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Experimental Research on the Convective Condensation Heat Transfer of

Tube Bundles in the Presence of Large Amount of Noncondensable Gas

TANG Shangchao, HU Haowei, NIU Dong, TANG Guihua

(Key Laboratory of Thermal-Fluid Science and Engineering of MOE, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: To achieve the highly efficient condensation heat transfer in the industry with large
amount of noncondensable gas, an experimental system of convective condensation heat transfer
for horizontal tube bundles containing air-vapor mixture was established. The methods using self-
assembled monolayer coatings of n-octadecyl mercaptan and etching treatment were employed to
create the hydrophobic and superhydrophobic surfaces. The convective condensation heat transfer
performances of plain, 2D finned and 3D finned horizontal tubes with different wettabilities were
studied. The condensation behaviors on the surfaces and the flow patterns of the condensate
between bundles were also observed. In the experiment, the effects of typical factors including
the flow rate of cooling water, the flow rate of air-vapor mixture, and the volume fraction of
water vapor on the convective condensation heat transfer characteristics were investigated. It is
found that the droplet flow of condensate may be formed between the tube bundles in the presence

of large amount of noncondensable gas. As the number of tube row increases, the convective
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condensation heat transfer coefficient increases correspondingly and the heat transfer enhancement

effect of tube bundle is more significant. When the vapor volume fraction is about 11%, the

convective condensation heat transfer coefficient of superhydrophobic plain tubes with 9 rows is

1. 53 times of single row, and that of superhydrophobic plain tubes with 9 rows reduces to 1. 34

times of single row when the vapor volume fraction reaches about 23%.

Keywords: convective condensation heat transfer; noncondensable gas; wettability; bundle effect

AR N At & R RIE SN 1, R S SR
BN At B R R, A R S R A S — i Rk
OEAST EIN SRR & | AP VYL e i WA I
G VI AE TP 40U, — ER ST AR . TERR YR
TSI B8 AT FE R AT KR A A T R
YJub B KB BEME SR AFTE IS ZZ R BEAE L, A
BE M SR A AR BT S A% R 3 T B 38 18010 AN 5 1 AR
JE IR AL PRI, X ¥ A AR AR A AE I RIAE
PRI BAF 0 K i AN B P SR A7 A B 2 B U AR 1Y
Xt 3L ¥4 BB AL TR R o & R Sl a0 1Y) ¥ W AL AR Ak 4
AR AR IR R AR B R

FE] 9 Ah 2 35 A 0 A 78 SR BE A BT T T Kt
MWFFE TAE . Briggs SRR T 4likKZE M E A
BN BRI SR 1 7K 28 SR KT S48 TS RS v
BEAL VR | S B R ) 1) ¥4 B VL TS 8% S0 I XoF ¥ Bk
ERRBE BN, Lee FLEBII T 25K
RAMIR A 7R BA BT IR0 2 RS KK
L PG SR TH V8 AL VEEMED . Jeong SEEEH T
— I TS B A B T A% A T R A R A
FEBETT 6 S A AR AL A JH S B A AR AT
BEAL PG B UES . Shi 5B T —Fh BB 3
A LK ZER -2 S IR G 28 SBLRL5
SAEAT T X BEAE AL OF HOR R T AR
[ WA ) S8 A 48 AR A B AL A OG0 . Tk
WS T HEC245fa ¥ M 4l 28 AL Sk %
IS I I A B AL PVRR I L O FLER A ) VA
MASER T LR M SR 5475 Nusselt 45
B 35 [] 1) 25 5702 T B0 Nusselt 45 5B 8L 00
/I R LR, e ARG S ST IS I AY T 4 Rl
Y7 2l 28 SOLE A6 I b A A R D 1 V8 BE AT R RE
PE L RRUNAF LIRS T IR B X T BEANGN
B RORE 78 SR BEAL BVEE N 5 E M R L L B
J2 A5 T 7 SR I V4 R A A R B R R A AR Y
1.7 {5,

