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ABSTRACT

The radiation air conditioning has been gradually developed for its comfort, low
energy consumption, and take advantage of the forced convection heat transfer in
microchannel of the porous medium the has been proved to be one of the most
development potential and efficient cooling solutions. This paper propose a new
development direction of air-condition combined with radiation air-conditioning
technology and forced convection heat transfer of porous medium. In this paper, studies
has been done direct at the capillary wick radiation air-conditioning system of the heat
exchanger plates, convection and radiation heat transfer, radiation air conditioning
refrigerant medium in the internal flow characteristics of the porous medium. The main
contents are as follows:

The heat transfer panel of capillary imbibition core technology of this paper is
derived from the heat pipe technology, which need to enough capillary pumped force
and smaller flow resistance in the capillary wick heat exchanger plates to obtain the
maximum cooling capacity (heating capacity). First, the porosity of the porous medium,
hydrophobic speed, the pore radius and the bearing strength of the porous medium was
studied. The best ratio of the material was found by adding the retarder.

Through comparing with the ending equipment heat exchange technology of the
traditional radiation air conditioning, the third generation heat transfer panel of capillary
imbibition core was designed on the basis of the experiment. According to building
experimental model space, heat exchange capacity of the heat transfer panel of capillary
imbibition core was test under the conditions of the different refrigerant inlet
temperature and transmission rate, and compared with the serpentine radiation under the
same conditions, analyzes the spatial temperature distribution in different plate surface
temperature, the experimental results show that: cooling capacity increase of 37%~
57.7% compared with conventional serpentine radiant tube under the conditions of the
cold water inlet temperature from10°C to 16°C. When increasing the surface emissivity,
the spatial temperature distribution is more uniform, mainly because as the surface
emission rate increases, an increase in the radiation heat transfer, the spatial temperature
fluctuations is smaller. The paper analyzed the continuous heat exchange process and
proposed the heat exchange between the refrigerant medium and capillary wick wall
surface, the heat transfer panel of capillary imbibition core and the decorative layer,
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ceiling surface and the room air and radiation heat transfer in different surfaces. Get the
ceiling surface temperature and the integrated heat transfer coefficient calculation
formula of the heat transfer panel of capillary imbibition core air conditioning system.
All of these constitute the mathematical description of heat transfer between capillary
wick radiation heat transfer plate and indoor space. It laid a certain theoretical basis for
application of the heat transfer panel of capillary imbibition core.

The flow resistance model of capillary wick radiation was build basis on the flow
theory of the porous medium and the Hagen-Poiseuille equation that is the function of
the porosity, pore radius, particle diameter, fluid properties, fluid velocity and tortuous
degree. The model does not contain empirical constants and each parameter has a clear
physical significance. With comparison, the model fit well with hagen equation and the
experimental data, to prove the rationality of the model. Comparative analysis the flow
resistance of the heat transfer panel of capillary imbibition core and conventional
radiation heat exchange serpentine tube, and use of the ICP-Optional Emission
Spectrometer on the circulation of water in the heat transfer panel of capillary
imbibition core running the calcium ion concentration tested.

The paper analyzed energy consumption of conventional air-condition and the
radiation air-condition and proposed the integrated cooling degree and centralized
cooling degree based on the first law of thermodynamics, then energy-saving reasons of
radiation air condition was revealed, that is the radiation air condition design
temperature is lower 2~3°Cthan the design temperature of the conventional air
conditioning. Then the paper analyzed the energy-saving advantages of the capillary
wick radiation air conditioning basis on the second law of thermodynamics exergy value
theory.

Finally, the capillary wick radiation temperature gradient within the heat exchanger
space and internal porous medium flow pressure drop were analyzed according to
theoretical analysis, C programming language and CFD numerical simulation method.
The numerical results verify the reasonableness of the experiment and model
comparison with experimental data, the model formula and the Hagen formula. These
laid the theoretical foundation for heat transfer panel of capillary imbibition core

radiation air conditioning.

