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Effects of Bleed Hole on Heat/Mass Transfer in a Rotating Channel
with Transverse Ribs

Suk-Hwan Park*, Yun Heung Jeon*, Kyung-Min Kim*, Dong-Hyun Lee*,
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ABSTRACT

The present study investigates the effects of bleed flow on heat/mass transfer and pressure drop in a
rotating channel with transverse rib turbulators. The hydraulic diameter (Ds) of the square channel is 40.0
mm. The bleed holes are located between the rib turburators on leading surface and the hole diameter (d)
is 45 mm. The square rib turbulators are installed on both leading and trailing surfaces. The rib-to-rib
pitch is 10.0 times of the rib height (e) and the rib height-to-hydraulic diameter ratio (e/Ds) is 0.055. The
tests were conducted at various rotation numbers (0, 0.2, 0.4), while the Reynolds number and the rate of
bleed flow to main flow were fixed at 10,000 and 10%, respectively. The results suggest that the heat/mass
transfer characteristics in the internal cooling passage are influenced by rib turbulators, bleed flow and the
Coriolis force induced by rotation. For the rotating ribbed passage with bleed flow, the heat/mass transfer
on the leading surface is hardly affected by bleed flow, but that on the trailing surface decreases due to the
diminution of main flow. The results also show that the friction factor decreases with the bleed flow.
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Fig. 3 Coordinate system of leading surface with bleed
holes

9 2349 A+ Sherwood € 78 F AUt

Sh=#h mDh/D naph Y

ol W, D, v F715Ax9 Yxgddl iAo
o, 243%& Goldstein®} Cho'"ol ¢ste] AAH 3k
< &3t B AFdM Sh 9 EFUAAL
Kline McClintock””¢] o] 93} %% 21353
A 7.76%<) & et

2 dFoME EdAY A4¥d9E 7Y E4A
2 Age v(Sh/Sh)Z MRt ol Shy:
McAdams™@e] o3 AAE wjEg dyFHe oA
ag 3F F5RAY EAAGAFEA U8 2
o] ¥ AL,

Leading Surface
15 12 125

Leading Surface Trailing Surface

15 12 125 ns 12
0.

Leading Surface Traliing Surface
12 125 12 125
0.5

(©) Ro=04
Fig. 4 Sh number ratio distributions in the ribbed channel
without bleed holes.

Sh ;=0.023Re *3Sc 4 @
g 3 HA WY Z JHAA oA ShgES
g Awaky) 7% 24942 Sh,, Shy & ug
1= 4
ndAsE 47 AR 78 £ ok
f=aP/[4(aL/D X1/2)pu?] 3

2 dvdME viEAs 492948 FAY vEAs
9 HEHE Y oY fE 44X wY 4¥#

o ] n@dA4E  Petukhov™7b QMG
Karman-Nikuradse #744]-& A4t
Fo=2(2.236 In Re— 4.369) ~ 2 @

3. dEEny 3 ¥
3.1 2 o/EENE 8o

3.2.1 & 70| 2= AR

Fig. 4& #Z°] gl 8380 AAd HEN Z4
EAAYASHE UYehllz, Fig. 55 A 378 23
AGAFHE el Fig 4049 o] Fa B3
AgAgy E¥E ¢4 ogd #yE Bolm gtk
3AF(Ro) 00014 [AApe] JdeA /EAAL Al
FE 209 Hdigs 24 "ok A HA, dge
FEY Aoz 93 Ale] Fz AF HEd yg
Ui, 7 AA Hoigte oF diEel 838 A o

6.0 —r T —o— Ro=0.0{Leading& Tratling)
~-4—R0=0.2(Leading) - 4~ -Ro=0.2(Trailing}
—o— Ro=0.4{Leading) - =--Ro=0.4(Traifing)

0 N NSRS ¥
116 118 120 122 124 126 128 130
x/D,

Fig. 5 Line averaged Sh ratio distributions in the ribbed
channel at BR-0.0

- 180 -



Leadlng Surface
12 125

Tralllng Surface
1 12,

Leading Surface Trailing Surface
15 12 125 15 12 125

05
(b} Ro=02

Leading Surface Tralling Surface

ns 12 125 115 12 12.5

© Ro=04
Fig. 6 Sh number ratio distributions in the ribbed channel
without bleed holes.