Ak [ N A2 A R R O R B AR M B R
165 3 V4 TR % 1 1) 5 BB K R I K 2 T S PR ER
ARV B L B2 V0 AL VMR RE . R K T AF AE SR LIS

http: / www. jdxb. cn  http: //zkxb. xjtu. edu. cn

TR K B 2 KA L O Xk 3 T R AT S Al Ak
ST R B BRAR Y BE L 5 AR R TR BE R
A 5 FEAR Y AT L » 3 T BT IR BRAR Ve B8 14 1 AR
FREUE LRI 3~4 £5) . Vemuri 551l it B 4%
FEARAE K- 50 B4 2 T AT 3 T Sk L OF BBk AT
IR RV B VR RS2 96 F 5T e B2 UK 78 R
71749 33. 6 kPa i, 5 R ¥ BEAH LL . SO AT 19 Bk
ARV BEAE IR R B R T 9 3 A5 . Miljk-
ovie S X TG U A A BEAT T 20 ok 5 ik e DT AR 3 T
AP A B LS BB OAR ¥ BE L 8 I KT B SR AR 7%
SR BERFIE SR A B BN A R I L R - BoA
0 KOS 235 g 1) i 7K 3 THIVA BE VBT 5 R 5 S A AE
SRBK IS REAS W AR m R B R

gf L i s w5 T B R T R R 4
AR5 A AE TR IREAR ¥ B A2 FR ORISR P 26 T o 1 2 A o
U R el B A BRR V8 55 L L 0 W T 9 A 1R A
AT 55 A [a] 1 38 P 3% 1T 64 B 1] 4 T 69 522 i T A [
R P 14 7K P A R ¥ B A PR P S S8 B 5 O DL
il . A SCEI WS T RN BEE AT AR AN [
T A 7K S A TR v B AR AR 110 6T VA v B A AR
P T RE AL T A T 90 9 P R T ) % R 5X
LA ) Ve BEWO AL L JF 5 58 T e HUK IR 3 IR A 28
AL K ZE SRR 0 BN A [ 9 9 ) 4 5 X 4
ARV BEAL R R B R o TR R K 2R
PR B B3 A5 SRR P 52

1 LRSS

1.1 XWRENLE

AL LA SAE W AR BEVE SR LR R G
LR . ZER RS B T2 3ME4A KR
G KRR IERG B H KGR R G L5808
FEA A MBI RER AN, ERE L L
XL 1 ik iF A S 1 G g 2 (i oK A i 4
3290 kW) HEA7 A 3 Ao 42 1 vl i AT 3R A0
WS KZER M DR EAER . Bk KE o ROk
4, A ]S A N ZE SR AR 5 (LDRO. 1-0. 7,
D AR K ZE L B IIVE Y T AEIR AR




26 [ . ]

K%

R

Eird 9550 3%

T WHHATIR G AR — R L S 2 Gl 8
(R AR HL MR T 2 30 kW) HEAT — Wk I &8 S0 06 BT o
TR BE 7 — 2 T 1B B0 E A S B AR 10,
BT R 1] R 5 e e X A A 2R A R AT X R
P BEALIA Jhy T R i I ARG B A A R A AR A
SAE T 4 KA, B A B 4 A K A
P W0 0O 20 Ao e A 2% PN Y UL AR A, TR
PV 2 A0 IR IE T TR ELAR O 150 mm 1) 5] JE 0
0 TS WL EE 6 [a] — KO- B 0CE AR R L
(Phantom Miro M110, 3¢ [5) W £ A [w] i W 1 45 o
R MBI, KEIAER B R R
T BE AL AV BE MR E B /R R R A A AR R
T W R R 12, 9 B E R E S T T
560 s FHLF K (AL204, 55 1) FR 2 ¥ 5 W i
L IRA A v BRI T R

T B0 R 2.6.9 AR T 5358 1 ZLru i as 5
A HOKER 0 B RAR TIRG 858 2 AL IMIRES
10 BRI AAER 5 11 B MURAR ML 12 WAL T3 13 L
K14 B HKFE 15 802K 16 LR A 35
17 HI28 5 18 B0 RAE R G0 T2l BE W 20 P2 R AR
K1 e R gs &K

SR ARG P A R E R OK S Tl a2 e
TEAS i b (0 B0 3K B 15 5 ¥ 410K a2 2 A 9% BE
e s . BT HE ) R IR 3 38 o v X
B RE S R A AR TR RS RA A
KV Ve AR 17 [V BV JIOKAR 14 . W JIKB9TR
LR R T (ZFG-50, D I 4, o T 4R =R
E K IR A I R R R L AR )
R HKIRG & IJF ARG S EAME 2 1~ K
R ER 8