Key words: Radiation air conditioning, heat pipe; porous media, numerical simulation.
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Tab.2.3 The results of the average pore radius of four kinds of gypsum
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Fig2.3 The comparison on water suction heights with the same proportion in experiment 1 and
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Fig2.5 The average pore radius comparison with the same proportion in experiment 1 and

experiment 2
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Fig2.6The comparison on horizontal transmission distances in experiment 1 and 2 with the growth of

time
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Fig2.7The comparison on horizontal transmission distances in experiment 1 and 2 with the growth of

time
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Fig 2.8The influences of different water proportions and potassium citrate on the strength of

gypsum
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Fig3.1 The structure diagram of the Heat Transfer Panel of Capillary Imbibition Core
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Fig 3.2. The physical picture of the Heat Transfer Panel of Capillary Imbibition Core(a-capillary
radiant tube, b-galvanized sheet radiation board, c-the second generation of radiation heat exchange

board, d-the third generation of ABS plastic board)
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Fig 3.3 The plan view of the third generation Heat Transfer Panel of Capillary Imbibition Core
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Fig3.4The A-A sectional view of the third generation Heat Transfer Panel of

Capillary Imbibition Core
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Fig3.5 The B-B sectional view of the third generation Heat Transfer Panel of

Capillary Imbibition Core
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Fig 3.7 The exterior diagram of the Heat Transfer Panel of Capillary Imbibition Core
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Fig3.8 Water inlet temperature and cooling capacity relationships about casel and case2
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Fig3.9 The heat transfer panel of capillary imbibition core efficiency improvement
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Fig3.10. Temperature distribution of heat transfer panel of capillary imbibition core with different

inlet water temperature
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Fig3.11 Temperature distribution of serpentine radiant heat transfer pipes with different inlet water

temperature
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Fig3.12 The emissivity changed about cooling capacity relationships with different inlet water
temperature

HI TR R DR IR 7% figr, ABEZRIHENIR TG, FTL R EHN RS
HIBC &, HIERARGELRB AT, JRIEE AR AE. H KRR RG]
DAPEAIC 2 PN 5 il B2 A S TOUAR e 1 /KT P 3 4 BRI, 38 ] Rl T3 KU VR
BESES PN TSI R B RS N AT, S A RO A RS
AR AR FR S R MUHT KRR SE 525 08, R KRR s = X, e E e
B KA o

R 2 (] ) N 0.6m, JEHX 0.15m  Cubbrm PN SRR FEE R0 DX SR o Ak v
J€). 0.3m. 0.45m, 3 ARSIy ELEm. B 3.13 HRE D AT LA
H, FEAFIEE CHRE AT, TERERD 0.15m # 0.45m 2 [A1EE SR BB
W, KR ZERN 05 CEA, MIEHREFEIERE AT A, 2 EHRE AT, BT
Kb LB UK IX AT AR & R S 1

27 r
26.5 F —— [0C
O
s 26 F ——13C
p;\a /\.
25.5 _._15°C
25 . g
0.15 0.3 0. 45

PR /m
3.13 AR 0.23 I AN R HE /KR 2 181 22 70 B
Fig3.13 Temperature distribution of the different inlet water temperature

with the emissivity is 0.23
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Figure3.14.Temperature distribution of the different inlet water temperature

with the emissivity is 0.95
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Fig3.15The testing picture of the temperature field of the radiant plate’s surface

K 3.15 J9R L0 AN AR A B A0V U A S e TR B LB 40 8 X AE I
I UL ) 4 RN T T B 370 P s B M Pl o R FIELIRL /K U 16°C L 18°C ¥
KA 32°C. B4CTHIFIK, TN BYIRAFR S ek 5 5 B A0E W . B
FR SRR AE P M FA DR, PR S AR S R T (O TRLBE 3 R 0 A 1% DL

34



3 BRI S e AR S5 A v A BT T

3.16 /K H 4t Kl S AH K S I
Fig 3.16 The system picture of the circulating water and the physical map of the Thermometry

Calibration System
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Fig 3.17 The analysised picture of the temperature field of the radiant plate’s surface after inflowing
water with 16°C
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Fig 3.18 The analysised picture of the temperature field of the radiant plate’s surface after inflowing

water with 18°C

12 /
FOV 24

Trefl=22 Tatm=F745 Jf ¥ 15 Dst=fi 0.1 Trefl=22 Tatm=17 455 5 £ 15 Dst= i £10.1
2011-04-07 17:02:52] -10 - +55 °C \2011-04-07 15:19:16,-10 - +55 §40.1g

3.19 ARG SHRAEE N 32°CoK A R A o A
Fig 3.19 The distribution picture of the temperature field of the radiant plate’s surface after
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Fig 3.20 The distribution picture of the temperature field of the radiant plate’s surface after inflowing

water with 34°C
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Fig3.21 The cooling structure diagram of the Heat Transfer Panel of Capillary Imbibition Core
1-VREE LRI 2-ZRIR)Z s 3- B4R BT S 4 AR s 4-THRR e 1 =

