake Region.
(Q,=1.2[m?/h], Re=5.2x10% Time interval = 0.1 [s])
Fig.3-15(1) Time Series of Flow Pattern in Wake Region."
(Q,=1.6[m?/h], Re=6.9x10% Time interval = 0.1 [s])
Fig.3-15(2) Time Series of Flow Pattern in Wake Region.
(Q.=1.6[m?%/h], Re=6.9x10%, Time interval = 0.1 [s])
Fig.3-16(1) Time Series of Flow Pattern in Wake Region.
(Q,=2.0{m?*/h], Re=8.6x10% Time interval = 0.1 [s])
Fig.3-16(2) Time Series of Flow Pattern in Wake Region.
(Q;=2.0[m?/h], Re=8.6x10°, Time interval = 0.1 [s])
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Fig.4-4 Frequency of Threthold Point.
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Fig.2-1 Flow Diagram of Experimental Facility
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Fig.2-5 Schematic View of Picture Aquisium System
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Injection point

14

Fig.3-1 Dye Injection Point.

Table 1 Experimental condition

Flow-rate Mean Reynolds
QOF;;”?h] Velocity Number, Direction  File No.
L U [m/s] Re
3 BOTTOM F04B
0.4 0.094 1.7x10 TOP FOAT
: . BOTTOM F08B
3
0.8 0.187 3.5x10 TOP FOST
8 BOTTOM F12B
1.2 0.281 5.2x10 TOP F1oT
_ g BOTTOM F16B
1.6 0.374 - 6.9x10 TOP F16T
BOTTOM F20B
3
2.0 0.468 8.6x10 TOP FOOT
Re DU _ De-(Q15/(60-60))
v ' v

v : Kinetic viscosity
De=15.8 [mm]
S=1.187x107 [m?]
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Fig.3-2 Schematic showing the Position of Camera, Laser sheet,
Blockage, Subchannels and Tracer Injection Point
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f.'Ther.n:.u.)couple

Fig.3-3 Front View of the Liquid-side Flow
very near the Surface of the Blockage.
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Fig.3-4 Schematic showing the Position of Camera,‘ Laser sheet,
Blockage, Subchannels and Tracer Injection Point.
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Fig.3-5 Front View of the Liquid-side Flow
above the Blockage at the position shown.
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Fig.3-7(1) Time Series of Flow Pattern in the Region of Recirculation.
(Q.,=0.4[m?*h], Re=1.7x10% Time interval = 0.1 [s])
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Fig.3-7(2) Time Series of Flow Pattern in the Region of Recirculation.
(Q1=0.4[m?%h], Re=1.7x10%, Time interval = 0.1 [s])
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Fig.3-8(1) Time Series of Flow Pattern in the Region of Recirculation.
(QL=0.8[m?%/h], Re=3.5x10%, Time interval = 0.1 [s])

2.5 [s]
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Fig.3-8(2) Time Series of Flow Pattern in the Region of Recirculation.
(Q;=0.8[m?%h], Re=3.5x10°, Time interval = 0.1 [s])
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Fig.3-9(1) Time Series of Flow Pattern in the Region of Recirculation.
(Q;=1.2[m?h], Re=5.2x10% Time interval = 0.1 [s])
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Fig.3-9(2) Time Series of Flow Pattern in the Region of Recirculation.
(Qr=1.2[m?%h], Re=5.2x10%, Time interval = 0.1 [s])

5.5 [s]

960-000¢ 00¥6NL ONI



0 [ixl]

300

400

Fig.3-10(1) Time Series of Flow Pattern in the Region of Recirculation.
(Q;=1.6[m?%h], Re=6.9x10% Time interval = 0.1 [s])

2.5 [s]
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Fig.3-10(2) Time Series of Flow Pattern in the Region of Recirculation.
(Q,=1.6[m?%h], Re=6.9x10%, Time interval = 0.1 [s])

5.5 [s]
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Fig.3-11(1) Time Series of Flow Pattern in the Region of Recirculation.
(Q1=2.0[m?h], Re=8.6x10% Time interval = 0.1 [s])

2.5 [s]
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Fig.3-11(2) Time Series of Flow Pattern in the Region of Recirculation.
(Qr=2.0[m®h], Re=8.6x10% Time interval = 0.1 [s])

5.5 [s]
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Fig.3-12(1) Time Series of Flow Pattern in Wake Region.
(Q.=0.4[m?%/h], Re=1.7x10%, Time interval = 0.1 [s])
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Fig.3-12(2) Time Series of Flow Pattern in Wake Region.
(Q.=0.4[m?*Mh], Re=1.7x103, Time interval = 0.1 [s])
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Fig.3-14(1) Time Series of Flow Pattern in Wake Region.
(Q@;=1.2[m*h], Re=5.2x10%, Time interval = 0.1 [s])
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Fig.3-14(2) Time Series of Flow Pattern in Wake Region.
(Qr=1.2[m?h], Re=5.2x10%, Time interval = 0.1 [s])
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Fig.3-16(1) Time Series of Flow Pattern in Wake Region.
(Q,=1.6[m?h], Re=6.9x10° Time interval = 0.1 [s])
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Fig.3-15(2) Time Series of Flow Pattern in Wake Region.
(Q;=1.6[m?h], Re=6.9x10%, Time interval = 0.1 [s])