Al "ok olRe fEe Ay walz 3o
AXE HHe 9/2484T £X9 A¥FY Ao|n
o] HH-L Kukrej 5, Aliaga "% 12]3 Acharya
50 7z w?w As} & dA g} HAS 02
2 84 & o AddY) WF /EAALL Py
FdWe Z7begt. AQHEY AS ABe He o
o FrHoz Y %%&7} Uehded ol
3Addoz gt oJAHELZ A AR em
g917] ot ugze F& oM e
AREIE SAWUOZRE Bolor oagEY %5
fEolth, FdHe) W/BAAGASE AA FdA
ARzto) )& ol «lsﬂ ZoA7) G&o) A U
e goh =@, A4t 2l Adde) 3
T /2AADL uy FasAw Fdue 9/2
Rge Zrha,

3. 2 2 RERS0| U= AR

m 59 o5 d8 A7E EY f2AM
= %%°] UE AT HARNN FEFE de= %
7t fe 2S¢ 2o f2E2 uA s 23
% (Trapping Flow) & #23% 3ddir 4/83
Heol ¥4 dehstn, 857 Foge] ue 3

—o—Ro0=0.0
—a—Ro0=0.2
—us—Ro=0.4

=

16 118 120 122 124 126 128 130
x/D

»

8.0

4.0

Sh,Ish,

20

00

(a) Leading Surface

—o—Ro=0.0
—a—Ro0=0.2
—u—Ro=0.4

6.0

116 118 120 122 124 126 128 130
x/D,

]

(b) Trailing Surface
Fig. 7 Line averaged Sh ratio distribution in the Rib channel
at BR=0.1

F 027h7 FAgo] Frheta oy, A
€ U5 728 22ed g z
AR go] 23U
Fig. 62 +&&3 238 71 f2eA & ¢/
2F3eAsY £XE JehiY, Fig. 72 A #H2 @
APeAFHE el gio 4249 3§ Fig. 4
AX et 2ol 72 ¥l Ue Afrd HixT 24/822
Ag 2371 detdth A5 0004 AWy d/%
é 122 72 750 gle 2% 2o o o 1 o
&9 ZH—rZM e frEez g8 szl

14 020]1F 2
AN /8

“’r]-r°]‘5} A%h FHHy 4/EEAGS 7E £F
o2 g% F %-4 #FEE FE°] glv F$ 2o ¢
A vebdoh SAF7E bl wet AdHe £
0| 311‘\: 9 FUA AdHe g/EANGLe 7}
Asly, & ‘?i——] d/BEAAGE FEA 3 ol

E Fig. 63 2] ‘5‘59_3 Fale z Sy &
of ¥ W] HE& dYojr APFo] o< 1,

- 181 -



50 —~0—BR=0%, Leading - +-- BR=0%, Trailing
~—a— BR=10%, Leading - # - BR=10%, Traili

0.0 0.2 0.4
Rotation Number, Ro

Fig. 8 Regional averaged Sherwood number ratios (105 <
XD» < 1325).

23
dol 9 @A A ARl AL,
FAEe oAf¥d 94 THMixing)d 5ol %

Wgolch s 3105 029 040l
HA%7 Fohel e 9xge % - 7))
Aok ol e 9@ olARFE EMixing)E
#%0l 844 F70l We AEE 2 Wal ] o

Jo
il
2
X
ox
D)
e
on.
o
r>J
[
e
o o

e f20
=

g

o= A% ng $24%
U%AE =A JehdAu
dsh o @A Jehdd)
7} 2R E 39
W 2o 3ASaA
Bo| g A%l ¢l
o2, Fig. 9olAel 7o)
2o FAFoA fEo]
AgA5E} §30] Ye
T 1 ol gde] AXY A
o] §&Eo) 9% Agur} 2