REAS S R GU A I R v TR A R AR R ) Bl
PR 8 o S 56 A% 8 B 00 L A A AR R
) B LA S HK AR B B8 300 ~4. 70
TR SIS M B R ONTF 520, S0 R G0 h v Bk
At PR 2 1 0T 3E B pA R a2 AR v A 7K 2 Y 1Tt
JEE I S o 2R A K2R R ) L S 6 I ) 7 e R A

http: / www. jdxb. cn

http: // zkxb. xjtu. edu. cn

MK (Julabo F26, 8 ED it fr S . ATIRPT A
MR R D75 AR RS 0 T Y S B R R R
4t (Keithley 3706, 38 &) R4 5 W,
1.2 ZREEHNRERGE

AR S 6 v v B X P I A S 400 R S
BB G 2D W48 A 3D Bl BATT IR 2 T 454
W 2 FroR o AR SCUE T v 358 23 20 28 1) A SR 45 4
WAL 3 fir o, v Bk X A A 2% P A% BV A O DUIDLHE
WA, R i 2 al i 45 G IE A
B B X9 HE) . Sy Ty A R PR ¥ e AR
i bR R 2, B SR i e iR 5 A AT
DL o A7 A7 IR s ) B Sk AT R B SR E. O T AR E
P PR N B A 9 B 7R B Sk 54 R 2 R) R IR
O #UE, HL7E 55 U7 48 TS A 0 1) A Ak o 2 e i 2
A 2D WA 3D R A AN LA RF XA R
i NS

(c)3D %

() 6% (b)2D %
B2 3 M LIE RIS
w4 W
Ezyiidexid TS
FIEOM L 4 4 0
D& O-OO
OOD-D-O—2
(CAUAUASI AN
O-D-O0 -
OOOO-
WO O-OW-
AO-O-O0) -
O-OO-OW
~QOOOO-
OO-O-O0) -
e 00000
() EHLIA (b) 22 P

P03 Ve B e A SR A R

1.3 HELAESIRESN

SO HE A 2 ORI R PR L TR A
ZEACTOAE AL X A PR AN S B s N 3 K 28
T A Ve R AR S B TR AR

D, = O + s @b)

D5 = (peqve — Meona ) Cpg (Lgin — Lgiow) T
Meond Cow (Lgin — 1) (2)
D = mea Hyg (3)

Ko, WG TE L s qv IR G 2 TR BUR
%; Cpgﬂ‘]?ﬁ‘ﬁ%{i%ﬁg ttﬂg;tgm%ﬂ lg,outﬁ‘j‘zﬁ%zi:/:_ﬂ




%5 R A R N B T AR A A AR [ 0 A Rk I 08 A% R S IR B Y 27
F 1 BT R A A LARR N
S Jeg 2DNAE 3D M ho— 1 (1
42 d,/m 0.01410  0.014 26 0.014 12 - VE=Rw =Rt p/h
Wi di/m 0.012 00 0.012 42  0.012 14 AU R Dy BV BE O AL 5 Ry Ohy 15 95 R BEL C ol
B §/m 0,001 05 0,000 92 0.000 99 T ¥ AL A AE T X R AT Uk . AR S
T 0,000 87 0,000 87 WG IR AP s = A, /A, TR B HMI I T AR A,
Py HENME A ZH.
n/em™! 10 17 ARSCLA hon F7m ¥ B A A HE RO N (N =
9 K L/ m 0. 249 0. 251 1,20, 9) I A B4 XoF 30 ¥4 6 15 30 R 880, B L
R B S/ 0.036 87 0.036 87  0.036 87 NZ=2 B hon 5 HHER 7o Z H R AN o B
i 6 B s, /m 0.0281  0.0281  0.028 1 "= ;% (12)
YA [ B s, /m 0.0322  0.0322  0.0322 o
R SR 14 -15 ] v 18 7 3k X 52 560 1 530 245 St
Fi 2B B I B T TR e NS D AT AN A2 BE A AT o 6 AR ST A I 52 56 T A< A

BEHR  Hi, WK ZR SR G 0, KRR KT
) P L B

BN B A E G 0 R

D = 0cqveCpe (Leson — Lesin) €9

Koo A IR FIK Y % 5L 5 qve ¥ H1 K B 1
TR A s Co AR HIIK B B AES s 200 AT 20w V2 HIOK
B 2E TR

TEREA XA V2 B AL R BB i P S @, 7T
LR A
D, + .

P, = 5 (5)
PEAT HO A kL 3 2 UL SR R A
M X 100% < 5% (6)

D.,
PRAUE S 56 2 G0 Pt A8 i 1R 4 - A8 0 00 A A
SMEINEB R T AR IR N

©av
A At

A A, AL I I BE A TR AT, S X RT3
% BE AL S N e oA b B R IE A N

58 1 X 38 4% PR HL by B Gnielinski 2520 3184

_ hdi _ (f/8)(Re.—1000)Pr.