BANRBUE R S i IR R OK L sh AL Bud R R 2k, FHse b, KR
AW, KIRSIAMERAM EAEN, MEME, ENAREE. V&, i
SN AEAWIAR RS, 7l RS 21 B K fa AL BUAE fS T (Rt

O BAER RS, B AEERE NS, B A2 8 1 =A>J7 i
17, WOz AR I Ry = 4E B R . (H T 5 N B AR B e A 74
B T BE A BT [ IR L AR 2218, U2 I VR I AR AL 3, A
RS TR _E AN A A S, (RIS B AR A A 0 PR 22 2 P T A X PR
Jit LR 25 2 B A MR BRSS9 AR 170 5 ) A g ] ) P A 3

QW TAZ AEAE, B AR ST e TR e A2 A 50 P [ A
WM 3R T 28 AR T

QBRI AR N RN BRSNS 21300, 5 =M N i A,
HAEARLZ 18] T2 fih P

@ERTBHMPICCHE M BT T AN DA R A Bl 4 f v 4
FABETH .

B R S B AR N 78 B T = A SRR B T 2 A] R FASS fe RE T LA
AR LA R

1) WA IS oS AR A BE 2 8] A 5 3E X A e Ay

2) BRI EERIRR SMEE 2 [H] (1 5 4

3) WAMEEL N R 32 Z A1) 5 34

4) BRI 5w A T B 2 1) ) R A G R, B g
i 4

5) BN G SME, HARE WK GG, SME AR SR
etk

6) HhliE. HME S

7) HhE ANE S EAMABRI L B A A

38



3 BN BCCR S AR S R BT B A AV 7T

SR A B A A TR SRR N I EIE IS, 1B UL A E AR, R
FEE R N T R RE R O IR AL S R AT AT, BB E AR AL G R S
BRI O R SR A R TS5 2600 2 et . 2606 2 5 B P S SR THT PR 4 b
N AR B S E AN A R RS R
3.3.2 RENREEAW RO IRIT IR EE R

FH B £ < S T

KF (T,-T,)=Gc, (T,-T,) (3.9

K BB A AL IR, SR Wi(m? =C); F R A B T 2 T 46 AT AR
BT m?; Ty N BIRRRCE TR AR P P28 7KR s Ty AR A BEFRAIRE, #AAT°Cs cp
KBRS, BAAT Jkg K Ty BARRBCEAR SR N BEKIREE, #hiC; Ty BIKER
FE, AT,

s _E =] %
Ge,, (T,-T
'R:Twn—iﬁﬁﬁ—ﬁl (3.10)
KF
2
G= ”jl u_p, (3.11)

s dy HEBHRBCSHBRAN SEANT, m: un AT SR A
B, mis; py AZKIIERE, kg/m,
F = gwh (3.12)
d,=2\/pwh/ 7z (3.13)
XA @ NBYIRHBGCHR N FLER R | N BRI E, m; w B
SRR ST AR T, ms h BN AR S, mo
K:u(l+df%j (3.14)
h 4
A dp-d3=0.006m AR EEE s hy AR P SERE ST BB R B WI(m? -C); Ay
N ABS BRI EHR SR ) SR E, HL0.21 Wi(m -C)
_T*T,
2
U 9 B 2 R 5 S 45 AR PSP 3500, AR SCI SR Bt i# 4 0.006-0.1m/s; FLER Y
25 0.015mm; vy AR IS EREE, BUKAE 20°C I RIS K A 5.1407m%s,
E A Z AL R EN T IR 2, (HEARIMBER G ARMER, eiiE
RS R WAR B, TR FZ B2 N S REZ LN B st AT 7
Peht 78, SCHR[LL)IE 7T 1 7K AE B AIIRGE 22 FLA A e, XS Ak i s s
25 5 R T B bR, RO R Ak, S0 AN RV TN 2 1) )R 2 —
/N 10%, UFSESEEE RGUE ATAE M) . AR SCRBOZIT 7L 1 R EUC NS %

(3.15)

39



) N L R e A7

Nu =0.029 Re** Pr#® 9°" =186
Nu: BE[ FRARITC B SRR 5
Re: BT HEL, WHPEII SR 2 L —FP &
Pr: ZN&Y BRI 5AEY BRI 0 —Fh &
0: IRIMEEH TP KIR S = N S SR .
DAL I -
Nu::ggﬁc:LSG (3.15)

f
e & TR AL WI(m -C).
H1 DA b 307 AT LATS SR AR R0 C A A AR Y B R T

T =T ¢hUm(Tg _Th)X103 2 ¢Wh/7[
bW | 1.10856

3.3.3 EHEIE TR TRAR S EIHE R

+0.02381] (3.16)

