$20% 43 et K TR Vol.20 No. 3
2012 4 3 A Optics and Precision Engineering Mar. 2012

XEHS 1004-924X(2012)03-0506-08
i 2 b B 5% 1 TS B 1B B TH R B RY 21 AN

GBRR R XE.ARE. BRE
(EEI A% #IRFRA, L 200093)

FE ORI T UM P00 & R A TH5104 £1 AR AN S 3 38 RE T I 2 SR i 5 TR & 134 100 76 il 38 9 1Y
RSP, MRS R —AME Y 1,22 mm. AR 0. 86 mm, K H 200 mm BYAGE A BAIRI A . SCI6 ) AL A IR 1Y
W2 0 5 T G it 1 726~8 635 kg/m” « s, BB B Ry 65~231 kW/m® W BE 18 B2 (9 A8 AR A B0 . 5238 43 BT Al )
V8 B W« 0 R TET 1 3R B A0 A T A e AR A B R R A s KOT ORI e R, R RS B A
BE I U 22 0N 5 YR 22 1 TF B 55 TGI8 ) R /IN AT OG5 B TR L B 1 AR Ak 5 AR LS N TR I TR B AR OE U R %
Y1, i B 05T 2, B TR R AR A R 20

X 8 R4 REN T MAEE RS EERE

RE 4% E . TK124;TN219 ERARIRED ; A doi: 10, 3788/OPE. 20112003, 0506

Infrared characteristics of wall temperature for single microtube
during in-tube flow boiling

MA Hu-gen” , TU Wen-jing, XIE Rong-jian, BAI Jian-mei

(College of Power Engineering , University of Shanghai for
Science and Technology, Shanghai 200093, China)

% Corresponding author , E-mail ; mahugend06 @hotmail. com

Abstract: A boiling heat transfer test unit was designed and built. The TH5104 infrared thermogra-
phy was used to measure the wall temperature of a microtube to research the characteristics of boiling
heat transfer of refrigerant in the microtube. The test piece was a single stainless circular tube with an
external diameter of 1. 22 mm, an internal diameter of 0. 86 mm and a length of 200 mm. The infrared
photography was used to test and record the wall temperature of the microtube with heat flux ranging
from 65 kW/m?’ to 231 kW/m? at different mass fluxes from 1 726 kg/m” * s to 8 635 kg/m’ + s. Ex-
perimental results indicate that the wall temperature distribution along the axial direction has a regular
change obviously. For the flow boiling in the horizontal microtube, a large temperature difference a-
long the whole tube is shown during the evaporation of fluid in the microtube. Whether the difference
of wall temperature is positive or negative,it is relative to the heat flux. The variation of the wall tem-
perature is affected by the heat flux, flow patterns of working fluid and the heat transfer model, and

the more complex the flow pattern is, the more severe the wall temperature varies.
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Fig. 1 Schematic of test system
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Fig. 2 Axial distribution of wall temperature (G=

2 590 kg/m* * s)
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Fig.3 Axial distribution of wall temperature (G=3

453 kg/m* + s)

RE A IZ AL 11 5 o T B AR o e PR 5

& 5 B B i o 8 635 kg/m’ e+ s A #A
T B A E 0 20 A B B R . IR
b 88 kW /m” B, Hif J& 2 B 114 ik i 22 /)N, 3X ] g
2 U R AL A 0 IR 0 A e SRR — B WA
HEAR KR B 25 . BRI & E THE 210
kW/m? B, A B Bl B B & T B, (H#k
WBEST 231 kW/m® i, R BT 3RS
FERSIMIE .,

B DA E 4 5K P 4 BT BT Y R R R N T
3453 kg/m* s B, i B 43 A Bl A R 9 R Y AR
b NHITAR S = BV AR B 5, BB A s e A%, Y
RS T 6 908 kg/m® « s B, T i 5 X
ABH AT, RE Y mERES T 8 635
kg/m® « si I o0 A LB 5 X Ui Bl T —
ASIG , BVAE 7K TR, B2 58 3 D3 U 3 i s ao A



510 b=

% TR

5 20 &

(a)—q= 88 kW/ m*

(¢)—q=150 kW/ m’

‘iii i i & TP ava . |

(d)—q=188 kW/ m?

