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SR A LTI R

ud Re-v
= — u =
V d

KERILTIX, LA VXA 250, 500, 1000, 1500 & 725w e L=,

Re (2.5.1)

252 Xt M EOEREY

RIEHTIL, RNOEEENERTE - 5 B (FERRLE s B~10 #) %
10 H L, BT LRIl M Ny BLOEH XL MK Num T
AHE L 72, £ K250 (On TR ERAOEEFMES (M~ Nse DEF 56
) OBMRER by 23K, TD%k, BATX A MEERDE. XL MK
TR XL AR ES{LTE Z L TRDI. LTICBMER , BFrxX -t
N, EHXEL NEOERERREY T,

M=E;%a- (2.5.2)

Nu; = % (2.5.3)

Nu, = ]—4 j Nu; dA (2.5.4)
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back
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| front |

NlNZ N'ISNN
Fig. 2.5.1 Position of temperature evaluation point.

- 15 -



253 EEPHEORY HKLY

IRENFE A5 LA DEEIIERORBLE L HIZELL, Thick-T
7T v MV, BMERCERB K OB EOMHEEL (LT 5. ERDOY
HEIZOW T, | RIETICRBIT 29MELZERATFEREIN LR L. &
HEOELRIIR/NZRELAWVTER L., 77 b PHIZIREICL -
TITEAEEL LW =8, Pr=0.71 ZR\ o, BIEEE o [mm?%s] 8L UE)
AR Y [mm¥/s) 1E, RO X D 72l XNTHE & 7-.

a=0.0001606079-72 +0.1287699-T +18.87116 (2.5.5)

v=0.0001091084 7% +0.08928413-T +13.52223 (2.5.6)

KR RAEA[1/K] FLULTOXTEZ HND.
1

= 257
’ (273.15+7) : )
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BEBATZITOTODEBLE L TA Y 2N EDOL I REEELEZ DN A
Y afMEEZTA Yy Y a2 REEOFTMEZIT-T-.

2.6.1 FRITEY

Ay 2 KFEEFHET OB, AvvaDfRHl L TRy 2 0REF
D72 VEDS Typel, Type2, Typed ERE L. FNFNDOFRMELIET
BOBRER 2601 IR T. Eio, 261 ICENETNORERTET V&R
7.

262 HEES L UER

(2.62 ICHBEDENEFNOERFIMLEDRFX B NMIAETT. £TD
HTA Y Y a BBEMT B >NEFEHXEL ML ERLTWAZ Enib
5. F12, K263 IZREEOEZNEFNOEIZKITAEH XL NERT.
FHX LN MUIETOET Type 3>Type 2>Type 1 L7225 TW A, LaL,
FNEND A v 2 FHFEOHT Type2 & Type3 DFEHX &/ MNMEDBEITE
TOET SBURNE R -T2, Ko T, 2.7 EiLARBRIIEERENTIC u\mh%-
R A ERES A DIC Type 2D A v ¥ 2 FHTHERITZ1TO 2 LI L.

Table 2.6.1 Condition of dimensions of test section and test prism.

Duct width b4 [mm)] 80
Duct height A4 [mm] 40
Duct length /4 [mm)] 250
Width of prism [mm] 30
Total mesh number Type 1 Type 2 Type 3
290000 800000 1800000
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27 TEMEDESR

ZOETIE, IREBMICLIBMBOERLER LI-ERRERNICERE L
EH M E % FF OB EERME Y OREBYEENR & 27— L ORBRIZ SOV TEE
L RICOWTIRAND . I, ERREDORr — L EN—R L RBET L
WXL 12, 14 LR/ SETBEITRET HEEREOE(LE ZDREREICTS
WT, HEMRIFICEVRIELE-ERIZOVWTHRET S.

