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Ra = 10°
Nuy, U, Us
152 x 152 6.32 0.347 0.390
200 x 200 6.32 0.347 0.389

F2 WANE Y LD Nu, O
Nuy,
Ra 102 10* 10° 106
Present 1.29 1.53 4.04 6.32
Lee & Ha'V 128 155 3.96 6.31

T152x 152 &£ 200%x 200 & LTl E{To72, F&11
MEIND LI, BIEEEZTS Nuy, U, Uy I
RKEBEADENZ LD 6, AR TE L MY
A RADZYTH D L RMERL 1.

RIZ, HEE7 24 RBWTENOIHEZ BT
9 2 CHMICHED { CFL &M & L7 00 2 iR
T30, RIERTICT27—F v O, DT
DEITEHEL ™, FLA ) —BOEHIREIZE TS
Co DIKAE Cy pax ZHERL 72,

lui| + a lua| + a
= A A
C, = max { Ar, t, Azs t (35)

2T, At FEHEORHZIAME, Ax; (& AOGE
BriRTh 2., KL A4Y) —BOEFREIZE W GHA
INT Cymax 13, Ra =103, 104, 10°, 10% 1220V,
ZNFN3.50% 102, 3.90x 102, 4.58 x 102, 4.25x 102
Thote, UEORRED, FHICEDC CFL &5
BiEh, BNEEAX—L2H0354AICHRT
At ZRELRETETCRSZ EZ2MERL 7=

TEHIRRBIZE T 2 Nup 1220T, Lee & HalV 1T &
ZEHERR DI ZR-2 IR T, R-2IIRIND K
I, BTDOLA Y —BDFEMFITE W THiH OEL MY
RELHLTOEIEWrD 5, DEORERELD, $#2
R LTI Ea b S i S o i A % 7
WY LERBIME O NS Z L 2R L 7.

LW, AT =100 [K] (BAT = 0.286) & L, ko
FEAftEDS & 0 B & 75 2 S ORISR 2 1T - 1o &
R, %8B, LAY —BUI Ra=10° L L7, B-8ICE
HIRABICE T 282 R, FiRoMEIEZ AT/10
TH5, B-8IIRENE LI, AT=100[K] & L%
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-8 EHRMRREICE T 2 M (AT = 100 [K])
(AR DEIRE I3 AT /10)

R-3 AT T X 3 BEEEND iR

p/po
AT [K] | Max | Min
) 1.008 | 0.992
100 1.157 | 0.870

Nl

G D EEICEIR AT 2 LRETH D, AT =5
K] o6 L FER, FHEFIRNICE W ERRR A
2L RMER L. L, FAELLERROR X
AT =5 [K] D& L3 ATH 7, &k, ERIR
BIZBIT D Nuy, DfEIZ 6.31 TH D, AT =5 K] D
e B L7 £/, EFEIRBIZEIT S Chmax 13
2.86 x 102 TH > 7z,

TEEZAIC & > CEHEFEIRN C4: U 2 itk o B4
LZ W T 272012, p ZWHNREEICE T 2 22 FY
BIE po THRLU 7% p/po Z BRI EME T T L 72, &R-3
IZ p/po DEKR, B/MERT, R-3IRENB LI,
AT =5 [K] DEé, FSNTEL 2RI %
EEOZRIZ 1R TH Y, M2 RE L 7@
EEHOTOMER W E3bh 5%, —J, AT =100
K] D, #HIRNCE U 2 WIHIREBICNTT 2 D%
LRIIRATI5.7% EB>TWw5, ZDEkIHIT, ATD
EDREL B 23 EWMEOEEZDRELSRD, E
Mt DEDGEE L o T 2 L 2HEEREL 2.

4. [EEEY SIE=ATERED O

RSB § 2 IR § 2 AR TPk o 1 2 s
T 2720, MY 2 IE=MIGIEERE D OB Z G
L7e, REMEFEBROGHEERZE-9 1277, B-9 1258
ENB XIS, FHEFIEANICIZELEZ PL & Lz
T2 IE=MAIEREGEIRE S N, 2oLl (RLmz S
D& L7t r, OMN) GRE T, TELT5. £,
AMREI OB RIREE T, T & & L, T, = 400 [K],
T, =300 [K] & L7, FHAESRORE L1X5.0x 1072
m] &L, EZMAEEROELED KM E TORI

B9 [Hl5d % L= P2 & TRt Rk

ro (& L/3, MEAGEISOFPE ry, (& 30/40 & L7z, 72,
BN g 1% 9.8 [m/s?] & L.

1E = ATEEAR fE I w CREEHRI D ICREER T 2 b 0
& L7, PIREBICE WO IEEIEL T 570, G
FLFHAR IR 1 AR DS L %2 5D & P o3 A 1A Hfe A3 4R
U, ZOWDEKE 2> THEAE D O%EE, REDHRH
REIT 2546055, 22T, Lo k) RifEOR
HR AT 272012, w2 T LI Ic5 27,

w:;w O<t<t) (36)
b
w=m (<t (37)

7B, AW TlEt, =30 &L DEDkIig,
AWFETIE R O [[HHEE % 4] ¢, £ TORMIC 0226
WAITHINEE T E LT,

BEh§ 2 EEN SRS IO 2B E%25HH T %
7o, AFZETIEPIEAY 7% )Lk 1) L kO Fik
ZRAL 2. BRI, S3HERET7Z2 S 6l
7V TRL, 20V 7O LEPIEZ AT
FEROAHICEEN2»Z2HET S, 2TOY 7TE )L
WXL CHEZ T o 728, BRI EEFN Y 7x
VOB S FAHE IS O B EEROEIG ZFEL 7.