YD)

N = =1 er —n ©
£ = (0.79InRe. — 1. 64) 9)
Rec — Ecucdi — 4(9chc (10)

e np(.di
A f O N U 3 B BEL 3 R 8G Pro O B
B Re ARG A AL RAE AR ne R HIKIY
HIIRE .
R A BE 73 8 3 A SO X 37 v BB A B AR B

http: / www. jdxb. cn  http: //zkxb. xjtu. edu. cn

Re, [ KA 2 B R 3. 45 %, G $4 R 50 %
KA 72 2l 7. 32 %, B o7 I FR K 28 <08 B R
(5 A W 2 B Sl 2 2. 58 %, A AIMIN Kt 375 ¥4 R A% A
RB R KA R £14. 732,

2 AL IAAE R UM T v SR AE

AR SCR 1 B 7K 5 8 7K 2 T vk S LS
BRE16-18 1 AN FRBEAR o R igi 7K 1 B3 7K 3% 113 o 4%
fiit £7 0 £ {Y (Powereach JC2000D5 , A &) ] & Hi 4%
fil ff 5 25 K B K5OR8 B K 3% T B 5 i AR oy 0 R
(69.343)°,(113. 5+3)°FM(158.3+3)°, 54Tk
T30 % 3 & 5 B BE 34 (FESEMD A &2 X 5286
LT BE T 20 BT (XPS) X 3 7K L i 7K 5 8 5 7K 3% 18I 1)
T 25 ¥ S o 2 i AT RAE 5 4 B » H A 38 25 2L W
SCHRL17-18],

3 AR HIHE

3.1 REFARUSAFENAEERENEER

R & R E) S R A

MR SR L Sl 17000, K B K 5
ML KOG B W 2D I R 3D I A A R AR T
WL X e 4~6 firas . MWE 4 iTLUE 1ok
IKGAE R LR BER ¥ Bt i K 5 B KO R B R
HRARVS BE  BLAE— & S0 tPAE T 80 R 85/
i ox AR I R T 9% L OF 2 o R HEAE IV .
5 FT7R 3R 7K 2D hAS FNEE K 2D Jl 45 25 28 B o0 JEIR
WHE TV R A EN ERME K ERT |
3 5 R g K 2D I A8 3R I Oy A B BROIR V8 B
WE 6 iz : 5 2D A AL, SR K 3D b 5 B K
3D W8 ¥R Bk BROIR v BE L (8 i T 3D A AR Ik




28 i

X % % W 4 50 %

(W BAKNE (OB AKNE
B4 65 R AR

(a) AL

(DK 2D (WOFK 2D (OMBBIK 2D 4
&5 2D Bl &4 A i A 1

(@K 3D (WBik 3D (o Msik 3D I
P06 3D A U R A

P A5 W — A 0 s B K 3D i A
2 B A SR A BROIR Ve E

AN oK V- B Ve B A% RSB AT T L A TR IR
RV U S 7K P A R R I Ve B A PR M S T AR
R L HEAR PR 2 T v BEW AR X VEE ) RSN AR
PR % 220 HEAR PR 08 B A% P 2 15 A5 A
A . HAFTE R 5 22 5% . ML T Ak 2<%
B 1A 4~6 AT, O AN BV R AT AR I KR
AR BRE BRI V8 BB R PR A AR ALY v J5E TR A
D AR PAE T L B0 ¥ A K A TR TR M DLTE B
F R SRR T CAn & 7a BT R TE AL IS R T
T BEAR ¥ Bt i 2 BROAR Ve B » ¥ BB AT A SR R] 2
T TR0 B B9 0 IR 3 - BT b Te FTaR o Ve BE R 1R
TR AR N AR B AR wh iy xR HERR
AV B0 90 I R A 5™ A I 2l o Ak
ANBE RT3 m B v T M K T LV BB A A
SRR A2 AR O U Bl B A ) BRI
FeAT3 ke B B /K oL 998 R W v = T AR