2.7.1 BHEH S L UIRBIERE

£ 2711, KR TR TZERREOTEEZTT. RO, 2281 T
B L2210 OMBETALEFERLE. ZOMES I ORATLOTES
EETELE LT, RT7—ABN/hIWGEDIRENGEDIEEBMREELIRIZ OV TR
T A7, TNENDOHEE 121&, 14 ZICLIZBITET VEEF L.
LIt#%, BEDOETT L% “BaseModel”, 12 {£DET /L% “1/2 Scale Model”, 1/4
ZEDET /N % “1/4 Scale Model” & MFRT 5. 7235, 1/4 Scale Model D FEENED
DR EIDH, EEBRFHMTH XIS TE 5 Base Model IZXL 13 ZIZL72d
DEEF L., TNEFNDOETLOERIEFIFALE L, EETLVOBKETFHELE
271 LTe. F70, 271 ICAME CTRWERBROREREF 27T, &
EHIARENE & LT, BREICEWEREAER L. i, BEREAHICE
BICMEZBIR ST D2 LT, BAHMBABONEBRICE({LEEDHZ L
EERLTWS. FEOREEEZEE L TUT OB CHEREZERE L. &
BAtED> 5 0.05 A ZINEHHE, 0.05 ¥h b 0.5 WORERKILE TORERERE
M (U EZINERH EMEFRT ) , 05806 0.55 EZBERHM, 0.55 #h
51 ETORMAEREY o CORRRER CILEZBERBRHEEHRTLH) &L
7=. SEORSEREIT 1Hz & L, mRAMEFLA / LV XHEELLL, B
MERENEFMEFELL 2D LI ICIRBMOMEZRE L=,
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Table 2.7.1 Condition of dimensions of test section and test prism.

Base Model 1/2 Scale Model | 1/4 Scale Model
Duct width bq [mm] 80 40 20
Duct height Ag [min] 40 20 10
Duct length /4 [mm] 250
Width of prism A, [mm] 30 15 10
Total mesh number | 250000 200000 150000
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% Vmax ..................
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z
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Q.
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0 0.05

0.5 0.55

1.0
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Fig. 2.7.1 Time variation of flow rate of pulsating flow in this report.
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272 BEBSLUER

2.7.2.1 BhBOEIE

T MRBOFRICL - THETIHLEDY OMNOE(L 2 HERT 5. K
DI2WZENFENDET AIRIT S Reg = 500 THOLNTEE~NY 3%
AT, ZZ2Tr=0555~0.6s IO TIXARBIEFEDOBIERBFANERE 7 kLby
MOEERL, =105~ 110 i%, IREEEFOILERE T OFRENY KL 555
DELERL TS, 1=0.5s OBERBICADERITIE, FOFRHIZBNT
L ERER R T3 L OMAIE IZ KB AR S 5. — OFIBESIC, BoRFHM T IR
WTERNODMWEFUNZ X ATMANANE LTV B Z EMARbnd. 2k, Bt
L CTREIZZ2-> TV AHBEROZERICT L, BIERFOFFLEOEIE TERDOZE
KOBENEINT A=, EftEH S FBEHR IS LENATER IS =0 L
ZZ26N5. ZICK D, B, FEEHR CTREMERENRD TIEL 22 DI1Zxf L.
BReh O T TREVMEER 235 Z Lonh, EaEE0OmEMEREN A L L
mEEZLND. LHL, ZZITEHEBLAEVLDIE, ThENRDO A —ILETIL
DREAFE (EhéhERBEBEORO 7 ) T 52 28 2%, t=06s THLA
BHWEOMIERN RSB Z L ThHD. Base Model DFm bRV EZRL TV 5
DIZXFL, DET A TIEAr—AB/NEL 2B N THEFRDOFENMET
LTWa., ZAUZZ7 V7T 70 AEOFEEDEINC L 0. RO DOFEM
IINTERNZ 2> TWVWAEHEEZLND.

t=0.55 fﬁ»«.
ot 'iﬁs*ﬁ?’ i —
t=0.,555 [:y

t=0.6s D
t=1.05¢ D
t=1.10s J D‘ L
’r:‘”' oo b [ S
(a) Base Model (b) 1/2 Scale Model (c) 1/4 Scale Model
Fig. 2.7.2 Time variations of flow pattern of pulsating flow around test prism in the case
of Req = 500.
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2.7.2.2 BEBOE

