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Abstract

Based on the relationship between the flow pattern and heat transfer in an evaporative tube, a
stainless steel mesh cylinder of 200 ppi with a pore diameter of 75 pnm was used as the insert to
regulate the flow patter and enhance the heat transfer of flow boiling in the tube. A comparative
study on the evaporative heat transfer was conducted for the bare tube and the tube with the
mesh cylinder insert, respectively. In the flow regimes of bubbly flow, slug flow, churn flow and
churn/annular flow, the influential mechanisms of the mesh tube on the flow boiling heat transfer
were disclosed. The results of this paper will provide a scientific basis for the application of flow
boiling heat transfer enhancement by the mesh cylinder insert.
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Figure 1. The experimental setup. 1. fluid pump; 2. Coriolis mass flowmeter; 3. backpressure valve; 4. regenerator; 5. pre-
heater; 6. view section; 7. test section; 8. needle valve 1; 9. needle valve 2; 10. cooler; 11. water storage tank; 12. filter; 13.
needle valve 3; 14. ball valve; 15. vacuum pump; 16. high pressure nitrogen; 17. cooling water pump; 18. cooling water box;
19. cooling water tower
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Figure 2. The schematic diagrams of the test section and mesh cylinder insert. (a) the test section; (b) assembly of the mesh
cylinder insert; (c) SEM of the mesh surface
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Figure 3. The characteristics of temperature and heat transfer coefficiency distributions for the bubbly flow (q = 29.04
kW/m?). (a) the temperature distribution; (b) the heat transfer coefficiency distribution

E 3. AOBRREH TRERREARESHIFE(Q = 29.04 kWim?). (QQEZRSH; O)IEARKSH

Table 1. Uncertainties of the parameters

1 SHIAHEE

TR AN 5 JEE
SIS B N4 0.0011%
L 0.5%
JE L 0.2%
£ 0.1%
EZ# 0.1%
TN LY T # 0.14%
I 2.24%
LR T 0.56%
WO LR 0.58%
TR B P BE 2.29%
IR HL 2.41%

RIGK, RRBEN L, SRR RS0 DL A AL T 7 B P (15 0 A SR A R IR P IR A
AR EURTE AR OR T, ERITZIENAE, BN IBRAEINL A I 258 A B L AR
B, FERMERREEB, PIEREMREZEARRE, MASLH AL, BANIRESREMNE AR EERR
HPE I N, 2 KT WO E A R E R TAERE R X DAL, T 98 i i P BELAS A
il BRI B AR B 2 22 X 5 S A ME (PR R 2 A1 L, 3890 1 3E 1R BE , AT SR AL A% iy
X T EEBAR ARG, HAR TNV S R AW S o X S PR RN, 24T BER/INI - s i) ke =
TR, BEE TRERIR, AN SIEAARRREE . T REAAEEEMNE RS, Mg
MIPEARELE: DAEANDMEL, RSN T BB AL 3 )RS FIRE, IEAEILEE X
I BN 5 <o X B 06T 90 67 A IR R T P08V A P RO BELAS A TR AR ST 4, A5 % P R S e < 8 X A
Pl )EEFRUTAKE M AL, d T RO S2 1 T PRRR 0 2 (8] ROBERR ], R R TAR, 155
055 52 BRI 2 1A B OB AL A, AT 45 BB A A% I R BB DB 1 K



R %

4.2. NORERT

K 4 45T BRERIE N G = 353 +3.00 kg/m?, #ECIJE 7 Py, = 256.99 + 6.00 kPa, 5% HWAME #i % B N
37.18 KWIM? 24T, 24N E R BORIAC I 350308 8 LA PRy 4 46 8 190 2 1 3 8 2 R 8 PO BE TR RN A B R B
PR I AR, XEFOCTE M A SRR E S, BRRREE TR W C, I B R
AREMEER M TS EEWEER 2°C -4 CAE A0 BRI R ECE, HA PN 57 5
AR E WAL AR B R TEECE AR, JF BT, AL REE R R, e,
R HI A LB T B 5 P71, B ()i 2 e 2 [ f7 A2 AU 28 At (b)iR R IRIX I R
PGSR, RPN, TR TR L, R X I A o LUK, PRI, R aRAE
RERTE I PR (k2§ S DI i b < 0F =1 TR MR 1 U L1 R/ e RO D Y Py g i T A 5
RIS, SRS A A A T S B P R R — D T RS T R P9 A K TR A A5 A% a5 1
I3 5 AR AR E N X T 92 X 95 AR A SEINRAS TGN 1 B BEAL FA DI, AR BRI TER .
TR 8 A RO N T AL, T 122 R e Xt AT AL T BELRS (6 #5A% BRR AL, n ] 4(b) wir =M

