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Change of Heat Transfer Characteristics in a Rotating Channel of
Square Duct at Wall with Bleed Holes (II)
— Effects of Exit Mass Flow Rate —
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ABSTRACT: The present study has been conducted to investigate convective heat/mass
transfer in the cooling passage with bleed holes. The rotating square channel has 40.0 mm
hydraulic diameter and the bleed holes on the leading surface of the channel. The hole dia-
meter of bleed hole is 4.5mm and its spacing is (p/d=49) about five times of hole dia-
meter. Exit mass flow rate through bleed holes is 0%, 10% and 20% of the main mass flow
rate respectively. rotation number is fixed 0.2. A naphthalene sublimation technique is employ~
ed to determine the detailed local heat transfer coefficients using the heat and mass transfer
analogy. The cooling performance is influenced by exit mass flow rate through bleed holes
and Coriolis force of rotating channel for fixed Reynolds number. The heat transfer on the
leading surface is decreased due to Coriolis force. However the total heat transfer is enhanced
around holes on the leading surface because of trapping flow by bleeding.

Key words: Bleed hole(#+% &), Coriolis force(2#]& 2 ¥), Naphthalene sublimation technique
(V=g d%314), Rotating duct(ZAHE)
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Fig. 1 Schematic diagram of experimental apparatus.
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Fig. 2 Hole arrangement and geometry of ducts.
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Fig. 3 The coordinate system.



910 149 - 14n

AFE &43d T4 BEAACA+E F3tz, o
2RE] B39 EJALATA Sherwood 5 F
g+ Qth
Sh=£,D,/ D0 )
old, D,mE F71 FAY dZgd F4A
solth, B4 A& Goldstein and Cho' Vol ¢l3te)
AXNE S olLdFY. B AdYdA Sh$9
E844L Kline and McChntock(m«] " of]
93t 95% NI FFEAM 7.76% Y #< et
2 dFdAe Eddg AFgEAHE Fx9 B
AAGASF H(Sh/Shy)z el ol
She= McAdams'ol s} AA@ wes 49
e SAud dRFFHAAY ERAALGAF
gxgd EFAZY A 98 ge3
2ol ZEd

.

=

Sh, = 0.023Re®8Sc 0 @
L@ WA e 2 AglA Aol Shat
% 2WY(y) F#P 29E Sho= U

au 23 & Aol GeolNY HERS

2 et

o
"" g

Fig. 45 F&&¢ 714 #2 YA #2E8
B¢ FEFHY ¥ mE 5 72E Fluent
61% B39 FXH% dHRE FE2EY F&E
Abe}, x/D,=3759 A QA 3AF 022 HE
7t A o dd&E ez Yebd ool

Trailing Surface

Leading Surface

(a) BR=0.0

colFE - A&

(b) BR=0.1

B

Fig. 4(a)& #&
24 Aot} —’1

e (Conohs force

ez EolxA Hu 9 E’r"«]’*i 52 ‘5}
ZHS g Aoz 34 fAdh olz 93
Adde] ZAMg REd FET FE9 dFe=
2 9319 99 TAsE d<o) 9. 28
?l free tA =Ze ey Loz 57—?";“59_
f‘;}z‘;}‘- TxE 7FA32 4t Fig. 4db)e #%
ol FFHE FHEY FESHFBHIE 10%9
73-1‘—4 FR A Aol A Fgoz o
Al Z g Yo ALY FEFHF 0% S
o ZL 23 fFo) T Ty Yo v
2 FE&EE FT89 10%9] F&FFol wavs}
7] o] BEFAS FETRE ZA B4 F =
Zee oz AAUA TP ¢HA )} W
Aot FAHoZ AFH K52 Jdyu S g
Adde] FEF Fo dBE FEEL 3 9
AY7HA =Hz dRE oA FddHer e
T2E 1A gtk a2y AQde dx" ¢
Yol ¥ {E5TY dFoz AAWY Yy Z
Aol FEIE d9o] WA vehide AL G +
Aot Fig. 4(c)e F&FF 20%A F -9 ZA3to)
9, Fig. 4b)st A A FE5EFZE Bolx| ¢t
FE&ES T8 WAt fFe] F7sldl H
o A 29 &= FE2FF 10%
SR AMHez wHAA Hol dATEO A
+3E dde] Hrh

32 RERY

Hatol] o e MEAT

Fig.5% HYEJ 344 022 4 4 &2
g AANGY AAAAA Y FEFFA BE T

Trailing Surface

Trailing Surface

(c) BR=0.2

Fig. 4 Secondary flow field for Ro=02 at x/D,=3.75.