WIZEBEDREVERE 2 FERRT 5. [X2.7.3 12 Num & Res DERE, X 2.7.4 12
TE EIED Num \Z %t 5 IRENFED Num D %773, Base Model, 1/2 Scale  Model
DHEET, Rl L OTARENEDGEMEREDEEMERALS LI, EFIMEL
&L 72 BERMB I AT, FFIZ Req B3 500 226 1500 DD LLASARENIE T &
SBEETHDHI EBbooT-. £D—7F, 1/4 Scale Model DFERTIX, WRENR
DIRBMEREDBEMMER R SN2, EETRD Num (1T RT3 IRED
FTH NumDEEREL 72D Reg DIENRH D Z &by o7z.

X 2.7.5 {Z Base Model DZNENDOEIZIIT B X/ NEDORER%E =
9. Req 7% 250 DIHFE back E CARENRDIGEMFENEVMER DA HND. £
72, Rea 2% 1500 DFE, back mLMSMI S side 1, side 2 D THREN L DI=EVEF
MERBWI ERbootz. 2L, EICdR7- L HIICEFRDOBE, REAKYE
BICHIBEE N RA L, MMERT 5= side 1, side 2, back H CTREWERE
DIEL 2o B s, —F, IRENWEOSE, R B HIBEE A~z &
D EROTMNDTRILIAT =D, EEMREIE R EBI 6N 5.

X 2.7.6 \Z 1/4 Scale Model DEFNFNDMEIZEIT 5 X /L MO BHR
ZRT. Reg 23 250 DB A, back HIZBWTHRENRKD X /L hEEAEV. Lo
L sidel,side2, front CARBWRDGEMERED E < 72 B 72025 72, Req A3 1500 D
HBE, TXTOER TCIREBNEDOEEMERELNE 262 o7, T side 1,side 2
DE TEEMHEEICRKE S ERH B Z ERbmroT=. Thid, T & TREKEEDK
238 < FRIRASENN U RIBER S E LS 72 0 WA EA LIZ < o779, side
1, side 2 DX TN MEINEFHRELD BIES o EZX 6D, back mIZE
WTHZ VT T RFREDEMZ L0 HFRPED L X M EBMELS 2257z
EEZ26ND. F£72, 1/4ScaleModel D L H1Z, RAT7—ABN/NIEWNETFT D
WTHE, BERYIZBWTIREOEMEZER L KE REEL2RITLTVWELEE
Zbhd. ®2.7.712, BEREH 0515s~060s TOMBAOERDOIBRE LF
ElexErT. T2, FHES Mi~Ms) OILEBZK 2.7.7 (¢) (I T (M2, Ms i
MEEHR). BEFFESIIBERASHETRIIBWTAONEHEREORK
BETEBIELTWD. ZORBRENS, ZAT7—/NEL o THEN/NEL
725 E TN OEBYREZEDN 1/4 Scale Model (12330 T Base Model & b~k & <
2o TWVAIMESINE LTS Z ERbnd. Z0Z LEBERBRAHHICEITS
BREZRORE, T2bbEMTHOBREMEDETIZENR - TS LEEX
b5, FIZAREORWEINERRETHI I LL—EHTHD L Ebh
D.
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Fig. 2.7.5 Comparison of Local Nusselt number between pulsating flow and steady flow
in Base Model when Req =250, 1500.
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Fig. 2.7.6 Comparison of Local Nusselt number between pulsating flow and steady flow
in 1/4 Scale Model when Req = 250, 1500.
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Fig. 2.7.7 Relationship between temperature rise and time in the case of Req = 1500.



