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Abstract; Taking porous wick evaporator based on the principle of capillary pumped
loop (CPL) as object and considering the wick, vapor groove and casing as a whole, the heat
transfer and phase change characteristics of alkali metal working fluid in the porous wick e-
vaporator were analyzed by numerical simulation method. The distributions of vapor phase
volume fraction, temperature, pressure and velocity of working medium were obtained. The
results showed that the average superheat of porous wick was less than 1K due to high ther-
mal conductivity of alkali metal liquid. The evaporation of alkali metal liquid took place at
outside surface of the porous wick and the liquid-vapor interface was maintained at wick-

groove interface. Under the same parameter conditions, the evaporator using alkali metal
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had greater transport capacity since its capillary force was 1 to 2 orders of magnitude higher

than that of the evaporator using conventional working fluid.
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heat and mass transfer; alkali metal; capillary pumped loop;

porous wick evaporator; phase change
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Fig. 1 Sketch diagram of porous wick evaporator
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Fig. 2 Physical model of porous wick evaporator and

cross section at outlet of vapor groove

TERI . R LA RER Lorah Z LGSR A
FAt w0 g re 20BN Z AL ZE TR IE DL KR
RanFe RIS AR . RIS 7R 2 AR R 2R
ASCHR9-10 TAY R B2 : R A 0L I 8 N2 s 2
W T 3 0 S ) R 5 22 AL A B TR B SR 4% 1)
[Pk B A5 AL T )R 8 41 i 5 T 5 O A R
RS HON T

BT 2 FLN 78 S o 9 oy A R R AR AR 3
HApH T mr

D AKX GEIRIEE)

Ve (p,v) =0 (D
iR 7 i
o (Ve VIv=—Vp—+p, + Vv (2
fE &7 2
(pc) (v« V)T = Ve (g, « VD) (3
2) ZALBKX
EE
Ve (V) =0 4
g i

o (V e VOV =— Vp 4 V'V — %V+F (5)

fiE & 5
(pC)f e (V. V)T = V. (K.‘Cff vT) (6)
3) sEikIX

e 5 1

Ve (k. VI) =0 )
v

V =c¢v (8
kit = ex) + (1 — ek (9

IR A

A A,G,G,
T=T,, M=M, (10)

E,F,H,I,
b= p.s IT/In=0 an

C, C,D; D,
k+dT/In = q 12

A A C Gy, Fil GGy D, D,

Iplag="0., IT/a0=0 (13)

by S B 7 49 Ry A ARE T D A S

PLEgAr.c B/ (kg « K)L.F fy
HEPEICN/m®) . M Ry it i & (kg/s) . p H &
J1(Pa),q I B (W/m?), T il (K),V
HB W (m/s) v FELPREE (m/s) e HFLIT
K NBBER(m®) . p WEE (kg/m) .k T
RAE (W/(m » K)Duww HHBS R R
(W/(m « K))wp B8 I 5 E (kg/(m + $)),0 K
KR A, F AR AR E R AR, “ 174
T VAR BN IR R R I L m e Ak,
“wREZ AL URE TR O o R TR
A,

R AMTEC #3217 Lo, k4 )8 TR
TEZR A B M AL B2 ol 900 ~1300 K, Z B3
BRL2.16 ], B M AR EE T, =1000K, T RTAE
L K IR A AR A AR S P AR A T
M BR Zh T [ A 3R . SCRRLE7.10-11 038 T
HHAE BT T 2 FLs A R 1 R A Z Lo 9
FPIETE AR 45 SCRR L 17 ] 25 i T 7E 2 4L
Hh e A AR T T 3 IR B 3K B 4 T R A
FEZALA T 28 kT Bl A A . kL 7E
PEATBUE THEL I e 2 AL A R 78 R IR E
SN o 22 LGS PO Y 75 R D) 2 R R 1 2ot
o,

BE TR 1 S8 Gambic B0 £ 57 LA
FEAY I 3 47 W A% K] 43, 2% 5 A Fluent 15. 0 3K fig



%12

SR U A - Bl 4 R TS A S T T 2 R (B ) 22 LS 2R R e A B RO A% i R 2937

AT RUE K . R RGs AT TR AHAS . 2 ]
SCHR[11,187], P B Mixture P AH 34 B, 3 A1)
H A ) evaporation-condensation & B A& ) Af 725
AR, A B BRI )R H PISO(pressure-im-
plicit with splitting of operators) LG R %,
TR B HCR AT 2 Bl W22 ik X, 2 i 3 1R
FEIE 28 a5 K B9 XS PR o TR] I O 1 o/ it 35 4
PRUETT SN B 78 S B A AU B Al | sl /s 45 4 1 <
R IR R AR TR AL g 4 R IE 3 H 5 X 1A 2
PR . BARBBER RSN : 2408 N PEE ru =
1. 5mm, #p2f 4% = 4. 5 mm, ZE K & IME r, =7
mm, K& L=15mm,

HHEr AMTEC g H1 09 5k 4 8 T 5 A #h L B1
NG A, BT TR AR 6, o
PES B AR SCIT 5T Y il B Y0 B Y 38 O 40 B
Phinge 1 Rt . AT R A o WAk R B
Tt B2 A MR AR E T =1000K, i i M, =2
mg/s. STARHNZ LA BT B3 501 S AN 85 AR 4
JERAK s Z2 LA B LB 8 A A AL AR FE i 8 4031
He=0.4,r,=5pm,K=8.89X10 " m",

F1 Na¥ESH(T.=1000K)
Table 1 Physical properties of Na (T, =1000K)

e WA Al

W o/ (kg/m*) 778 0. 06
Fi% p/(mg/(m < s)) 180. 9 22.11
SHREB e/ (W/(m » K) 56. 6 0. 0455
FLHRZRE ¢/ (J/ (kg » KD 1260 2709

T I AR 2 2R 11 A S I 2R
REIE TR T, U 2 s Dy R
JE T IJFAER 2 XS HE JLARAN [7) 9 4% 1 25 1 100 a5
TE R G IR BRI AW BE B, ph 26 2 ], e
R HCN 36000 I . iy A5 Y AT LA A 3] 450 7 A 1) U
SULPE o 1 — 2L I AR 0 B TR A 4 SR AR

SR, DR SO RUE R R I S RS i 4 U
36000,

R2 PIAR ARSI E

Table 2 Grid independency verification

4% %5 T./K T./K
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39600 1000. 4 1006. 900
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Fig. 3 Comparison of present model with experimental

results in Ref. [20]
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Fig. 4 Volume fraction distribution of vapor phase in

porous wick evaporator
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Fig.5 Temperature distribution in porous wick

evaporator (unit:K)
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Fig. 6 Pressure distribution in porous wick evaporator

(unit;Pa)
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Fig. 7 Radial velocity distribution in the cross section

of Z/L=0.8 and axial velocity distribution in

the cross section of ==/3 (unit:m/s)
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