5.5 [s]
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Fig.3-16(1) Time Series of Flow Pattern in Wake Region.
(Q;=2.0[m?/h], Re=8.6x10%, Time interval = 0.1 [s])
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Fig.3-16(2) Time Series of Flow Pattern in Wake Region.
(Q;=2.0[m®h], Re=8.6x10% Time interval = 0.1 [s])
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Fig.3-17 Characteristic Length of Wake Region
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(a-1) (a-2) (b-1)  (b-2) (c)
(a-1) Background color picture

(a-2) Background gray-scale picture
(b-1) Flow visualizing color picture
(b-2) Flow visualizing gray-scale picture

(¢) Gray-scale Picture of Fluorescence of Dye
(b-2)— (a-2)

Fig.4-1 Pictures for Image Analysis
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4. 1. 2 FERMEITNOILE

Fig.4-6 CHEPNRICEL2BEREROCOEM EHEEDO KRB EL
ERT, BRMEARZ, HEHTEMD 4.1.1 i TRKODERHEUEBE T
DEBETHD, LEEABKE (BZ 0[s]) »oEERARIHEML B —
JIZETDH, P—J7IZELEE, EEXEBHEEENIRIL/ 4 X1
NWETETTS, RESFHEOBMITE,, BEEXEY—I MDA XV
NV ETAIETORRLERINS, BREEBENICIHEEDAET &
BELTMAZIREZGHMBREAL, BREESEATHEABERF LB HAM
BEXLRETAITEERDLA, 2T, BREMERIZBIT A AEEEH2
BEbBRILLT B,

Fig.4-7T ICERMBEIRICB T 2R d7T LiiESRHE (Re ) & o
BERE2P~T, MBEHREEER Y — 2 2L oTht, E—JED 5% I
BETT2ETCORME LE, EBEHE T RRESGEOHEMCHE > TH
DL, Re>52XIC OB CHMEMARKELELLTHBE RSN B,

EABEBEEZ2FBLEERAZEIC VWTOMELL, BEWER
KB 2EAKRBEORBELE, BHEENIEALTEIZENSGN- T
WBRMIN Z i, BAEENEERBREEICRATEIEEIEALT,
BREWNTERFY L RBORLICIMBREEBEWL-LY)E AV,
HEDAEICBITA2EEBRBICODVWTHASD, T ZCEEE L, Xy
IR IARXTHD, RROEREXREE LXK TEE B,

. Lx)=1Iy{x)- 4 4-£-5-C(x) (2)

x BARBIEZBSTUE, A IZTAERICIDZIEXLORIER, ¢xHE}XD
BFIRE, IHRELEBOHELEFER, IFAEROEIEZTT, SE®
EBR TR, Vi UVBROBREPAHXOBEILEHR TEIREICHEN
ERET D, 20, AHXBEISEREC—EL,THDI LTS, £,
HA 200mW]O LV—HF E—LET7A N N—TRYVAL (RVALFHR
10%BE) , ELR Y~ MFPRICETF TV DEIEEHEE XRE Tl
WICELS, EXROoBABELRVWERET S, Lo T, HXBEIILRE
ODERE CIZEAL, BEERNOBEELZFRARAZ LI LV EHROKETFE
B ERTE S,

BEBmTOBERLV— VY- FoEXFH (2~3[mm]) TESSH
FETHD, BRHEEROEFOGEEZ V, BEUBEROEZVICE®EIH
ZEZ vETABRERMEBRNICBITILBORBEEWREES CL LT,
BREOEZYVORELZNHMIBILTOLILRS,

L=(-LyC (3)
dc .

