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Heat transfer investigation of the channels with-90° rib
turbulators and double-row bleed hol es

GUO Tao, ZHU Hurren;/ XU Du chun

(School of Power and Energy,
Northwestern Polytechnical Univ ersity; X1 an 710072, China)

Abstract: T he detailed heat transfer distributions of the wall with bleed holes in a chan-
nel with 90-tib turbulators and double row bleed holes were measured by using transient lig-
uid crystal-technique.\ The effects of the relativepositions of rib turbulators and bleed holes,
channel Reynolds numbers\and bleed ratios on heat transfer characteristics were studied.
The results show ‘that: the heat-transfer distributions are affected by the combined effect of
the flow separation, réattachment and bleeding; the heat transfer characteristics for the
bleed holes near theupstream ribs are best because of the heat transfer improvement in back-
flow region and heat transfer enhancement in reattachment region by bleed effect. For the
case of the bleed holes near the downstream ribs, the heat transfer characteristics turn worse
since higher heat transfer regions behind the holes are confined by ribs; the change of bleed
hole location do not modify the position of the flow reattachment, but affect the heat trans-
fer distribution and intensity in the region; the average heat transfer enhancement decreases

with the growing Reynolds number, and slightly increases with the increase of bleed ratio.
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Fig. 3 Configuration of rib turbulators and bleed holes



10 90° 2251
5 , ,
6 i 7
2
; (D
, , +0.3 C.
0.1C, f0.4 C.
25 /s, 10.04s. [ 18]
° ” ” 8%
(1) [17] 3
(T = to+ (tg— o) X
B N
|:1— exp[pc_;j erf({(EL}\)m}} (1) Re
’ Re - pooll{looD \ (min/ﬁc)Dn (3)
(2)
Ue D.
Q8 ;
T 1C6A (2) u e
tw ) , 10 , Min LA
, s -
’ P M
A 2
,h ) . )
, 30 mm, M= [qu/miﬂ (4)
) mi l
1305. Nu _ h . De (5)
1s A
40 C. A
. CCD (charge coupled 30 000, 60 000,
device) 90000 120000, 0.09,0.14, 0. 18
0.22. s
Nu Nuo
- .Nu  Nuo= 0.023Re"*pPr"¥
3.1



2252

25

Separate flow

T D

/|1

Bleed flow Comner vortex

Back flow

Reattachment Impingement

4
Fig.4 Flow near the wall with ribs and bleed holes

5
Re= 90000, M= 0.22
; S(a)

[T T T 1

NulNug@ 10 12 14 15 1.7

Flow

Y/mm

125
150

175§

200

X/mm
(a) AL T WAL 1A (b) HALAE T N

5

1.9 21 23 24 26 28

Flow

a |
150

S0 100
X/mm

00 s HI i d
0 50 100 150
X/mm

() M FLEEIE Bl

(Re= 90000, M= 0.22)
Fig. 5 Detail heat transfer distributions produced by different holes locations (Re= 90000, M= 0. 22)



2253

2 o
2
2
2
3.2
2
2
o
) M=
0.22 , 6 "
2 2
2
2
2
2
2
2
25
L - g Upstrecam
L —A—Middle

3.3

—s— Downstrecam

éOOOO 60000 90000 120000

Re

6 (M= 0.22)
Fig.6 Effect of the Reon Nw/ Nuo( M= 0.22)

90000

3.2

25

, Re=
2 7 2
2
o o
—a— Upstream
—aA—Middle
—— Downstream

.‘?__________V~—""’“v~—~_-~—v

7
Fig.7

TR T TR T T T N T TR [ S S ST S [ T N T |
0.10 012 0.14-0.16 0.18 020 022
w

( Re= 90000)
Effect of the M on ‘Nu/Nugy( Re= 90 000)

90°

90°



2254

25

[1]

[ 3]

[ 4]

[5]

[7]

[8]

[9]

Han]J C.Heat transfer and friction in channels with two
opposite ribroughened walls[ J]. ASME Journal of Heat
Transfer, 1984, 106(4): 774 781

Taslim M E, Li T, Spring S D. M easurements of heat
transfer coefficients and friction factors in passages rib
roug hened on all walls[ J]. ASME Journal of T urbomach
inery, 1998, 120( 2) : 564 570.

