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ABSTRACT
Impingement heat transfer has been widely applied in industries. Examples are laser cooling, electronics cooling, annealing of metals
or glass, and cooling of gas turbine blades. Combination of impingement with other techniques has also been attempted. The
objective of the present study is to combine jet impingement technique with the use of porous material to enhance heat transfer for
possible application to the leading edge cooling of gas turbine blades. In this study, impingement of a circular jet onto a
semi-cylindrical concave surface with or without coverage of porous material is investigated numerically. When the surface is
covered with porous material, a trapping hole for jet fluid is provided. Varying parameters include Reynolds number, nozzle-to-plate
distance, and relative curvature. Results show that heat transfer performance becomes better for higher Reynolds number. When the
nozzle-to-plate distance decreases, the stagnation zone Nusselt number increases. On the other hand, when that distance increases,
the Nusselt number in the far field becomes better. The phenomenon is more obvious for higher Reynolds number. From the study
of relative curvature effect, it is suggested that the nozzle diameter be larger than the trapping hole diameter for better heat transfer
performance. The use of jet diameter smaller than that of the trapping hole will result in a remarkable decrease in Nusselt number.

Keywords : semi-cylindrical concave surfacel] impingement heat transfer(] trapping holeD porous materialdJ numerical modeling
Table of Contents

cooooooOooooooooOooooodooOoo0ooooOoOooDoOWiOboooDOoOoOoOoDooOOOoDoo
coooooooooiwvOoOobOoOoOooooOoobooOoooUooOooUoUoDoooOoobvOOoooobDoooooDbooo
ooooooOoOooooOoOoviboooooOooboooOooooo0ooooOOoDoogviibooooooooo
OO00O00O0000O0O0O0U0DOOoO0OxObDOoOoUO0ODOOUOO0ODOOOODOOUOUODbODOOUOUODOxiObDODOOOoOO
gooobooboobobooboobollioobooboobooboobboobbooboobOoo 1112000
gbooboobobboobooboobobb213b00b0obobooboooboobobbooboobOono3gn
gooobuoobobboboobooboboboobboe21bbbO0bbO0ObOO0ObO0ObODbOODbDOODOn 6
2200000000Db00bO0O0bO0bDbO0ObDb00ObO0 23D UDbOODbLOODDLOUODODDbDUODOODLOODO
0723100000000000000O000DO0O00O00ODOO 2320000000000 00D0O00DOODODO
o0 723300000000 00000O0O00DO0OO00O0ODOO0O 9234000000 b0ObDOO0ODbOO0ODbOODbDODO
obo0 1240000000000 00000DO0O0O00O0ODODO0ODOO 42500000000 0D0O0ODOODODO
oooobg wy2600000000000O0OO0DOODOO0ODOODOODOO 18270 0000DbO0OOOODOODOO
ooooboob0o 1soodboobooboboooboooboobobDboOobDO 22310 0b0ob0bo0obDoOobOon
0000b0o0obOobbOo 22320000000 0000000DO0OD0OO0ObD0O0DbOD22330000bD00bDOn
0o0o00ob0o0ob0obbOob0oUb 233400000000 0D0O0DODDODODO0ODbDO0ODbbOD 2440000 00D0OO
ooodobo0oboboboboo0obd0o s4100doooboobobobobooobDOoUoboboboOo 33420000
go0ooboobobobobooobgoobOo 43 obooboboooboobobobobDoos34ubngon
obooobobo0ooboobooooobobooooo 480000 ooooboobooboobooooDn 49

REFERENCES

[1] Jiang, P.X., Ren, Z.P., Wang, B.X., 1999, "Numerical simulation of forced convection heat transfer in porous plate channels using thermal
equilibrium and nonthermal equilibrium models,” Numerical Heat Transfer, VVol. 35, pp.99-113.00

[2]Lee, D.Y., Vafai, K., 1999, "Comparative analysis of jet impingement and microchochannel cooling for high heat flux application,"
International Journal of Heat and Mass Transfer, VVol. 42, pp. 1555-1568.01

[3]Bhattacharya, A., Calmidi, V.V., Mahajan, R.L., 2002, “* Thermophysical Properties of High Porosity Metal Foams,” International Journal of
Heat and Mass Transfer, VVol.45, pp.1017-1031.00

[4]Wu, P.S., Hsieh, C.Y., Tsai, S.T., 2010, “ Heat Transfer Enhancement of Jet Impingement on a Flat Plate Attached by a Porous Medium with



a Center Cavity,” Defect and Diffusion Forum, 297-301, pp.427-432.0

[5]Wu, P.S., Lo, Y.W., Cheng, F.C., 2011, "Numerical Investigation of Impingement Heat Transfer Enhancement on a Flat Plate with an
Attached Porous Medium," Defect and Diffusion Forum, Vols. 312-315, pp.477-482.00