Y

a Eb h c

7 I A 1]
Ts

d e i f

] 3.22 EHIRBLC R S # AR  Be E e A oR B K
Fig.3.22 The heat transfer diagram of the Heat Transfer Panel of

Capillary Imbibition Core with adornment layer
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Fig 4.1The loss model of pore throat
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Fig4.2 The throat area ratio of pore throat loss model
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Fig4.3 The loss model of corners
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Fig 4.4 The pore throat corner model formula (4.47) and Ergun equation and experimental data for

comparison
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Fig4.5 Schematic diagram of experimental apparatus
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Fig 4.7 The picture of the concentration of the circulating water’s Ca®* of the radiant air-conditioning

system of capillary imbibition core
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Fig 4.8 The picture of the concentration of the circulating water’s Ca>* of the radiant air-conditioning

system of capillary imbibition core (Fitting data)
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Table 5.1 Carbon dioxide allowable concentration
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Fig5.3 Air pressure balance relationship diagram of Air conditioning system
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Table 5.3 Plant water evaporation rate
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Fig5.4. The research laboratory diagram of radiation air conditioning cooling dehumidification
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AR YE . A S . BREBARHIE A, HATH AR AR R g Bos10],
5.4.6 £ IRHMIFRE

3 LR B 2R G BLTE T B BRI R, K SCHE 2 T B 4R
WA EER bR T 2 A BRI I R R 5. ZRIE R %R
WA K ELREREAC . B AMIHIE ARG ARE: £ EUNGA . B, BH%. Rl
WRE. KBS JREENL. FEEREAL. MATHR. WAL ERVAREL. WREIAT. £
FLA B Eh VA W U B B R G G5 I IS BT . 2 R A ZE I S LB Sl
G ), B RAE RS FRAREZ IR, £ EWIBHA2H
AHRBER AR Z AN TR, SRIRIEENE BRI, g
YK v A P R VA VB A, TR 2 A KO U BRI 24 22 SR IR 4
Bt 3o 5 e 2% S5 HE N VR L E P, AT X S 2 R A R s A VR
FIZK IR 4 AT ke, R T VR B SR VARG A (IR FBE o T A1 2h VA VI Y F v
R P L VR RIGRAE . X RV S 2 AL R B4R IE R, #h 5
B IR, AT SN 25 P 2 A0 P 42

11
Ty

Pessiioss/idnsiiie N

e

MVM@

R
S by
a b

15.52 LA oA sh VA R AU B BRI R S (a) AL L. AR 1 (b)
Figure 5.5 Turn type and adsorption diagram of porous medium thick salt solution dehumidification

system (a) side elevation, vertical view (b)
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(3) AT IR MRIBIOBA, R T % R E s, e A SR
MRS (O RE R LRt T R s IR B IB A, 454 T B R R IR AN P B IR 1) 45
KL FI AL FLA IRV TRAE R IR AR P T — R i L%

72



6 TAHI IR AR S AR 5 A 4t S TR AE REAIT 7T

6 EA R IRS AT SR RSB A5

BB AR, NMIVEFKTRRGE, SRR BOR R, 2 FhRE
75 SR — AN R TE IR B TR, i 2 1 A ey 3 2 AR A e e AR A i
TR BUR S NIRRT RE,  PURIR SO L T ol AR RETROT & e
B TERE SRS, XN RE )y AN R ORI PERE . TR AR SEH) COP, B i
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JHZHR G, SERERE AR A A SRR T BE R A IME,  EIRZ s
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e, =4.19(278.15-298.15)-(273.15+ 25)x 4.19 x In = 2.94kJ/kg
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@) HH RN 50 RGAR L, @ M ST A, SRS A R G
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Fig.7.1 The CFD basic process of numerical solution Physical problems
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ot OX oy oz 0z
0 ow oW ou
+§{(,u ——,u)dIVU +2u 62} [ (& —)} (7.4)
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p=pRT (7.13)
Horh R R IR AR EL
7.2.4 #EHIAENBRAENK
FER BN 5L I R g b BT 5 SR AR E AR Gl TR JORIESE) s 7
FEH AT DL 7R B LA T 38 B 2
@+div(pu¢)=div(1“¢grad¢)+8¢ (7.14)
A g—IEHAE, ATUARE u,v,w T SR,
L,— XY WA
S, — G
7.25 AP BEENXEE (User-Defined Function)

P E s XRE (55 8 UDF), ‘&4 FLUENT #4842 —AH a0, H
JFURT L e AT AR B R B = A SR e AT B R AT — SRR R AR
B, MEHEESKk, UDF m] DUfg o DL LA J7 TH 1 1)

O HE L FFM, B XMEEM, BUERmMmER S RNV EZE, 2L

FLUENT firsRfi# %3z 5 f2. UDS (User-Defined Scalar i/ & Xhr) #i

BT RERIEIT, B YR .