>

o ob

e

-
oy

)

> o
iR
Y
Mo af o rlo

g 18

N R
1o o
%4
~J
)
2
g
rlo
Ho
e

o o

A tede @
w/Dy=0.0, 0.26)°14]
of el 24

& %

fir
4

re
ol g fa

o rlr o o
—o

s
o
e
e
©
wo

3.3 Oiad
Fig. 102 vp2Asn o] P2 vhg &4 ZAFE

-o—  BR=0.0, Leading Surface
--4--  BR=0.1, Leading Surface

(1) y/D,=0.0 [_—— (2 y/D,=0.26

........... L
b A
o 40
g ] 0
@ : ; : Q
20kt den @i g e S
4
]
00 i .
125 130

(@ Ro=0.0

BR=0.0, Leading Surface
BR=0.1, Leading Surface

(b) Ro=02
-—0— BR=0.0, Leading Surface
g BR=0.1, Leadlng Surface
(1) y/D,=0.0 [(2) y/0,=0.26
3 UGN (i SO U,
- L N S ::': ................ D B SRRt}
= - »
& 2ot e |
20} &R KR ‘l f --------
% Lo uj Pl ojag
0.0 —fi ;

(c) Ro=04
Fig. 9 Sh ratic distibutions on the leading surace in the
ribbed channel.

dehdth sd4 el el sladss BE A$
of AR F7ks etk ¥ HA5Ro >02014
A sEle] F7F uE %e HAPSRo <02 B
o %A vehgeh 3 olfe URAES Bey 72

AL, AF olAFEe] B& HATNA LA o
golth. f%ol Ut A%, Y& A uy spAAS)}
sl geh 2 olgt $EEE A9 459 3
WA gish £ HFOZ AW F 4¥e a2
Qg ol

-182 -



(2]
(=]
T
®
o
[(]
2
£

(

|

g
=)

Friction Factor, f/fa

g
o

0.0 01 02 0.3 04
Rotation Number, Ro
Fig. 10 Friction factor ratios for bleed ratios.

I
ri

.4
2 dFdAe €984 0mme] 0= 880} 44X
Aste AR ™ MAE fE2EE
g A4 wsld mE A/FAUdAY d/ERAA
£48& 1% sjgon, 34 F/EAAGATY £X

Y d/FFAGASEZRH gy e AYE
At

() 7% F%°l it s 2380 4XE /=2
oA, AL}t Fotgelutel, e gelge] A LA
o] Adde] 9/BEAYEL AP Fasn, Fdde
e oAFELE U HAE Toe AHE AU

(2) F& FF°] A& AAF g3o] AAd F2q
A, Adde] €/83HEL 8 H5 e A% R
% A Jdegth 2 olfE AFFe] fE{5 9
3 A7) wEolch =i, Fdwe] d/eAAEL
FHE9 ZAE dEd @A delydh ALt
7Heell oiel, S od FEgeElge] o Adw
o d/EdAES AA Z4dn, TdHL HAY wo}
A A7%E A}k

(3) FE #Tol 3T AT 2o, AIH
A G/EARES ZE IFFAN FE0) 31 B
st A9 ZA e A%E A9 I olfE #
2HES E/EFAGA A9 4FE vAA R}z,
830] AAE AFZoA QHe o3 A3 3
Aol 23t o)af-E9 Fao] FoAeg ALY o
o},

(4) A5 F7te upel, °]7‘]"rr%°ﬂ o3t & Z
9] Z7tE As wpdAS 7}
A el f&0 e 73-’?— e ¢ Bo nf
AT FA3A ok 2 olfE FEEE AT #
9 A WA A4 §F F5o2 A% F H
9 Zaxz A% FHolrh

ol oo e

27|
2 d7E duxBEgsd F2 duAriEeEdea
% /‘}%H 1]-&.011 ojgt Ajolr, olo] ZAl=Yr}

= gk
LI—

(1) Douglas, T. and Philip, P, 2000, "Experimental
Heat Transfer and Bulk Air Temperature Measure
-ments for a Multipass Internal Cooling Model with
Ribs and Bleed,” ASME Paper No. 2000-GT-233.