Air Flow

(c) Evaluation point of air temperature
Fig. 2.7.7 Relationship between temperature rise and time in the case of
Req = 1500.
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BRALE S B D RAVCBEE R B A 5 2 A AREMENR H B, Z g, IRENLIC
L AEBVBEEDRIZL —TENEENH D LBTEIN, LVEDELRGHEEE
WA 5702, IRENEF L EEREOMBZ2RIET S Z & 13, EEOEFHIR
BH~DIEAZBETIZTEERRT vy 7 THA. £, b ENV DES
DAL, TR bIMEEIIEBI A L B R 7OMEICLERT S 720, FDHE
B RBFIEIC DWW THREET D Z i L 7=,

AEN T, BUESRT R L OYRBVERIC L v FICIRENEE O ILERBRIC B W
TRAEL-MEESOZEAL, BoREICB W TRAE L -BOEREASDOE(L, UkE
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Fig. 2.8.1 Pulsating wave and steady flow.

2.8.1 ILEESLDOEIE

2.8.1.1 AREIEHE L URBRHEY

X 2.8.2 12, REFTHWIRENEDORERF 2 =3, IRENEFIAELL =%
GOEERFES~DEBERRIET A0 3 DFFT /2 —2 A=, Nk
ICBITHEREARICERZEE, b LRV EREDRERVIENS Type 1, Type
2, Type3 & L7, F7z, £281ICT A M7 T a3 LA S E =R EHR
BNEMEE T

Table 2.8.1 Condition of time-averaged supply flow rate in test section.
Time-averaged Reynolds number : Reg [-] 500, 1000. 1500

Time-averaged flow rate [x 10 m®/s ] | 2.54~11.5
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Fig. 2.8.2 Pulsating wave pattern of flow rate of pulsating flow in analysis.
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DX NS D TN ENDARENRE IS (T 2 IRENGT D S XL
ROt ZRT. ZFNENOIRENEFIZIBV T Type 1. Type2, Type3 DIEIC
SHERVEENEVIERICEHI L NERE G ENbhoT. .
Type 1 IZBVTH 30%02 6 40%mEMERERE < 2> TV D Z &dvbhooTz.
WIZK 285 ICENEFNDORERERICBNWTHEZRATX L MO ELER
TRERNESOBATICL 6T, EERLY LIREBNIKDOEERFHEDO F R E L 72
STWA Zenbn»d., it Saflms X 0% FioAEmk S n 2 FIBESIC Ak
B OBIERFICHR AR X 5720, BELEMRENED TR 2 58&DOT
TR L CTIREMEEN 2 SN THGE2EDmEMRE L mD DL Z N TE L
EEZOND, Fiz, TRTORERESICBWTHRTX /L M UE Typel,
Type2, Type3 DIEICE 2 &35, ZDEAEE LTS LY 28R &
FTITRKREL 720, BRRIEORENE L 25 7, BEMEENR R 3hi-T-
HEEZLND. £72, Typel, Type2, Type3 DB THRENGE D R RE (2T X
HUERBRROFFRRMI R, BEEOETF®m T TIER < BEEMAEmE T8
WAEIVIAATETZ O, BERENEATZLEZS 2 ONA.
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Fig. 2.8.4 Comparison of average Nusselt number between pulsating flow and

steady flow in analysis.
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282 BEESL\DEI

2.8.2.1 IkKBIBEKE LFUBRTEH

X 2.8.6 2, RETHWZIRENEE 24, IRENEEILELLZHE DR
FrE~DEBEBRIET D700 3 2ORZ—  OFERE AW, BERHIFEICR
TOREARICEREZEE, YT OFEEDEVIELS Typel, Type2, Type
3L L7z Fim, E282IZT A MBIV a VIIEREMAIEZ L 2 ORFME
R E DR T

Table 2.8.2 Condition of time-averaged supply flow rate in test section.
Time-averaged Reynolds number : Req [-] 250, 500, 1000, 1500
Time-averaged flow rate [x 10 m%/s ] . 2.39~143
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2.8.3 ARENGG BT EDEIL

2.83.1 ARBVERE S URHEHS

2.8.12{2, KR THWIRENROMERE 2/ ~T. Z Z TIHAREIE L
L L= E DRBEEEOEEBLRIET 5720 7 2D F —L DEFE AW
7=, URENRFOERKFEIE ARV MEIZ. Type 1, Type2. Type3, Type4. TypeS,
Type6 & L7z, E£72, K283 ICENEFNDT R MEZ L 3 VITHASI R
WOFRMETT,

Table 2.8.3 Condition of time-averaged supply flow rate in test section.