@IEAR IS FE A AR BT I #

@HEATEENY, HE W,
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@ (ondemand) AT, BIFETREHIM & A @IS UDF AT HEEe 4 4E .
OTEEALS W@ UDF 58 st a4 4

©W58 5 AL FEThRE, Bi4n ] LUETTE UDF 545 548 8 — B e e
FeIE.

D358 FLUENT b Dfe, 51 a0i@id UDF 1Yo B B Al . 2 AR
. DO MRS B ThAE %,

7.3 BRI R IR FE
7.3.1 EGHEEY
(ODTRM 5 Hi A5 74

DTRM @St A =AML A B — B s 1 AR S A, xR AT DA
FEANR G5 R R L T AT VR, X ANBAL g TH BR0RS 2 T DL 184 n S 4 2ok
Perm. DTRM $ESIEAIA — @ KRR YE, THEPEA B REIBUT SN, THEH
165 R S R R R SR S, MR A KR 2647715, CPU ik, DTRM #&
S BLTAN RE T 30 AR BAEAE DF e IR LTI 0, A REF THRATSE 5, A Y
BT BT 2 T 8 A2 1 S 3R T, 5 ST S 2 38 ) b S 21 %A 7 T
@ P-1fE4HER

P-1 FE S A Y BRI A% S SR B IR ST, i FLRE B b % B R 3 4% 08
AR . (ERRBE S 2 BE AR K T H S i, P-1 R A 7R () 1 S R
PeBc iy P-1 4% S AL I w] DAAE R A il 2R A b 2R PO 17 D00 5 52 2% T L AT TR 19D ]
R 0T P-1ARSTAEAL, SRS O R — AT AR BN B R, R AR
HAL B T I R
®Rosseland 4@ 5 1 A

A P-1 4@ 5B A AH L Rosseland 4@ S (AL SR AN 45 P-1 4 S AL AR 1
WM T FE, R Rosseland #& AR RS T SO E PR, REMNGFHE D, B
AT EALT I
@ DO gAY

AR H T A BT 15, DO HR SR B T LLTH S (s i, tmT Lhit
AR ARSE ST, Rt DO FE g A AL N B iz (0 —FhEE AL . DO 4@ S A5 1Y
F A Y R e KRR, BT DA ST O S B SR S W, JE B SR T
MARTHFESS 135 WA U5 5 208 b 1] R th IR 2 5 1 A 5 5 5 7 P9 1 25 e
5 1)
GOFMmMES (S2S) A

AR AR ALE F T HAE B 2 50 T 0 dF 0 2 8] N PR S 5 305
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Fean KAREUA R G KBHAEEEAER . R UMM AR ER N A EId 2% . A
2 THI 18] 5 S B B AR T e A TR R ST TR [R5 R R o X iR P AT DL £
AR T U R A KoK . RSB 20 T FE SIS, RS RIE, DR At
T AN 2 R T 1] (1 4 S 46 04

R LB 20 b A S A S e AR 7R 338 4% Rosseland 48 ST . 3= REALE B (1)
fiA H Rosseland & SR ()T S i/, HLSE A TR 28 TR SR 4

Rosseland & S 58 1H LA 2

1
_3(a+0'5)—C05

H: a ABIKERE, o, ABUHRE, G ANGERS, o A%

C NS T R %, DA Z-1.0~1.0. # C NIE{E, IR AR
FIRUR SRS 8K T M S MBUH RS & #OoN0UE, SR M S e e & KT
AR U RS R AONE, KRBT & MR CRIEUH S8 AT A 1077 [ A
).

S5INSH:

VG (7.15)

q, =

r= 1
(3(05—0'5)—(30'5)
¥ (7.16) WA (7.15) EtiFE):
q, =-TVG (7.17)
Rosseland & 5 A5 AR fB e SR 5 0 B G 45 T 2 bl B2 1 1) AR AR A B G = 40T AR
AN (7.17) i mT A4S 3«

(7.16)

q, =—160 T*VT (7.18)
I (7.18) T DAL T AT S BOE R TE

q, =—k, VT
k, =1601 T° (7.19)