[6]Han, J.C. and Dutta, S., 1995, “ Internal Convection Heat Transfer and Cooling: An Cooling Experimental Approach,” VKI Lecture Series,
1995-05, edited by T. Arts.[]

[7]1Bunker, R.S. and Metzger, D.E., 1990, “ Local Heat Transfer in Internally Cooled Turbine Airfoil Leading Edge Regions: Part I-Impingement
Cooling Without Film Cooland Extraction,” ASME, Journal of Heat Transfer, Vol 112, pp.451-458.00

[8]Metzger, D.E., and Bunker, R.S., 1990, “ Local Heat Transfer in Internally Cooled Airfoil Leading Edge Regions: Part 11-Impingement
Cooling With Film Coolant Extraction, ” ASME Journal of Heat Transfer, Vol. 112, pp.459-466.00

[9]van Treuren, K.W., Wang, Z., Ireland, T., and Jones, T.V., 1994, “ Local Heat Transfer Coefficient and Adiabatic Wall Temperature
Measurement Beneath Arrays of Staggered and Inline Impinging Jets,” ASME paper 94-GT-181, pp.1-10.00

[10]Halila, E.E., Lenahan, D.T., and Thomas, T.T., 1982, “ Energy Efficient Engine,” General Electric Company (NASA CR-167955 Report).[]
[11]Thomann, H., 1968, “ Effect of Streamwise Wall Curvature on Heat Transfer in a Turbulent Boundary Layer,” J. Fluid Mechanics, Vol. 33.
pp. 283-292.0

[12]Gau, C. and Chung, C.M., 1991, “ Surface Curvature Effect on Slot-air Jet Impingement Cooling Flow and Heat Transfer Process,” ASME
J. Heat Transfer, VVol.113, pp.858-864.01

[13]Beitelmal, A.H., Saad, M.A., Patel, C.D., 2000, “ The effect of inclination on the heat transfer between a flat surface and an impinging
two-dimensional air jet,” International Journal of Heat and Fluid Flow, Vol.21, pp.156-163.00

[14]0000 1990 000000000 DO0ODO0OO0OO0O0O0D0OODOD O (Numerical Simulation and Analysis of Three-Dimension
Turbulent Impinging Flow Field from Confined Five Jets)0 0 OO0 000000000 ODOOOOO

[1510 00019970 D0 000D0D0000D0OO000O0O0O00D0OO00D0O000OD0 000000 oODO00oDoOoOooOooDooOd
[16]Yakkatelli, R., Wu, Q., Fleischer, A.S., 2010, Experimental Thermal and Fluid Science.(]

[17]Fu, W.S., Huang, H.C., 1997, “ Thermal performances of different shape porous blocks under an impinging jet,” International Journal Heat
and Mass Transfer, 40 No. 10, pp.2261-2272.0

[18]Yang, J.H. and Lee, S.L., 1999, “ Effect of anisotropy on transport phenomena in anisotropic porous media,” International Journal of Heat
and Mass Transfer, Vol. 42, pp.2673-2681.01

[9[0 000 000020040 “ OOOOD0OO0OO0OODOOOO0OO0OOO0OO0ODOOOO0ODOOOO" D00D0OO000O0O0O0OooOooOoooog
O0D00O0OA O00DO 0OO00D0O0O A08010630 pp. 835-84000

[20]Xing, Y. and Weigand, B., 2010, “ Experimental Investigation of Impingement Heat Transfer on a Flat and Dimpled Plate with Different
Crossflow Schemes,” Int. Journal of Heat and Mass Transfer, Vol.53, pp.3874-3866.01

[21]Chang, S.W. and Liou, H.F., 2009, “ Heat Transfer of Impinging Jet-array onto Concave-and Convex-dimpled Surfaces with Effusion,” Int.
Journal of Heat and Mass Transfer, Vol.52, pp.4484-4499.01

[22]Yang, G., Choi, M., and Lee, J.S., 1999, “ An Experimental Study of Slot Jet Impingement Cooling on Concave Surface: Effect of Nozzle
Configuration and Curvature,” Int. Journal of Heat and Mass Transfer, VVol.42, pp.2199-2209.0]

[23]Kayasayan, N. and Kucuka, S., 2001, “ Impingement Cooling of a Semi-cylindrical Concave Channel by Confined Slot-air-jet,”
Experimental Thermal and Fluid Science, VVol.25, pp.383-396.0

[24j0000 20100 O00O0OO0OO00ODOOO0DOOOO00OODOOO0OO0DOOO0OODOODOO0O0ODDOO00DO0O0OOO0ODODOO0O0OO