Time-averaged Reynolds number : Req [-] 1000
Flow rate [ n/s ]
Type i 0.993
Type 2 0.745
Type 3 0.596
Type 4 0.497
Type 5 0.426
Type 6 0.373
steady 0.298
1.2 Tl
Type | #Typel
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Fig. 2.8.12 Pulsating wave pattern of flow rate of pulsating flow in analysis.
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Fig. 2.8.18 Relationship between Nu; from: and time in analysis.
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(a) Non-rib model

(b) Rib model

Fig. 3.2.1 Analytical model investigated in this study.
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(a) Equation of Continuity

) (3.2.1)

8 V(&é}:i@+v
& C (3.2.2)
[V{VU+(VU)}]+{L-ﬁ(T—TU}g
(c)Energy Equation
%W.(n}):v.(aw) (3.2.3)

IIT, 7 (m/sIEEENY ML, o [s)3ERR, p[m?/ SAERE 2 RERE T
Bl o 7B, vim?/s|iTEVREELRER, S/ K IXERERSRRE, TIKITEBE, T
[KIIEERE, g(m/SPUIENCLAMEE, o[m?/s|iIBVEEHETHS.
X 3.2.2 IZEEATET LV OERFHEZTT. STET L0 ERAIZADER %2
REL, KiEERI L., HOXBHRBENED TH Y, MOBEIL no-slip wall
DREETH 7. BYRZOBERFHICBE L T, MARIZ—EDRERER & L,
MHEHOIIBEEOERL L. BEBOERTH Y KBEBOBEIEIZ SIS T
LM —EDBRARER L L, LEEIMEMER & LT
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| <mlet> | | <Outlet>
' Unifog flow (ﬁxedlalue), Pulsatile (Velocity is changed) i | Velocity: Free, Pressure: P=0

P I. R
ﬂ

@) Flow direction ( -
| <Wall>i=0 |

(a) Flow boundary

 <nlet>T=293.15K | | <Otherwall>Adiabatic | | <Outlet>Freeoutlet
- TR g U I 52 i

r//
w=) Flow direction — ,
. <Heating area> g = constant |

(b) Temperature boundary

Fig. 3.2.2 Boundary conditions of each analytical model.
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33 MIEY

F 331 IR~ 331 ICHARESLMOREBERA TS, £
7=, IRENREDHEXSRE LT, EMESTOIEIL, RO LA 2L ZEMN 25,
50,100, 150 & 72 HEIZERE L 7=.

u.d

Re, = Y (-] (3.3.1)
v

ZIZTC, wa[m/sIEALQTONLYEHFTRETH Y, da [m]ILTEEE DK HE
BERTHD. IRENEIZE L CIRAREDORHEZELIX, KOFRN ORFE A
BERAUCICT D70, ERREFATFHORENFLIRDLIIERELE. Ik
FEEEIZ I Hz BEL W 2HZ IZRE LT, MEOEMEE OFEMIBSFE TH
vV, IEBEAED S 0.1 B TRAMEISEL, BOREBENS 0.1 W THREN Yo
2725 X912 L. £, EFREFHETHRELZ B D7D, HEliFx
KIRE (K3.3.1 D Vimax & Voma) ITEFETMOFKIREL Y b ARENRD F A3 K
T fEefia L7,

Table 3.3.1 Analytical conditions.

Flow condition Laminar
Working fluid Water
Analytical target Fluid flow

Convection heat transfer

Req 25,50, 100, 150
Pulsatile frequency Steady, 1 Hz, 2 Hz
Mesh number About 180,000
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Fig. 3.3.1 Time variation of flow rate of pulsatile flow.
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DI COMBEMRET, UTORFIEL M Vi) BLOERS
EOEH L ML (Num) ZBGVTEME L. - - T, FHRECFE My 365
BEEAEWRL, FEN— (IR ES BT 5.