http: / www. jdxb. cn

0TI L 2 2 5 A TR B B P RL T HE AR B I
AT TR 0 AN BEVE AR 7 A TR 2L B L i —
Al /N A BB

O

00O
ofe

o !‘..
@ RE (D BOREFER (o) BRoR ¥ BE
FEAR IR IR U TR

P74 )8 BV Tl B R A

3.2 REFTRUESEFENAREREROITR
B R
3.2.1 AFpkiiikeHea K8 KA R E
JEAEE 9 HE) 2D A A 9 HE) A 3D A
TRCO HED XTIt v B A2 1R 3R B A8 N K It ) 2 Ak
KF, WNEHRATLIE L #E Re. =4 290~8 950 1Y,
B V2 H 7K IR I X A v B A TR B W R
ELYA H0 7 I 3 X A ] 3 P A R A% PR 5 e AN
. A8 AT LAAE H o« 8 B KOG A R R X R v
B R BUR R AOEE S R/N 1.5 A4 Bkt
B R A X B R B R A E S R 1.3
e 47 Mgk 2D RS R 5 3R K 2D B A R
XoF UL Ve A% I R B 2 B B K 2D A A AR Ykt
TR BEHE IR BUR R K 2D ISR 1.4 54
A5 Rk 3D WA R S Bk 3D Bl A8 A A e
BEAL I E B Y B B 7k 3D A 4 o0 R R V8 B

R BUR K 3D EE RN L35 AL,
400
mERLE o FADME = FKDME
oMK E o BADE @ HAIDME
3501 A B K6 A dE B K2DH B X BT AK3DI
T 300f X X X
N'E.d X ® )2 A A A
B2s0F A & s, % %
g N A A )
° L o
< 200 %. & B 3o .
150} . m = ®= = =®
100 ' ' . . . .
35 45 55 65 715 85 95
Re /10°

P8 X v B 1 B R S v UK U B G &R

3.2.2 RARAARZGHw K9 EXRANRIEIE
POEAEE A 9 HE) 2D B &4 R (9 Hi) A1 3D B

http: // zkxb. xjtu. edu. cn




%5

S b B R AN B AT A AN () P A BRG0PSR R AT Y 29

O HED 10 I v B A% TR BB IR 5 28 AU LY
ALK FR . KA 28 7Y () 4 o, K Z8 SRR 40 5k
10. 7% ~11. 6 Yol IR A 28 S0 T 1 B0 i 3 K 8
B 7K A PR X I V2 R A AR B T K A R K
BB XL B MR B /. DL 3D I EE R R
B B K 3D WA A5 IR R VA B AL IR Bl o
K 3D S AR 1. 1 A% B K 3D Bl 48 48 WY XF
TR BEAE IR B Ry 2Rk 3D A A 1. 3 4%,

4201
W EKORE
380 e HiAKNEE ® 3% 7K3D &
AR 8 B K3DI &
340F o EK2DIE X8 B K3D &
- o Bi/K2D & X
M 3001 A #BHK2DRH & " X A
'g 2601 x A 2 g
> :]
B2 A A g B A
= 220} 8 = A o
-~ B = o fe) R
Y SN Ao g »
L ™ b n u
140 . n
100 . ! . ! )
2.1 2.3 2.5 2.7 2.9 3.1
Re,/10°

B9 XU & B AR BT IR & 28 WK R

TR A 78 T B X 94 BEIE 0 AR BE
AR AOEAE A R ROK 5K 2D I 4848 28 0K
5K 3D A8 . A R T IO BE AR A
NS 10 VS 2 ) 555 A% BH D 5 55— 7 T, X TV
T2 2O BROIR v B 9 i 7K 5 8 g 2K O A5 A8 R g K
2D B A4 BRORN B K 3D A A IR AN A A 6% 08 T
B THT AL AN BB P MR )2 JBE JEE L 3 A M) T 0 R R R
I 7 A T 0 Ui B HEAS AR T A v B R
PEAT iAo AR AR T AL AL I i ke B i T b R
TR v 2 AL /K A A R TR I AR R A A BE A T A
il 45 5 R R — 25 P Bl AN A MR AT 4
Vo BREAR AR L XA A B M A R TR TR S 2R U R
I B KOG A R BB K 2D ) A5 A R R i K
3D B TR Xt IR v R A R AR B 3 R RERBR
3.2.3 REAMKBRyIGHw K10 5 T AR
{2 PE B A R (9 HE) (2D A R (9 H) R 3D
O TR CO D B X 4 B AR TR R BB TR 5 22 P
IR N AV R L S S L T IO S Y
KRR Bk 2. 903 & 24. 1%, R [A) i
T A R X RV AL AR R B W . X
P —J7 T K28 R B B R IR G &P A
BEE SO 10 e AR AN B IR 8 KB DB /) 5
73— 7 T K ZE AR BOE R B TIRG 2P
JK A A RE I O ) A B 2 L B T A% sl L
2K 78 MG 1 2 A BE T O R A 08 5 L [ IR R R