Yo - ~K(¥C) (4)

di v os |

-E;_-K{;;L] _ (5)

T, V,, vREAETOERES S, KRILAERTH S,



JNC TN9400 2000-026

Vo=LgSs =(nDp)Ss, v=U)Sg
S _USs U _ U (86)
Vo (nDg)Ss nDp nDg(1-p)

L2411 TRODEMHBNVETHOVHAEYDES DyIckBlT5, nidk
FIE#H THY Re BHLoBEK L2 d, S, IRREEBOE FRI»b A&
FHEHETHD, PIIHAEYORVWRREER L PEDYOHEHEOLTH
D, B=0 IXHEEHZLETL, =1l IHBLEECE THEUWRERE
TARERFRT, ARB TR, 42009 TF ¥ RZA0ON, 150% 7
FrrRVICHEDVREET I =025 (=1/4) TH?D, UILHE
MBRER (BEYEIE) TONEEHHETSH D (Table l BR) |
U=U/"(1-B)Y3HAEDWZ2ERMENFBIEBITSBBE2Y 7T v R H
DEEFEFHFTEERL TS,

(6) X% (5) RIEARALT,

55=~KLXJ£=HK£——£L——J£
dt o nDg(1- B)
IIT, EH En 2hbol-DTEHR K(Re BOBHK) LEXEL, &

PERERE ¢ =D (1—B) /U REBEATS, BHHUEFE -, IERMEEN TS
HHAPEBRINDAETTCOEEEEZLND (MH1E5H) .

diL U . KYs
i ) S e .
O —RERIZ t=0 TL=(Uyyuy L) TH DI D,
(L—Ly) :exp(_,{f__,) (8)
(Lyax —Lo) T
ERObND, LT,
L* = Aexp(- Bt) (9)
se_(L7Lo)
a=10, =X, B-tg =K
ts

T, T BErEmEREEAEK (Rit[l/sec]) LML,

Fig.4-9 WFRT IICEEERAE—~2%2LoThd /4 A LRATE
TT32ETCOHBIIODOWTHEEEOCHES BHEHK L L, TH B %
K, Figd- 10X FERHMEHE B L E (Red) LOBEKRERT,
BEREAERIRECE NI~ TEETERBICEMT B3, /10,
Fig. 4- 10D FERMEE B 284 g (=D (1—8)/U) TER
T L TxRT, Re>5.2x10° OB CEMMBEHL L TWBE RSN DB,
TOREAO— 2L LT, MABRBRERMLLIARICEBRB LEEZD LML
5 (&38| ,
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MARTHERHRMBELIEE (Re ) OMMKIL, Re>5.2x10° O#IFHIC
DWTEHUT®D (11) NTHELTE S,

B-TS=B-RB‘ST—H}B)=2.2X10-3-RGO'22 (Re>5.2x10%) (11)

Table 2 I Fig.4-7T IZR LIz BER 4T (822 8B) & (11) &
ZRAWVWT (9) A»ORODONIJLEHFEBMEPEELTRT, (9) RiZ
BWTik, L*=005 (F— 2D 5%) ¢ 2B A+ LB/ L T35,
Fig4-7 KARTIHEER & (9) Ao RDODEEHEMIXIZE—-FKL T
BY, (9) RCL2LBREOABLIPZYTHE LHRATR 3,

EoT, BOEORBFEFOTRHTIE, BEXKE »LRDE (9)
RBLD (11) RICXP2IEHEMCEMET 5,

Table 2 Comparison of Decay Time in the Region of Recirculation

Re e Bz, HL*=0.05), dT,
Eq.(11) Eq.(9) (Average)

5.2x10°% 0.075 0.015 14.8 13.0

6.9x10° 0.056 0.016 10.4 8.9

8.6x10° 0.045 0.017 7.9 6.4
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Fig.4-7 Relation between Decay Time and Reynolds Number
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4. 2 FAEY T O%HEEK
4. 2. 1 ®“mEROHHE

3.2 HiTHRLELIIC, BEYTHRMTIE, TRIKELER LTS
THEFREDHD, ZOHFERIT, BESPAEHETIEFTTHLY B0 L5
ThHhd, 32 HITRLEEEBOEEZ2ENFNOB I TAEFRICE
L, BEABBIZH > TRT & Fig4-11 X 5225, Fig.4-11 TH
Mo#EfT (AFm) ¢ICALEYo#ER (AEHQ) BERHEETL,
BICETHRYOBEK (BRHO®) X THEE2RT, LoT, ZThbBER
OXRREHRT LI, THRIEE EAERoOSKE, 2LV #HEHROE
im (FBEYELZOREENRTVRVWIDOF TF ¥y R2AMLLDORN
DEMTHIR, BNBFRAICHETS) 25T 8 TE 3,

Fig4-12 734 7ny FREFJBLTHEREOEH S (Fig.4-12 # T
1% 814[Pixel]) #KR D3, 7, Figd4-11 OEEF —Fiz>\T 2 E{
T5, HPA5EMILCFELT, REELLZEI LETAZRZIAERELSER
Fn/Ebobhd, ZTOBRRITCEALLABREDLABZIAZHBL, 0
YLRVEVHRAZHET, BEETOIHIEMEIICED, TOKL BV
FEBEIZE Vo y PLZbLON Fig.4-12 Th 5, 2D X > 2%
TH5Z2¢ILEY, FEBEZTTER (BREIQ) &, #HICEEZATH
5THRREEZTTER (BRAIQ) 2B LAKEZEIT LA TE S,