Nu,, = ha‘d‘ ] (3.4.1)
e p = T"T [-] (3.4.2)
N, = L Nu,, [ (3.4.3)
W = [ WL, -] (3.4.4)

4

ZIT, h W/ (m2+K) ZRFTEBMRERE, T KA DREIRE, Ti(K]
IIMNBAGRIR D BETRE. ¢ W/ m2)IIBNRR TH D, AR TIE, ADIRE T
AV TRVRER A TE L. RIS, BVEEREOTEIL LY THIRE
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EERATARETH DD, REWROSGE, LD RBETHIZ:F R @ERNICE T
5728, ZFHEAIZRBT ANV EBREDOERNPERE 2D, £ T, Hi—
HREEZAWVTRMORBMRERLZFTMT 27212, ADRMKRE Th % X
BERE L Lo, Nuc  OFFEZNIZ1 # (1HzT1 B, 2HzT2[E) &L, Ji
NHREELTWARKRED | EOFEHEZANT, X 3.43) , X (3.4.4)
EEELE. EHX L MNEOFMMERIL, VI EET ALV TELTE
7L ORI D BREE)> S 10 mm ~ 60 mm D EIZERE L7-.

F7o, IREWFICEABERLE(LT S0, ENBEXEZEE L-GA%REOL
BIZIE, RFEFEHRENR UHE O EFTICRT T 2 IRENE DB RO EE

2T 218 L LCENRKE BURMEERE n 2RDHE L7

n =Sty /Sts)/ (fp/ )" [] (3.4.5)

ZZT, St (=Nu/(RePr)) IZRFZ > F T, Pr 377 bAETHS. IR
FO p IIRBTEDE, HwFDO s ITEFTOMEE KT, 1 Fanning DEEE
FETHY,

f =APdg/ (pua1)) [] (3.4.6)
THbd. ZIZT, p [ke/m3)TKOFBE, |[m)lTRERITHS. AP [Pa)

IIEABETH Y, HERAOS 10mm OFRBHEmE, THREIOV 7226
27.5mm DORBEHE TENFNEH L=FHEOEL L TRDT-.
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LA NV ERENEDFEEIZH )b 6T, X'/ MUZZER 2T ERGH
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oo T, AWM THRE LN EHOSEE T, IRENG CEMZR Y 7 FA®D
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Fig. 3.5.1 Relationship between the time-averaged local Nusselt number distribution and

the position in the case of Non-rib model.
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Fig. 3.5.2 Relationship between the time-averaged local Nusselt number distribution and
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(b) X 2Hz OAREBNEEEDOFERZ TR L TWD. 22T, (1R, 1301
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Fig. 3.5.3 Relationship between the transient local Nusselt number and the position during

acceleration period in the case of Rib model and Req = 150.
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Fig. 3.5.4 Relationship between the transient local Nusselt number and the position during

deceleration period in the case of Rib model and Reg = 150.
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WS, ZOBE, EROMNBEL, MOBERME SN TV =LEEZ NS,
ZOfEMIE, t/A=03 DREREZ BT A L THIBTES. LEB-T, ME
HRMFORBTIC LD Y 7OEROBOFEILX, V7O%AOMEEL R L
IFHEEZLND.
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Fig. 3.5.5 Comparison of vector distribution and path line in the case of Rib model and |
Hz of the pulsatile frequency. The color of the vector and the path lines means the
magnitude of the flow velocity. Here, the level of the velocity was standardized by the

maximum velocity magnitude in the case of 2 Hz.  means the time and A means the cycle.
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Fig. 3.5.6 Comparison of vector distribution and path line in the case of Rib model and 2
Hz of the pulsatile frequency. The color of the vector and the path lines means the
magnitude of the flow velocity. Here. the level of the velocity was standardized by the

maximum velocity magnitude in the case of 2 Hz. t means the time and A means the cycle.
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Fig. 3.5.7 Comparison of time-averaged average Nusselt number on the heating area.
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Fig. 3.5.8 Relationship between Req and Num of rib model.
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Fig. 3.5.9 Relationship between Reg and AP of rib model.
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Fig. 3.5.10 Relationship between Reg and 1 in the case of rib model.
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