http: / www. jdxb. cn

http: // zkxb. xjtu. edu. cn

PGS TR B R AL

650
AR
7
ss0f X @A X
o 3EK2Df & x A
. asol omK2DENE X “ g
v A B H KD & Xgg ©
's 350} x, o g**
3' X [ ] |
E X e
<" 250} X n
K o o209
L S oN B gmEK3DNE
Isop  4e” 0 m® ® k3D &
. & 8 it k3D B
500 6 12 18 24 30
0,1%

P10 uF i v B A5 P AR B 5 R 28 IR AR M B0 26 &

3.2.4 ERHERPEHoh  HIKIERIRFL BN
10. 7% ~11. 6 % Bif o /N [R) i 18 1 0 D645 45 0. 2D il
RS TR 3D A A8 SR 0 X I V8 R A R 2R BB A HE
B AR E 11 FroR. WER AT LA B
O 1 B2 9 W, R I v B A5 R R B W L (A 3
Ka¥ Bz war g, B 12 £R T KESEBSH N
10. 7% ~11. 6 %6 i A Rl 1 6 48 4 . 2D i 4
UM 3D A A A RRON . B RN X B
TR TR X6 T V4 BB A IR 1) 5 AR FH L 2% K R g
KA IR R G v A BRSO XoF R B K O A A R

400

sl f=3
! m 5 K3D I
350r A BB AR ® B K3DI &
o 3% 7K2DH) & KB K3DM &
T 300 o BiK2DHE x K
M A BB g K2DH & x B A A
b X A
g 250 K A A g
<200 % & B § A g § 8
g 8 g 8
s £ 8 . .
150 Q ® L] [ | ] L]
[ ] n | |
™ n
1005 2 4 6 8 1o
N

11 KZESRB 5 E0R 10. 700 ~11. 6 % It
XA AL AR B S EHER X R

1.8
fa)
”‘:ﬁﬁﬁé & 2 K3DM
16k ABH AT ® i /K3Dh &
T o3E/K2DHE & K 3DR &
15k o Bi/K2D & 3
> A gik2Dl & A &
$1.41 8 A é E
1.3f A g § B
1.2f ):
1.1 g ﬁ
I‘OO—K > "‘ "5 é IIO
N

B 12 KZESMFR BN 10. 7% ~11. 6 Y I 45 HE%
o A [R] Vi A ¥4 g X AR A TR0 11 5 T




30 [ . ]

Ko

R

Eird 9550 3%

AR F fe K 9 HEHE B 7K Ol A8 A8 SR 19 8 3 14 RE A% AR
FEL R AR 1. 53 £ 2 B B K 2D A4
WHBHK 3D I EE R, X TR N —Jr .
EHERON N IR A 78 R T AR AR R L 4 BRI
S5 55 — 7 THT » B X 6 7K R THT S SRR PR AR A A
KM 45 44 v 5 v B R TP - A R T
VBN T T AR TR X V4 A ) R D L 2 b R A A8
BRI Ve 2T HEAE I v B N 2 MY A AR A RE SR
AT o 171 s 5 B T R A 488 ol i U ST N 2 R AR Ve
TR A LI G DT i B 8 A B 1 AR i/
e T BH A3« 1k — 20 S AR v BE AR 34

RSO &5 T KA R R Bl 22,300 ~
241 0/ BRFAS [ 9 9 T B O 4 A L 2D i A R
3D A A SR A R O v T A A R ORI A AR B
HERC AL SC 2 L e il 1314 Firo . &1 13 ot
TV B AR B B B S 1 11 LP— 3 B
& B HERCRI G I Xk I v B AL AR BOZ TS K

700
| mEKAE
6501 o A m 7KDY
%7 7K3D
7, 50r Smmm%m ' : x X
"*é so0l- Aiﬁﬁﬁmmﬂlg . K K A g
5'450- x X A % ﬁ g B N
<a00r g B & g 8 A B e
3300 o @ 6 & e o ©* ° *
o ©® ° m ®E =
300 o S a n " L]
| 1 1 1 1 J
%% 2 4 v 6 8 10