Fig.4-13 CHBMERONEBEEZKESFROBAEYWE X Dy (=28[mm])
TERTELTHRT (Fig.3-17 £R) . AEDEIRXFEEDRE» S
mELVE (ABEAMNE) 0O2F0EMHETH?, AR ADMAEIR,
Re=5.2x10° (Q;=1.2[m%h]) TH/I LRV, FDOH% Re oML I
ERT 2, ThiZ, Re<5.2x10* THRNA P BH L LEAR~EL T 58 T
2w tHRA IS (MEI3ISR) . RERICBWTHEEDERFRO
EMAEOMNEBIIFAEDE X Dy (=28[mm]) ® 1.5EURNTH- =,
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4. 2. 2 BEREERNOELE

Fig.4-14 iZ 421 HiTROLBERWBERNOZ L 7/ BN OEE 2 Z/E
HL, TOEFFEHEEORRIISME T, LREABRLSE (K 0o[s])
POBERABEICENLY —JICETH, BEEREREENHICEDS L,
%%@%mmﬁwf—&ﬂ6/4zv«» ETAETORBANESHEL
TWd, BEOHFEIT 412 HIOFEDHE CORRBER L AKETH
Do TelElL, BMBOBE, BEORERLRELICRZLSAHAELZ S -
THEAPLT VWS, HEDEHERB CREEF Yy VRV E2EDBL2F v &
NP D3FMOENAABNECRBERTET I D, AitZzHE TR
BERBENBELER-o-TnBEELILN5S,

BRMBERIIE —FE LI XT3 FmhLbBEHIH, BEBLNITM
BEANT-HEMBEFEELTCWS, XoT, BREEAT CRELNES
L, GHAMEBEESBBHICE_RTCREBIZEETITEELRDD, 2T,
BRERICOWTHRBRRBEERFARICIHEEBEZAELD L T35,

Fig.4-15 I[CHR BRI BT 2B EE dT ¢ RESLHE Re HoBMEE
TY . LHREREE, EEEIAY—22LoThb, E—2ED 5%E T
BTT2RREELE, REOHEMICH> TIHEEERZED T 52,
Re=1.7x10° (Q,=0.4[m?h]) 7> 5 Re=3.5x10° (Q,=0.8[m%h]) ¥ T
BB KE N,

4.12 HiLRABIIEEER Y -2 2 Lo Thb /A AV ALICETFTT
ZETOHBECODOWIEEEOBEZHBHEETHENL, BHEEEEE
B Zk®/, Fig4-16(DICHEEEIRE B LHE (Re #) L0oWEFER
AT, WENHRHIIRECEMIZH > THEMT B, £, Fig.4-16(2)
CHERHREB2EMESEE cy (=D, 0) TERTILLTTET, Uk
EHN 2 VWER (AEYIIHE) TOWAEHHRETHS (Table 1 &
R) . B TORERM w1, FEDAEORBRABER ToO KR
Rlrg CRARIC, BRBEBHATHAMPEBRINDIECOFMES LD
W, tywertgb DR =14 (1—B8)THD (TH1E]R) , =2 T,
BITRAZEYORVWRKEKER LBAEYOHEEOLTH 5,

Fig.4-162Q) I =~ v ER THENMIFRE 25 Re>5.2x10° i té THEHM
BELLTWBEZ R gD, ZOFREAD—2 L L THEALBBE» D I
MICBB LTS LHERAIND (B3R . £/, ERTHBER
B E (Re #) O BEtRIZ, Re>5.2x10° OHEBEIZDWTUT® (1
2) XTHELTE B,

B-IW=B-~1?TB=1.O><101-Re'O'74 (Re>5.2x10%) (12)

Table 3 £ Fig.4-15 - TIHIER 47 (& 2£2H) & (1 2) K
ZRWT (9) Ao RODONAEEBEAZHEL TRT, (9) RN
BWTIX, L*=0.05 (¥—Z2fE®D 5%, Xy T7F3 LR L) L
%%%%%ﬁ&?éoﬁpmﬁmﬁﬁmﬁﬁﬁ&(9)KW6ﬁbt%
BRERBEE-BL TV, L-oT, BREERRFRCEREESR IO
b, {%F#%ﬁyﬁw‘ﬂwﬁ_ (9) ABXVC (12) RNick2EEERTT
REIFEEDFREIT S,



JNC TN9400 2000-026

Table 3 Comparison of Decay Time in Wake Region
Re - Bt g, t(L*=0.05), dT,
Eq.(12) Eq.(9) (Average)
5.2x10° 0.10 0.019 15.5 13.8
6.9x10° 0.075 0.016 14.3 12.5
8.6x10° 0.060 0.013 13.5 11.6
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Fig.4-15 Relation between Decay Time and Reynolds Number
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5. REWFEHETOTH

