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Large Eddy Simulation of Flow and Heat Transfer
in a Rotating Ribbed Channel

Joon Ahn, Haecheon Choi and Joon Sik Lee
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Abstract

A gas turbine blade has an internal cooling passage equipped with ribs, which can be modeled as a ribbed
channel. We have studied a flow inside a ribbed channel using large eddy simulaton (LES) with a dynamic
subgrid-scale model. The simulation results are compared with the experimental ones. The turbulence
intensity and local heat transfer near the rib have not been well captured by the conventional Reynolds
averaged Navier-Stokes simulation (RANS). However, these variables obtained by the present LES agree well
with those from experiments. From the instantaneous velocity and temperature fields, we explain the
mechanisms responsible for the local peaks in the heat transfer distribution along the channel wall. We have
also investigated the effect of rotation on the flow and heat transfer in the ribbed channel.

T 25
=4l wovw TR, AN, 2UE £
5 PR w Ao &
ES i o
eh .&é‘? o%o] X, )z TR, AN, Y A%
i mEIESCON
h D EHgAs
DAl Fol n 5 AG (=(Nu/Nu) /(1 f)")
Nu :Nusselt 5= (=h D, /k) v WA AR
p : 83 AFol o] A 0] A 2% (=(T-T)AT, -T,))
Re :Reynolds <+ (=U, D, /v) o CEE
Ro : Rotation 5= (=Q D, /U,)
T SHE At
Mgt gy
* Mg b R R i i
E-mail : jsleel123@snu.ac.kr e o1 = o
TEL : (02)880-7117 FAX : (02)883-0179 0 ek A o ddd R/ E

193



2003

Table 1 Flow and geometric parameters

Flow conditions Geometric parameters
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Fig. 1 Experimental setup and computation domain:

(a) schematic of experimental setup; (b)

computation domain
ot B3 Wi 2Eel Wad Bi Seoy i
Fogdde] g@ AsE W PEIO £
sasts YEdAY ARE ZAH G| g
xS AMA BEE 2 APl NE LESE
s olelg ARES ATsud sk

B Aol Rde] AAE Adel 7)aeA

o B FERAS shaE Beol=e] R
HelA & 4 A= AFAQ Fh(Table NOE A3}
3L LESE Fastqlth. WA, Algbe] ois) gt
fredd 2%, dd9s Adgddet vty
LES7} 4o AAld Ad9 TrE 2 ddg 5
e BEs] d5ste AE G 131
o FEY RS %%3}04 fdALe] ¥
oA dHEe Sdts A4 Uﬂﬂ‘%zé éji
Watgich nhA o dEe] 5] Wi g
ol w A= Gl ol EolaAT)

2. AgER A Rl 7)Y
2.1 AHEA
AEFAE Fig 1)t 2ol 280 AAE Ay
of 4¥Ydd Fes FHste] e 2 A
= SAY 7 Ad=m AT ol flaAd |
A Fee ol&dte] FiEes M, T =
Tol HEE A4t HE= ARYE, 830
AAE HE, stRrdER AN Y. AREHES
ado] AAd HE gkdddd fd freo] &
of oAl st7] flste] AAHAY. HAAEE 24
o] AA® YE FAFAA 53t AR
95 AH dor 10 F7] o] 8do] A



2003

——
0 1 2 3 4 5 6 7 8 9
xle

Fig. 2 Time-averaged flow and thermal fields: (a)
streamlines; (b) isothermal lines
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Fig. 3 Profiles of time-averaged streamwise velocity
and temperature: (a) streamwise velocity; (b)
temperature. — LES; e experiment
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Fig. 4 Profiles of time-averaged turbulence intensity:
— LES; e experiment
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Fig. 5 Time-averaged heat transfer between the ribs
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Fig. 6 Instantaneous flow and thermal structures in an
xy plane: (a) velocity vectors; (b) contours of the
second invariant of the velocity gradient tensor
(=0); (c) contours of temperature
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Fig. 7 Instantaneous flow and thermal structures in an
xz plane at y/e=0.6; (a) velocity vectors; (b)
contours of temperature
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Fig. 8 Time-averaged pressure field inside the rotating
ribbed duct

Fig. 9 Rotation effect on the heat transfer along the wall
between the ribs: —, trailing wall,----, leading
wall,~-, stationary (LES); @, trailing wall,
A | leading wall (Experiment by Kim®)
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