K13 KZESIRB %R 22.3% ~24. 1% 1
X PV BE AL RS S HERU SR R

151

mEKRE

| e Hi/KGE ® %5 K3DRE
1.4 :%%ﬁiﬁ?ﬁ%" emykmm;é

o kAK2D & KB B K3DI & A
1.3+ o Bi/K2Dih & X

A B K2DB & 2 5

A .
3 1.2F A A ?g 5 B
A B E
1.1f 4 E
3 ]

LoF X
% é A % é ﬁ

N
B 14 JKZESAEFR BN 22. 3% ~24. 1 %45 HE
e A TR i ok P ¥4 2 A AR A SRR (1) 52

M 14 FT AT 2 2K 28 SRR BLE 22304
~24. 100 I 5 TRORKONE X I K O A R iR A AR
FilHR R 9 HE M I 7K G 8 A TR B0 X AL v 5 A A AR A

http: / www. jdxb. cn  http: //zkxb. xjtu. edu. cn

I AR 1. 34 % .10 9 HESE K 3D A8 A SR A X
TV BEAE A R A R AR 119 £, 5K 12 M
FE 7K 2 SR BR 0 308 DR A SR A AN ] i A
SR X v B AL R RO AL s . X 2R
N =TT I K ZE AR B RO AR s Ty s, 3
Z K8 I WS R LE Ve B AR TN Ve
IR B 75— I T TR 28 TP AN BEYE SR BT 5 4
R A A BE BT AR ) AR B BELAH O sk /) A
X B4 HIE B0 FH A0 ¥ B W 6 ok A BE A UAZ Y
PeshVE s . 25 3 W0 T PR L K 2 R AR
O TR 2 i AE SRRSO X DR A AN BB P SR A A I K
Ve BE AL B RE A SR AL A IS

4 7t B

AR S T IR A 78 SOKF & AA A AL 4
SHG R G A SR K PEGAE L 2D B R 3D R
EAT B 7K FER 1 7K 3% THT 0P A B L 4 K & O B R
LN DOR e T TR R R R D = 9 1 R
BEW R AT I, I B SCERAFoY T K AN EE TR
PR AT IS ) 30 VP O 845 R 2D Bl 4 ORI 3D
I A A OO X I 4 6 A% IR M A AR L 3R AR LU
T EELR.

(1) K AN M 50 AR A A R AR T) 9 3 P A R i)
Vo BB YA 174 U L 149 Ay ) R IR L RV L SR AR A
HLFEK 2D iR 55K 2D A H 3K 3D
A& RS B K 3D Bl 4 B 38 3 BN IR i
B KOG 5 K G A R OB K 2D B
B EIK 3D il R B Ry A Y B AR A

(2) 7K ZE SRR 20 B0t A [i) 10 9 P ) o4 2 =X
IR B X 3T V4 B A AR R BB T S L T A K
(1 R B 8, B 25 TR 25 KT 5 K R SRR
B 1 T o ¥4 BB A AR R B0 W R R R B
S E oY1 G e b E = i N7 N i 2 T G R K= o S
B 7K B V4 U X A P 4 R U VA R A PR A

(3) KB ANEE MM AR 76 B 45 HE B s AS [
TR B A R 2D A4S AR 3D AR A R Y
XiF 37 ¥4 VB A A 2R B0 H 0, A5 TR X R B K Ol A
I R AR FH K 5 K ZE SRR B0 L 45 AL
JOf X ¥4 U5 A% B Rl B4 A 28R UK 55 2 K 28 R IR
U B 11 Y00t 9 HE#E 577K 6 3848 o 00 X i %
BEAL PR RO AR 1. 53 %5, K &SRB B
23 Y0 .9 HEHE B K 6 A R X ¥ BE AL R
BOZHEM 1. 34 £,




%5

S b B R AN B AT A AN () P A BRG0PSR R AT Y 31

S % k-

(1]

[2]

(3]

(4]

(5]

[6]

7]

[8]

BRIGGS A. SABARATNAM S. Condensation of
steam in the presence of air on a single tube and a tube
bank [J]. International Journal of Energy Research,
2003, 27(4) . 301-314.

LEE J, KIM T ], KIMM O O H. Experimental study
on the heat and mass transfer of teflon-coated tubes for
the latent heat recovery [J]. Heat Transfer Engineer-
ing, 2005, 26(2). 28-37.