B TH] A0 B B AR o S P B SR By SRIEAT 7 3L
o1 -T)
o)
o, Ty NEEIRHEE, To AEREMRFIIT A IRAIRE, w NI KRBT
Ry w3k

Orw = (7.20)

w=12  Nu<0.01
C2x3+3x2 —-12x+7
54

0.01=<N,<10 (7.2
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w =0 Nw>10
Hodr, Ny JEETH AR — MRS 24
N, = kK(a+0y)
40T
x=log,, N, (7.22)

7.3.2 FHENRBNS BRI R
iz A IE H IR R B AR A, R AR 5 AR E ) 2 R o 51 R A
Hrsl. FLUENT AJ DUSSSDGX MOEorR i B AR X i (BB S XD IV /13K 8] «
TREX T, R AT DO an s RS B REC S TR v B R .
Fferz . gflAzT" (7.23)
MEE R G 1.0 I, RHRER A RO . A A IRV,
TR R] LA T2 18
FEAURER) B ARRRL A, 3 0 51 B ah o E d X BB A BOH) €

3
Ra = 9PATLp (7.24)
Uox

HIANECNT10%, PRI IRBN IR E I, T2 I I i e 48 P B R
F2910° <Ra<10", HiF| ¥k d 10" B A1 IKB Nimiminsh. A pAREIK &
B o NRHEE (RRREO.

YA B P XN B B AR, BRI R 2R R O . fE
FLUENT Ha] LR PRI 5 ik TR 8
O fZdEE . XM TS, WG RIE T R sk
ADTREHEARR], MR ERTEE S, SRS R, WIRH GRS R REF
SPAE ) 0% R T SR BRI (AR o X VRIS T U SR L = ORI DL
@ {# 4 Boussinesq 15 BB % 4 52 & Al @THEL . FriE Boussinesq BB B TETT
HAEREER T B ETTRE AN e T R R B I N 4. AR Boussinesq ik,
FE/NRZERIEOUT, R BRAR % B AHORUIR 2 A4k, 5 H 128 K
Ko N, RITEEEE, BRTEI )AL, ERN N S T (N BE 1)
"operating density"). IXXFTi# H AR E A AIE A, HHT/NEZE R
7119
733 WSHERPRARY RERE)

W ST 2R B PR AR SR S8 55 R Ak R A, 7 AU SR S AR WS A A
B AT T SIS o AR BRAS AR AR ARSI RERT, AT DU AN B SRR N 1
FEARTIET7, AEHE SR BEAE S AT RE L R b 48 RO B8 0 SR 701 BT B o W Wi 3
B 55 o
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TR BRI A, SRR RS HU R
k., =k, +k,, (7.25)

Ak, BONHERER IR EL, K, FROAGIEBUR 25, B 5k, AHF.. DA
Rk, 5% p A LMEBUT LIRS R, BT LA 23 Mk, ) 25
Sk, TETREHWAREE S p 80K u oy 8 kR 7%, B

Koy =Koz p0 =Ky P =K, 2 (7.26)

A Ky, Koo Koy FORGHEREE, B I, WREEIERARE (EA D SR
B8 FH AU AN 23 DX B AR R i 2 i R . R B R R, AT
LA —KE, 23 518[mYkg]. [1/(Pam)]. [m%/kg].

7(8.25) H 1 S 2 WA HUR R EL IR, RS R BSOS AR S U 2R A ek
RE, B AR SRR SCTE AN SRR AT BT SRS . 2 SRR B AR B A
HH AR S REEE AT DU N B SR S AR P (AT AT b 5 {4 S REAE S AT AR AR AR 9 A T
WSCRE F1 (0 S AR 51 B3 o WO T R 1 55 . WO R B S RdL  EE TR
7. ZRTFEAAMEEMR AT ESZSFEZRA R, WA AR RS AR5
RERT, 7T LSS N B SRR AT b 75, (58 S BB 7R 59 2 47 R i 2 Hh e A R i
BE 1SR 1 BB o MR T 2 T 55 . A EBEH CO, FUKFES, iX2F0A,
P B IR SR 4R S A e 71, BT DAE T B AR o 7R B R L

NSRRI TEIR R K, IR, BRI K, RN, HiAmks R e el 4, B 2k
IR ERIERSTRE, RN —BFEERES T . MR, kK, 1R/NEF, BP1/k,, 1RK,
FIEMR B ARE, AUk, BEKEREN, BTCEER R B EIET RN G2 5
BIEES . MLk, ST UM @R LI, SR 5RE 5k e 5, 801, /1,,=1/e.
e PR BT LUE K, DA UM E M AT R P @ e 1, %A
ik, = B

|-—ka'ﬁm_¢AX_mO—¥L (7.27)
m ~ el - .
0 IA(O) keﬂ

Tk RsE R 1, =1, ek, L), SPERECT, B, 4
HSCRR RO K, bR, Tl Fil o, s

L
7, = [k, dx (7.28)
0

MBS B th, AR oA 0 SR R BT LA, T2
BT I

SRFRORK, MR, BRI SRR,
BB REAR N AR, ARSI TR o 6o 55 A A T A 0 —
BRHE L, EERR S e T F0 Vi 1202,
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74 B EANRASEENELSE RS