(2) Ekkad, S. V., Huang, Y. and Han, J. C, 1996,
"Detailed Heat Transfer Distributions in Two-Pass
Smooth and Turbulated Square Channels with Bleed
Holes,” 1996 National Heat Transfer Conference, Vol.
8, pp. 133-140.

(3) Rigby, D. L., Steinthorsson, E. and Amen, A. A,
1997, "Numerical Prediction of Heat Transfer in a
Channel with Ribs and Bleed,” ASME Paper No.
96-GT-431.

(4) Stephens, M. A, Shih, T. I and Civinskas, K.
C., 19%, "Computation of Flow and Heat Transfer
in a Rectangular Channel with Ribs” AIAA Paper
No. 95-0180.

(6) Taslim, M. E, Li, T. and Spring, S. D.,, 199,
"Experimental Study of the Effects of Bleed Holes
on Heat Transfer and Pressure Drop in Trapezoidal
Passges with Tapered Turbulators,”
Turbomachinery, Vol. 117, pp. 281-289.
(6) Byerley, A. R, Jones, T. V., and Ireland, P. T,
1992, "Internal Cooling Passage Heat Transfer Near
The Entrance To a Film Cooling Hole: Experimental
and Computational Results,” ASME Paper No.
92-GT-241.

(7) Shen, J. R, Wang, Z, Ireland, P. T, Jones, T.
V. and Byerley, A. R, 1996, "Heat Transfer
Enhancement Within a Combinations of Ribs With
Film Cooling Holes,” Jourmal of Turbomachinary,
Vol. 118, pp. 428-434.

(8) Kim, S. I, Kim, K M, L, D. H, Jeon, Y. H,
Cho, H- H, 2005, " Change of Heat Transfer
Characteristics in a Roating Channel of Square Duct
at Wall with Bleed Holes(1),” Proceeding of the

Journal of

- 183 -



SAREK Vol. 17, pp. 898-906.

(9 Kim, S. [, Kim, K M, L, D. H, Jeon, Y. H,
Cho, H H, 2006, "Change of Heat Transfer
Characteristics in a Roating Channel of Square Duct
at Wall with Bleed Holes(II),” Proceeding of the
SAREK Vol. 17, pp. 907-913.

(10) Cho, H. H, Kim, Y. Y., Kim, K. M. and Rhee,
D. H, 2003, "Effects of Rib Arrangements and
Rotating Speed on Heat Transfer in a Two-Pass
Duct,” ASME Paper No. GT-2003-38609.

(11) Goldstein, R. J. and Cho, H H, 1995, "A
Review of Mass Transfer Measurement Using
Naphthalene Sublimation,” Experimental Thermal and
Fluid Science, Vol. 10, pp. 416-434.

(12) Kline, S. J. and McClintock, F. A, 1953
"Describing Uncertainty in Single-Sample Experi
-ments,” Mechanical Engineering, Vol. 75, pp. 3-8.

(13) McAdams, W. H, 1942, "Heat Transmission,
2nd Edition,” McGraw-Hill, New York.

(14) Petukhov, B. S, 1970, Advances in Heat
Transfer, 6, pp. 503-504, Academic Press, New
York.

(15) Kukreja, R. T, Lau, S. C. and McMillin, R. D,
1993, "Local Heat/Mass Transfer Distribution in a
Square Channel with Full and V - shaped Ribs,"Int.
J. Heat Mass Transfer, 36, pp. 2013-2020.

(16) Agliga, D. A, 1994, "Convective Heat Transfer
Distributions over Plates with Square Ribs from
Infrared Thermography Measurements,” Int. J. of
Heat Mass Transfer, 36(3), pp. 363-374.

(17) Acharya, S, Myrum, T, Qiu, X. and Sinha, S,
1997, "Developing and Periodically Developed Flow,
Temperature and Heat Transfer in a Ribbed Duct,”
Int. J. of Heat Mass Transfer, 40, pp. 461-479.

- 184 -