FABIEBWT, BRAEEERBLCERERIZ D W ITHKBEOERSE
H%E Refl, FHEPEI D Z2RRXEEZLLTHEDOREEE2ZENZEN
ML, ARBRERIZ, Fig22 KRT EKH5IC4250% FTF ¥ %
FHEL, SEBRERLEEFALR>TVE, £, T4 ¥ R2—%
BEEI TR, R—5ARBFEHIZO>VTHE, BFE 1[mm]Dzk
RRFTHERIN, EREE 40[%], @ HF5FHAE XX 60lmm]TH S, X
BFIZENTHR I ~3mmBEOR TR KA EMER 3mm]|BEOY 7
Fr ANV CHEEDIZEDPBEIRTVAR, Y7 F v 2L HETIX
BEOKFLIVLEELRNVI LD, TOBADOZEREBIT 40[%]L 0
HTHDIZLIIAZICHATE, ARBRTOPELFIERFANTHL &
Zzbh5,

ARBRLERBPTRHRERIRELERY, REFHLERD (KBFE
T Re DA —F—RB 10*ORELZEBERK, ARBRITI Re DA — & —
B 1 ORBEOEARBHE TH D) =29, HIBE0EREEF»EBR T
THEMLAELTLEEBABTAIZLERELY, LarL, KEFECTHE
DELBRMEBRBLCERERSIBRESEESICBT 5, BEDHE T
DMEHDHFHRIZ>WT, XRRBEREAAF L CHERTIREZTY 2 & 1%
BERDOHDHZLLEZD, LTOFTHI T, Tabled T F T KBIFEKSZ %
MBRETDH,

Eo, MBEFEFRANORKRBFCORBRELE2Z 2D LITFIETH 38,
ARBRERLKRBECIIERBRELEI L, A& T M) v A
HEOEVWED2DWTEMARER T RN S, BEBIZOVWTIZS
BOBRBELTD, £, ARB (4V7F vy % 0) EZTOBRESED
FREMIZ2o2NTH, HEBEONBRLZIBEHMER 20D, HETFbH
HIRFEET R E L TITS,

Table 4 Characteristic of Large Scale Fast Breeder Reactor

4-subchanel

test section Large scale FBR

Pin number 6 (4 subchannels) 217
Pin diameter[mm] 42.5 8.5
Gap width[mm] 5.7 1.15
Equivalent Hydraulic ‘
Diameter, Defmm] . 15.8 3.15
Plugged subchanmnel 1 1
number

Characteristic blockage _

length. D, [mm] 28.0 5.57
B1-] 0.25 0.002
Coolant Water Sodium
Mean velocity, U[m/s] ~ 0.096~0.46 7

Reynolds Number 8.6x10° 5.9x10*
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1) EREEKOEH
FAZEYRE»DME T 5mAM OB, BATEE 2/Dy EFHESMF

Re# L o B#EIX (1a) XNTERHED,
(1a)

z/Dp = 14x10™ .Re+7.9x107!
ZZC, Re=B.9x10* # AT B &, 2/Dy=1.6 25, LoT, BEY
BEIPHAEYES Dy 1.6 F (FAEY®HEH X 9(mm]=1.6x5.57[mm)])
HEDHNHEZER, 25 VWEIHEEDRAE»S OKEFFH

DRTHIIT,
i o 5HEW (BRIWEWL) RIVGBADRIHAFTE 5,

2) BR O N D JA R
f)’%ﬁf‘ﬁﬁiﬂikkﬁéﬁﬁﬁwﬁﬁ RUTOXSICFEMTE 5,

_ L=l el
Lor — Lo Aexp(— Bt) (9)
o G-Lo)
(Lpax _;0) (10)
A=10, B=—, B.rg=K
s
BERTHEESHAZII ReHoEHL LT (11) XTHEEATES

(Re>5.2x10%) (11)

L*=

B-¢S=B-W=z.leo'3-1{e°-”
22T, (11) XEREBFETOEHE Re=5.9x10* 2R AT B &, B 1
¢=0.026 L7235, Tabled IZRT KEIFETIX ¢ g=0.000794 &L BB N5,
B=328 TH3d, ZnLx (9) LD L*=0.05 (¥Y—Z7ED 5%, v
TRV bR BRI |

0.05 = exp(~ Bt)
t =1In(0.05) /(-32.8)
=0.09

t=0.09[s1& 72 %,
DEORERPS, BETFAT 2 EBRRBROMMEIT 0.1 BLNIZH
ME L2 TRBESRD LT D,

3) #WMEEADILE
HRERICBIT2EEEOEEZ2HBEEECHELUL, ERTHEERRY

BE B/ty® Re roo B L LTEHEMET I E, (12) RNEB,

o (12)

Bty =B-%i=1.0x101 ‘Re 7 (Re>5.2x10%)