(H)—q=231 kW/ m*
JEE Y Al 1) 43 415 181 (G=6 908 kg/m” * s)
Fig. 4 Axial distribution of wall temperature (G=6
908 kg/m’ ¢ s)

P4 R

T i A AR I e 2 A% N, L AR T 2 1 R/ ke
SEIRZERIE AT ) (A A, A] LS 20 3 RE A H
TE AR B /N 32 50 4 4 1 BE TR I A A2 1)
AR TR 5 PR R AR BE T I B N A2 B A
T 2 T R

P b 4 @l T O0T B 20 A0 G e Pk b B e 13k
P BE T A 3 B Ay AR PE . R T A B AT BE I
TR R E AR SO I T DL A AR A A R
SR A5 3 T B 5K 2T AN A R B e K L 2
. KM T & 6 1y, T i K 2 Bl 2 34
UL 25 T 8 R 1 K A O O A 0 R
MR . i 22 1 e KB 10,2 °C L i 28 1Y B/ ME
HN4.9 C,

T B b 3R R TR A K O i 1 e
T30 B 1 A8 Ak, AR SCTE A [R) 11 0T O R A O

AR S— ]

(a) —q= 88 kW/m’

(b)—¢=120 kW/m*

: ———

(¢)—¢=150 kW/m*

(d)—q=188 kW/m*

I ——

(e)—q=210 kW/m?*

‘m

(H—q=231 kW/m*
Pl 5 B T3t BE Vi il 7] 23 A1 [ (G=8 635 kg/m” « )
Fig. 5 Axial distribution of wall temperature (G=
8 635 kg/m” + s)

10.5

10.0 —m—G=1 726 kg/m*s
9.5 —0—(;=25 90 kg/m®s
9.0 —A— (=6 908 kg/m?s
8.5

—0—(5=8 635 kg/m*s

8.0
7.5
7.0
6.5
6.0
5.5
5.0
4.5
60 80 100 120 140 160 180 200 220 240

¢ (kW-m2)

Alpay/

P 6 BETH i ORI 22 BE RV L A9 R 1

Fig. 6 Maximum wall temperature variation with heat flux

AR DL 22 ) 1 1 25 45 K D 18] A (] A8 TAT ) ~F- 4
i B AR F (UL AT 7)



3 ]

Ll AR, A5 L i S Bk I A T (i i BE TR BE A9 £1 MR AE 511

il o £0 AN B R 5 2R 18 B 23 B X L AT LR
H < AR Y IR AR S L O IR R Al
T EEAE XS BN, Nl 7 Ca) BT DA XA B B
180
1751
17.0
16.5
16.0

1#('C)

0.0 5.0 10.0 15.0 20.0

Licm

(a) BEMIREARL(G=1 726 kg/m’ * s,q=65 kW/m®)
(a) Variation of wall temperature at G=1 726 kg/m’ * s,
¢=65 kW/m’

18.01

1#('C)
>

I 5.0 1 L 1 ]
0.0 5.0 10.0 15.0 20.0

Licm

(b) BETHRE AR (G=2 590 kg/m’ * s,q=210 kW/m®)
(b) Variation of wall temperature at G=2 590 kg/m’ * s,
¢=210 kW/m’

21.0 -
20.5

20.0 -

H#('C)

19.5

]9-0 L 1 1 J
0.0 5.0 10.0 15.0 20.0

Liem
(¢) BEVEIREE 2L (G=6 908 kg/m’® * s,q=188 kW/m’)

(¢) Variation of wall temperature at G="6 908 kg/m” * s,
=188 kW/n

250

245 F

24.0

1(C)

235

23-(‘1 L 1 L J
0.0 5.0 10.0 15.0 20.0

Licm

(d) BEMREAL(G=8 635 kg/m’ * s,¢=231 kW/m®)
(d) Variation of wall temperature at G=8 635 kg/m’ * s,
q=231 kW/n’
(&7 e 18 8 A 3 T T 0 T AR AR A R

Fig. 7 Average wall temperature of microtube

R AG B —, 7E 45 BTt A o R A RO 9 R
B, Qi 7 Ch) AR Ak 2 T R AR A LSS A
MG, 1 B EE AR X 5’ 7 () LR
BARANIR] 2 0 2t 3 ek R BAC O %5 B A 1L A K
T PR BE T B AR b U B L B, i 7 (o R (D
4 % #®