JENONG K, KESSEN M J, BILIRGEN H, et al.
Analytical modeling of water condensation in conden-
sing heat exchanger [J]. International Journal of Heat
and Mass Transfer, 2010, 53(11/12) . 2361-2368.
SHI X J, CHE D F, AGNEW B, et al. An investiga-
tion of the performance of compact heat exchanger for
latent heat recovery from exhaust flue gases [J]. In-
ternational Journal of Heat and Mass Transfer, 2011,
54(1/2/3): 606-615.

e, kEFL . PMVERS. HFC245fa K V6 5k
ERE RSN B (1], L T2 4. 2010, 61(5):
1097-1105.

MA Zhixian, ZHANG ]Jili, SUN Dexing. Condensa-
tion heat transfer coefficient of HFC245fa on horizon-
tal smooth and enhanced tube bundles [ J]. CIESC
Journal, 2010, 61(5): 1097-1105.

MA Z X, ZHANG J L, SUN D X. New experimental
method for inundation effect of film condensation on
horizontal tube bundle [J]. Science China: Technolog-
ical Sciences, 2012, 55(10) . 2856-2863.

M, @, KNI, 4. R22, R410A, R407C Fi
R134a 7EAEHE F 88 AN 2 BEAE b [T]. b
TR, 2011, 30(S1): 655-659.

YAN Zhipeng, LIU Jian, ZHANG Gang, et al. Con-
densation heat transfer enhancement study of R22,
R410A, R407C, and R134a on a bundle of petal-
shaped finned tubes [J]. Chemical Industry and Engi-
neering Progress, 2011, 30(S1): 655-659.

FRll, PR AR, 52N 85 N PR 3R TH L A5 T R
Mg [1] AR K224k T4 R, 2014, 44
(1) 90-94.

CHENG Shen, SUN Fengzhong. Experimental analy-
sis of condensation heat transfer characteristics under
vacuum condition of Nickel based implanted tube bun-
dle [J]. Journal of Shandong University: Engineering
Science, 2014, 44(1): 90-94.

http: / www. jdxb. cn

[9]

[10]

[11]

(12]

[13]

[14]

[15]

[16]

[17]

[18]

http: // zkxb. xjtu. edu. cn

ROKHE  ARBEG, 4, & KZESAEBH KR
R [T]. TR A, 2007, 28(1);
95-97.

SONG Yongji, REN Xiaoguang, REN Shaomei, et al.
Condensation heat transfer of steam on super-hydro-
phobic surfaces [J]. Journal of Engineering Thermo-
physics, 2007, 28(1): 95-97.

VEMURI S, KIM K J, WOOD B D, et al. Long term
testing for dropwise condensation using self-assembled
monolayer coatings of n-octadecyl mercaptan [J]. Ap-
plied Thermal Engineering, 2006, 26(4): 421-429.
VEMURI S, KIM K J. An experimental and theoreti-
cal study on the concept of dropwise condensation [J].
International Journal of Heat and Mass Transfer,
2006, 49(3/4): 649-657.

MILJKOVIC N, ENRIGHT R. NAM Y, et al. Jump-
ing-droplet-enhanced condensation on scalable superhy-
drophobic nanostructured surfaces [J]. Nano Letters,
2012, 13(1): 179-187.

GNIELINSKI V. New equations for heat mass transfer
in turbulent pipe and channel flows [J]. International
Chemical Engineering, 1976, 16(2): 359-368.
KLINE S J, MCCLINTOCK F A. Describing uncer-
tainties in single-sample experiments [ J]. Mechanical
Engineering, 1953, 75: 3-8.

BEVINGTON P R, ROBINSON D K. Data reduction
and error analysis for the physical sciences [M]. New
York, USA: McGraw-Hill, 1969.

QIAN B T, SHEN Z Q. Super-hydrophobic CuO
nanoflowers by controlled surface oxidation on copper
[J]. Journal of Inorganic Materials, 2006, 21 (3):
TAT-752.

HU H W, TANG G H, NIU D. Experimental inves-
tigation of condensation heat transfer on hybrid wetta-
bility finned tube with large amount of noncondensable
gas [
Transfer, 2015, 85.: 513-523.

AR, AR, LW, SE. ROE N BE M SR A TE Y
I TR) 1 A% A8 v BE AL AR PR SE IR T 5T [T, P&
3 K 2E M, 2015, 49(7); 30-36

HU Haowei. NIU Dong. TANG Shangchao, et al.

International Journal of Heat and Mass

Condensation heat transfer performance of heat trans-
fer tubes with different wettabilities in presence of a
large amount of noncondensable gas [J]. Journal of

Xi’an Jiaotong University, 2015, 49(7) . 30-36.
(il #IAE)