(1 2) RIZKBIFTOEM Re=5.9x10* Z AT B &, Bt 4=0.00323
LB, Table2 IZRTXKAE TiX r 3=0.000796 & 2246, B=4.06 &
B, ZHEkxE (9) XD L*=0.05 & 7 A AT :
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0.05 = exp(—4.06 1)
t =In(0.05)/-4.06
=0.738
t=0.738 & 72 B,

LEDHER?L, HBETFRATI LERBROREN N BREL 2 TR
SHDETIMUARARTEG L2 TRBREND I LIZRD,
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6. £&®

KT A RAENALORB B BT SRR EBET S0, (1)
PEMBEC BT S AEFARNOTEORER, (2) BEHMNE OB
BALOEERBLENESORME, (3) BEDTHMTORRILE
CEE LRI ERE T o, TORE, F—7 ARBEWELOFH
BEOHBEEET B2 LR TEE,

1) HEWRATEICBTAEEREMRER

OMEHAE TCRBEREIEL, BEHYTHIOMALLEGHMBEE
MR EBIBEY T F v U R2A~KHLTWS, HEHHNE TII,
BEHMPAEEYRNTOEROL Y PR WVWEE (ZR) #&Re0k, =
Moz HFoThh, FEERMEBHZETHILEBZLXL 6N D,

OFZEYHEOBERBER T, FRBREGECIXBAEDWPREAFENLP
EMTHOBBEICEEL, MEOHEMELXLETRA~EZETGS, BRR
N CIIHEBBRERAr— AL OERRAE L, BRE\EBALE Tk
BERFEERNTHD,

OKBFETCOEE (21 TEECLALVEL, 1V TF¥ o RALHEE,
Re=5.9x10*) # AL THERBEBROCHEHEEZ FHI T 5 &, z/Dy=1.64
Ly, HEYEESIPHEWES Dy, 1.6 EURTHNIZ, HEY
NEZER, 53WIIHAEMAE»SOKEFRMEILOD HEEE (7@
BIMER) RV ZF0OLANDENHAFTE S,

QLB IZ LI EHIEEN JAX (R T F) VRALVCEHT S
TN DEE (LR AT) ¢HEBECHFAREZBEEK TREATE,
KBETCOEHLE (217X VN FA, 13 T7TF v 2VEHE,
Re=5.9x10%) #RALTCTH TS L, # 0.1 PLUANTHBHRAROHE
ERALHTEEEETRBENRNDIZLILR D,

2) B EEK

OAREBRERIIBWVWTIE, FEHBRROGHES (BFEDEADOBEEZNL
TWREW3 DD TF ¥V RAANLOENEBERT DA, EREET
DEMESICHEYTS) OMEER, BEWE S D (528[mm]) @ 1.5
FURTH- =,

OHZEYHERBE TCHIRETF y VRNV EFHDEETF Y U ALNLD I FH
DHENABBELDEZD, BRECRANRIBESHEZE--TRBIAR
ETH5H,

QHEMLEBMPODBLH LD WVWITEXIRARICL o TEHEHH % T
TEICHE - BERSHh, MEOEMEEITREIRD, KBFTOL
B A(217HF2ERNFA, 13 TF v RAEE, Re=5.9x10%) %
RAL THERRER dT 2 FH T2 &L, 1 RHLNIICHE RIEO RSB
kLt ETRBEINEZ LIZRD,
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E I

ABREETHRELLRROZRTIEL, EBEEARRSHT FE Ex
K, /M ZERIZKE, BAREEHFRBRLV-TOEEBS L OCAHLELERD
EBCBLTBALTEREELE, HREFHERNSHE (B8 FEFF
TEE) KA BEARCIAHELELRBREERFEIUCHRBRFEICEL T,
CHERBLOCIBEZEEELE, ¥, RFFIZ -7 BN =
Z BEXEMER (B JNEETEKRASH) T3 TF—FEFITBNTZ
FERBIUCIMEZHESE L, ZZRESEHOEEZRLET,
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o1 HFHHEREOESR

ANXFEABRBTRALELSIC, BEWER2ESDRBESEICIBWVTIL,
EABERCERTAIREEES (KHEMESRE De) &, HEDHOHEE
(R&EI) KERTAIAREES (HEDES D) B—2DERZENKEE
ET 5, KFERTIE, BEAENOEREHE (MESLHE) M+ 28I
KD EMERE De LV ERSND Re BTARL, HEHOKE &
BELEZE (BREEBROKE S, HEEBE) 2@ 38BCIIXIHE
MEI Dy AWVWTEKRTLIEEMT 5,