AR F FRH FLUENT SRARAD0R 5 7 1 3 Sk SEfm 56 A 3 SR 46
PIEDLT, AFEEEEKIEE = NIRE . BN mIEN, H55ie8dmit1T
PudEa
7.4.1 YRR BIRYIENL

AR DL 5256 38 25 [A) 9 R AR F FLUENT R AL BR801 GAMBIT 2257 4 3
R, RS 25 (A fn P 7.2, b HLFEAT BB R AL . 245 TR 4% 1A 3 A R <A 2m < 0.5m < 0.6m

(XXY>Z).,

K 7.2 BANRBCC FE T A 8] T S B AR

Fig7.2 The computational physics model of the radiation space of capillary imbibition core

742 BFRBNEST

ARICIEHL CFD 8 FLUENT X B 4B 4 i 25 Vi gk AT B E AR AT 72, BiF FE )
R TY K BI B A (0] 3 B S R ah 5 2 0 A IR 3 SORE S A RIS 4
BT, AR SO 7 [B] B AL AT S8 T R AR 1R () B SRR i) i, a1
FEFFTH SIER, A FTEH Ra<10®, HIEZEIR/N, #CKH Rosseland 457 - fii
Fl Boussinesq 15 13 4% & # 1] 115
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B A FLUENT #1#) Rosseland #5178 3 5] i3t Boussinesq i A /& BEAUXT 1
BBy FEHSE R BB AL, JEIRYEEE 4 TN EUE B B BE R A AT, X
AR SR E A A3

T H ARG AT N A AR RS A )ZR, KA Laminar B SR EREN: N T
U i A 3 1 R T Ak S R S AN AR R, S R T A SR P A A R THT PR 2
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DA T Ab B VAR 2 18] &5 B B AN 51 5 RS PR 35, SR Boussinesq
A5 > Ah B P L 22 36 BRI 2% B 2 AT AN Y S0 5 S PR J1 0. B B LA e
VITESHONE L, AR AR E R, 5EER. HTRER/NGERE
FELLIAR,  ATIEALN RS SRS A ol R 46 i3] -

X TR R S5, R A Rosseland 4 S AR 7Y >k 2 FE AR TR 2 ] P 4 S A 4
TESR M B HIL Y Navier-Stokes 77 FERY, & 77-H BERE &K H SIMPLE 3%, HeAr
R A i Rk g AT B
7.4.3 1REBIAEXI 53

GAMBIT BAHE ACIS WAZE:Al 4T =4t J LT @i he ), @i 27
BN 2L . AR, T HEABRKMARIEE RS, ZIRERRAUE T H
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R 7.1 ANTERI 2R HG L B 2 A 2R i 6 0 AT
Tab7.1 The condition of space model temperature gradient distribution under different

absorption coefficient

USELe

. 0.03 0.06 0.09 0.12 0.15 0.18 0.21 0.24 0.27 0.30
£
25 |A]