AR SCHFSE T IR A VA T 7R fGE T8 9 Gk 1
e PR A DL 4538 . (1) 7K P fl R B 3 T Y
TS5 it 2l 9 3k R L RIS i AR Y I 22 AR
T R T 2 Bt PAGIAE 4 BE I 3 RGO A R Y
K/NDRGE T Ul 22 09 1E 57 05 1) 76 2400 285 BE /N
R T I B DA [ A 2 T i 1 5 AR 2 R ORI BE
AT B N 22 3 47 U2 R R, (2) BETHN R IR &
Aty 1) A A B A T L HE A A R S5 TG T Y
WA TR S A BV LR, A A —
A B TR G 72 A2 A 2 R 5 T R R A i) R 28
AR AV R T I R R T I R v/ R R ek B I )
B A8 b 1) e R 5 2 IR A S Wk I B B s, U TR R
Uity O RE D UL BE L AR, (O EMR R R R G=
1726 kg/m* « s FRAA % EE =65 kW/m’ Y
7 DL T o BE T I 3 A8 b b A 58 R 5 7 v 45 I o O o
G=2 590 kg/m” « s FIH G % E ¢= 210
kW /m? B, BE TR B2 A8 Ak v fIOAH B8 s Y i
DL R AR R R L B R B, i G=6 908
kg/m? « sFl G=8 635 kg/m* + s 1fii ¢=188 kW/
m” Ml =231 kW/m” B, BE [f] il B A2 fb )% 2 Lb 3%



512

ples

T TR

5 20 &

Ko () LLAMBAZRBAR A 8 B A I JEE k2
IR —E DN B R 22 (HL A0 A B T 23 7 4 N R

S Z k-

(1]

(2]

(3]

(4]

(5]

[6]

L7]

GUO Z Y. L1Z X. Size effect on microscale single-
phase flow and heat transfer[J]. Int J. Heat and
Mass Transfer, 2003,46(1):149 -159.

Rms At & E e tF. TGH TE AU S I 4 B 5 e
(1], #1743 4R,2009,20(2) :1-7.

ZHANG P, FU X, WANG R ZH. Review on flow
boiling in micro-channels[J]. Jowrnal of Refrige-
ration, 2009, 20(2):1-7. (in Chinese)

F R IR, RAEM . LD AR ORS o I I B AR
[JJ. k% #% T4, 2007,15(9):1336-1341.

LI'Y H, SUN X G, YUAN G B. Accurate measur-
ing temperature with infrared thermal imager[]].
Opt. Precision Eng. s 2007,15(9):1336-1341. (in
Chinese)

FR4,RAE, RS, DHAPURASMEINE RS
B R WA ELI] A% 4% A&, 2010, 18
(10) :2143-2150.

LIY H, ZHANG L, WANG Y N. Second calibra-
tion of atmospheric transmission coefficients on
temperature measurement of infrared thermal ima-
ger in fields[J]. Opt Precision Eng. ,» 2010, 18
(10) :2143-2150. (in Chinese)

INgE R, A w L L0 AN PGSO IR B R R gk
[J]. #5409k, 2008,18(2):101-105.

SUN X G, LI Y H. Review of the development of
temperature measurement technology with infrared
thermal imager[]J]. Laser & Infrared, 2008, 18
(2):101-105. (in Chinese)

ARE . LA T T AT A I R TE R M R S AR A
ML AR L. #ok 5 4o sh, 2010,40(11): 1211-
1215.

DENG G M. Application of network thermal ima-
ging system in power transformer substation for o-
ver-heating electronic instrument[J]. Laser & In-
frared, 2010,40(11):1211-1215. (in Chinese)
Ta&H, KK, FARF. KRNI BB RS
Bt SN ]. R F HE A, 2008.16(12)
2429-2435.

DING J W, ZHANG B, L1Y G, etal.. Design and
analysis of infrared imaging system for cloud mete-
orological observation[ J]. Opt

2008,16(12):2429-2435. (in Chinese)

Precision Eng. .

2yl 1 INF ) AR A BT B0, EL X T A P 7 A A
R B A AR KA B

(8]

(9]

[10]

[11]

[12]

[13]

[14]

G AT, AR AR ik 2R R T 7 VR TE I
REZSEg b g LT ], #3042 8. 2008(22) - 79-80.
BAI M, CUI X Y, HOU Y J. Application of non-
contact temperature measurement in microscale ex-
periments[ J |. Informations of Science and Tech-
nology, 2008(22) :79-80. (in Chinese)
AWE L, B K AR E FRAE . B L0 AR R & 07 T
MEE NS R B L) ] =& 44  F R,
2006,27(4) :679-681.
YAN X H, TANG D W, WANG ] H. Evaluation
on flow boiling patterns in an opaque microtube by
infrared radiometry [J]. Journal of Engineering
Thermophysicss 2006,27(4):679-681. (in Chinese)
) ER] kb, RAE A TTARAT A 2w R S Y
ARSI BT S LT]. b B A AT A T R
2006,23(3) :318-322.
LIU ZH G, XU J ZH, ZHAO Y H. A visual ex-
perimental study on surface temperature field in
stainless steel microtube[J]. Jowrnal of the Grad-
uate School of the Chinese Academy of Sciences,
2006,23(3):318-322.
A F D B K AR DO Y VOR S R 4y
WRLLAN AR LT, P AE X FFR A KA
F M) ,2008,36(10) :129-132.
WANG T, HU X G, TANG D W. Infrared ther-