FAEBWEIOEZIZIOWVWTR, AIEECEBACHEYESIIHEY
MEPLHAEDLEELTWVWAEETOERO 2, EHYTF ¥R
RSP LAZOHEICE, FEDHEMON DERL 25 (Fig.3-17
BLIXUEAESR) , HEDAE»S D/ 2RO LFIcEmEAd B
WITENEBERBNFEETHILRARE20E, ARBAEZRORAIIHEYE
DB THABAHE Y, TOLFCARANFETIELELLAD
o, AEDES Dy, 2BEDNE»OBEELMAE (LB EAMLE)
ECOEBD 2 (=28[mm]=2x14[mm]) ¢ E&HT 5 (Fig.3-1 B LV
Fig.3-17 & 8) ,

BREEEABIVCZRERNOBEEFERZEZETIHES, “hbHE
WANOREDS, ABHBELANELIHETCERT S, BRITxFras i
MEZELLT, FiIgAlERT LR 1KRTORENEEZE 2 S,

< P& B8 i gH 1 > '
FEDAEG CIIHMEBEAERE U, THATS, BEUTHENCHEY
NBICTHATI2RELZEHRA TS L, FENZEOHE CONBEYRE
UyidkRD X 52id, BIIMEMBERE RS,
0) =Up-So=01-5
$1=Sp-(1-75)
g9 _ UsSo _Ug
==L = =
S So-(1-5) 1-8 | |
EhFmAEOALEZ T, BEYHEORERKEIR (ERF DT v—E
W) THEBENWIREL, BREEENOBAENANTREEL ANED 3
DICETLRE  LOBERIILTOL > ItERE 3,
Ws-Lsy=Uy-Ws-7T

_Ls_nDp-(-p) Dp-1-p)
U Uy Uo

LoT, BRAERKCBIZBMERE % c=Dy(1— B8)/ UTESET
5,

< & it >
RED LEBECRFEEIRE U CRAL, HEH TR CREE
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BORWHECST 3 FHRE U, CEET 5. BRERSAKC, &
FREEOHZZT, BEMTRORIK CERTOMBER CH&H
SnAREL, BEREHNOKESABREL ANEDEORET 3
Rl c b OBGIRUTOLS KRED, LEL, BEMNREH D% SR
AT B MBILERT B,

Ly (8-50)=1 -8 -Up - 51) -7
_Lw-(B-So) _ Lw-(B-So) Ly (B-5o)
U1-Uo)- 8 (U1 -Up)-S1 U1-Up)-(1-5)-Sy

_ B-Ly __ By Ly
1-p

_nDB OC-—%

Uy U

Recirculation§ ®
§1_ -
T T T T Flow-in
------------ Uos, (Recirculation)

Fig. A1 Characteristic Time in Wake and Recirculation
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BFICE 4B TR~ B RN ERE T
1) BEEKEROLHE
B € 4 {1 > O B E T 5 7 HH O 85 B /D (2/H)

A Standard
Re 1 2 3 4 5 ve;('age deviation /X
a

1.7x103 0.804 0.833 0.833 0.833 0.827 0.826 0.013

(0.375) (0.389) (0.389) (0.389) (0.386) (0.386) (0.008) O-016
3 sx10° 0-833 0.863 0.863 0.827 0.827  0.830 0.023 o oo
' (0.372) (0.389) (0.403) (0.386) (0.386) (0.387)  (0.011)
5 ax10° 0-863 0.863 0.863 0.869 0.857  0.864 0.005 oo
' (0.4086) (0.408) (0.403) (0.406) (0.400) (0.403) (0.002) -
s 0.940 0.857 0.857 0.857 0.857 0875 0.087
6.9x10% (5 403) (0.439) (0.400) (0.400) (0.400) (0.408) (0.017) ©-042
s 0.970 0.970 0.970 0.857 0.857  0.927 0.064
8.6X10% o 458) (0.453) (0.453) (0.400) (0.400) (0.433)  (0.030) 0-069
2) ERBEBAOEE
BREBEH BT 2N J7T
A Standard
Re 1 2 3 4 5 Ve,;age deviation o/X
o o a
1.7x10° 89.5 79.2 53.0 74.3 56.3 70.5 15.5  0.220
3.5x10%® 15.6 285 29.0 22.1 21.5 23.3 5.6 0.238
5.2x10° 14.5 13.7 11.0 11.3 14.5 13.0 1.7 0.133
6.9x10® 8.5 10.1 8.2 8.9 8.6 8.9 0.7 0.083
8.6x10° 6.7 6.9 5.7 6.1 6.5 6.4 0.5 0.075
BREARICREBIT2BE B (FEBRBEE)
A Standard
Re 1 9 3 4 5 "e}‘gage deviation /X
22

