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boiling heat transfer method
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Abstract: For the long time steady measurement of heat flux of MW magnitude, a calorimetric heat-flux
sensor of new structure is designed based on the boiling heat transfer method. A U-shaped water cooling channel
is designed, with expected measuremente range from 5 to 15 MW/m®. The sensor is tested in the high
temperature supersonic gas flow field, to find its real range of 3 to 25 MW/m™. It is shown that the application of
the boiling heat transfer method makes the design much easier due to the better heat transfer efficiency at a lower
speed and a smaller pressure loss of the subcooled water, leading to its extended range for measurment.
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Fig. 1 Schematic diagram of water calorimetric heat transfer
sensor
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Fig. 2 Structure of central impact channel for cooling
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under convection
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Fig. 7 Temperature distribution in the U-shaped channel by
boiling heat-transfer method
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Fig. 11 Temperatures of cooling water and tail of sensor
during experiment

ZRIREIRE, ALRAA KRN 103 g,
ZA A 8 mm, AR X (4)(5)BEAT 5 B HAckh
PEVHE G EAS A 8.496 mm, &K 11 Fin
(A H KR 2, RIS () T SRAG PR B . B
FARANE IR ZE M, AR TH BRI B I
IR, 2 gl b A B A Bk & il 12

Jios e U B3 G A I8 IR 1 fe K AT 2 AR A
24.5 MW/m?®, 7 Bt J& 35T (15 P 50 I3t S 06
i, BORILE] 30 MW/m® IS R E$IE T4 1s ke
8, AHANZAL KRR AT 24.5 MW/m®, Dl
A G B KAT N 17.46 MW/m®, IR
g U5 AR R v T H Rk, ORI T SRR
AR, UL U AUEE A E LS EDN B
%ﬁ%%gﬁ%ﬁ%ﬁﬁi*m@%@%ﬁ%o
140

{ \ —— g—impinge

q-Ushape

q-Ushanpe2
120
0 !\fﬂ\
; 80
< 60
40
20 e .
0
0 2 4 6 8 10 12 14
Time/s
(a) Rtz
35
q—Ushape
3 g-impinge
Y —— g—Ushanpe2
s / ==
P20

: S==sa
RIS ARSEEERENS

0 2 4 6 8 10

q/(MW-m™)
o3
S

Time/s
(OREYNIEISE I ON
K12 AR it 2k
Fig. 12 Heat flux of sensor

5 ZWiE

IR AR SR K 2 A 7 A XTI T A
I AT B BT U Y TE YA A S5 A )
B RPE R TAR G rpoo P e Ve HI 251, T SR
SRR RE A o K s 45 BT N T T K AR
felgdsvert, BT SR E oL, HoaT s
PBTEAESE, FEARHUKFUE 5 m/s O FSEEL T
24.5 MW/m® JACJ 25 B s

S %3k (References)
[11 LAUX T, KURTZ M A. Investigation of inductively

generated oxygen plasmas using various heat flux
sensors: AIAA 2001-3020[R], 2001

[2]1 GULHAN A, VENNEMANN D, YAKUSHIN M, et al.
Comparative oxidation tests on reference material in two
induction heated facilities: IAF-95-1.3.03[R], 1995

(31 BRIEIL, ERAK, #hidg. Pl R il &



52 W | T RS KR ORI 1 183
FARWIFE[I]. SEER AR S, 2005, 19(1): 75-78 Aerospace Power, 2009, 24(3): 526-531

(4]

(3]

EEEN: &

CHEN D J, WANG G L, QU Y. The research of the
steady-state heat-flux measurement technique for
aerothermodynamic Journal  of
Experiments in Fluid Mechanics, 2005, 19(1): 75-78
B, IENL. —Fh 2 G i T PR AR
B SIS I]. PURARHR R AR, 2014, 29(1): 55-59
LUO H, PENG T J. Design and preparation of a multi-

stage thermopile type micro heat flux sensor[J]. Journal

experiment[J].

of Southeast University of Science and Technology,
2014, 29(1): 55-59

BHAR, BeHDE, B9oO. T R e A i) A
], RS SRS, 2010, 29(3): 97-101

LIR D, PI G Y, JU W B. Study on heat flux sensor
technology based on thermo-electric effect[J]. Transducer
and Micro-system Technologies, 2010, 29(3): 97-101
EF, XA, b V. KRR R A A R U
JUHER T[], BMIESE, 2013, 34(6): 69-72

WANG F, LIU J H, YANG X T. Sensitive element
design of transient thin film heat flux sensor with large
range[J]. Journal of Telemetry Tracking and Command,
2013, 34(6): 69-72

T, WRE, {T5%. Gardon TG AL IR
). AUk CFE S A 3h1L, 2010 (2): 90-92

WANG C, LIANG T, REN Y F. Improvement of
adiabatic technique of Gardon heat flux sensor[J].
Mechanical Engineering & Automation, 2010(2): 90-92
BOWER J S, KLAUSNER J F. Gravity independent
subcooled flow boiling heat regime[J].
Experimental Thermal and Fluid Science, 2006, 31(2):
141-149

R, RERL. S SV VR Tk s AT 5],
{255 ) 2431, 2009, 24(3): 526-531

LI M D, CHENG H E. Experiment research of surface
boiling heat transfer of hydrogen peroxide[J]. Journal of

transfer

T (1983—) , B, it

dewoodtn@163.com.

(11]

[12]

[13]

[14]

[16]

[17]

(18]

i, GHIAEF, TENTZREE

RS, TR, TR ARE PSRN A Py I i I S
FERISEIRT]. i3l 71241, 2006, 21(2): 303-307

LIU Z H, ZHANG T. Critical boiling heat flux in
inclined small tubes at zero inlet flow[J]. Journal of
Aerospace Power, 2006, 21(2): 303-307

BAER, B s, 1R, A& KPR A b I e A
T S SRR ]. ST, 2005, 25(6): 70-73
ZHAO X L, DUAN C G, ZHANG X M, et al.
Calculation & enhancement of boiling heat transfer
outside[J]. Gas & Heat, 2005, 25(6): 70-73

HUNR, O, BN BeSE X FL A T B A
SCRRRIESE]. TR, 2004, 25(6): 690-693

CAO X L, ZHENG P, YAN G. An experimental study
on evaporative heat transfer in bi-dispersed wick
structures[J]. Journal of Astronautics, 2004, 25(6): 690-
693

BERR, RTIEA. TR AR A Wb i e 3 VR4S AR
HH IR EIE[I]. E%j:“’ 3R, 2012, 52(4): 462-467
BI J L, KE D Y. Experimental study of bubble
interactions during nucleate boiling[J].
Tsinghua University, 2012, 52(4): 462-467
T4, BN TREE D AR A B A HERT S T].
RIS, 2010, 39(4): 65-69

WANG W, LUO X P. Boiling heat
characteristics of nano-fluid in micro-channel[J]. Cryo
& Supercond, 2010, 39(4): 65-69

MEDR, AR, MR ARPIAHUR A 5 e M.
P22 P2 A AR, 2003: 306-320

MR, BESCE. MM dbnt: S EE AL,
2002: 327-331

BWALE, R, REET. UM JER: Bl
HARAL, 1985: 167-171

Journal of

transfer

AR, BRI SRR T M) Jba T R,
1986: 19-43
(k. 184835

THERBEBFEARAHF R . E-mail:




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