(in Chinese)

mal images of vapor-liquid interface’s temperature
distribution in microgrooves[J]. Journal of Hua-
zhong University of Science and Technology
(Nature Science Edition), 2008, 36 (10): 129 -
132. (in Chinese)

HETSRONI G, GUREVICH M, MOSYAK A, et
al.. Surface temperature measurement of a heated
capillary tube by means of an infrared technique
[J]. Measurement Science and Technology, 2003,
14. 807 -814.

KREBS D, NARAYANAN V, LIBURDY ], et
al.. Spatially resolved wall temperature measure-
ments during flow boiling in microchannels [ ] ].
Experimental Thermal and Fluid Science, 2010,
34:434-445,

BUFFONE C, SEFIANE K. IR measurements of
interfacial temperature during phase change in a

confined environment [ J]. Experimental Thermal

and Fluid Science, 2004,29:65-74.



43 Ll AR, A5 L i S Bk I A T (i i BE TR BE A9 £1 MR AE 513

[15] BARBER J, SEFIANE K, BRUTIN D, et al..
Hydrodynamics and heat transfer during flow boil-
ing instabilities in a single microchannel[ J]. Ap-
plied Thermal Engineering, 2009, 29(7):1299-
1308.

EERN

DER 1950 —), B #im Tk A 1
1 HHZ L1987 4E L2002 4E T IR T
S RGN ARAG A A 2 A
R AR TR A B R A e R
Fag Akt #4555 J7 1 B A 98 . E-mail:

mahugen406(@hotmail. com

FRICER(1988—) 2, WAL BB L 5+
WhFE A, 2010 4F T TR K 27 315
2, T AR SR A 4 B AR R 4
A FT . E-mail: tcolour@163. com

[16]

HOLMAN ] P. Heat Transfer[M]. 3t 3% : HLH,
Ik peAE, 2005.
HOLMAN ] P. Heat Transfer[ M]. Beijing: Me-

chanical Industrial Press, 2005. (in Chinese)

BIORER (1983 —) . I3 A & AN AL 2006
AR TN 5 Tl 2 B 3R 2 237, 2009
AR T b TR AR AR o i,
Fur AL 1L ORI AR A R B BF Y. E-
mail: 1ian996701@163. com

B X (1984 —), &, By bk A, 2007
oS NI i i N 7 e e A
2010 4 b i 3 TR 2 4R 0L 2 fir
FEE M F R AL AE B 5. E-mail:
baijianmei0502@163. com

@ THATH

S 52 5T #4920 o 15 5B S5 0 T ATLFR 18 34

EER
(FPEMER KELFRENREDEFAT EALFEXERLRE, F4 K& 130033)

TG 2 T 2R B G I L5 e A RO SE 0 Tl TR R S5 M R R AA T R L
SCo ARSCHR T — R A 12 Ak 5O 2 U 3R TR DI T IR A O T 5 ik T R Sk el £L O ' T
S A G W I AR I S | e B B R 5 D2 T 2 AR EL A T S DT S B ' 27 T 2 TR A9 I
Feli o RIS BLE H40 ' B Sk 132 B 300 a5 AR 68 X5 1 T L BR T AR BR DG 2 o R I HEAT O . AR
Jir B D B, L3 AT ] KA AR 2 ok ' 27 T 1 2 THDE G I I TALRAE AL, BEHIL B LR 2 Bl i R 30 45 1 8
90000 1 m/s\ENKTEEN 0. 008 mm, 2l iR AR 3K 0. 002 8 rpm 58 (7K BE N 157, HEAT T 9258
Bk, 25 R KWL T 20 min BYHDEHIN T 47 98 G4 o0 0 1 2 T1RDRE B2 Ra 873531 ey i T i A9

1.03 nm A1 0. 92 nm &= FM TJ5 A9 0. 48 nm A1 0. 44 nm,



