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HEEEL (FEX) A study of heat transfer simulation for the development of
high-efficiency fluidized bed solar reactor
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In the present study, a heat transfer simulation model for internal fluidized bed type
solar reactor has been developed, and then we have shown the guidance for high-efficiency
and scalable design of the solar reactor. The obtained results are as follows; 1) Radiative
transfer equation can be solved by the spherical harmonics method. We found that this
method is very efficient for solving the radiative transfer equation involving multiple light
scattering. 2) A heat transfer model using volume fraction method has been developed by
combining with the radiative heat transfer. The heat transfer model can simulate
temperature and velocity profile inside the reactor. 3) An experimental visualization of
solar reactor has been developed. By comparison with the simulation results, we could
improve our simulation model. 4) We have re-designed new type solar reactor based on the
above the findings.

SR TERA
(BREHAT - 1)
LR AP & Ft
SEATIRERA 3, 500, 000 1, 050, 000 4,550, 000

WoesyE - 5
BHFEOSE - #IB A TE s L F—%
F—U— R KT X—, KFERE, BGRAMEYT, IR



1. WFZEBIE Y DY =

WA D CO2 7V —kFEHEELE LTH
BRGERC LD BB R 1 7 L
DEBRINTWD, KO E R
v RCREREES, ZM, HirhgEnes, P,
A4 2R, FENETEICB T D KGEAGEET
%, T, A3 2« kT 1000~1500°C D
R KRN E BN D MWth #k 2 U —RlE
o AT ANERLEINTZ, ~1500C D KL
DO KRBF AN ARREIZ o T- 2 L h, Bk
T EOROWMAEINT & LT IR
DR A TN KDY —F—kFERES =
T A OBFENEEILLTBY, VA 7V
JaE L CiEE B (Ot 7 2 v 7)) %
BOGEARE T2 BEY A 7 VR kb HEE
I Tnb, FEBREL~L(BkWth) T 4%
59D KGR KBRS E Th 573, BAR
AL MW e~ RAURIZ K 0 2h3R 30%LA
I END, FOTD, RSEOREN
B & RAUL TR 28 S, = xLX—
R EMR FE THE O DMERBRLETH
5, AW T, WEREEER Y —F —K
B FRAFNIC R T D BRI BL G 2 fR 5 %
ZEEEME L, AIHALSERR O M & BARIA
VIal—T g UEFTILOBEEEITI, I
(2 X0 KB iR gs O AL « REULERE O
Rt & 4%,

2. Mo

K — T — KBS R (23 T D Bk v
Ral—YarETFAERETSA, E—LAK
TURIEN VI 2 =X I L DA FERO
AL LIy I al—2aryETAEE
L, EBRICK D - REEE R TEEEL
20, V— T —IKERER ORI - K
RbEREr O E 35, BARAICIE, ERifH
0B HRE BRIEIC X 2 il S < Sl s AR AT B
TV E R RIBICESIRBBET LV E
FlhE LT, KN LEBELE R Z 90
Bifg Y — 7 —RKIGEICB T 28R AE T I =
L—ya VNPT ET VEBRRET D, itk
D iENE Y — 7 — USRI D KRG
NPLY TAsay s 9 AONARNDE S RABIRGE eI E-ES
i BB SR A LN TE B, £, N
PEERILENE V) — T — KBV e D &7 L3k
B X DAL EREZ1T 5, HiEFEE I,
WMBRAERZ 7 0 — NNy 7 LK EERNO
BRIRE T L OEEILEIT D,

3. WL HE

(1) BHIRY S 21— a rEF0

F PS5 FlmE R OMIE L LT, Bl
TR B SR BRIE T X D il S < B S AR AT
EFNEI Lz, ZOREFEL, thoF
EERTIERMICEETH Y, KN %
ERELZE - TR ENE Y — 7 — KBy i e
(7 TIETH D, ABFTE TS #oki 1

FEIC K 2B - BGELRFIE M ON iR IR B
FEIZ K 2 WIRF T DV T b 20 L & &7
LTWo, £7o, mEEMNIE, BEkE KR
HAFFTHEK AR TH D, T OFEK AR
EBTVL, BEODRIEEZTMT 52 L THE
JER~ L RBT 2 Z LR HREE 2 D,

(2) PP EIERAEE O B & TR

KBNS FR B 2 L 29772 01T 1400°C LA
FOEBENVEL D120, AR ERIT
NEgETH D, Lo UILFERICEEDRWGE
ThH, S<H - BULRBIRET VO KiEl %
1T9125 7> TR OEESS AR, IR %
WET L EITEETHD, Al LIRS E
%, BRIy —Z —IKEVMiERR AT VB L,
WIEERT D — IR i 2 (ER3 5, ki1
DOEEBINA A — K I XTIk - TR
L, PIVCRL 7@yl &k o7y X
LzIGH L, EEREE SR EZRET S, Bk
DOFERETHETVIZT 4 — KXy 735,

4. WrIERLE

(1) BRI 21— 3 BT

X 1R OB N VD 53A & o
T, BT MVTHEDOKRE S TESITEN,
HRNHDIFEREBREEEZRF->TNWDH I &
ERLTND, T THE, R1IZHDLEHI1Z
Bopdins EH LR N AR (2B
INWIZTIRET 50N &, EoEREE S Kt
BEANLWAIVAL, RIGEAZET LZ0bICH
EEA~E R DN D 2 FEHOIFR D HER S
oo B2 TIE, WiEhfE O RE SRR E A &
RLTWD. BUES EEB D BAKTETBE D &
SL<HNC X 0 REE BB S L, B E
NIRRT 5 2 & Tl - 2R
NP AELT TS Z ENNnd, £72, 1K
B OEENFR A X0 48t Je S5 44 3T D R
FRHERENTWVDHZ L TR,

(2) PP LSRR E O B b SR

FERIZ I D PN BR i 0 e TR B A S I 2
O AL EBR A 2 X 3 (R, Z OHEET,
FEEICKFBRGEEFLEERICHN DN TV D
R EEDEFIZ, WEOES 23DV A
AEVNELTHZ LT, HEENEHORET
ERETEDHLICR-TWD, T, I
DHMEEORE ZITZADLIICET VE
EREEDT 7V VR TIERR LTz, AR LT
TIVDORKEZ XL, bgs EBOEN KB A
SO KR E X4 1356mm, SRS S %
160mm, FAER L OKISEOEEZ ZNZE
60mm B LN 40mm & L, EX % 6mm & LTW
%, MEOTFEHOE)E /) ZAVIZEBRR DT
AAT, HAEEENETEALENBIORRA
A&7oTWn5, AR L ORISE DK
IZAT VU LV ADGERICR>TEY, BERE
40um D RNBEEIZHIT STV D, HEE B



Fig. 1 Mean velocity vector of the solid phase
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Fig. 2 Mean temperature of the solid phase
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Fig. 3 Experimental setup
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Simulation Experiment
Fig. 4 Instantaneous field of the solid phase
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Fig. 5 Mean vertical velocity profile at the middle
of the reactor model
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