SN J5 (AL R B I IR BEE TR, ARV AR K, MERBEAL Hp LB
ARG, RO, PR e U TN T R A A DT 2 SR A AR A, BRI AR AR R R L

Wi G B KSR 2.4 5
4.3. BYIRRE

K5 4 T BRSO G = 354.33 +£2.00 kg/m?; #ECIJE ) Py, = 262.25 + 6.00 kPa, kTN X, =
0.0033141, ZZHME MR EN 51.76 KWIM> 244 F, 24N I Uy HOIR I I35 38 6 45 LB P9 3 40 I
(1033 28 75 R I B R R A R B M o TR BRI B SRR R SR 1, B IR B K, IR
BFE A IR o O B R R, VR Bl 0 T B R R AR R B ORI A R O TR ORI, 498
R N 22 W YR 4% XS, T R S T 0 SRR IR, SO BENIRRR, RGN . 7EVR
TR (BN, T8I VAR Bk, — A 5 KAEETIERRTERE &, B— Tl T2
23 PR B N 28R TEY 2[RI TR K, 2805 ) R S I SR T ok ), Z875AH 28 el ) A 0] e g
BN IS, RIS R N BRI N BIBR B2 [A), IX R A P AR P2 AR T AR A8 4, X PSS 3k
DR IAFAE W] DLTESZ AABE T P AR B, BTS2 ABE MK AT Reslt, X0t T RO A R . FEFELT

132 70000
G =353.977 kg/m’s Pin = 262.2447 kPa Xin = 0.00075076
T G = 353.5212 kg/m’s Pin = 253.7638 kPa_Xin = 0.0024008
b f \
131 60000 -
=1 f \
130 50000 - ‘
= f
PN
Q e Y % [
1294 ' N e é 40000
F= - - - E 4
- = »”
128 4 T 300001 | —e— T, P A
. = T \
., m < :/./' N\
127 4 v 20000 4 L
G=353.977kg/m’s  Pin=262.2447 kPa Xin = 0.00075076 W
G =353.5212 kg/m’ Pin =253.7638 kPa Xin = 0.0024008
126 T r T T T T - - - 10000
0.000 0.002 0.004 0.006 0.008 0.010 0.012 0.014 0.016 0.018 0.0 0.2 0.4 0.6 0.8 1.0 1.2
X Z(m)
(@ (b)

Figure 4. The characteristics of temperature and heat transfer coefficiency distributions for the slug flow (g = 37.18 kW/m?).
(a) the temperature distribution; (b) the heat transfer coefficiency distribution

B 4 ANOBRRERH TRRREARESHIFE(Q = 37.18 kwim?). QBRI O)IEARKSH



R %

136 80000

G =356.9638 kg/m?s Pin=261.5986 kPa Xin = -0.0012484 G = 356.9638 kg/m’s Pin = 261.5986 kPa Xin = -0.0012484
G =350.9222 kg/m?s Pin=251.7451 kPa Xin = 0.0037816 70000 G = 350.9222 kg/m?s Pin = 251.7451 kPa Xin = 0.00378_16
134+ \t\““"‘\ 60000 4 f
N /
1324 - Sea §250000« J
2 i ™ §4mmo- /
-
=130/ . S 30000 - O 4
128 T o 200007 Y e
1 .- % PSP = S S
ST e 10000 { ¢*-*** =L
126 . : : : . : : 0 : : : ‘ —
-0.005 0.000 0.005 0.010 0.015 0.020 0.025 0.030 0.035 00 02 04 06 0.8 10 12
X Z(m)
(@ (b)

Figure 5. The characteristics of temperature and heat transfer coefficiency distributions for the churn flow (q = 51.76
kW/m?). (a) the temperature distribution; (b) the heat transfer coefficiency distribution
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Figure 6. The characteristics of temperature and heat transfer coefficiency distributions for the churn/annular flow (q =
30.65 kW/m?). (a) the temperature distribution; (b) the heat transfer coefficiency distribution
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