Han ] C. Heat transfer and friction in rectan gular channels
with rib turbulators[ J]]. ASME Journal of Heat Transfer,
1988, 110(2) : 32+ 328.

Korotky G J, Taslim M E. Rib heat transfer coefficient
measurements in a rib-roughened square passage[J].
ASME Journal of Turbomachinery, 1998,-120 ( 2):
376-385.

Wang Z, Ireland P T, Kohler'S T, et al- Heat transfer
measurements to a_gas \turbine cooling passage with_ir
clined ribs[.J1- ASME Journal of Turbomachinery, 1998,
120( 1) : 63\69:

Chanteloup D, Juaneda Y, Boles A. € om bined 3D flow—-and
heat transfer measurements in\a 2 pass internal coolant
passage of gas turbine airfoils[ J]. Journal of T urbomachirr
ery, 2002, 124(4): 710-718.

Chen Y, Nikitopoulos~D E, Hibbs R, et al. Detailed mass
transfer distribution in a ribbed coolant passage with a
180° bend [ J]. International Journal of Heat and Mass
T transfer, 2000, 43(8) : 1479 1492.

Cho H H,LeeSY,WusS J. The combined effect of rib ar
rangem ents and discrete ribs on local heat/ mass transfer in
a square duct| R]. ASME Paper 2001- GT-0175, 2001.
Saha A K, Acharya S. Unsteady RANS simulation of tur

bulent flow and heat transfer in ribbed coolant passages of

[10]

[11]

[12]

[13]

[14]

[ 15]

[ 16]

[17]

different aspect ratios[ J]. International Journal of H eat
and Mass Transfer, 2005, 48(23-24) : 4704 4725.
Byerley A R, Jones T V, Ireland P T. Internal cooling pas
sage heat transfer near the entrance to a film cooling hole:
experimental and com putational results| R]. ASME Paper
92-GT-241, 1992.
D, R [J].
, 2005, 26( 5) : 844 846.

LU Ben, JIANG Peixue. Numerical investigation of the
heat transfer for a film cooled flat plate] J].Journal of Emr
gineering T hermophysics, 2005, 26(5): 844-846. (in Chr
nese)
Chanteloup D, Boles A. Flow characteristics in two leg ir
ternal coolant passages of gas turbine airfoils with filnr
cooling hole ejection[ J]. ASME Journal of Turbomachir
ery, 2002, 124(3) : 499-507.
Thurman D, Poinsatte P. Experimental heat transfer and
bulk air temperature measurements-for a multipass inter
nal cooling model with _ribs and bleed[ J] . ASME Journal of
T urbomachinery; 2001, 123('1) : 96°96.
Ekkad S~V Huang Y, Han J C. Detailed leat transfer dis
tributions-in-tw o pass square channels‘with rib turbulators
and bleed holes[ J] . International Journal of Heat and Mass
T ransfer, 1998, 41(23) : 378+ 3791

[J]. ,2004,25(1):3235.
ZH ANG-Guangli, DING Shuiting, TAO Zhi, et al. An ex
perimental study of heat transfer characteristics in turm o
ver channel with ribs and film cooling[ J]. Journal of Pro
pulsion Technology, 2004, 25( 1) : 32 35. (in Chinese)

[JI. ,2004,25(1):4850.
ZHANG Peng, DING Shuiting, TAO Zhi, et al. An experr
mental study of flow characteristics in turmover channel
with ribs and film cooling[ J]. Journal of Propulsion T echr
nology, 2004, 25( 1) : 48 50.(in Chinese)
Ireland P T, Jones T V. Liquid crystal measurements of
heat transfer and surface shear stress[ J]. Measurement
Science and T echnology, 2000, 11( 7) : 969 986.
Yan Y,Owen J M. U ncertainties in transient heat transfer
measurements with liquid crystal[ J]. International Journal

of Heat and Fluid Flow, 2002, 23:29- 35.