A AAYE FRoAM HE §5&0 e ddg 599K 911

2.5 3.0 3.8 4.0 4.5 5.0

(a) BR=0.0

Sh/Shy

Fig. 5 Contour plots of Sh/Sh; on the lead-
ing surface for bleed flow rate at Ro=
0.2.

A/BAAT B¥E vehin, 23<x/D, <51
HFHEE d4& AANINL FERFS FHF
Sl Z+zt 0%, 10%, 20% < F3 wAvsis,
Z & & wAstE FFe dASL
Fig.5(@) &% 0% Ao dd 4%
ZA#38 Jeld 2ot Fig 4(a)ollA S &
TRz mEtx HAWgAN FAHoez HIH

30— T -—— BR=0 %, Leading Surface
- -n-- BR=10%, Leading Surface
—e— BR=20%, Leading Surface

Sh,/Sh

(a) Leading surface

FEoz AdWe 2AE BE
Ao dAg B¥XE 9
BEAEREY J/EFAAE B
Zd f50 g9e gHau FEINE 2
o8 EA vebd

Fig.5(b)e #&/%F 10%9 HA¥943
A ooy, H&F%0] 0% 4% dx¢

B fFAEA e T gEe]
dgoz §FF0] F8S I HAW
gddo] Yol AL & F Y3 /¥
2 B3 fFEol &2 FH FEIH =2 E/
EAAY B¥XE Roln i dase
q & Atk

Fig.5(c0)% #&H#%F 20%°] g Ad44E
veld agold. $&4F 10% 22 4/83
A £¥XE Holxm Yu}. 1Y FEFTFY F
7He 99 HEo & 4/BAAY gl 10%
9 ASEt FA JeEA| T wE 5 2 A4
A AAd nEA FEI7] Qi AAFJLRE
e d/EAAR BYXE 2= RS A
AT FEE FFAME 10%9 BSFEY =
e oo o A vdgues AgE & F
ek

Fig.6(a)2 AW gk Ha
EXE AF 7 AAd 44 F&5#

Moo

¥

L2 FEFF 0%, 10%, 20% =% A FE 2
A gade Ae ¢ F Yon, FERF 1
20%2 Aol FEFFO 0%ste AA GE 5
4e ®olm Atk o o] Yo e

3.0 T —+— BR=0 %, Trailing Surface
--=- BR=10%, Tralling Surface
-—o— BR=20%, Trailing Surface

(b) Trailing surface

Fig. 6 Line-averaged Sh;/Sh, for the change of exit mass flow rate at Ro=0.2.



912 A3 - A4 -

EEE T #FY AAIY HEelH WA
FES T wAUWIA 2@ A9 FE=
ds FEE stdRol w2 d/2RALASFE
NG, B ALY FEOE {FFO
d9s B dddd FEse 999 duirt
AA Sh./Shygk& Eolx ZAE ¥x Yok
EF fEE std 9ag gA® Fo 2 F
L2 #hste olft FEEH} FEEF AoldA
fE5ol oA e sl WEeld dFE 1Y
steM AEHA d/2HAPY v7F AR FHopA]
=H, ol fF°l IFE AYEA FEEE
T 59 EFol Fady) HELR Agd
o B FERFOl SUMEEA HE 999 =
e d/BAAEASFIE £X87] dE AAHY
BEE F2Fl FNEFE AAA HAW% B
¥ FAdIA Y FHE £XE UEHE Fig.6
b BY f2] gle B¥dE "2A fE0l
$o Q/edAGAFHI B2 o
Ae #2ES 3 FRHEY Fa2 A
ARog Z2d oz Moy IHFZ LS

T Aeee Aot Axe A& &

Hdo Ho

F St

Fig. 72 HE7Z} 3AF 028 AT o 73
26< x/D, <4449 FF4(y/D,=00)149
T4 G/EJAGAFTE Yebd 2ol #
EfFFo] 0% Aol YLy gFgoz
Sh/Shygtel 10 wlgteln] #3543 10%, 20%
A Afoes & tdg g & Zog Asd
F #5350 ged s Pgadh 9714 UEY

10 . --#- - BR=0%, Leading Surface

—a— BR=10%, Leading Surface

- -o- - BR=20%, Leading Surface
L 2

® [ )
11 [
1 "
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bleed flow rate at Ro=0.2.
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