1.7x10% 0.030 0.027 0.038 0.030 0.039 0.033 0.005 0.167
3.5x10% 0.137 0.081 0.087 0.098 0.095 0.099 0.022 0.220
5.2x10% 0.183 0.193 0.215 0.233 0.176 0.200 0.023 0.117
6.9x10° 0.310 0.239 0.304 0.329 0.314 0.299 0.035 0.116
8.6x10® 0.300 0.356 0.425 0.397 0.384 0.372 0.048 0.128
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3) HBFEHEEN O

BRI O SRR DPME Ly/Dg

A Standard
Re 1 2 3 4 5 Vféage deviation ©/X
o
1.7x10% 1.247 1.217 1.103 1.193 1.425 1.237. 0.118  0.095
3.5x10% 0.811 0.972 0.865 1.205 1.229 1.016 0.192  0.189
5.2x10% 0.614 0.7567 0.704 0.757 0.674  0.701 0.060  0.086
6.9x10% 0.769 0.644 0.793 0.781 0.674 . 0.732 0.068  0.093
8.6x10° 0.781 0.823 1.062 0.829 0.775 0.854 0.118 0.139
FAEDBZRICBT AEEER IT
Re A Standard
1 2 3 4 5 VEIage (eviation o/X
X
a
1.7x10® 41.3 45.1 45.5 50.3 42.2 44.9 3.53 0.079
3.5x10° 215 27.5 32.2 250 24.8 26.2 3.97 0.152
5.2x10° 12.7 18.3 151 114 16.4  13.8 1.98  0.144
6.9x10° 14.2 9.5 12.7 9.7 16.4 12.5 2.96 0.237
8.6x10° 9.3 14.2 10.7 12.8 10.8 11.6 1.93 0.167
FEYBRICBTA2HBEB (HFEEEFER)
Re A © Standard
1 2 3 4 5 Verage Jeviation o/X
X
g
1.7x10° 0.066 0.055 0.064 0.052 0.047 0.055 0.007 0.130
3.5x10% 0.110 0.091 0.088 0.097 0.089  0.095 0.009  0.094
5.2x10% 0.201 0.220 0.169 0.247 0.174 0.202 0.033 0.161
6.9x10% 0.186 0.216 0.185 0.217 0.174 0.195 0.020 0.100
8.6x10° 0.249 0.201 0.252 0.225 0.234 0.232 0.021 0.089
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fT# 3 HEREEHER

AREARBLEIENCRCRBREAEZAWVWT, BEHLTHRBEOED
BHEZHELTWDY, BEBLE2RELRZVERETOREIBERREE Y
Fig. A3 ic7xd, “hizck 3L, Re=1.7x10° (JiE LM 0.4 [m¥h]) B X
% Re=3.5x10° (0.8[m%h]) W DLE R ~DOBBHRITH -V,
Re=1.7x10° (KB &H 0.4 [m*h]) TEEREI CEBROE T L H#
BaEhns, HEBRLEHFETCOENBERBERZI 7PV XAORIY B X
ERfELAoTWVD, RBENTICIE, RBHFTORIH LELAESE
EFHBMEREEL TS i, v -2 3n8l&nie—4%7
v I PLERENTEIELE T ey 7EIREIEZLOMMYBEET S, AR
ANEIZRINALOBEEREADVELLTHEAVORRERLEZ X N
B, FIT, RRATE2bhAHEFOEEERAREZAVWT, ERESE
Y 5.

L: —210g10(1£g—]+1.14
Je D

T, kslm|iZHE, DImliZF ¥R ERT, Fig A3 79 & 51T,
ks=0.9[mm]é T A LERBRL LI —HT D, FEREEDOHE, HE
i 0.9Imm], EMMAETHE & ks/D=0.057 LFEMTE 3, 5b—TFT 4 —HRE %
B2 L, ke/D=0.057 @ & & Re=1.0x10* F TiB I fH ik & H kT & 312
Fig. A3IZ B W T EBRK R Re=3.5x10° (0.8[m®*h]) £ ¥ &\ Re T,
EHBEBRHECIPIBHREOENESL (64/Re) LV HREL, —EEE L
RAOTWABILEDLER~DERBEARTZIENTE, A—F 4 —##
BrbnHEL—HT2d, L-T, Re>5.2x10° THHEBH L EE ~D 1B
EEETHY, BRI REREOADTHDI LERZ NS,

0.16
: @ No Blockage(Experiment)
044 | ¢
— S 64/Re
= 012 — — Blasius Equation
8 ~-—— Rough Pipe {ks/D = 0.057)
£ 0.0
0] .
2 .
O | : £ =0.076
@ 0.08 Ao e R ®
9 @
-l .
o 008 ‘
a ‘\ o~ ~—
g 004 | et O
o @
0.02 |
0.00

0.0E+00 2.0E+03 4.0E+03 6.0E+03 8.0E+03 1.0E+04
Reynclds Number, Re [-]

Fig.A3 Pressure Loss Coefficient in 4 Sub-channel Geometry Test Section