3 X=1 X=1 X=1 X=1 X=1 X=1 X=1 X=1 X=1 X=1
AT

0.60 295.68 295.68 295.69 295.69 295.69 295.74 295.85 29542 29532 295.79

0.59 295.69 295.69 29570 295.70 295.71 295.76 295.87 29544 29535 295.83

0.57 295.69 29570 295.71 295.72 29573 295.79 29591 29548 29539 295.88

0.56 29570 295.71 295.73 29574 29576 295.82 29594 29552 29543 295.92

0.55 295.70 295.72 29574 295.76 29577 295.84 29596 29554 29545 295.95

0.54 29571 295.73 295.75 29577 29579 295.86 29599 29557 29548 295.98

0.52 29571 295.73 295.76 295.79 29581 295.89 296.03 295.60 29552 296.02

051 29572 29575 29578 29581 295.84 29592 296.07 29564 29556 296.06

0.48 29572 295.76 295.80 295.84 29587 295.96 296.11 29568 295.61 296.11

0.46 29573 295.78 295.83 295.87 29591 296.00 296.17 295.74 295.66 296.16

0.43 29574 29580 295.85 29591 29595 296.06 296.24 29580 295.73 296.21

0.39 29575 29582 295.89 29595 296.01 296.12 296.31 295.87 29580 296.27

0.35 29577 29585 29593 296.01 296.07 296.19 296.40 29595 295.89 296.33

0.30 295.78 295.88 295.98 296.07 296.15 296.28 296.50 296.06 296.00 296.40

0.25 295.80 29591 296.03 296.13 296.22 296.37 296.60 296.16 296.11 296.46

0.21 29581 29594 296.07 296.19 296.29 296.44 296.69 296.26 296.21 296.52

0.17 29582 29596 296.10 296.23 296.34 296.50 296.76 296.34 296.30 296.58

0.14 295.83 29598 296.13 296.27 296.38 296.55 296.81 296.41 296.38 296.63

0.12 295.84 296.00 296.16 296.30 296.42 296.59 296.86 296.48 296.45 296.68

0.09 295.85 296.01 296.18 296.33 296.45 296.63 29691 296.53 296.51 296.73
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Fig 7.4 The condition of space model maximum temperature difference under the different absorption

coefficient
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7.4.6 HERUER S

AR AT P S 3L A V) BRI A AR e i€ BIA SR R A SHG SEANRI LB R (i
2% 8.2) BLIRIZKIRBESAT T Y B R BEAT BB V55, AREIUL A AR L AR A5 2 )
R HEH AL

* 1.2 %L ARSI
Tab 7.2 The concrete parameters of the working conditions
BEOK HIE/K AR E Wim?
T#H1 28815 290.15 95
TH2 28915 29115 89
T#H3  290.15 29215 85
TH4 29115 29315 81

Ot [F K6 FE A 288.15/290.15K
2B YUEE 2 H R G Rl KIR T N 288.15/290.15K B, AR HE AT THITT 8 134
FRAATBCE, B E 1R IR AT H € L. B 7.4, 7.5, 7.6 4351109 Y=0.25m
HLEIMRE =K. #ERERSEEHE.

temperature

. 304

303
302
301
200 296266 295611 295.22¢
299 296.315
298
297 296.894 296.199
296

295
294 296.958 296,346

295.763 495 a7e

293
: 2p6.725
592 297.602 296.91

291 Z

290

289

238

287 X

K 7.4 LA /K IR E Y 288.15/290.15K B Y=0.25m 0% T 15 = &

Fig7.4 Y=0.25m cut face temperature distribution nephogram under

supply and return temperature 288.15/290.15K.
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Fig7.5 Y=0.25m cut face velocity vector diagram under supply and return

temperature 288.15/290.15K.
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8.78e-03 X
0.00e+00
Pl 7.6 L [RI7K R B2 24 288.15/290.15K I Y=0.25m HCa T3 5 2
Fig7.6 Y=0.25m cut face velocity nephogram diagram under supply and return

temperature288.15/290.15K
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EAAE D RIS (BBRREMEAR, AN LM NEEAEZEE 1L.7°CEA,
AMERZEAE 1L1C A . ARIEE 7.5 FE R R KT LA, A Py s A< It
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EEEAR T 2SR, BT LA 2R A i sh 4k 2 5 B 4tdE AT Rt #, B bA
R B B R AR . I RIR T RAEE I FEA N FUTTBARES, A AiE
LIRS, ERIRINBAE NIRRT, SR AR, EFT
FFE R AT ETb. AT e B 7.5 Frs BN 5337 .

M IR A AT AAS S R R ST 6 TR 2 R AR G PR IR B A FE LA,
GX AT 5T 6 T U b R AT P IE MR LR, ARG S AT LI .
@M EIK I 289.15/291.15K

M BRI R SR KR B 289.15/291.15K I, [EIREARE F T8
R30S, T 20 RO S e PR U, P8 425 B P AT 1 e S 1 7.7, 7.8,
7.9 7058 Y=0.25m O E < B #ERERSEE K.

temperature

. 303

302
301
300 205 QR0 2985 894
299
298
297
296
295
294 296.798
293

292 297.082 2987.114 296.45
291 7

290
289
288
L X

7.7 HEEIKIEE S 289.15/291.15K I Y=0.25m H Uk R =
Fig7.7 Y=0.25m cut face temperature distribution nephogram under supply and return temperature

289.15/291.15K.
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P 7.8 fH [FI /KR A Ay 289.15/291.15K i Y=0.25m FfvC A T 33 A 2% = PR
Fig7.8 Y=0.25m cut face velocity vector diagram under supply and return
temperature 289.15/291.15K.
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