TR I IR SR ORE SR 2 W T 2 225, [l
Bk (Fe) EARE L 7z, B8 L7k (FIIREER), Eiikowy
HfEER-4ITTRT, RAIWRINB L), BFHETIZ
WIRABIC B W CTHEE OB IR DEIED 6.73 x 103
%, RO BRE R TAR O BYREHK D 3.21 x 10 £5
L7,
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R4 Wifk (265, PIIMRIE) &R (3F) oWtk

Fluid (air) | Solid (Fe)

p [kg/m3] 1.17 7.87 x 103
A W/(mK)] | 250 x102 | 80.30

Cv 1/ (kg K)] | 4.20 x 103 | 4.42 x 10°

PLED &9 &b, BTmos£% 150 x 150,
RFZI 208 At %2 1.50 x 1074 [s] &L, t=12.00 [s] £
TilRZT>7. &k, AERRIZIE=ZAFEGKED 1
AE L THIREED L A U — 8 Ra 23R L7 E 2 2,
Ra=251x10° Th-o7, 7, FARICRERS ZIE
“AEERDO 1348 L, SRZAICB W TR#ER Y b
DREZV (=43 +ud) DERKEDP B LA 2 VB
Re ZEtHLL7- L 2 A, t+=12.00 [s] £ TOFHR TR
N7 Re DIAMEIFH 3.22 x 102 TH - 7=,

BT S N BRI O SR 2 B-10 IR T, &
B, B-10 IZB VW HERR MR (T, — T.)/10,
o BRI L EROBEREZ £ T, B-10 IR
Nz kI, FHEHGBE EDICEFTREMEEICE ST
AN OWE AR D3 HINZE L Tw L Z 01,
RO REAHE E CHMED D, FAOWAEIRD &
NWQFEIRNSFA L7, £, B-10 (b), (c) » 657
225 &9, E=MAIEOREIESREEET 5 2 8T, THM
T CRE A D[RR 5 17 & Zn] D oW»BFEEL 2. &
B, FEEOBILERIINAEDOBREHRD 3.21 x 10° fF
EREWD, t=12.00 [s] (B-10 (c)) TIEANE
DIREPFIE—IE o7, £/, t =12.00 [s] TD
HFHICHD 7 =7 v C, DIKAEIZ, 1.81 x102 T
Hot.

PLE, $REL ATFEZREET 2 E=MAIZEEE D ©
Bt E 3 5 2 Lo, BEiT 2 M &
AR D BGH IR 2 E G 1 E TR T E 5 2 L 21
L7, F7e, BT 2 ik %S BVE TR A
DI 3,000 ~ 7,000 5K E R GAFCLREICETHRTE S Z
&b CTHER L 7.

5. &S

AR TIE, B Y CREL ZREARE T VICED
AT & RO BGlRGHEFRIC R 2 A, i)
k& B R TYMEAE D B 2 550 EA TR Tk %
REL 72, BARRICIE, SHBGOMEZ T 2B
Wtk ES R 2 E5E L, MBI X 2 EEE{L%E G
BT 2B R YD Sk & 7z BB 5 R
EHOCEIEZIT ) FIERREL .

REL L THEOEMIEZHER T 272012, 713§k

(c) t =12.00 [g]

B-10 #RZNTE T 2 IS & SRR

1k L 2 IEAEREEZ &G X v © T 4 WO BAMREHR
ZITo7.. ZDORER, ARSI O M & EARPEEO 2
BENME-ICEIR SN, ZYRRES PR ND
CLEMER L. 7, MBEVEICE T2 XL
BizownT, Jifk s FERoEREICHEE T 25T
ZHv, SO A W BREOHETF
RIS BRERID L X T B LR MER L. &5
12, B & TS 0 BRI 2 A 28 2 CRUEFERR & T,
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5.7 ZEEMRIERE % BAT 239 0.3 L 2 2 REICRE S
L 758 IR D B E D K TR 16% 21 L, i
MEDOWBENEE & 725 2 L RHER L 72,

RIZ, FEEEES 2 MENOEEZ MRS 5 7%
DI, [EET 2 IE=MAIEEER ) OBORZGHE L 7.
ZORER, IBELEFHEICEST, FET 3 E=/AF
RS D BVRE & [E AP ORI & %2
L2 EAR SR ECHi—MICRHRTE 2 2 & 2R
L7z, £7, RBAEERCIZRMAIZZEA, Fikizskz
ME L, FEROEEIZFAEDOR 7,000 4, FEikoBRE
RIIFAAEDK 3,000 f5 & L7z, M EoYfE%z3E L
TN D> 6, 1% Lo FHRE A~ EE T
HDHEERMERL L.

ST LA Y =8 100 DL EoRESS, HE O #
DIE) L CH A 223 2 REA~EH X SR 20
Z, W Z BRI X B FEAR T REDO LB SR~
WHT 22 &L Tnw3,

BIEE . AR JSPS B E: JP16K17552 @ Bk %
ZF-boTT,
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(2017.6.23 ={¥)

COMPUTATIONAL METHOD FOR THERMAL INTERACTIONS
BETWEEN COMPRESSIBLE FLUID AND MOVING SOLID
BASED ON MIXTURE MODEL

Daisuke TORIU and Satoru USHIJIMA

In this paper, a computational method was proposed for thermal interactions between compressible fluids
and moving solids with different physical properties based on the mixture model. In the present method,
physical properties of solids are considered in computational stages for heat conduction and velocities of
multiphase fields. The present method was applied to natural convection in the cavity containing a square
solid and obtained averaged Nusselt numbers on the heated wall were in good agreement with reference
results. In addition, applicability of the present method was confirmed for compressible high buoyancy
flows and heat transfer around a rotating triangular solid.
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